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ABSTRACT
Studies have shown that markets for environmemsabvations are highly dependent on

government intervention, and, with few exceptiomsyrkets for environmental technologies
have been “policy driven”. Moreover, there is wiplessad consensus that no individual policy
instrument but rather a “smart policy mix” is neéde effectively drive the development and
diffusion of environmental innovation. However, wiexactly represents such a smart policy
mix remains largely undefined. This paper takes thscussion a step further by developing
what is called a “strategic framework” for promatienvironmental innovation. Drawing on

strategy concepts from the management sciencesanhiytical framework provides the basis
for systematizing and integrating lessons fromtegsevolutionary approaches to promoting
environmental innovation. While individually nonétbese approaches provides a sufficient
basis for developing a truly comprehensive poliay,they each help to elaborate a particular
element of the proposed strategic framework. Combirthem in this way, therefore,

represents an important step forward for developidgquate policies for the promotion of
environmental innovation. Furthermore, the stratdgamework not only provides a more

comprehensive but also a more dynamic approachheéodesign of smart policies for

promoting environmental innovation.
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Introduction
Sustainable development can only be achieved bgnsikte innovation in environmental

technology and its rapid international diffusiontu@es have shown that markets for
environmental innovations are highly dependent omeghment intervention, and, with few
exceptions, markets for environmental technologibave been “policy driven”
(Ernst&Young, 2006; Jacob et al., 2005; Janickea&ab, 2004). In other words, the role of
the State in stimulating and sustaining green itrdssis crucial. Consequently, the hands-off
approach to industrial development that has dorath#te economic policy debate since the
late 1970’s is not adequate for promoting technpldgvelopment for a green economy. This
does not imply a return to an old fashioneitigiste model of economic development.
However, it requires a smart combination of the ketirand the State to steer economic
development towards environmentally-friendly, resevefficient technological solutions.
But what does this mean in practice? What condoetis does the State have at its disposal to

promote green industries?

Innovation and technological change is a complex ranlti-facetted process that cannot be
prescribed by the State. Rather it requires a rachaad flexible approach to policy making
(Blazejczak, Edler, Hemmelskamp, & Janicke, 199%ing& & Venn, 2006a; J.
Hemmelskamp, 1999; J. Hemmelskamp, Rennings, Kd, lagone, F. , 2000; J&nicke,
Blazejczak, Edler, & Hemmelskamp, 2000; Klemmemhn,.& Lobbe, 1999; Oosterhuis et al.,
2006). Janicke and Lindemann (2010) call for “smagulation” based on “instrument
mixes” or “hybrid forms of governance”. They staténovation-oriented environmental
policy is most likely to succeed if regulatory ‘@runing’ through command and control
measures (a ‘regulatory core’) is complemented witirket-based ‘trendsteering’ through
economic instruments.” These recommendations septebasic principles for designing an
appropriate policy mix. However, they leave opdroat of questions about how to design and

implement such a policy mix in practice.

This paper seeks to take this debate a step fubhéntroducing the concept of “strategy”.
Raschke and Tils (2007, 2010) have pointed out tuatcepts of strategy have been
conspicuously missing from the political scienceciline. While the concept is well
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established in the field of military strategy amdthe field of business and management
sciences, a corresponding discussion has not tplee in the realm of government and
politics. Meanwhile, in political practice the usé formalized government strategies has
become increasingly common, including the highdlebtategies of the European Union (e.g.
Lisbon strategy, EU 2020 strategy, etc.), natiatedtegies for sustainable development and

innovation strategies (e.g. Germany’s High Teclat8gy) to name just a few examples.

This paper argues that the concept of strategyigeeva useful basis for designing and
assessing policies for promoting the developmergmfironmental technologies. While the
literature on policy and governance for environmkmbnovation offers a host of useful
lessons for this purpose, none of the existing @gugres offers a framework that is both
comprehensive and sufficiently dynamic. In otherdgp none of the approaches provides a
sufficient guide to policy makers faced with thealdbnging task of developing and
implementing policies for the promotion of envirosmtal technologies. The strategy concept
that is developed below closes this gap by offe@ngoherent framework for combining

lessons from the existing literature.

The paper proceeds in three steps. It begins withed discussion of the paper’s underlying
theoretical approach, based on evolutionary theooie innovation and technical change.
Next, drawing on the strategy literature from thanagement sciences, a strategy concept is
developed. This strategy concept serves as the f@ssystematizing and integrating five
existing policy approaches for the promotion of iemwmental innovation in one
comprehensive strategic framework. Each policy eggn and its specific contribution to the
different elements of the strategic framework amesented. The concluding section offers a
brief synthesis of the strategic framework and hggits its main advantages compared to

other frameworks and its potential for further eliation.

An evolutionary perspective on innovation and technological change
The strategic framework, which is developed bel@ambines policy lessons from five

streams of literature. Though each approach reptesedistinct contribution to the debate on
policies for the promotion of environmental innawat they all have a common basis in
evolutionary perspectives on innovation and teobgiokl change. The following section
briefly discusses this underlying theoretical basfishe paper. First, it briefly justifies the
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chosen focus on evolutionary perspectives, whicheslargely at the expense of neoclassical
perspectives on the subject. Second, the sectguresithat this shared theoretical basis makes
the chosen policy approaches compatible and en#ides to be integrated in the proposed

strategic framework.

