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Abstract

Sustainabilitytransitions is a complex mukdimensional research fieldin this field, dferent
frameworksexistthat have grown as separate strandsile they actuallycontain many similarities
and in some casasan even complement each othén general, thesérameworkstry to present and
clarify the processes relatetb transitions ofsociotechnical systems and themergence, diffusion
and utilization of technological innovatiorniBo do soyesearchers carryu historical event analyes
for specific casesThis means that they gatheprocess and analysd#ata about events that have
happened in the pasio build a narrative of hovan innovation has developed artransition took
place over time. Although there are guidelines literature on how this should be done for each
framework the case result@as presentedn academic paperare often variedand the clarification
behind the results and the usethtacan be unclear.

In this researclan attempt has been made teeduce thisvariance and unclaritipy buildinga toolin
which the data gathering, categorizing and processiriggustainability transitions research cades
done structurallyand the dataitself is systemically presentethrough vis@lisations.This tool is a
software basedligital platform referred to as theSustainability Transitions Platforf8TP)In the first
draft of the platformfunctionalities have bee limited and the sustainability transitions theory has
beenfocused orthe Multi-Level Perspective and Technological Innovation Sysféhese arewo of
the most frequently used frameworks in the fielthd a combination of boths already being
experimented withtaking advantage of theicommonalities and complementarities

The combined framework contains three elemetiitat are deemed importanto build the system of
the case. These aiigthe environment in which the technological innovation system residgthe
actors, networks and institutions of the systeiii) the functions analysis tool to determine how the
parts of the system are functioning

These elements have been translated to tllatform as three separate visualization toplghich are:

1. Technologyenvironment which presents the technology being analysed within a graph
together with other technologies relevant for the analysis as comparison and landscape
factors that influence the system.

2. Structuralcomponentswhichpresents all the actorsn a structured way through predefined
groups and their networks in the same graph aal$o presenthe relevant institutions in
adjacenttable.

3. TIS functions analysighichpresents how the system is functioning in a radar chart based on
a set of functions and their corresponding indicators.

These visualization tools are intendedpresent thecase data in a structured way order to help
users of the platform better understantthe system development processid make itcomparble
between cases

The platform template has been tested through a case for offshore wind energy technology in Brazil.
From this case we haween that i) thedatadoes indeed need to be implemented structuraify the
visualization tools in the platform present the systélmough the three required elements of the
framework; and iii)the platform user is able tadetermine possible bottlenecks for further
development of thesystem.Another advantaggained bycarrying out the case in a platform instead

of how they currently are in journals, is that the digital aspects of the platform allow users to interact
with the visualization tools and the underlying data which can help clarify the reasoning behind the
corclusions of analysigrom the case @have also learned that the current version of the platform

i) inputting the data can be very time consumiaigd should in the future be automatednd ii)some
essential aspects of the caaee still not presentedn the visualization toolsfor example, the power

or influence specific actors have in a systerhich should be taken into account in future versions
TheSTRappears tchave a positive effect on sustainability transitions case implementatiomanidd

be recommended to be further develope@iven itsdynamic nature it should also be used as
experimentational tool to mergahe strengths ofother frameworksin sustainability transitions
researchto eventuallygeneratea single more complete framewornd act as a bridge between
theory ard practice
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Chapter I¢ Introduction

Sustainability Transitionsesearchis a complex field of studyhich has beerbuilt-up from many
different research stream@Markard et al., 2012)Thefield is interested in understanding the shift
from one societechnical system to anothehrough innovationF. Geels, 2002l is stillvery difficult
to understanddue to its multi-dimensional characteristicand partially alsobecausethere are
multiple definitions of what exactlyaninnovationis (Klein & Sauer, 2016)

