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Sustainable transition of socio-technological syste ms: How
can Governance Network Research and Transition Theo ry
contribute to the transition to biofuel for transpo rtation?

Jens SteerdahlBent Sgndergérd and Ole Erik Hansen
Centre of Governance and Environmental Transiti®BT)
Department of Environmental, Social and Spatiahgea Roskilde University, Denmark

October 2006

The paper suggests that the challenge of sustdityatléemands a shift of the attention of
environmental planning and policy to the transitminsocio-technological systems. Deliberate
planning for sustainability then becomes a questibaddressing governance structures of socio-
technological systems, calling attention to howhsgovernance structures emerge, stabilize and
become dominant, which functions governance stresthave to serve to become efficient, and
how they can be made subject to deliberate andgaafpl shaping and transition. Taking this
approach, research in planning and policymakingdostainability has to work with issues of
understanding how actors and networks configurguir@ments to effective networks and
metagovernance of governance networks. Researbimwinovation systems, transition
management and technology systems combined withiptaand experimental activities provides
both a theoretical and empirical body of knowledfisuch governance processes. The paper
presents these approaches and discusses how thdyeazsed in relation to the process of
developing bio-fuel systems for transportation.

Introduction

The challenge of sustainability has shifted theraibn of environmental planning and policy to the
transition of socio-technological systépand has given rise to a new body of researcheadihy
transition management (Kemp & Rotmans 2001, Kenmp&rbach 2006) and an interest for the
research in the development of technology systémn&gxample Jacobsson & Bergek 2004). This
research has subscribed to a wide field of thezaketvork on the shaping and development of
technology and socio-technological systems. Impoeéements have been evolutionary and
institutional economy, social construction of teglugy and innovation system (Geels 2004). On a
general level the transition management approastsihiascribed to a framework of reflexive
modernisation, or more specific reflexive goverreaatsocio-technical systems (Vol3, J-P et al.
2006). Environmental planning has turned into aegoance problem: how to stimulate and shape
the configuration of the socio-technological systeand how to install a capacity of reflexivity in
relation to environmental problems and sustaindbleslopment.
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This places a focus on how governance and netvetenkslop in socio-technological systémand
how metagovernance can influence such governanogegrate environmental considerations.
Problems of governance, such as they have beerssddl in governance theory, become a central
issue. With a focus oplanning the transitions of systentisere has naturally been a focus on some
of the core questions in second generation govemaatwork research: how actors and networks
configure, requirements to effective network goagge and metagovernance of governance
networks.

The paper falls into four main parts:
Sustainable transition of systems
Governance and sustainable transition
Bio-fuel - Governance of an emergent technplogtem
Network governance research and transitiotysisa

I. Sustainable transition of systems

Environmental transition

Making environmental concern an integrated paseator policies and business has from the early
90’ties been part of European environmental pdidyemes and programs. Examples can be Dutch
National environmental programs including programssustainable technology (Weaver et al.
2000, Kemp & Rotmans 2001) and the Danish produaented programs (Remmen 2006). These
programs all place the development of industriabpiction technology and in a wider perspective
the development of production and consumption syst&s a central part of environmental policy.

Studies of environmental innovations in enterpresed industries have revealed that such changes
are embedded in and shaped by complex patterm¢ep&ction of actors and institutions (Hansen et
al. 2002, Holm & Stauning 2002). It points to theeed of policy schemes and regulation addressing
systemic capacity building in terms of an instia@l reflexivity based on distributed capacity
among actors (Sgndergard et al. 2004, Renninds28@4). A systemic approach implies a need of
developing policies and programs stimulating andlufeting the configurations of actors and
network to obtain environmental changes — envirantaigolicy has become a question of how to
shape and transform governance of socio-technabgystem.

Sustainability and planning processes

The concept of sustainability adds a normative iggigerspective to transition of socio-
technological systems. However, it is a concephdpenterpretation by different actors and
interests, a fact, which have led to criticism ligig that the concept is an empty phrase, andtthat
should be abandoned as a guiding concept in faxfomore specific environmental and social
goals. This has been strongly opposed by Vol & KENOP6). On the contrary, they regard
sustainability as the major challenge of contemponaodernity, and in direct comparison with
such concepts as democracy and welfare, which lb@&e open concepts subject to interpretations
and struggles in earlier stages of modernity; ey the problems of ‘defining’ sustainability as
part of a reflexive modernity (Vo3 & Kemp 2006, R&O06).

They argue that the sustainability claim fardevelopment that meet the needs of the present
without compromising the ability of the future gext®ns to meet their own need8CED 1987)
have been generally accepted as a normative atiim{®/ol3 & Kemp 2006). From their



perspective sustainability establish a new prolfi@ming, highlighting the interconnectedness and
long-term and indirect effects of actions. Inste&ddeeing sustainability as a concept, which canno
be integrated in policy and planning processegy, theem that the plea for sustainable development,
with its complexity, ambiguity of social goals andcertainty of outcome, have strong implications
for our policy and planning processé&se concept of sustainability has brought witretagnition

of the limits of rigid analysis and the inadequacyolicy approaches that aim at planning and
achieving predetermined outcom@®®3 & Kemp 2006:4).

The complexity of the plea for sustainability aheé tomplexity of the system make it necessary to
redefine the planning process. Vol} et al. (2006:p6ht to three important aspects, which makes
traditional rational instrumental planning impossib

a) Potential transformation paths and effects of imétion are highly uncertain, because they
are a result of complex interactions between sotémhnical and ecological processes
which cannot be fully analysed and predicted

b) Sustainability goals remain ambivalent, becausg #ire endogenous to transformation it
self. Conflicts between objectives cannot be resbbdcientifically or politically, once and
for all

c) The power to shape transformation is distributedagimany autonomous, yet
interdependent actors without anyone having thegudw control all others.

This leads Vol et al. (2006:164) to forward an wsi@dading of sustainable transition as a process
of reflexive governance.

Transition of socio-technological systems

The understanding of technology as socially embeduaelies that changes of technologies goes
together with changes of actors, relations andtinigins. A number of theoretical approaches, such
as social construction of technology (SCOT) (Pi&dBijker 1990) and actor network theory

(ANT), such as neo-institutional theory, all haeatibuted to the understanding of how
technology development relates to a concurrentigorgtion and stabilization of actors, networks
and institutions (Geels 2004). More specificallgriwwith proactive technology assessment has
discussed how such processes could be tailoreeéd social ends (Kemp et al. 1998).

Socio-technological embeddedness implies a highegegf path dependency and rigidity, making
it adequate to talk about socio-technological regirSocio-technological regimesan be defined

as a dominant actor-network and institutions (Kerpoorbach 2006:108) withdominating
practices, norms and shared assumptions, whicltstres the conduct of private and public
actors’ (Kemp & Rotmans 2001:7). The regime forms normd practices that frame processes of
innovation and diffusion of technology. Shifts ggimes include changes in technology, user
practices, regulation, industrial networks, knowgedsymbolic meaning. (Geels 2002). Normally
regimes have a high degree of path dependencyuminent actors and lock-in to established
technologies and rationalities.