The neoclassical tradition has brought forth a theaf studies on the relationship between
innovation and different types of regulatory andrke&based instruments (Ambec, Cohen,
Elgie, & Lanoie, 2010; Bernauer, Engels, KammekrSeijas, 2006; Jaffe, Newell, &
Stavins, 2005). However, for two basic reasons faper argues that these studies prove
inadequate for informing policy making aimed at gm®motion of novel environmental
technologies. Firstly, neoclassical studies haweiged exclusively on how individual policy
measures affect innovation in polluting firms, ifag to consider the development of new
sectors whose innovations compete with the teclgnedoof existing firms (Ambec et al.,
2010; Porter & van der Linde, 1995). Secondly, ¢hetudies fail to consider important
guestions pertaining to the specific policy designolicy implementation as well as the
broader techno-economic, social and institutiomaitext. As a result, empirical results from
these studies have been inclusive (Ambec et al(;20affe et al., 2005). Even prominent
neoclassical economists concede that multiple nhdakleres may imply that “a portfolio of
policies, rather than policy directed at emissioeduction alone, will offer a more complete
response to environmental problems” (Jaffe et28l05). Apart from this acknowledgement,
however, these economists offer little further gmice on how policy for the promotion of
environmental innovation might be optimized. ThHi®wever, is the specific focus of this
paper. It aims to develop a basis for a more syaierapproach to developing an appropriate

policy mix for the promotion of environmental inration.

Evolutionary approaches to analyzing innovation eewthnological change seek to overcome
the limitations of neoclassical theory by openihg tblack box” of the innovation process
and revising a number of key assumptions made hpstmaam economists. At the micro-
level, evolutionary economics departs from the gigra of rational choice and profit-
maximization and replaces it with the concept odutbded rationality.” This concept takes
account of the fact that economic actors do notagbvmake choices that are profit-

maximizing. Routines and aversion to risk, esplciahder situations of uncertainty, often
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favor the (technological) status quo (Beckenbadkilg 2005; Nelson & Winter, 1982; J. van
den Bergh, Faber, Idenburg, & Oosterhuis, 2007).

At a macro-level, evolutionary economics replades neoclassical concept of equilibrium
with an environment characterized by uncertaintg amstability. Within this “selection
environment” multiple factors, including the unpictdble process of learning and discovery,
influence the direction of technological developmédine notion that competitive forces will
always select the technologies with the highestinsic utility is challenged. Instead,
evolutionary approaches conceptualize technologicedvation as a process of development,
adaptation and selection, where multiple events deddback mechanisms shape
technological development. Due to “dynamic increggieturns,” technological development
is a highly path-dependent process. It is shapetthéexisting technological regime (Dosi &
Nelson, 1994) and characterized by technologiazk-las (Arthur, 1988, 1989; David, 1985,
1992). Shifts from one technological regime to aeotdepend on a process of co-evolution,
involving simultaneous developments within diffearesalms of society (Nelson, 1994, 1995;
Rip & Kemp, 1998; Jeroen van den Bergh & StagQ3)0

The approaches discussed below all share this contheworetical basis. The only partial
exception is the literature on innovation-orienggyironmental policy, which has its primary
roots in the political science discipline. Nevel#ss, this literature shares the basic insight
with evolutionary economics that the impact of pi@s cannot be considered in isolation
from a dynamic socio-economic and institutional teah (Klemmer et al., 1999: 51-52).
Although the innovation process is not treatedllintacomplexity, it is assumed to be shaped
by multiple influences, known as the “multi-impul$gpothesis” (Janicke et al., 2000;
Klemmer et al., 1999).

From a policy perspective, the studies discussémhbghare the insight that the promotion of
environmental innovation requires more than charngdactor prices or the introduction of
individual regulatory measures. The role of polisyto provide an “extended level playing
field”. Externality problems coupled with path dedence and technology lock-ins justify
policy interventions that subsidize learning costsd remove biases towards existing
technologies or the premature lock in of new alitues (J. van den Bergh et al., 2007). In

practice, this means that an effective approadghdégromotion of environmental innovation
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requires a policy mix that is adapted to the paldiccontext. How to systematically develop

such a policy mix is the question to be addressede remainder of the paper.

Defining strategy
The concept of strategy as defined in this sedfidiuilt on this same basic understanding that

individual policy measures on their own do not meffto promote innovation and
technological change. From a political science estve, this goes hand in hand with
findings that the success of policies in generalayMz & Scharpf, 1995) and of
environmental policies specifically (Gunningham &aBosky, 1998; Janicke & Weidner,
1995; Weidner & Jéanicke, 2002) depend not onlytendhoice of a particular instrument but
also on the broader conditions shaping their dgreént and implementation. In practice, it
reflects a shift from a government-centered plagrapproach, which dominated until the
1970s, to governance approaches based on lesschiegh and increasingly cooperative
State-society relations (1993, 2000; Mayntz, 2008).