Avariety offrameworks have been constructed to study innovatiams transitions Some form of
overlap was tien encountered betwea the different frameworks Through timeattempts havebeen
made to combinesome of then to reduce parallebtudies andstrengthen each studipy making use
of the complementaritiedetween the frameworksin the last decaddour frameworkshavebeen
identified as the mostommonlyused in sustainability transitions studjethese are Multi-Level
PerspectivéMLP),Technological InnovatiodBystemgT1S, Transition Managemen( M) andStrategic
Niche Managemen{SNM)(Markard, 20B). Within these fourand the otherexisting framewaorks,
there are two steams thatstand outin the field, whereone hashe innovation (technology) itseis
the focal pointfor change irthe systemandthe other hasa whole transition process (e.g. a wao
sector) as the focal point in vich multiple innovations (technologiesdgether change the existing
system(Hekkert, 202QMarkardand Truffe2008)have attempted to bring these two streams closer
together bypointing out the differences and overlaps betwedahe TIS and MLP frameworlesd
presented a suggestion for a combined framewofkis combined framework is now being
implementedby otherscholars as wellCarstens & Cunha, 2019; Edsand, 2017; Nikas et al.,.2022)
Thereare however some differences in how tltembinedframework is being appliedso it still
remains difficult to compar¢he different studies

From reviewing literaturén which the TIS MLPor a combination of botiHframework is usedthe
following problems were encounteredby the author:

1. It is dfficult to determine what data iexactly being usedfor casesand how it is being
categorizedThis ismportantto knowsincethese studieduild a narrativeor statusbased on
historical data. Not being able te&exactly identify the datalso makes it difficult to reproduce
or makenew case studiefn a very similaway.

2. There isimited use of data visualizationvhile data visualization is astrong tool for helping
individualsunderstandinformation that comes fronbig amounts of dataesgecially if it can
be used dynamically.

3. There is still much variation in the framework elements and how they are being used and
analysed in studies.

To overcome these problems argkt closerto understandng innovations and transitions @ould be
useful to i) standardizethe framework elements, ii) entralize the data gatheringand classifying
process andii) simplifythe datathrough visualizatioa To do thisone couldactuallymake use of
technological innovatiomwith respect topublishing paperghat are statically saved in a database
namely,implementing the studyn adigital platform.

From a theoretical perspective two types of platforms can be found in literafthe=e are transaction
platforms and innovation platforms (Gawer, 2014) Transaction platformsare regarded as
intermediaries which allow participants to exchanggoods and services or information, while
innovation platformsconsist of a core module on whidlther (innovative) components can be added

! As Kleirand Sauer(2016)point out, there are different definitions for innovatioA more precis@xplanation
of howaninnovation will be defined for this research will peesented irsection 3.3ogether with the
definition of innovation systems



as complementaritiegCusumano et al., 2020; Gawer, 2Q18)om a technical perspectivéigital
platforms arehowever built rather similarly They consisof lines of codewritten by software
developerghat results in somespecificoutput and functionalitiesfacilitate or improve processesf
specific actor groupsThesecould be functionalities such as data aggregation and structuring and
outputs thathelp tovisualize this data in a clear manner.

This researchuildsthe idea ofthe QustainabilityTransitionsPlatform (STP), which issoftware based
digital platform hat acts as a bridge between researchers of sustainability transitions and actors who
require the knowledge of thigype of researchand allows for innovation and improvements ita
theoretical framework in order to help inthis questto accuratelyunderstand innovation and
transition processedt does saby demonstration through aimplified templateof the platformthat
partially fulfils the requirements of the complete platfomt sufficiently serves as a badimtguides
towardsthe developmentof the fully functional STH o test its functionality caseof offshore wind
energy technology in Brazil will mplementedthroughthe combined MLP and TIS framewsrk

will presentthe biggestadvantagesand disadvantageshat might arisefor sustainability transitions
researchin casesuch a platformwould be used

This lead to théormulation of the following research question:

W2 Keleinents should be present in a digiéatform for the combined MLP and TIS
framewaksand whatcould such @latform look like?Q

The nextchapterwill explain the methodology used to answer this questidrss will be dllowed by
four chapters which individually answer psof the research question through a set of sgirestions
as follows:

Chapter 3; TheoreticalFramework
1 Subquestion 1: Wht are the Milti-Level Perspectivand Innovation Systems frameworks
and what are their most relevant elements?
1 Subquestion2: Whatare their commonalities andomplementaritiesand howare they being
combined®

The next chapter will further explain what is meant with the term platform and how ex#uty
combined framework will be placed within it.



Chapter 4 Susainability Transition®latform(STP)
1 Subquestion 3:What is a digital platform?
1 Subquestion 4How can theMLP and TI8amework elements be combined in a platform?