Based on this understanding of technology embeddexfjimes, a multi-level model for
technological change processes has been forwadieshges are perceived as a multi-level process
(Rip & Kemp 1998, Geels 2002, 2004); an interplathe development aifiches, regimes and
socio-technical landscap&here socio-technological landscapes includeb slements as material
infrastructure, macro-economy, political culturelaoalitions, social values, belief systems and



paradigms, demography and nature, while nichebagt domains, where non-standard
technologies and new learning processes emergassformation of regimes for sustainable
development within this framework can be relatethtodevelopment of niches either as bottom
processes based on social movements (Smith 20@3)adeliberate process of transition
management (Kemp & Rotmans 2001).

This places a focus on the role of niches - how thevelop in interplay with regimes and how they
can be supported by deliberate actions. One aplpiseggtrategic Niche Management understood as
‘the creation, development and controlled phaseobptotected spaces for the development and
use of promising technologies by means of expetatien, with the aim of (1) learning about the
desirability of the new technology and (2) enhagdaime further development and the rate of
application of the new technoldgiKemp et. al 1998:187). Deliberate actions arcered as a
reflexive and constitutive proces3he primary aims of strategic niche management are
stimulating learning about problems, needs and jhdgges of a technology, building actor
networks, alignment of different interest to a g@édtlering the expectations of different actors and
fostering institution for adaptatiorfibid, 191). Development of niches depends on hemsucceed
to develop and configure networks of actors antitut®ns in relation to the technologies

Berkhout et al. (2003) advocate for a more difféegad way of understanding regime changes,
paying higher attention to specific context. Thegkena distinction between change processes
based on 1) internal or external resources and2yitbw or high co-ordination, and propose four
ideal types of change process dynamics: a. endogaeaewal (int./high), b) re-orientation of
trajectories (int./high), c) emergent transformatfext./low) and d) purposive transitions
(high/low). Taking this approach, Berkhout et aguee, that research in transition of socio-
technological regimes should give much more atbenid the function and dynamics of regimes
(internal and in interplay with external context).

Technology systems

With a stronger focus on the process of developw technologies Jacobsson et al. (2004) has
introduced ‘technology system’ as an analytic gfitiThey define a technology system as (a)
network(s) of agents interacting in a specific tealogy area under a particular institutional
infrastructure for the purpose of generating, diihg and utilizing technologyacobsson and
Bergek 2004:817). Technology systems in this waydafined as a particular configuration of
actors, networks and institutionsofms and rules regulating the interaction of astfbid)) — the
constituent elements.

In their analytic framework Jacobsson et al. (Jasoh & Bergek 2004, Bergek et al. 2005) identify
seven essential functions, which have to be sdryatdtechnological system, namely a) creation
and diffusion of knowledge, b) guidance of the dii@n of search among users and providers of
technology, c) entrepreneurial experimentatiorithd)formation of markets, e) legitimation, f)
resource mobilisation such as capital and compeg ) creation of positive externalities (e.g.
advantages of access to specialised goods ande@naviders, pooled labour markets and
information flow). This functional approach botimses to define what should be included as part of
the technology systems (all elements which inflésnan providing the functions, should be
included) and as a benchmark for the maturity dfet®venss of the technology system related to
specific (new or alternative) technologies.



In relation to the development of emergent alteveaiechnologies (in relation to an established
system) they make a distinction between the fonegieriod and the market expansion. Both
stages are considered important, but in partidhkaformation stage where configurations of
actors, networks and institutions have to be shapedhe seven basic functions have to be
provided and stabilised are seen as critical (sémnh section IlI).

Il. Governance and sustainable transition

In this section problems of governance are goingettreated in greater detail. In particular we
address meta-governance perceived as governamagescaimed at changing governance
structures in socio-technological regimes or ohtetogy systems.

Governance and transition management

Socio-technological regimes are complex systemgsuto attempts of steering by actors inside
and outside the regimes; they are the collectimad-contingent - outcome of the strategic choices
and social interaction of many actors. It is systéhat defy blueprint steering also in relatiomto
deliberate transition for sustainability, both doghe character of the system and due to the
character of the challenge of sustainability. VoB&mp (2006) have summarised these problems
of deliberate transformatidrin relation to the dynamic of the system, problerhgoal formulation
and strategy implementation — and have stated sequérements for reflexive governance (see
Table 1)

Table 1: Strategy elements of reflexive governgimceelation to sustainability)

Specific problem features Strategy requirements

System analysis | Co-evolution of heterogeneous elements acrgssrans-disciplinary knowledge production
multiple scales (Society, technology, ecology
Uncertainty and ignorance about Experiments and adaptivity of strategies
transformation dynamics and effects of and institutions

intervention
Path dependence of structural change, high | Anticipation of long-term systematic effe¢ts

societal impact of measures
Goal Sustainability goals involve value trade-offs, artterative participatory goal formulation
formulation endogenous to transformation
Strategy Capacities to influence transformation are Interactive strategy development

implementation distributed among actors

Source: Vo3 & Kemp 2006:18

Transition of socio-technological regimes for sirshility becomes a question of modulating the
governance structures and dynamics of the regiffesmodel of transition management
elaborated in Dutch context (Kemp& Rotmans 200InK& Loorbach 2006) is an attempt to
develop a framework of such a meta-governance. @gnaral level it subscribes to the presented
understanding of reflexive governance,

Major elements of transition management are:

« An orientation to long-term transition goals (basedvisions), development of learning and
innovation programmes related to these goals,

- A focus on system innovation and experimentati@anieg (create variety based on visions)

« System thinking in terms of a multi domain, a mldtiel and multi actor approach



- Opening up of policy processes to reduce dominahgested interests (escape lock in)
« Processes based on participation and interactivwele@ stakeholders

In short, transition management can been descabedforward-looking, adaptive, multi-actor
governance aimed at long-term transformation preesghat offer sustainability benefitgkemp
& Loorbach 2006:103).

A central instrument in turning transition managatrniato operational policy and planning is the
formation of a multi actor networks (transition @& in relation to specific sectors (innovation
systems) and transition goals, with the aim toleistia new rationalities and capacities of the
innovation system. In general terms the transitigna is conceivéds a new institution for
interaction can be considered a meta-instrumentramsition management and facilitates
interaction, knowledge exchange and learning betwbe actors(Kemp & Loorbach 2006:111).
Major objectives of transition arenas are to defirgblem, establish transition visions and
transition goals and to create public support addening the coalition.

The arena (or activity cluster) should form thei®as$ a reflexive governance process, where it in a
cyclic way moves from stages of organizing multieametworks, developing (negotiating)
sustainability visions and transition agendas, hiwhbg actors, executing projects and experiments
and evaluating, monitoring and learning. It shazdddition the process of bringing forward
alternative (niche) technologies e.g. facilitate amdulate the generation of a variety of
technology options and selection processes.