Rather than reducing the State’s role, howeverctimeept of strategy proposed here seeks to
strengthen the State’s ability to effectively dgpfwlicy and allocate resources to promote
environmental innovation. An important point of degoire for this discussion is Janicke’s
(1998, 2009) call for a more strategic approachraronmental policy (see alsoTils, 2004).
In his writings on ecological modernization and tbk of the nation State, he demands a “a
policy model that focuses the central state orteggra tasks and transfers detailed regulations
more strongly to decentralized actors” (JanickeQ®0p. 35). Rather than representing a
disillusioned acquiescence to the diminishing role the State, this was meant as a
reconceptualization of the State in more strategid more flexible terms. He states, “The
hierarchical state as an intervention authoritytileized by the whole of society needs to be
considered indispensable (see Offe 1987), espgdialhe seeks to develop a modernization
of the industrial system that can effectively balathe immense ecological impacts of global
growth.” (Janicke, 2009, p.38). He calls for stgigs based on precise goals, able to develop
and adapt the particular mix of instruments basethe specific context (Janicke, Kunig, &
Stitzel, 2003, pp.111-112).

While Jéanicke’s approach stops here, the goal of gaper is to further develop and
operationalize such a strategic approach to premganvironmental innovation. To do so,
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this section begins by outlining a more detailefiniteon of strategy, drawing mainly on
strategy concepts from the management sciencesiesatting strategic framework provides
the foundation for integrating policy guidance frdive approaches for the promotion of

environmental innovation, which are presented ertéxt section.

One of the earliest thinkers on business strategy Reter Drucker who established the
concept of “management by objectives” (Drucker,4)9%uch like Janicke, Drucker stresses
the central role of formulating strategic objecivéfom which all other organizational

activities and policy measures should follow. Ois tiasis, Peter Drucker offers the following
strategy definition, which will serve as the conceb foundation for the further discussion of
strategy. Drucker (1973) states that strategy e ‘tontinuous process of making present
entrepreneurial (risk-taking) decisions systemdtiand with the greatest knowledge of their
futurity; organizing systematically the efforts ded to carry out these decisions; and
measuring the results of these decisions against ekpectations through organized,
systematic feedback.” (p.120) By replacing “entegy@urial decisions” with “policy

decisions”, this definition can be extended to kcgacontext. In the following, it provides the

basis for further developing a number of basic elets of government strategies.

Firstly, a central tenet of Drucker’s strategy difon is the need for systematic efforts to
acquire the greatest possible knowledge about rtiidations (“futurity”) of the (policy)
decisions being taken. In other words, strategsegiire an analytical basis to help define
what is expected from individual policy decisiofibis notion has a long tradition in the field
of strategy and implies the need for analyticalddo help assess external conditions for the
purpose of defining the appropriate strategy (sedrédws, 1971; Mintzberg, Ahlstrand, &
Lampel, 2009; Porter, 1980). It implies that theickh of individual policy measures may
vary based on this assessment, rejecting the ntitedrany particular policy instrument might
be considered aa priori superior. Rather strategy is developed in respdosexternal

opportunities and challenges.

Secondly, strategy is an ongoing yet systematicge®. A strategy is, therefore, neither a
one-off exercise, nor can it be equated to theuieaty cited process of “muddling through”
(Lindblom, 1959). As such, strategy as definedhis fpaper is a normative rather than a

descriptive concept. Strategies and the associatestepts are considered devices for
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improving and/or evaluating the practice of poliogking (in this case specifically policies
aimed at promoting environmental innovation). lhestwords, the concepts developed here
are intended tavoid rather than describe a process of “muddling thindug

Simultaneously, Drucker’s definition proposes thiategic decision making is a continuous
and reactive process, where decisions are adjbstst on new information or changes in the
external environment (see also Raschke & Tils, 20@7other words, static, one-dimensional
concepts of the policy process - where analysi®liswed by planning which is in turn
followed by implementation - are rejected. Ratheategy development and implementation
are overlapping processes, which are pursued,talliéh varying degrees of intensity,
throughout the strategy process. Finally, to enahtsh a dynamic strategy process, Drucker
suggests the need for organized and systematicteffo measure the success of policy
decisions against the expectations underlying thanthe terminology of political science,
strategies should promote policy learning (BenngttHowlett, 1992; Rene Kemp &
Weehuizen, 2005).

Strategy defined in this way combines elements batwMintzberg et al. (2009) call the

planning and the learning schools of strategic gameent. Applying this to the public sector,

Steurer and Martinuzzi (2005) point out that thenping and learning school represent ideal-
types on a continuum of policy making. The plannsahool emphasizes the need for
formalized processes of policy development, whioh eonducted in specialized planning
departments and which are divorced from the procésaplementation. The learning school

on the other hand views policy making as an incraaleprocess. It acknowledges the
importance of operational knowledge gained in thecgss of implementation and the
continuous need for adjusting and fine-tuning polihen new knowledge is acquired. The
strategy concept developed here acknowledges bwhnéed for formal processes and
responsibilities for strategy making and the need rhechanisms that enable systematic

feedback from implementation.

Finally, the strategy literature goes beyondphmeess of strategy making. A central question
is how the internal capabilities of an organizatstrould relate to the chosen strategy. Much
debate on this subject has centred on whetheegtrathould follow structure or vice versa
(Chandler, 1962; Hall & Saias, 1980). Fundamentahis discussion highlights that strategy

7
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making has to include a reflection on the intercegbabilities and resources that are at the
disposal of those responsible for the strategyhBgitategy objectives and related policy
measures should take into account the organizatianility to implement a chosen course of
action. The concept of dynamic capabilities takeis aanother step further. Building on
concepts from evolutionary economics, it highligiat organizations can develop and change
their capabilities over time to meet the needsheirtstrategic objectives (C. Helfat et al.,
2007; C. E. Helfat & Peteraf, 2009; Teece, 2008)other words, strategies should reflect
existing organizational capabilities, but they malso try to actively develop those

capabilities, deemed necessary to achieve strabbggctives.