Chapter &; Case: Offshore Winnergy Technology Brazil
1 Subquestion 5:Whatwould aplatform case implemerstion look like?

The lastwo chapterswill be used for thaliscussion, future research possibilities anzbaclision
for the findingsfrom the research



Chapter Z; Methodology

In order to answer thesub-questionsandthe researchguestionthe following methodology has been
used.

Firstly,a set of academic papers relating either MLP, 1®r a combination of both frameworksas
analysedThis was done to understarah whatcommonalities and complementdies the combined
framework is being constructed in literature and havis being applied, but also to understand how
each framework worksndividually. The main ideasnd elementsof the frameworks and their
combinationwere identifiedandare presented inChapter 3

Secondlythe platform templatewas built by making use of web technologiés this caseéhe web
technologies used werel TML, CS& JavaScriptThese areeommonly usegrogramming languages
for building web pages and platfornasd are oftenrecommendedfor beginner level programmers
(Stack Overflow, 2021pA @Sy G KS | dzi K2 NI & technblagiegitSvauld ngt bd  a
feasible to construct completeand fully operationablatform within the given timeframe of the
thesis projectFor this reason the decision was madéimit the platformto a template withrestricted
functionalitieswhich would sufficiently portray thédea ofthe complete platform. In this platform
template thecombined MLP and TIS framewanias constructedbased on the identified elements
from literature. Since this research emphasizes thgortance ofusingvisualizationtools for the
framework the platform elementsusedare also basean the visualrepresentatiors that are being
used in the frameworkterature. In order toaccommodate all the relevant elements, includthgse
that are not visually represented in literaturepme adaptations have been made compared to the
visualizations found in Brature.In addition,somedynamic aspects have been added to the platform
template in order to take full advantage of tHanctionalitiesavailablethrough web technologies
compared to the static nature of papeasd booksThe exact elements used, hothey were selected
and whichdynamic aspectaere includedwill be further elaborated ilChapter 4

Thirdly,data was gathered for the case of offshore wind energy technology in Brakzilnplemented
in the platform template Part of the datagathering pocess was donén combination withan
internshipat the Consulate Generalf the Netherlandsn Rio de Janeirdlhefocusof the consulate
was to determine what opportunities existed for Dutch compatiiethe emergingBrazilianoffshore
wind sector. In order to determine thisnformation had to be gathered relating tbe current status
of the offshore wind sector in both the Netherlands and BraHieinternship experiencand the
knowledge obtainedbout the Brazilian offsherwind sectoduring the internship periothspired the
author touse this case as thaitial datesetfor the platform template The data gatheringvas done
through desk researcfrom different types of sources, such asacademic literature, news articles
books, webinarsgconference paperand actor websites The dataitself isdiverseand relates toa
specific eventactor, network, institution, landscape factoor any othertype of information that
serves as an input tiramework indicators andunctionsor to the technology environmentA nore
detailed explanation of the data gatherimocesswill be presented itChapter 4 as this is part of the
functionality of the platbrm template.The data was saved in an Excel file which serves as a database
from which the platform template inputs are retrieved to generate the necessary outputs.

Lastly the results of this case implementatiavill be analysed analyticallfhis allows to discuss the
pros and cons of #hplatform and its functionalitiesand alsothe future directions for researchnd
platform development

The methodolo@gesused in this researctonsist of a variation and combinationlaérature research,
analytical reasoning and hands expaimentation. A summary of the methodoldgs used for each
sub-questionparticularlycan be seen ifiablel.

g AL



Tablel - Methodology used to answéhe fiveresearch sulguestiors.

Subquestion

Methodology

1.

What are the MultiLevel Perspective and
Innovation Systems frameworks and what
are ther most relevant elements?