However, establishing such meta-governance prosesssuggested by transition management has
a number of inherent problems. To some extenddheyelated to specific problems of transition

of socio-technological system in terms of the mpendencies which characterises such systems
and with the unclear role of public policy

The first problem is how to identify and instalt@s in transition arenas (Kemp & Loorbach 2006).
Who is in a privileged position to establish trdiesi arenas, picking participants and condition the
processes of the arenas? In the transition manadexpproach there is a tendency to operate with
the state as such a privileged actor and therbigheexpectation of the capacity of the state to
manage both the formation of the transition aremasestablishing a framework of transition
processes.

Transition arenas are always situated in speatfitexts and are very often related to established
technology systems. The problem of operating wahgition arena as a privileged institution under
such conditions is that there is a high risk thaitare captured by incumbent player and subject to
their strategic interests. Processes which werngmes to open up established policy and
technology trajectories and to create a varietygofinology options risk to reproduce the
established path (stick to less radical alternajiee to pick ‘suboptimal’ technologies and
development paths (Hisschemdller 2006).

Governance and technology systems

The value of the technology system approdBergek et al 2005, Jacobsson & Bergek 2004)as th
provides a method for assessing the functions ddyyé¢he technological system; an assessment
that is crucial for assessment of and developmiegbwernance and metagovernance of a system.



This framework provides a conceptual frameworkralgsing governance processes in the system
(seen as processes related to the seven functinds) provides a conceptual framework of
analysing the effectiveness of the system.

The question is how they configure and how purpdsettagovernance can be exercised in
formation periods and market expansion stages.

The formative stage of emergent technology systemstage often characterised by competing
designs and uncertainty — may be of particular@siein a meta-governance perspective. In the
formation process of the configuration of technglsgstems, they in particular pay attention to
processes of initial markets, entry of enterprasas resources, institutional alignment and the
formation of ‘technology specific advocacy coali# (a policy network oriented towards
achieving credibility and legitimacy of the techogy in case).

Metagovernance should be perceived as the bulktmirs — by individual actors or policy
institutions — directed towards to influence onsthéour processes or in general to influence how
the seven functions are undertaken, e.g. spedfarg networks and institution constellations
framing the creation and diffusion of knowledgeframing the guidance of direction. Meta-
governance both relates to influencing and prongatimpportive mechanism related to the
functional elements of the technology system (oéegant technologies) and initiatives designed
for removing blocking mechanism (e.g. fragmentestaech hampering knowledge production and
diffusion, uncertainties and lack of visions resgltin lack of direction).

Interplay with other governance processes

So far focus has been on the development (tranyitibgovernance of the individual system. If we
want to address the transition processes we haneltale how they interact with other governance
processes.

Governance processes within defined areas (reginae) to be seen in context with governance
processes taking place in other areas or on a georeral level (Landscapes). new modes of
governance must, in this respect similar to tecbgy) be understood to be embedded in systemic
contexts of more encompassing governance pattdrichare structured by a specific
configuration of social values, knowledge, insitns, technology and natural conditions.
Governance innovation therefore needs to relatiigconfiguration of its context. And it must be
acknowledged, again similar to technology, thategoance innovation follows specific dynamics,
which cannot easily be planned and controlled,dvethighly contingent on the interaction of many
actors and contextual developme(i®3 2003:4).

Shifts in EU policy can be an example of such nereompassing governance patterns. The Lisbon
process, making development of environmental smigtand technology an integrated part of
strategies for competitiveness and globalizatianiltastrate this. Programs of building capacity fo
sustainability are now transformed into programdefelopment of technology platforms and
clusters enabling the development of environmdstdinology and products for a global market
(FORA 2006).



ll. Biofuel for transport: an emerging technological system?

An example of a technological system is the emerggchnological system of biofuels for transport
in Denmark. This technological system is in itsfiative stage in Denmark. Actors, networks and
institutions exist and a number of the core fum&iof a technological system are performed. We
are interested in this technological system becafige environmental importance - even though it
is too early to assess its potential in a sustditaperspective. The environmental aspects of
biofuels are presently intensively debated amoaolrtieal experts and policymakers.

Seen from the perspective of the Danish energgsybiofuels for transport is a radical innovation
which has to be established in an existing domgaichnology system. The energy system is an
integrated system with many path dependenciesingtigutional framework is developed in

relation to dominant discourses focusing on segofisupplies, access to cheap energy and
reliability. Technologies and infrastructure hawweloped during a long rang of time and the
knowledge system has developed accordingly. Adtave been constructed and they constitute as
well a stable industrial and a policy network. Altative energy systems for example based on wind
power are accepted but they are seen as nichegiraasupplying marginal parts of the energy
supply. It is difficult to establish a new discwesiand industrial frame work for radical innovason
because many of the relevant actors are embeddbkd dominant technology system. Therefore
transformation processes have to consider howtablkesh story lines that could be acceptable,
trustworthy and appear necessary for actors ietleegy system. At the same time is it important
for the story lines to appeal to new actors thalctcontribute to a new dynamic in the energy
system.

During recent years world production of biofuelsé&ancrease rapidly; in 2004 world production of
ethanol was around 30 billion litres, approxima@B6 of global petrol use and it is set to increase
with around 11% in 2005. Brazil is the world leaglimith about 30% of its petrol demand covered
by biofuels, and the production is increasing rhpia the US (EU Commission 2006a pp. 22, EIA
2004 pp. 11). The EU has formulated rather amlstiangets for the use of biofuels for transport: 2
% in 2005 and 5.75 % in 2010, but so far the lav&005 was 1.4% at a maximum (based on
announced targets). But many countries have fortiedilaather ambitious targets and policies (EU
Commission 2006a). Germany and Sweden have dineigst year pursued ambitious policies
and achieved substantial growth in production angiée of biofuels for transport (Segerborg-Fick
2006; Sauter 2006).

However, the future development of the technoldgigatem in Denmark is uncertain; the EU
targets for use of biofuels in petroleum are natlbig, and so far there has not been political
support for making the institutional changes nemgstor market formation in Denmark. Even if
the indicative EU target was 2% for 2005, the Diai@®vernment set the target to zero (dkonomi-
and Erhvervsministeriet et.al. 2004). After heaxifictssm the government announced an indicative
target for 2006 on 0.1% and in spring 2006 thailitallocate 200 million DKKR over the next

four years for the development df'@eneration biofuel technology (Danish Governm&ae2pp.
10). Finally in early October 2006 the Danish Prifi@ister announced that the government

% This is a draft based on very preliminary emplrigark, where elements might be missing and sontaef
descriptions of the system might not be entirelyext.



wanted to desomethingon energy supply and energy security (Rasmuss@®d)28nd a more
detailed plan is expected in autumn 2006.