What is included in the required set of capabsitiepends on the specific objectives and may
differ across different types of organizations.(d&ferent types of businesses, non-profit
organizations or public sector organizations, eW/hat this might mean for strategies in the
realm of politics has been explored by Raschke &lsd(2007). Their concept of “strategic
capacity” is based on but extends beyond the canadporganizational capacity.
Organizational capacity includes the allocation responsibilities, access to sufficient
resources to perform organizational tasks, welddsthed institutional rules and norms for
reaching decisions, etc. While building basic orgational capacities may be beyond the
scope of a strategy focused on the promotion ofrenmental innovation, it is possible to
address capacities that are specific to the péaticpolicy field. This might include
developing the ability to assemble related knowdedy to formulate realistic policy
objectives, efforts to build a network of alliancaspartnerships for policy development and
implementation, or building new institutional arg@ments for the implementation or

coordination of policy measures.

Summarizing the points developed above, the siafegmework proposed here incorporates
the following elements. They are given the follogvitabels for further reference in the
remainder of the paper: the guiding principles titegy, the analytical dimension of

strategy, the process dimension of strategy andithension of strategic capacity:

= Strategy requires clear objectives and correspgnpiaicy measures to achieve those
goals (Guiding principles of strategy).

= To guide the choice of policy measures, strategield@ment requires a systematic
approach to analyzing the external environmengiation to the tools and measures at

8



Towards a strategic framework for promoting environmental innovations
Rainer Quitzow

Paper accepted for presentation at the 2012 Berlin Conference on the Human Dimensions of Global Environmental Change,
October 5 - 6, 2012.

the disposal of the respective organization orsiestmaker (Analytical dimension of
strategy).

= The process of strategy development and implement& an ongoing and iterative
process, which requires continuous and systematiew and adaptation of policy
measures (Process dimension of strategy).

= Strategy should both build on available capactied seek to develop and expand the
required capacities for strategy development an@ldmentation (Dimension of
strategic capacity).

Each of the four dimensions of strategy is consdemnecessary for developing a
comprehensive policy mix for promoting environméntenovation in a particular sector or
technology field. On their own, however, these fel@ments only represent a generic concept
of strategy, which requires further elaborationmeet the specific challenges of promoting
environmental innovations. To do so, the followisgction systematizes and integrates
lessons from existing policy approaches for thenmion of environmental innovation,
utilizing these four dimensions of strategy as aalgical framework.

Building a strategic framework for the promotion of environmental innovation
As indicated, this section reviews and systematm#gy guidance emerging from the main

evolutionary approaches to studying environmenmalovation. It demonstrates that each
policy approach further elaborates and operatieasla particular dimension of the strategy
concept. In this way, each policy approach makasigue contribution to the development of
a strategic framework for promoting environmentaindvation. On the other hand,

individually none of them serves as a sufficiensibafor developing a comprehensive
approach to promoting environmental innovationsmBming them based on the elements
outlined above, therefore, represents an imporsaeyp forward for developing adequate

policies for the promotion of environmental innaeat
The following five main approaches are identifiadhe literature:

= Innovation-oriented environmental policy, with iteots in political science;

= Sustainability-oriented innovation policy, based stndies carried out by the OECD
on integrating sustainable development policy am@vation policy;

= Transition management and strategic niche managerbased on the literature on
sustainability transitions;

= The system functions approach based on the comdepttechnological innovation
system; and
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= A time-strategic perspective on ecological innocwafpolicy.
In the following, each approach and its theoretioahdation is briefly introduced. After this,
its unique contribution to elaborating one or mofethe four dimensions of strategy is
highlighted.

Innovation-oriented environmental policy

The discussion on innovation-oriented environmeptaicy is based on findings from the
field of policy analysis within political scienc®ather than seeking to build a theory of the
innovation process as a whole, this literature sadme empirical approach, focused on how
government interventions have influenced the ermag®f environmental innovations. The
guiding question of these policy-oriented studigsUnder what conditions do policies to
protect the environment promote innovation andnetdgical change? A number of authors
have investigated this question using a comparaise study approach (Ashford, Ayers, &
Stone, 1985; Blazejczak et al., 1999; Ekins & VeB006b; J. Hemmelskamp, 1999; J.
Hemmelskamp, Rennings, K., and Leone, F. , 200fphklat al., 2005; Klemmer et al., 1999;
Oosterhuis et al., 2006). On the basis of besttipecases, they have been able to derive a

number of general policy lessons for the formulatd an innovation-oriented environmental

policy.