Analysiof the frameworks through literature
research

2. What are their commonalities and Analysis of literature in which the framewark
complementarities and how are they bein( are already being combined and analytical
combined? reasoningas towhich of their elementsshould

be emphasized

3. What is a digital platform? Literatureresearch orthe theory of platform

andexperimentation with existing digital
platformsto understand how they wark

4. How can theMLP and TI&amework Through analytical reasoning of the theayd
elements be combined in a platform? experimentationwith platform softwareto

determinethe optimal outputs

5. What would a platform case Throughhandson testingof the built platform

implementation look like?

template, wheredata ofa case (offshore wind
in Brazil) isriputted in the platformand the
results obtained fronit are analysed




Chapter & TheoreticaFramework

In this chapterthe theoreticalframework will be presente@n which the sustainability transitions
platform will be basedThe intention is to answer the firsivb subquestions of this research, namely
What are the MultiLevel Perspective and Innovation Systems frameworks and widhar most
relevant elementandWhat are their commonalities and complementarities and how are they being
combined®@ To do sothe chapter will be divided in four section$he first sectiorwill focus on
Innovatiors & Transitionswhich are the core concepts of the frameworlR$1enext two sections will
focus on theMulti-Level Perspective (ML&)d thelnnovation Systems (I8ameworks individually.
The last section will focus on teemmonalities and complementaritied the franeworks.

3.1Innovations& Transitiors

At the basiof the theoretical frameworks are theotionsof innovatiors and transitionsSimply put
innovation is somethingadicallynew and transition is therocess ofchange fromone state to
another. These two notions go hand in hand because oftentransitionprocessfrom one state to
the other happens through innovatioffhis transition process through innovationtise centre of
analysisin much of theinnovations researcliterature (Markard & Truffer, 2008)innovation and
transition studies have been around for more than 30 years and are linkeddreaniety of studies
such asmanagement, sociology, policy, economic geography and modeling.

A technologcal innovationby itselfis not able to cause a comgke transition. Even fifit is a great
innovationfrom a tednical perspective, there are also social, economic and institutiasyaécts that
influenceits development andhe transitionprocess.For that reasora technological innovation is
regardedwithin a complete system, which in literature is also known as an innovation systeotio
technical systenfMarkard & Truffer, 2008)

There are differencginviews regarding what the central point of the systenGeelg2002)describes
the sociotechnical systemas the interrelatednessof society and technology andonnects the
technology and &its artefacts toother societalspects, such amfrastructure,policies, regulations,
markets,user practicesgulturalvalue and symbolic meaninin this casgethe core of the systerns a
complete sector (e.g. transport, energy, agomd, etc.)whichfulfils asocietal functionA transition
then comprises of fundamental, mulimensional, longerm changes of socitechnical systems
(Geels2002; Markard et al., 2012)
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fees)
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Figurel ¢ Exampleof a socictechnical systerfor personal transportatioiiF. Geels, 2002)



In other caseshe multiple aspects are stitbken into account buthe system is builtloser tothe
technology itselfMore attention is paid to the emergence, diffusion and utilization of a technology
andwhichdrivers or barriers exighat influencethe transition processf the innovatiorfrom starting

asa niche b becoming(a part of) the regime (Markard & Truffer, 2008)These are the two main
research stream in innovations and transitions reseafutound these streamghe four commoity
used frameworks for studying innovations andtransitions are Multi-Level Perspective (MLP),
Technological Innovation Systems (TIS), Strategic Niche Management (SNM), Transition Management
(TM)(Markard et al., 2012)

The SNM and TM frameworks both stem from the NWaheworkand the concept of technological
regimes The TIS framework stems from the broader defif@tbvation Systems (I8ameworkwhich
hasmultiple researchiracks defined from different perspective.

| \‘| .' 1¢ ; .’
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Nelson 10 quist 1997 innovation systems ) A
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Hekkert et al. 2007 vation systems (TIS)
Figure2 ¢ Sustanability transitions research fieltlarkard et al., 2012)

There is naight or wrong frameworkChoosindthe best on€depends much on hovthe innovation
and the surroundingystem are definedndwhatthe desired outcome is for theesearchMoreover,
there are some commonalities betwe#he frameworkswhichindicate their close relatednessd in
addition to that, the differences between therameworks can sometimes even be seen as
complementay to each other.
Markard and Truffe{2008)introducedthe notion ofa framework that combines the TIS and MLP
frameworks bymerging their commonalities angimsto strengthenthe frameworkby emphasizing
on their complanentarities. The four major conceptual elementbey specifiedfor this combined
framework are:
1. Niches or application contexts, in which radical innovations emerge and mature.
2. A technological innovation system, which might encompass niches and is characterized by
emergent institutions and conjointly produced resources
3. Societechnical regimes that represent the dominant production structure, which challenges
the TIS