We delimit the technological system as the systesdyxing biofuels for transport from biomass.
The entire technological system thus includes bothproduction of biomass, the transformation of
biomass into fuels for transport, the distributadrbiofuels and the use of the fuels for
transportation. In the short run the productiobioinass and the distribution and use of biofuels
links up to existing technological systems. Exigtagricultural products and bi-products can be
utilized as raw-material for the production of hiefs, even though in the long run other agricultura
products as energy woods (willow) might be deseaBihd biofuels can be mixed into traditional
fuels, distributed through the existing distribut®ystem and used in the ordinary cars with
combustion motors, even though some minor adjudsradthe fuel systems in cars might be
warranted. The radical deviation from existing tealgy systems in the short run is in the
transformation of biomass into biofuels. Thererarmber of different methods for the production
of biofuels (EIA 2004; EU Commission 2006a). In Deark there is a limited production of
biodiesel; the Danish company Emmelev A/S produtése magnitude of 80.000 tons biodiesel
from rape for export — mainly to Germany. HoweVer potential in biodiesel in Denmark is
relatively limited when it comes both to volume arvironmental benefits (Felby 2006). The
potential in ethanol produced form biomass is fghér. £' generation processes are based on yeast
fermentation of the immediately accessible suganénbiomass, and basically the process is the
same as for production of ethanol for consumptaecoholics). 3 generation processes via
different processes, often using genetically meditnzymes, makes the sugar fixed in the
cellulose fibre in the biomass accessible for #renkentation process, and thus increases the
effectiveness and efficiency of the process comalug.

So far only ¥ generation processes are running on a commeazild B many different countries
around the word (EU Commission 2006a), whereasdms that many attempts to devel8p 2
generation processes are ongoing, and a numbéopbplants are running.

The actors involved in Denmark are research irngiits, big multinational companies, big energy
companies and a number of smaller entrepreneuesadtors in Denmark cooperate around a
number of big projects

The Integrated Biomass Utilisation System (IBUS isio refinery concept planned to be added on
an existing biomass fired power plant utilizinguanber of processes — amongst otHér 2
generation bio-ethanol; and the plan is that tlenlaiss on the complete installation shall contribute
to the production of bioethanol for transport, fpadimal fodder and electricity/heat. And the plan
is that any kind of biomass can be used — be italgmral waste, wood or organic household waste.
The main partners in the project are DONG Energyomperation with researchers from The Royal
Veterinary and Agricultural University and Risg Natl Laboratory. Presently a pilot plan

utilising 2" generation technology on straw is up and runnimgr(ore precisely in the process of
being moved from Fynsveerket to Skaerbaekvaerket duattenfall’s taking over of Fynsvaerket). It
is planned to upscale the production from 1 t/hout t/hour and a decision process regarding the
possible establishment of a full-scale bio refineyya power plan is ongoing in DONG energy. The
development and research has been supported bgdedrch funds (Nielsen 2006, Energistyrelsen
2005 pp. 22-24). However, if the framework condiiare not improved in Denmark, it is not

likely that the development to full scale will tagkace in Denmark (Neilsen 2006, Felby 2006)
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The Maxifuels project at the Technical UniversifyDenmark is also a"2generation bio refinery
concept. The process produces bioethanol, hydrdmegas and electricity/heat. The main partners
are DTU, Novozymes and DONG Energy (that in Jur@2@erged with the former Energy E2). A
pilot plant was opened on September 13 2006 at O'hid.hope is that the pilot plant will pave the
way for a demonstration plant. So far the main fagdhas come from the Danish
energiforskningsprogram, Energinet and Novozymesigstyrelsen 2005 pp. 22-24, Danish
Centre for Biofuels 2006, Skgtt 2006). AccordingProfessor Birgitte Ahring the main problem
for the project today is that they are running@iuiime. Due to lacking interest from the Danish
state it took a long time to establish the pil@mland they are now falling behind competing
concepts in e.g. Canada, U.S., Spain and Swedemnefbine they must establish a demonstration
plant in 2007. According to the professor the peabis no longer money because today there are
plenty of interested investors (Ingenigren 20/10630

Bio-energy Park in Toender is planned as an intedrhioethanol, biodiesel and biogds 1
generation plant with an investment at around 18@om Euro, to be placed near Tgnder in
Southern Jytland. The main actors involved in ttugget are local public authorities (T@nder
Municipality, “Sgnderjyllands udviklingsrad” andetfénder government in Schleswig-Holstein)
and a research network of biofuel researchers nmi2ek and Germany. All the necessary permits
from the authorities are in place for the energk@ad so is the financing for the ethanol
component of the energy park. However construatitimot start before the Danish framework
conditions are changed, so a market for bio-etheaoldevelop in Denmark. If these conditions are
not established within a relatively short time kon the project will allegedly move to either
Germany or Hungary (Nissen 2006 and personal comng%8 2006; Politiken 24/9 2006).

Further a feasibility study has been done for adbi@nol refinery in Kalundborg in connection
with the existing Statoil oil refinery. That feasity study was done in cooperation between
LandboSjeelland, Rambgll Danmark, JC Consult, 3tddiG and Kalundborgegnens Erhvervsrad.
Statoil has announced that they intend to actwalhstruct a bio-refinery in Kalundborg, and are
presently negotiating with different investors (fhvsbladet 7/9 2006; Statoil, June 2006). It
seems that the plan is to start as'gdneration plant and later develop intd'ag&neration plant
and that the construction plans aren’'t dependeth®@improvement of the Danish framework
conditions (Autobild 14-07-2006).

Danisco has also been considering reconstructiegpbtheir sugar factories in Denmark into a
bioethanol plant, but it seems it has been dedidel@velop the bioethanol production somewhere
else in Europe (Politiken 24/9 2006, Danisco 2006).

Further a number of smaller players have develdfagkneration plants on the drawing board. For
example Bioscan has developed a process thataramstlifferent types of biomass waste into
energy, manoeuvre and clean water. For some tilmasibeen attempted to establish a plant on the
Danish island Arg, but due to problems with thallptanning process (NYIMBY), and poor
profitability due to the Danish framework conditgtine project is so far put on a halt (Rasmussen,
Paul Ejner, 2006)

And as mentioned above the only present commdsmélel production in Denmark is at Emmelev
AS (Simonsen 2006). But for example Novozymes dlydsas a good business in producing
enzymes for ¥ generation processes in the US using corn (Lafgé)2
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So far the technological system in Denmark is enfdrmative stage: a number of actors are
involved that form different types of competing aupporting groups, and an institutional structure
for the development of the network is in place.

Landscape changes

The technological system of biofuels for transpe@egmbedded in and dependent on a wealth of
factors in the general landscape; of especial itapoe are of course the socio-technological
systems of transport and of energy productionridigion and consumption. Despite quite a lot of
talk about modal shift in the transport system afwam road transport and petrol consuming car,
road transport and petrol demand has steadily ineegasing during the last decades. During recent
years especially two landscape changes have chamgedtention paid to biofuels for
transportation: increasing convergence of viewslonate change and G@missions and renewed
worries about the security of energy supply.

These issues have the attention of the highestdéymlicymaking in the EU, as illustrated by a
statement by head of the EU commission Barrostemrieeting of the council of Europe in Mach
2006:“We are in a new energy century, demand is rislgrope’s reserves are declining, there is
underinvestment and the climate is chandiBBC online march 8 2006, see also Council of the
European Union (2006) pp. 14).