These policy lessons primarily suggest a numbergeferal principles for designing
innovation-oriented environmental policy. Firstithey highlight the importance of
formulating policy targets, the basic requirement $trategy development. Policy targets,
when sufficiently ambitious and credible, are foundoe important drivers of innovation in
their own right (Jacob & Janicke, 2005). These dijes provide the basis for developing a
“smart policy mix” adapted to different phases ethnological development and including
measures spanning a number of different policydédlanicke & Lindemann, 2010). More
specifically, an innovation-oriented policy mix teges an appropriate level of stringency,
appropriate timing of individual measures and olWgualicy coherence (Ashford & Hall,
2011; Bernauer et al., 2006; Janicke & Lindemandl0. A number of studies also
emphasize that traditional environmental regulatpays an important role in inducing
environmental innovation, though only if designedpmpriately and combined with
complementary measures (Ashford & Hall, 2011). Fnaa number of authors have

highlighted the importance of an innovation-frigndipolicy style”. A policy-style is
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considered innovation-friendly “if it is based omaldgue and consensus, is calculable,
reliable and has continuity, is decisive, proactarel ambitious, is open and flexible” (J.
Hemmelskamp, Rennings, K., and Leone, F. , 200035p).

These findings both confirm the guiding strategin@ples, i.e. the need for clear policy
objectives that guide the choice of policy measuaes further elaborate them for the realm
of innovation-oriented environmental policy, i.eolipy targets need to be ambitious and
credible and regulatory measures need to be bdfltiently stringent and flexible to be
adapted over time. Additionally, the insights frothe study of innovation-oriented
environmental policy include a number of processried lessons. Firstly, the emphasis on
dialogue and consensus requires the engagemetatkehslders in the process of formulating
policies (Jacob & Janicke, 2005). Secondly, potioherence requires active coordination of
policy across relevant policy domains (Ashford &IIH2011; Jacob & Janicke, 2005).
Finally, flexible instruments adapted to differgtases of technological development require
continuous monitoring and review of the policy n{iRené Kemp, 2011). One-off policy
measures are not sufficient for driving environmaénbnovation (Jacob & Janicke, 1998;
2005).

Sustainability-oriented innovation policy: lessons from the OECD

In addition to these academic studies, the OECDdmaslucted a policy-oriented review,
entitled “Governing Innovation Systems” (OECD, 2p0O&hich offers a number of lessons
for the development of sustainability-oriented imaton policy. Taking a similar case-study
based approach, the study distills best practisgoles from a number of country studies on
the practice of innovation policy. The review bsildn work by the OECD on system-based
approaches to innovation policy, referred to asteategic horizontal approach to innovation
policy” or a “third generation innovation policyhithe review. The study outlines the key
governance challenges and respective “nationalbd#pes” required for implementing such
an approach. Though these national capabilitiedgeréd innovation policy more broadly, they
also draw on a set of case studies on sustainabiignted innovation policy and explicitly
address corresponding issues. The OECD’s expticitd on capabilities is unique among the
approaches described here and represents theupartiontribution of the OECD study to the
strategic framework. Simultaneously, the OECD’srapph echoes a number of the principles

and process-oriented issues highlighted in theaean innovation-oriented environmental
11
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policy. As such, it comes close to covering the Mhgpectrum of strategy components,

although it fails to address the analytical dimensif strategy further discussed below.

The OECD (2005) report recognizes that formulaangoherent, mutually supportive set of
innovation policies requires “balancing imperative@.14) and developing a “joint
understanding across policy cultures and ratiohglpsll). Innovation policy should be
embedded in a more comprehensive set of strategits @ddressing economic, social and
environmental imperatives. To implement such anraggh, the OECD calls for an
adjustment of institutional structures to draw ¢ tcorresponding knowledge base for
developing an appropriate vision and policy goald & facilitate policy integration and
policy learning.

This translates into the development of a numbercapabilities for developing and
implementing innovation policy. These capabilitieslude basic organizational capacities,
such as establishing a clear division of labor leetwministries and agencies, and highlight
the need for vision and leadership as a basisnter-ministerial coordination. Furthermore,
the need for mechanisms for horizontal and verpoéicy coordination are highlighted and a
series of possible institutional arrangements aopgsed. These include task forces, policy
councils, government committees, and joint progra#iso mechanisms for monitoring and
evaluation are considered, not only for the purpofeassessing progress but also as
coordinating mechanisms. Moreover, developing ampr@piate policy mix requires
leveraging the knowledge and resources of relestkeholders and exploiting synergies in
network structures. This implies not only the ereyagnt of stakeholders in the policy
process, but the development of “distributed nekwamganizations of strategic intelligence,
which combine different sectoral and stakeholderspectives” (OECD, 2005, p.102).
Finally, the OECD calls for “pragmatic public-prieainterfaces” to “manage transitions in
structures and infrastructure” (OECD, 2005, p.69).

! These recommendations are supported by a numizertiedrs who call for “strategic policy
institutions” and “systemic instruments” to appriapely intervene and respond to changes in
a dynamic innovation system (Smits et al. 2010esEhauthors, however, do not specifically

apply these lessons to sustainability-orientedvation policy.

12
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This set of capabilities mirrors a correspondingagessues related to the process dimension
of the strategic framework, notably acquisitiorr@levant knowledge, horizontal and vertical
policy coordination, policy learning, and stakelaldengagement. By translating these
process-related issues into capabilities, the amprdielps to elaborate and adapt the concept

of strategic capacity to the specific purpose ohpoting environmental innovation.