4. A landscape with parameters that influence regimes and innovations without being
influenced in turn.

These conceptual elements fit well with the goal of this research, which is to design a platform
template in which: i) the emergence of radical innovations can be analyzed; ii) the analysis will be done
as described in the technological innovation system®ihgiii) the societechnical regimes will be
included in the analysis; iv) as will the landscape parameters that influence the regime and innovation.
Given thepoints mentioned above the combined TIS & MLP framework as suggested by Markard and
Truffer (2008) will be used as dasis for this researchrhiswill give guidanceto the process of
developing thesustainability transitionplatform andit alsoseems to be relevant framework since
multiple scholarshave already been applying it to other studiesas well(Carstens & Cunha, 2019;
Edsand, 2017; Nikas et al., 202Zhe exact way in which this combined framewawl be
implemented in the platform templatavill be explainedn the following chapterbut first a more
detaileddescription of the MLP and TIS frameworks will be given.

3.2Multi-LevelPerspective (MLP)

The multilevel perspective is a framework used to study technological transitiordegesibedn the
framework, a technology is always embedded within a cer&idironmentthat consists othree
different levels: landscape developments (macro), steahnicalregimes (meso) antkchnological
niches (micro}Geels, 2002)The landscape is th@ghest level of the environment and can have big
influence on the egime and niche levelthese lower levels on the other hand have less influence on
the landscape. The developmertsthe landscape are caused by, for example, political, cultural and
demographic factorsThe regime level is seen as the existing set ¢ésriand group of actors
embedded in theenvironment. These rules apply from both social and technologieedpectives
which bring stability but also make the entry for disruptive innovations very diffiMérkard &
Truffer, 2008) The last level igthere the niches are formed. The niche levdliguptive by nature
and very unstable as innovations continuously emerge and disaplidacuses on exploration and
discovery of technological innovations which could becqag of the whole environmen{Geels,
2002)

Landscape
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Al
Industrial netwaorks,
strategic games.  — ————
. Culture,

Socio . symbolic
tecl'1 nical meaning
regimes

Infrastructure

-———

Technological

4
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— Gl ) -
et .r" f;’-" Failed ~ ‘*—p’f e
PES ~ innovation .
T F Time

Figure3 ¢ Multi-Level Perspective: overview of the dynamic interaction between the landscape developments (macro),
socioetechnical regimes (meso) and technological niches (micro) as described b{2Ge@)s

The framework is based on the interaction between the different levels anahi@ges that occur
within them, yetat the coreresides the concept of soctechnical regimes and identifyivghat drives

8



systemic change from @regime to anothe(Markard & Truffer, 2008)The change from one soegio
technical regime to anotherinvolvingsubstitution of technologyregulation, infrastructure, user
practices andymbolic meanings what defines a technological transitig@eels, 2002)

These sciotechnicalregimesconsistof multiple actorsandtheir networksandare regarded amulti-
dimensional This is depicted in the image below.

Financial netwaork Suppliers

* venture capital * material suppliers
suppliers * component suppliers
* insurance firms * machine suppliers

User groups

Research network
* universitics
* technical institutes

e ETTTES
* National Ministries

Figure4 ¢ The multiactor network involved in sociotechnical reginfésGeels, 2002)

Public authoriiies

As Geelq2020)describes, egimes are locketh path dependence through vested interest, sunk
investments, scale advantages, cognitive routines, user practicesemen playing field\Niches are
what pose a threat to these existingpath dependencies of regime#& pathway then has to be
identified to overcome these barriers existent in the regint&eelsand Schot(2007) presentd four
different typologies of transition pathway based on the MLP, which ar&ansformation,
reconfiguration, technological substitution, and-dégnment and realignment.This insinuates that
there is not one specific pathway for a transition to hapenl gives another layer of complgxto
transitions research.