Below we will elaborate on two of the factors thawve changed the landscape for the technology
system of biofuels for transport: climate change security of energy supply.

Climate change

That the burning fossil fuels might impact the gydbalance of the planet has been acknowledged
in more than a century, but for many years theeisgas dormant on the agenda of environmental
problems. But in the early eighties concern wasvgrg and a World Meteorological Organisation
conference in 1985 put the problem on the inteonaliagenda as a serious issue that needed
consideration. Since then the issues has steagkly blimbing up the agenda. The scientific
evidence that climate change is indeed a seroudgmohave accumulated, and a recent attempt to
conduct an authoritative review concluded that "@aned with the TAR[Third Assessment
Reports], there is greater clarity and reduced daicgy about the impacts of climate change across
a wide range of systems, sectors and societiesahy cases the risks are more serious than
previously thought” (Tirpak et.al. 2005). On thdipcal front progress has been made too —
although slowly. The UN Framework Convention om@@ite Change was signed in 1992; in 1997
the Kyoto protocol was signed requiring the devetbpountries (annex 1 countries) to reduce their
emissions with 5% in the period 2008-12 comparetP@0. After prolonged negotiations on
hammering out the detailed rules and convincingragabothers Russia to ratify the protocol — after
have been expected to die — finally went in todarcFebruary 2005. In December 2005 the parties
to both the convention and the protocol decideldnich discussions about the period after 2012.
Meanwhile the opinion is changing in the US, areldesessment is today that whatever president
enters into office after 2008 the US will get ayvdifferent climate policy geared towards actually
doing something. Thus the discussions about thestep in the climate regime are developing (see
e.g. Blok et. al 2005).
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Security of energy supply

The EU is dependent on import of energy and thpgeddency is expected to grow in the coming
years. Today imported energy covers around 50%Jd Energy supply and if not the EU is
capable of producing more energy itself that iseex@d to rise to 70% in 20-30 years (EU
Commission 2006b pp. 3), and a huge part of thivfpwabably come form more or less stable parts
of the world. In 2004 58% of oil consumption wagored from Russia, the Middle East and

North Africa and 24% of Gas production form Rus&sgpecially the demonstrated willingness of
Russia to use its energy resources and the Eura@sgamdence as a source of power has caused a
lot of concern regarding the security of supplgnérgy in Europe.

Presently Denmark is self-supplying with energyt 8 national oil production is expected to
peak soon, and unless other sources of supplyesedaped Denmark will in a few decades from
new be very dependent on imported energy.

Stabilising goal and configuring actors

Stabilising the objectives for both the energy syjppgeneral, energy supply for the transport
sector and for the development of the technologigaiem of biofuels for transport is complicated
as there are so many more or less conflicting dlbgesx. Above we discussed two changes in the
landscape that has changed the objectives foetimoblogical system to some degree: the
objectives of reducing emission of green housegasd the objective of developing a more secure
supply of energy has clearly gained importancerdurecent years. But these two objectives
coexist with, compete with or are complemented tyeioobjectives such as a cheap supply of
fuels, industrial policy, regional development antbw of environmental objectives as preservation
of biodiversity, local air quality etc. The way Heedifferent objectives are prioritised varies
between countries. For example an assessment ithéhabjectives behind the ambitious and
expensive Swedish policy on biofuels is £a@duction, security of supply and the EU biofuel
directive, whereas at the EU level the prioritytied objectives is slightly different: Rural
development, agricultural policy, security of syppahd CQ reductions (Segerborg-Fick 2006). In
Denmark the tentative impressions is that the oibbes are a combination of giving priority to €O
reductions, national production of bio-mass andwentting to touch the Danish ‘tax-stop’

implying that changes is the tax- and levy-struetare very difficult.

However, no matter how the different political €yss prioritise the objectives the different actors
make there own assessment of global, Europeanatimhal developments, and assess how they
best pursue their interests. For some actorsalikers related to agriculture and forestry, bicguel
for the transport sector is an opportunity thathsious to pursue. Agricultural lobbying is ongoing
both at the EU level and the national level formting the development of biofuels for transport,
and regions depending on agriculture like the negimund Tgnder or Kalundborg give support to
the development of biofuels projects in their af@ather companies with global markets, like
Novozymes and Danisco pursue the development oflibsiness the best they can.
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IV Metagovernance of technological systems: assessing and optimizing
the functions of technological systems

The concept of technological systems covers spemiinfigurations of actors, networks and
institutions. Several schools exist within thedief innovation theory with each their emphasis.
During recent years attempts to integrate sombefrtajor findings from the different schools have
been undertaken under the concegduattions of innovation syster(Bergek et.al 2005; Jacobsson
and Bergek 2004, Johnson no year).

1. Knowledge development and diffusi@eveloping solutions to identified problems are a
core function for innovation systems. Doing so iezpidifferent types of knowledge (e.qg.
scientific, technological, market) and knowledgenirdifferent sources (R&D, learning by
doing etc.), and includes both the existing knogktase, development of new knowledge
and the capability to combine and integrate knogged

Developing solutions to how to produce ethanol flmomass and distribute is requires
different types of knowledge. Fundamental researehg. how to make the sugar stored in
cellulose accessible for ethanol production is tped at the involved research institutions The
Royal Veterinary and Agricultural University (RVAVRisg National Laboratory (Risoe) and
the Technical University of Denmark. Fundamental applied research in the production of
enzymes has been provided by Novozymes and Darlisecenergy company DONG energy
(formerly Elsam and Energy E2) has developed kndgdeabout system integration and energy
efficiency. The patenting of the tw8“yeneration process IBUS and Maxifuels indicates th
knowledge have been developed.

2. Influence on the direction of searchhe development of a technological system requires
that firms and investors are attracted to the syséand that the system is capable of steering
the direction of search. The fulfilment of the ftioo as a combination of many factors,
amongst others stabilisation of visions for theeysand market expectations.

The two 29 generation biofuel projects in Denmark both seentgve had a lot of focus on
energy-efficiency, but it do require a more dethilevestigation to assess the which degree the
Danish technological system has influenced thectioe of search, or whether the direction of
search is attributable to the actors individuagoration towards the EU and global level.

3. Entrepreneurial experimentatioithe development of technological systems arertaice
therefore continuous experimentation is crydia¢refore the number of experiments
undertaken by entrepreneurs in the system andattety of the experiments are an
important function.

During recent years quite a number of actors haem lattracted to the system, and a number of
concept for the production of biofuels have beeretigped, but the number of real experiments
actually undertaken have been limited — allegedly @ the poor framework condition in Denmark
compared to other European countries.

4. Market formationA technology system needs a market to develop. 8tddtmation can
normally be divided into three stages: nursingidding and mass markets. The nursing
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markets are ‘learning space’ for the new technal@dpey can develop into bridging
markets and finally mass markets.