Transition management and strategic niche management

Transition management (TM) and strategic niche mameent (SNM) are simultaneously the
broadest in terms of their underlying conceptugdrapch and the narrowest in terms of their
contribution to a strategic framework for promotiagvironmental innovation. Based on the
literature on sustainability transitions, this Hgeire takes a very broad view of technological
change, which is conceptualized as shifts to nehrielogical regimes (R. Kemp, Schot, &

Hoogma, 1998; Rip & Kemp, 1998) or “system innowas” (Elzen, Geels, & Green, 2004;

2004; 2010; F. W. Geels, 2002). In terms of pollogwever, both TM and SNM are focused
mainly on engaging stakeholders in a process adnirsg and experimentation. SNM mainly

offers a number of principles for setting up andplementing experiments aimed at
supporting technological learning. TM goes beyondiraividual experiment or niche and

provides mainly process-oriented guidance for mingag broader set of experiments and
facilitating visioning and networking in a broadechnology field or sector. Neither of the

approaches addresses how to promote the broadigsidif of environmental technologies or

how to intervene at other levels of policy.

Kemp et al. (1998) define SNM as “the creation,edepment and controlled phase out of
protected spaces for the development and use ohigiry technologies by means of
experimentation, with the aim of (1) learning abthé desirability of a new technology, and
(2) enhancing the rate of application of the neshit®logy’(p.186). They outline a number of
principles for choosing a technology to be supmbttgough SNM, for selecting a domain for
its experimental application and for applying aabaked mix of protection and selection
pressure. They point out that SNM will have to &ddrthe challenges of scaling up and a

timely phasing out of protection, but do not ofgecific guidance on how to implement
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these objectives. Instead, the focus of SNM ispfenotion of learning in relation to the

benefits and drawbacks of the selected technolagyttze formation of a network of actors. A
number of authors view this narrow focus as a &tion and have criticized the fact that the
approach ignores the broader selection environiBarkhout, Smith, & Stirling, 2004; Schot

& Geels, 2008).

TM is a broader concept, less concerned with sujmgpra particular technology than with
supporting a so-called transition process basedsoning and experimentation (Jand Nill &
Kemp, 2009, p.672). By combining elements of nekmgovernance, self-organization and
process management, TM seeks to modulate ongoimgnugs of change to produce
transitions to more sustainable socio-technicahmeg. It represents a multi-level governance
framework for enabling co-evolutionary processestange. Loorbach (2007, 2009) defines
the TM approach as a cyclical, multi-level framekvaomposed of four key governance
activities (see figure 1). Each of these governaute/ities represents a particular aspect of
managing a deliberate process of promoting newntdolyy fields.
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Figure 1: Transition Management cycle

“Problem structuring,
envisioning, and

establishment of the

transition arena (strategic)

Developing
| coalitions,
| images, and
transition-
agendas
(tactical)

[
| Evaluating,
monitoring,
| and learning
(reflexive)

Mobilizing actors and
executing projects and
experiments (operational)

Source: Loorbach, 2009.

First, a group of frontrunners and other key indiingls with different backgrounds are
selected to structure the problem and develop g-term sustainability vision. Next, this
group of key individuals reaches out to other rafgvstakeholders to concretize the vision
into possible transition paths and possible entipts for action. This process should lead to
the creation of a broader transition network wittoacrete transition agenda. Sub-sets of the
network then implement a number of concrete trawsitexperiments. These may be
complementary, or they may represent test casgmtentially divergent paths. Finally, a key
governance activity, referred to as reflexivity,tie process of monitoring and evaluation
where both progress towards the vision as welhagptocess itself are scrutinized. Its goal is
to enable social learning and to facilitate thepaai@on of both vision and process based on a

process of continuous feedback.

Through this multi-level approach, TM seeks to potenthe alignment of actors and
processes to achieve the common goal of facilgagunstainable system innovations. It offers
a process-oriented approach for engaging staketsoldl® a process of visioning,
experimentation and policy learning (reflexivitylentral instruments in this process are
participatory scenario building and foresight eisss to promote a shared understanding of
future challenges, to align actors based on a camvigson and to identify novel solutions to

be tested in joint experiments (R. Kemp, Loorba&hRotmans, 2007). An outcome of
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visioning and experimentation should not only beowation and learning but also the
development of a corresponding actor network (Laohp 2007, 2009). Finally, the
researchers who developed the approach also mehgameed to promote policy integration
(the better alignment of policies) and address timdpolicies,” such as taxes and regulations,
within the transition process (Rene Kemp & Rotma86p4, p.152). However, both
conceptually (see critique in Berkhout et al., 2084d in its application to Dutch energy
policy (see critique in Kern & Smith, 2008), the Tdpproach has emphasized the role of so-

called transition experiments or niche experiments.

Within the strategic framework, TM offers guidarfoe engaging stakeholders in visioning,
experimentation and learning and highlights the drtgmce of participatory scenario or
foresight exercises. Both TM and SNM provide preeasented guidance for developing and
leveraging a stakeholder network within a particutachnology field, similar to the
distributed network of strategic intelligence susjge by the OECD.

The system functions approach and technological innovation systems

While the three approaches outlined above offetedagce on three of four strategy elements
(the guiding principles for strategy, the procesaatsion of strategy and the dimension of
strategic capacity), the last two approaches famugshe remaining strategy element: the
analytical dimension of strategy development.