Additionally, thedescription above leaves the impression thahovatiors are locked to a single
regime whereasdn reality this could be patchwork of regimes.
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Figureb ¢ Patchwork of regimes in MLP framewd@eels, 2002)



The MLP framework has beeagarded as one of thmaintransitions researcframeworks This
does not come as a surprigévenits ability to captue this broad spectrum of elements involved in
transitions

3.3InnovationSystems (IS)

Klein and Saugrublished a paper in 2016 that efirated the 30 years existence of innovation system
research(Klein & Sauer, 2016jor this papethey did an extensiviterature review on the innovation
systemsresearch field and presented their findingslating to the four main innovation system
approachesised up till 2016namely: National Innovation Systems (NIS), Regional Innovation Systems
(RIS), Sectoral Innovation Systems (SIS) and Technological Innovation SystefftsefTEjnt out
that the foundations oflnnovationsystem researchwere setaround 1988 by Chris Freemamand
Giovanni Dosivho both livedin the age of the Cold War whaationalistthinking was very important
for many countriegyiven the circumstancedhis nationalist thinkinguided their research towards
the National Innovation Systems approach (NV&ith this approachthe innovation capacity of one
nation could be compared to that of another countand help understandhow innovations are
developed and diffusedvertime thisnationalperspectivan researctdiversified toregioral, global,
sectoral and technologicgberspectives which togeher are the commoly used and discussed
approaches in innovation systems research.

Innovation systeméas become a very large field @fsearchandis being appliedy policy makers
(OECD, 2022 ven thouglthe theory isfinding its way into practicethe expansiorof the research
field and the multipleapproacheghat can beusedhasmadethe research fieldrery confusingHence,
studiessuch as the ondone byKlein and SaudKlein & Sauer, 201Ghat trace backhe innovation
systemsresearchfield and analysethe differences andimilaritiesbetween the approacheshave
appeared necessary to keep trackatithe developments.

In generaljnnovationsystems study the emergence of new technologies frmomplex interactions
between actors(Binz & Truffer, 2017)As the name suggests, all the difat approaches of
innovationsystemsstudies (regional, nationagjlobal, sectoral and technological) have two common
underlying conceptsnamely]nnovationandSystens. To understand thénnovationsystemgesearch
field thesetwo concepts have to b&urther explained

Innovation:

TKS GHNZSH GA2YE Admedd SoedificdiiscPlResticyl nuance it in a different

way and complicate the commitment ta single definitionof the term (Klein & Sauer, 2016
frequently used definition is the ondescribecby the OECD a ! Yy AYyy 2@ GA2Y A& 0
a new or significantly improved product (good or service), or ggeca new marketing method, or a
ySs 2NHIyAalldA2ylf YSGK2R Ay o0dzaAySaa LINI OGAOS:
(OECD, 2005For Innovation Systems research ttentral idea ofnnovationis thatit introducesnew

knowledge or a combinatioof existing knowledge to the systeamd resulsfrom the interaction and

learning process of actors within the syst¢gdquist, 1997)Thisideaof innovation has grown in two

direction, where some authorsoncentrate on thedevelopment and diffusion of a technological
innovation, while other authors tookthe idea in a broader sense and also take into account non
technological innovationsThereA & y 2 & G NRA OGO RS TA Yy A flakdhis rib Bghtlori KS G S
wrong. Thee are however more useful and less useful definitions dependingtat the intended

purpose of use iEdquist, 1997)

S

R

Systems:
As explainedh Klein & Sauef2016) casystem is a set of interrelated components that work towards

a common purposé As described by Carlsson et@002) the systems consist of
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i) Componentsq the operating parts of the systenCan be actoferganizations (individuals,
firms, association, etc.) or technological afacts photovoltaic modules, batteriespther
equipment)or institutional artifacts (laws, regulations, traditignsic.)

i) Relationships; the linkages between the component®ne component is linked to at least
one othercomponentand the linkage strengthen theinfluence thed @ 8 1 SY Q& 0 SKI JA 2
on the componentsThe relationship among the componentgries for each case éscould
be collaborative or competitive or even be a form of transac{iédquist, 2006)

iii) Attributes ¢ the characteristic®f both components and relationships

Attribute
Attribute
5 Relationship 2

. Component 2 1

ComponentN
. - |
Atiribute

Relationship 1
Attribute

Relafionship 4

1

[ Attribute
Component 1 Relationship 3 Relationship N
d
Attribute e | Component 3 Atiibute
Attribute ute L A Attribute

Attribute Attribute

Figure6 ¢ Visualrepresentatiorof a system including Components, Relationships and Attrifkites & Sauer, 2016)

The illustration above shows a single systeutit should not be limited to one sinagaultiple systems
mightexistin paralleland theycouldbe connected to each o#r.