So far the marked in Denmark is very limited. Orggetrol company (Statoil) started on May 30
2006 the distribution of Bio95, petrol with 5% kethanol added.

5. Legitimating.Legitimacy means social acceptance and compliastberelevant

institutions.
Biofuels for transport in Denmark has so far beeoraroversial issue, and there have not been
much support from the government for it. For exatpe Danish government in its explanation
of its implementation of the EU-biofuels directistted that “Altogether biofuels does probably
not entail a major benefit for the environment’gfislet set er biobraendstof naeppe til store
fordel for miljget”) (@konomi- og Erhvervsministetiet.al. 2004 pp. 2). And, as described
earlier, the targets for the Danish implementati@s set to zero in 2005 and 0.1% in 2006.
However the Danish policy is controversial. The Edfamission have twice sent ‘reasoned
opinions’ to Denmark about Denmark not having fidél their obligations, and a row of actors
are rather critical to the Danish position (Finamssteriet 2004) and have worked in concert to
try to convince the Danish Energy Authority abd flaws in their position (Peter Nissen
personal comment august 2006), and put pressutleeagovernment. However, the situation in
Denmark is rather open: the Energy Authority iegdldly adjusting its position, high hopes are
attached to ¥ generaiton biofuels, a commission is working ia tientral ministration, and the
government has promised to something ambitioustahelDanish energy policy — so
everybody is waiting.

Thus the preliminary investigations points towatts the actors in the emerging technological
system is struggling for legitimacy, but are havitificulties due to a number of stable ‘story
lines’: Societal steering of energy-supply is abBGQb, not security of supply and secondly the
stable ‘story line’ that any enlarged agricultysadduction will harm the environment.

6. Resource mobilizatioror a technological system to develop a numbeesdurces are
required, human capital, financial capital and wwat could call ‘complementary assets’
which include any complementary resource needéaeitechnological system.

A lot of human capital and research and developrogpital has been engaged in the
development of biofuels in Denmark. Presently @mse that the technological system in
Denmark stands at something of a threshold. Sewéthke major competing development
groups are considering to move their investmenbbitenmark (Politiken 24/9 2006, Claus
Felby personal comment; Peter Nissen personal com)nand the small scale plants all claim
that without changed Danish framework conditiores/tbannot operate in Denmark. However,

it is debatable whether that is a problem for teeatopment of the global technology system, as
long as the expertise is utilised outside Denmiddwever, some of the Danish actors claim

that the conditions in Denmark are unique and ogitfior the development of biofuels (Claus
Felby, personal comment; Lange 2006).

7. Development of positive externalities or ‘freeitigk’. This function implies that when a
technological system grows bigger and strongemabau of positive externalities develop:
emergence of pooled labour force, emergence ofaad goods and service providers
and information flow and spill-overs.
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So far the technological system is probably tooknteadevelop positive externalities. IT would
require a more detailed analysis to assess thedfamformation between the actors in the
technological system.

Taken altogether the very preliminary investigatodithe status of the technological system of
biofuels in Denmark points toward a system thatldeen through a fruitful formative development
and now is at the edge of either takeoff into amihophase or stagnation in Denmark, depending on
how the meta-governance of the technological syskewelops. It is difficult to assess the
effectiveness of the governancethe technological system. That would require almuore

detailed analysis of the relations between thebfiit actors. Especially the conflict between the
Danish Energy Authorities and most of the otheomscbver the usefulness of biofuels would be
interesting to analyse in more detail. The verplstatory line of the Danish Energy Authority that
the criteria for assessing biofuels was price aitigbution to CQ reduction and that the basis for
calculating this is the biofuels made form wheabanmark.

As the discussion about the stabilisation of gdalmonstrated stabilizing goals is of crucial
importance for the possibility for performing megavernance. Whether framework conditions that
allows the Danish system to take-off should beldistaed or not depends amongst others on
- The prioritization between objectives related imelkte change, security of energy supply
and industrial policy
- The assessment of the environmental effectivenfed® processes developed in Denmark,
- The assessment of their competitiveness with psesedeveloped in other countries and the
strengths of the actor groupings around the diffecencepts to develop business models.
- The impact on other prioritised objectives as camistax revenue from energy tax and a
cost-effective environmental policy.
- A suitable ‘package’ of instruments can be esthblis

This is a complicated discussion. It would for exdéarbe worth analysing whether the spending of
1.3 billion Swedish krones (approx. 150 million &sir per year on different types of tax reductions
for biofuels that have resulted in a rapid develeptrof distribution and use of (mainly) imported
biofuels in Sweden (Segerborg-Fick 2006) is arcedfit spending of public money.

In the Transition Management literature it has b&gggested that the establishment of ‘“Transition
Arenas’ is a prerequisite for managing transfororaprocesses; these arenas can make the above
described types of assessment and transform thtermigta-governance. However, even if the case
of biofuels for transport in Denmark clearly demates the importance of meta-governance and
the need for meta-governance designed purposefutBlation to prioritized societal goals, it also
demonstrates the importance for having process¢sth open for many types of actors — and for
groups of actors with different assessments thamptbvailing ones.

V. Governance Network research and transition analysis

Governance network research and transition thdwagesa problematic about actor networks and
their ability to exchange resources and coordinatenomous actors strategies based on
institutional norms and rules. Theories about tivefion of socio-technological systems and
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technology systems are relevant in order to undedspath-dependencies and the functions that
have to be handled in a dynamic technology systdma.questions asked by the new generation of
network research are very valuable to qualify théanstanding of how networks in the borderland
of the political and industrial system can resti@isupport the establishment of new technology
systems capable of developing more sustainable¢ipeacThe indefiniteness of future technology
systems implies that governance and networks isnthet effective way to establish more
sustainable systems. On the other hand, path-depeies of socio-technological technological
systems points to the importance of metagovernemestablish the room for the formation of
identities and actions.

Different types of Governance Network researchiggrove our understanding of the dynamics of
industrial networks.

Technology systems theory gives us a departure &gomewhat functionalistic understanding of
the forming of network as a result of growing diéfetiation and complexity. An important aspect is
the understanding that the different functions teanological system are embedded in practices,
knowledge systems and infrastructure. Deliberaterfguration of technology systems is
therefore often a sticky process. Network theorpleasizes the importance of the construction of a
discursive and institutional framework for netwg@dwvernance. This is in line with earlier studies of
the importance of the ecological modernisationalisse and its institutionalisation in different
sectors of industry (Sendergard et al, 2004).

Likewise we have a focus on strategic games betwekspendent actors in order to coordinate and
at the same time develop the identities and capaaf actors. Governance Network research
focuses in this respect on the mobilization, indosnd construction of network actors. This is a
very important perspective because transition ategpends of new actors from other sectors of
society that can be invoked and thereby be a paneanetwork. An example from our case study is
the integration and potential conflicts of agricudt as a part of the energy sector. Also policy
coordination through deliberation, power strugglad conflict resolution is important in order to
establish network and governance.