Like the “system failures” approach to innovatiooligy (Edquist, 2002; Klein Woolthuis,
Lankhuizen, & Gilsing, 2005; Metcalfe, 2005; OECMD999; Reid, 2009), the system
functions approach has emerged from the broad=aliire on systems of innovation. What
sets the system functions approach apart from ytbie®s failures approach, however, is its
suitability for the formulation of policies aimeg@exifically at environmental innovation. The
reasons for this are the following. Firstly, beibgsed on the concept of a technological
innovation system (TIS), the approach focuses erptbmotion of a particular technology. In
other words, the system boundaries may be setciesfon a specific type of environmental
technology. The system failures approach is ainiguiaamoting innovation in a more general
sense without prioritizing the promotion of indival technologies. Secondly, the system
failure approach assumes that an innovation systemlready pre-existing and aims at

enhancing or optimizing the dynamics of these systeThe system functions approach, on
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the other hand, may be applied to an emergent ahduhy functional innovation system,
explicitly considering how this particular systeevedlops and changes over time. This makes
it better suited for the study of environmentalhtemlogies, which require policy support to

develop into viable competitors of mainstream tetbgies.

Within the strategy concept outlined above, thetesysfunctions approach serves as an
analytical framework for the identification of eydpoints for supporting environmental
innovation. It identifies seven system functionse(sable 1), which drive the development of
technological innovation systems and which havenbgmthesized from existing system
approaches. To apply this analytical frameworkhi® task of policy development, Bergek et
al. (2008) outline five analytical tasks leading tgpthe specification of policy measures
tailored to the particular TIS. The process begiith the definition of the scope of the
technological innovation system, followed by an niifecation of actors, networks and
institutions that make up the system. Next the seystem functions and how they are being
performed are analyzed. Finally, blocking and iretaent mechanisms are identified. On this
basis, policies can then be identified that mighpriove the functioning of the system by
reinforcing functions or by removing blocking menisans. The ultimate goal of policy is to
catalyze a process of “cumulative causation” whexdicy measures induce further

development and positive feedbacks within the TE&@bsson & Bergek, 2004).

TABLE 1: System functions

= Knowledge development and diffusion

= Influence on the direction of search and the idieation of opportunities
= Entrepreneurial experimentation and managemernslofind uncertainty
= Market formation

= Resource mobilization

= Legitimation

= Development of positive externalities

Source: Bergek et al., 2008

Time-strategic per spective on ecological innovation policy

Like the system functions approach, the time-sfiat@pproach to ecological innovation
policy is primarily focused on providing analyticglidance for the design of policies.
However, rather than focusing on the internal dyiearof a specified TIS, it emphasizes the
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dynamic interaction between competing technologjettories. In other words, it highlights a
different aspect of innovation and technologicabraye. The approach seeks to utilize
knowledge about the evolutionary process of teagioal innovation to make strategic use
of so-called “techno-economic windows of opportigsit. These windows of opportunity
represent restricted time periods during which cweting a technological lock-in and thus a
shift to a different technological trajectory isrpeularly likely. Windows may be opened due
to favorable developments in one or several sutesys of a technological regime (see
Erdmann, 1999; Jan Nill, 2009; Jand Nill & Kemp020Jan Nill, Sartorius, & Zundel, 2005;
Jan Nill & Zundel, 2001; Sartorius & Zundel, 2005).

In terms of policy guidance, the focus of the tistextegic perspective on ecological
innovation policy is on how to determine the appiate timing of individual policy
measures, one of the principles mentioned in 4.prdvides an analytical framework for
developing and adjusting policy measures to diffeghases of technological development.
The goal is to optimize policy design by preparamgl utilizing windows of opportunities. For
instance, introducing a new environmental reguhao tightening existing standards may
accelerate the innovation process if a window gfarfunity has opened, e.g. an ecologically
superior technological alternative has reachedaerfit maturity and investment-cycles favor
its adoption by companies. Conversely, a prematigtéening of environmental standards
may induce investments in expensive end-of-pipé&relogies thus further strengthening
technological lock-ins and slowing down technolagichange (Erdmann, 1999). To enable
policy makers to take advantage of these “techmm@mic dynamics”, Zundel et al. (2005),
propose different policy priorities for the phasek window preparation, creation and

utilization (see table 2).

TABLE 2: Taxonomy of techno-economic dynamics and related policy objectives

Status of the techno-economic system Status of technological alternatives Kind of technological competition  Policy strategies and objectives

Stable Only theoretical alternatives exist Not applicable Demonstration of technical feasibility
(Still) stable Promising solutions Only new-vs-new “Window preparation”: diversity and
development
Stable (but strong social pressure for Promising solutions Not applicable “Window creation™: handling of political
quick path change) pressure
Unstable (window) At least one solution is competitive Old-vs-new and new-vs-new “Window utilisation™: making transition
easier and avoiding rush selection
Unstable (window) Only one alternative solution is Mainly old-vs-new “Window utilisation™: making transition
competitive, but other promising solutions easier
for the future
Unstable (window) Several alternative solutions are Mainly new-vs-new “Window utilisation™: avoiding rush
competitive selection

Stable Transition takes place Not applicable Restoring selection function of markets

Source: Nill and Kemp (2009).
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Conclusion
To briefly summarize, the strategic framework depeld here proposes the following four

defining components of strategy: guiding principles analytical dimension, a process
dimension and the dimension of strategic capadigcordingly, a policy approach to
promoting environmental that fails to explicitlydrdss any one of these components does not
represent a truly comprehensive approach and isomsidered atrategic. Based on this
definition, none of the five approaches outlinedowab provides a sufficient basis for
developing a strategy for the promotion of enviremtal innovation in a particular sector or
technology field. Each approach only offers a paguide to designing and implementing a
strategy for promoting environmental innovationtiRa each approach provides guidance for
further elaborating one or two of the key composeot a strategic framework for the
promotion of environmental innovation. The tableghe annex provides an overview of how

the different approaches contribute to elaboratiotihe strategic framework.