Success and failure of governance network in siecibnological systems is in our perspective a
result of the ability to change the institutionarhe work as a result of institutional reflexivapd
learning processes in order to establish normgaed that facilitates as well positive as negative
coordination. It is to some degree inspired byeddht types of Governance network research
analyses of effective network governance.

The metagovernance of networks in socio technofdgigstems is often a hands off incentive
steering but dialogue with especially governmetytalieory can inspire analysis of the important
dimension of the construction of rooms for develepiof identities and actions.

Future research

The idea in this paper has been to sketch a réspasgram. Our prime interest is to analyze how
government and actors in industry, research andldpment and civil society can contribute to the
establishment and success of networks in sociaitdoical systems contributing to more
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sustainable production and consumption systemiegréetical framing combining Governance
Network Research, Transition Theory and Technolegstems Theory is expected to be fruitful in
the analyses of specific transformation processes.



18

References:

Beck, U. (2006): Reflexive governance: Politicshe global risk society, in in Vol3, J-P, D.
Bauknecht and R. Kemp (ed3gflexive Governance for Sustainable Developntedward Elgar,
Chelterham, pp 31-56

Bergek, A, S. Jacobsson, B. Carlsson, S. Lindmadk/a Rickne (2005): “Analyzing the
Dynamics and Functionality of Sectoral Innovatigistems — a Manual”. Paper presentedira
DRUID Tenth Anniversary Summer Conference 2005yoamics of industry and innovation:
organizations, networks and systei@spenhagen, Denmark, June 27-29, 2005

Berkhout F., A. Smith and A. Stirling (2004): “Sodiechnological regimes and transition contexts”
in Elzen B., F.W. Geels and K. Green (eds.) Sydteravation and the transition to sustainability-
Theory, Evidence and Policy. Edgar Elgar, CheltertiK, pp 48 — 75

Blok K., N.H6hne, A. Torvanger, R. Janzic (2005)ofvards a Post-2012 Climate Change Regime
Final Report. June 22, 2005

Council of the European Union (2008yussels European Council 23/24 March 2006 Pregigien
Conclusions

Danisco (2006)Chairman’s speech — Annual General Meeting 24 Aug086

Danish Center for Biofuels (2008ftaxiFuels http://www.biofuels.dk/Maxifuels.htin

Danish Government (2006Redeggrelse om fremme af miljgeffektiv teknolagijen til et bedre
miljg. Copenhagen.

Energistyrelsen (20058trategi for forskning og udvikling vedr. fremstit) af flydende
biobraendstofferCopenhagen.

EU Commission (2006afn EU Strategy for Biofuels. COM(2006) 34 finBtussels, 8.2.2006

EU Commission (2006b): A European Strategy for &nable, Competitive and Secure Energy.
Green Paper. COM(2006) 105 final.

Felby, Claus (2006): Bio-energi fra jord- og skawud (Bio-energy from agriculture and forestry).
Presentation &6ET seminar “Transition governance — biobreendstensase” (Transition
governance — biofuels as casgptember 27, 2006. Roskilde Universtiy.

Finansministeriet, Fgdevareministeriet, Miljgmiarget, Skatteministeriet, Trafikministeriet
(2004): Bemeerkninger til hgring af regeringebkikast til redegarelse om implementering af EU’s
biobraendstofdirektivaf 5. maj 2004.

FORA (FORsknings- og Analyseenhed under ErhvergByngestyrelsen: Research and analysis
division under the National Agency for Enterprisel &onstruction) (2006), J. Rosted, M.D.
Bertelsen and T.A. AnderselBnvironmental Technology Solutions - A Businesdyaisaof Cluster
Creation June 2006http://www.foranet.dk




19

Geels F.W. (2002): “Technological transition aslationary reconfiguration processes: a multi-
level perspective and a case stud3®search Poligyol. 31, no. 8/9, pp 1257-74

Geels, F. W. (2004): “From sectoral systems of wation to socio-technical systems: Insights
about dynamics and change from sociology and utstital theory”.Research Poligyol. 33, No.
6-7, pp. 897-920

Hansen, O.E., B. Sgndergard and S. Meredith (208R)ironmental innovation in Small and
Medium Sized EnterprisesTechnology Analysis & Strategic Managemaéfdl 14, No. 1, pp 37-
55

Holm J and I. Stauning (2002): Ecological Modeatien and '‘Our Daily Bread' - Variations in the
Transition of the Food Sectalpurnal of Transdisciplinary Environmental Stud{@&sS),
www.journal-tes.dkvol.1/nr.1, pp 1-13

International Energy Agency (20048iofuels for Transport - An International PerspeetiParis:
International Energy Agency.

Jacobsson, S. and A. Bergek (2004): “Transforninegeinergy sector: the evolution of
technological systems in renewable energy techipdldgdustrial and Corporate Chang®ol. 13,
No. 5, pp. 815-849

Johnson, Anne (no yeafunctions in Innovation System Approachdsmo form Department of
Industrial Dynamics Chalmers University of Techmgplo

Kemp, R, J. Schot and R. Hoogma (1998): “Regimissto Sustainability through processes of
niche formation: The approach of strategic nicheageament”Technology Analysis & Strategic
ManagementVol. 10, No. 2, pp 175-196

Kemp, R. and D. Loorbach (2003): “Governance fataimability through Transition
Management” paper for theéonference governance for industrial transiti@erlin 5-6. December,
2003

Kemp, R. and D. Loorbach (2006): “Transition Manmagat: a Reflexive governance approach” in
Vol3, J-P, D. Bauknecht and R. Kemp (edsflexive Governance for Sustainable Development
Edward Elgar, Chelterham, pp 103-130

Kemp, R. and J. Rotmans (2001): “The managemethieofo-evolution of technical, environmental
and social systemslnternational Conference towards Environmental vaioon Systems,
Garmisch-PartenkircherSeptember.

Lange, Lene (2006): "Danske kompetencer indenfobtaendstoffer —hvordan placerer vi os i
forhold til udlandet?” Presentation"&garing om alternative transportbraendstoffer” Ap#l, 2006.
Christiansborg,Copenhagen.

March J.G. and J.P. Olsen (199Bmocratic governancéNew York: The Free Press

Nielsen, Charles (2006): "IBUS konceptet - Integtd8iomasse Udnyttelses System”. Presentation
at theseminar Alternative energipotentialer Friday d. &t Odense Universitet



20

Nissen, Peter B. (2006): "Projekt Tander Biofueb BEinergipark”. Presentation at teeminar
Alternative energipotentialer Friday d. 25/8 at @de Universitet.

@konomi- og Erhvervsministeriet, Finansministerfegdevareministeriet, Miljgministeriet,
Skatteministeriet, Trafikministeriet (200edeggrelse om implementering af EU’s
biobraendstofdirektivCopenhagen

Pinch, T.J., W. Bijker, W. (1990): The social caostion of facts and artefacts in Bijker. W (ed.):
The social construction of Technological Systewid Press, s. 17-50

Rasmussen, Anders Fogh (2008jatsminister Anders Fogh Rasmussens tale vedtialkés
abning tirsdag den 3. oktober 2006

Rasmussen, Poul Ejner (2006): "/Argprojektet”. Rredon at theseminar Alternative
energipotentialer Friday d. 25/8 at Odense Univiasi

Remmen A (2006): “Integrated product policy in Demkn— New patterns of environmental
governance” in Scheer D. and F. Rubik (edsgyernance of integrated policy — In search of
sustainable production and consumpti@reenleaf Publishing, Sheffield, pp 103 - 125

Rennings K., R Kemp, M. Bartolomeo, J. Hemmelskamg D. Hitchens (2004Blueprints for an
Integration of Science, Technology and Environmiepadicy (BLUEPRINT) February, Zentrum
fur Eurpaische Wirtschaftsfiihrung GmbH (ZEW), Maeimh.
http://www.insme.org/documenti/blueprint.pdf

Rip, A and R. Kemp (1998): “Technological change’Rayner S. and E.L. Malone (eddyman
choice and Climate Chang&olume 2, Battelle Press, Columbus OH, pp 32— 9

Sauter, Claus (2006): “German Experiences withugbProduction and Use”. Presentation at
"Hgring om alternative transportbraendstoffer” Ap&l, 2006. Christiansborg, Copenhagen.

Segerborg-Fick, Ann (2006): "Biodrivmedel i Sverigearfér sddant genomslag??” Presentation at
"Hgring om alternative transportbraendstoffer” Ap&l, 2006. Christiansborg, Copenhagen

Simonsen, Bjarne (2006): "Biobraendsel — ekspoppatgntiale”. Presentation at tekeminar
Alternative energipotentialer Friday d. 25/8 at @de Universitet.

Skatt, Troben (2006): Dansk bioethanolanlaeg indwi€brskning i BioenergiVol. 3, issue 16.

Smith A. (2003): “Transforming technological regser sustainable development: a role for
alternative technology nichesB¢ience and public policyApril, pp 127 - 135

Sgndergard, B, O.E. Hansen and J. Holm (2004):[t4§gcal modernization and institutional
transformations in the Danish textile industrydurnal of Cleaner Technologyol. 12, pp 337-
352

Tirpak, Dennis, John Ashton, Zhou Dadi, Luiz Gyl\Maira Filho, Bert Metz, Martin Parry, John
Schellnhuber, Kok Seng Yap, Robert Watson, Tom &igP005): “Report of the International
Scientific Steering Committee. Avoiding Dangerousate Change”International Symposium on



21

the Stabilisation of greenhouse gas concentratiblaglley Centre, Met Office, Exeter, UK 1-3
February 2005.

UKERC (UK Energy Research Centre) (2006novation in energy systems: Learning from
economic, institutional and management approacReport on the first of two workshops 22'nd —
24’th March 2006, University of Oxford.

Vol3, J-P (2004): “Governance innovation. Sustaitglsequirements, innovation dynamics and
real world contexts”, paper presentatethatinternational conference Innovation, Sustaitigbi
and Policy Kloster Seeon, 23-25 May 2004.

Vo3, J-P and R. Kemp (2006): “Sustainability anfteseve governance” in ” in Vol3, J-P, D.
Bauknecht and R. Kemp (edRgflexive Governance for Sustainable Developnteaward Elgar,
Chelterham, pp 3-28

Vol3, J-P, B Truffer and Kornelia Konrad (2006): @ugability foresight: Reflexive governance in
the transition of governance systems in Vol3, J-BBddknecht and R. Kemp (ed®gflexive
Governance for Sustainable Developmé&mdward Elgar, Chelterham, pp 162 - 188

WCED (1987): Our Common future: report of the UN MdaCommission on Environment and
Development, Oxford University Press, Oxford

Weaver P, L. Jansen, G. Grootveld and P. Verg2ii()): Sustainable technology development,
Greenleaf Publishing, Sheffield



22

''Socio-technological system’ is here used as bteau to designate a number of different systeni@aghes to
transition of technology. In transition theory gystapproaches range from a concept of socio-eaalbgystems used
by VoRR/Kemp (2006), as the most encompassing caonizefihe more specific and delimited concept ohtelogy
systems, which has been used by Jacobsson/Bergek)(2n between we have concept of socio-techisigstems
(VolR3 2004), socio-technological systems and regifuesd by Kemp (2001), Kemp/Loorbach (2006) intretawith
their multi level model) or technological regimé&e(mp/Schot/Hoogma 1998, Smith 2003). Within soca@istruction
of technology socio-technical systems has been asedncept (Pinch/Bijker 1990).

" Taking this approach we claim that socio-technisigsystem move from being primarily governed barket forces
to being in still greater extent subject to soeiadl political interest - move from market to polibynovation is seen as
a possible response to societal problems — artdsmperspective we can talk about desirable innonaand
consequently a desire for directed innovations (HEERC 2006). The demand of sustainable developmeémiorces
this process. This is making it necessary to dstwsv we may develop democratic network governameelation to
socio-technical systems and the way meta-governzantée developed to structure and give directiche process of
innovation and technology development. We both waninderstand how such governance structures evahd we
want to understand how they can be subject to pefpb(directed) meta-governance. Integrated i iththe question
of how the perception of ‘desirable innovationstmstituted in these processes — both the inteadéamerging
processes.

" Jacobsson has stated that there are no contoadidti the ‘three level approach’ (Kemp & Rotmaf8D) and his
‘technology system approach’. Both approaches exanhie question of how to get from technical nidieesocio-
technological regimes (UKREC 2006). The approacivdoded by Jacobsson, however, can be seen aset solthe
regime-based approaches, given the more closdiattda technology and innovation and less attentoothe broader
social-cultural context (integrated part of thegirae’ approach).

" The problems of governance for sustainability mefsle the general problems of intelligent changeljtical
institutions described by Marc and Olsen in theiokon democratic governance: 1) ignorance: unicgiga about the
future and the casual structure of experiencepgjlicts: inconsistencies in preferences and irstiste3) ambiguity:
Lack of clarity , instability and endogeneity ireferences and interests. (March & Olsen, 1995d ditan Kemp &
Loorbach, 2003)

Y The technology system approach relates to a nuoflelifferent approaches all with a strong attemtio innovation,
new technologies and functional patterns constitbtethe structural components actors, networkiastitutions. In
the latest works Bergek et al. (2005) operate thithconcept of sectoral innovation system (SIS)rups close
attention to the innovation processes (includirgrelnts from the traditional innovation system theas they are
structured with sectors. On other occasions theg loperated with the concept of Technology Inn@ragystem
(TIS), still giving high attention to innovation sgms, but with a closer look at individual tectugis (The sectoral
energy system consists of many TIS). The systenalsanbe related to individual knowledge fieldgooducts
(product groups)(Bergek et al. 2005). In all thapproaches their analytic approach is based omamiration of the
dynamics of the structural components (actors, odt&nd institutions), of the dynamics of the stawal patterns and
an examination of driving and blocking mechanisersdpgenous and exogenous).