The four components of strategy provide the bamisystematizing and integrating the five
policy approaches in one comprehensive and cohdramtework. It is argued that their
common foundation in - or at least compatibilitythwi evolutionary concepts of innovation
and technological change ensure that their resgectntributions are complementary. The
distinctiveness of each approach is not based derlying conceptual differences, but on the
chosen focus area. Each approach considers diffaspects of the innovation process and/or
provides guidance on different components of thatesgic framework. The time-strategic
perspective on innovation policy and the systencttions approach both provide analytical
guidance aimed at informing policy design, whichssthem apart from the other three
approaches, which do not address this dimensiostrafegy. Differences between the two
approaches relate to the particular aspect of tim@viation process that each approach
highlights. While the former focuses on the dynao€ technological competition and the
challenge of overcoming technological lock-ins, ldiger provides entry-points for supporting
the various functions of a TIS. The findings onawmation-oriented environmental policy
highlight a number of guiding principles for poliayesign along with process-oriented
lessons. The OECD offers process-oriented lessombioed with corresponding lessons on
capabilities for sustainability-oriented innovatigolicy. Finally, TM and SNM focus on
process-oriented steps for engaging stakeholdendsioning and experimentation, while

highlighting the need to develop actor networksifioiovation and learning.
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By combining the guidance from these different apphes to promoting environmental
innovation, an approach emerges that is comprelensioherent and dynamic. It is
comprehensive because it combines all the mainuggoblry approaches to promoting
environmental innovation in a common frameworkisltoherent, as it is based on a clearly
defined strategy concept adapted from the wellbdisteed business management literature on
the topic. Each contribution from the differentestms of literature is placed in relationship to
the four components of strategy. It is dynamic beeat not only provides analytical entry-
points for adapting policy over time, but it alsibecs the perspective of adjusting capacities
to meet the needs of policy objectives. In otherdsppolicy measures may evolve in relation
to changing external conditions, but also in relatto dynamic capacities. It, therefore,
challenges the idea that policy options are onfyretion of a given policy paradigm and a
given set of external conditions. Rather the sefeaible policy options can be developed

over time by developing strategic capacity.

Finally the strategic framework developed in thegras itself dynamic and provides entry-
points for its further development. Firstly, theifcomponents of strategy provide a structure
for systematically integrating further policy gumtz aimed at the promotion of
environmental innovation. Findings from compatiptdicy approaches may further elaborate
the four strategy elements. Secondly, it offerstracture for integrating findings from the
theory and practice of strategy making in the pulsector. In particular, the concept of
strategic capacity; as developed by Raschke arsdd(Zd07), offers potential for the further
elaboration of the strategic framework. The workRafschke and Tils provides a number of
entry-points for addressing political factors ire tbontext of strategy making, albeit with a
focus on high-level political strategies. They gtoigreat detail about the need to establish a
strong and coherent leadership that spans keyigosivithin the party, the government and
the relevant parliamentary group. Moreover, theinfpout the need to have a clear set of
political objectives that transcend immediate @edtgoals. While these concepts cannot be
transferred directly to more policy-focused strasgfor the promotion of environmental
innovation, they offer a starting point for a matetailed reflection on how political factors
might be addressed more explicitly in the contexpolicy making for the promotion of

environmental innovation.
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Annex: Overview of the strategic framework for promoting environmental innovation and the contributions of the different streams

of literature

Approach

Guiding Principles

Analytical dimension

Process dimension

Strategic capacity

Innovation-oriented
environmental policy:

Identification of best practice in
promoting environmental
innovation

Highlights the importance of
ambitious policy targets,
coherence across different policy
domains, flexibility, stringency in
regulatory measures

Highlights the importance of
dialogue and stakeholder
involvement, coordination of
policy and reflexivity/policy
learning

OECD study on Governing
Innovation Systems:

Lessons for governing
(sustainable) innovation systems

Highlights the need for a
comprehensive set of strategic
goals, addressing economic, social
and environmental imperatives

Highlights the need for
stakeholder engagement, policy
coordination and policy learning

Defines national capabilities,
including M&E arrangements,
strategic councils, networks of
strategic intelligence and public-
private interfaces

System functions approach:

Operationalizing a system
perspective to support
technological innovation systems

Definition of entry points for
identifying policy interventions in
support of a technological
innovation system

Time-strategic approach:

Guidance for adjusting policies to
the phases of technological
development with a focus on
competing technological
trajectories

Definition of policy options for
preparing, creating and utilizing
“techno-economic windows of
opportunity” in the context of
competing technological
trajectories

Strategic niche management:

Niche development and learning

Basic procedural steps for
implementing the SNM approach

Highlights the importance of
creating actor networks

Transition Management:

Visioning, experimentation and
learning for early innovation
phases

Multi-level, cyclical governance
framework for engaging
stakeholders; highlights the
importance of foresight exercises

Creation of a transition platform
and networks
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