In Innovation System studies a set of functions is useghtdysethe functionalityof the systemand
the innovation processBoth the system components arfidnctions vary between the frameworks.
The different frameworkand theirbasiccomponents and functions will be elaborated next

3.3.1National Innovation Systems (NIS)

Niosi et al(1993)definedtheNF G A2y | f Lyy2@F GA2y {eadSvya obL{0 I a
and public firms (either large or small), universitiesid agovernment agencies aiming at the
production of science and technology within national borders. Interaction among these units may be
technical, commercial, legal, social, and financial, in as much as the goal of the interaction is the
development, prot® G A 2y X FAY I yOAyYy 3IZ 2 NJ NB 3 dz Thisidefhiorcanf y S g 3
be and has beeroadened depending on the complexity level of the resedkdhin & Sauer, 2016)

Even in casewith a broader definition it is important torealize K § ISy SN} ff & GKS 02
are determinant for the Nigsearchboundarieg Edquist, 2006)

Bounding the research to a counfydorder makes sens@s generally the institutional and
organizatiorsetupthat influence an innovatioare determined from a national perspecti{iédquist,

2006) This also makes it a very useful tool to compiargovation developmenbetween countries

due to theirinstitutional variance.

The NIS remains and wdlbntinue to be one of the most relevant approaches within the Innovation

Systems research fieldccording to the analysis done klein and Sauer (2016) A visual
representationof the NIy Ohand Yi(2022)can be seen below
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In thefigurewe can see an NIS comprisingtué actors §overnment, enterprises, public research
institutes and universitiegheir networksand their institutions bounded to a single country.

3.3.2Regional Innovation Systems (RIS)
Different from theNIS, the spatial level farganizational and regulatoipterventionin the RIS
approachis bound to a regioimstead of a countryAs explained in Coelet al.(Cooke et al., 1997)
aregion isregardedasa subnationahreawhere specific policies aechnology transfer methods can
beidentified. The RIS providean additional layeto the Innovation Systemstudieswhich presents
the possibledifferences in innovation development betweeggions within a country
Althoughthe RIS approach brings forward very valid discussion pagesding the nationalistic
perspective dominating Innovation Systems research, it has alddddarther diversificatiorin the
units of analysis of the research field, becatlwre is nounified definition of what theerritorial
boundariesare for a regior{Doloreux & Parto, 2005Among the territorial boundariethat have
been used irtase studiesre cities, metropolitan regions, districts and areas on the supra
regional/subnational scaléKlein & Sauer, 2016)
According to Doloreuf2005)the basic components of the RIS are:

i) Hrms

i) Institutions

iii) knowledge infrastructures

iv) Policy-oriented regional innovation
These components are analysed on a functional basis consisting of:

i) Interactive learning

ii) Knowledge production

iii) Proximity

iv) Social embeddedness
As is the case for NIS, through literatuhe components and functions have been expanded and
diversified depending on the complexity of the reseamhisual representation of the NIS by Cooke
and Piccalugé2004)can be seen below.
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Figure8 ¢ Visual representation of a Regional Innovation Systenoke & Piccaluga, 2004)

In the figure we can se&n RISvith actors (unversities and businesse#eir networks and the
regional institutions that are at plagnd external and global influences.

3.3.3Sectoral Innovation Systems (SIS)

The Sl&pproach differs from the NIS and Ri§ocussingesearch to a sectanstead of ebound

territory. Malerba(2004)definesl
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sectoral approaclthe emphasis lison the characteristics of the networkd actors, the factors that
result in sectoral changand the influenceahe institutional framework has on the sect@Klein &
Sauer, 2016)t exploresthe technological change and path dependencies of innovation wdiftdr

between sectors.
The maincomponents of the framework are:

i) Institutions(norms, routines, laws, standards
i) Actors & Networkgcan bea varietyof differenttypes oforganizations and individuassich
as,producers suppliers, universities, financial institutions, government agenetsand

their connection}

iii) Knowledge & Technoldgs(the linkage and complementarity between multiple
technologies within a sect@ndthe accessibility, opportunity and cumulativeness of
knowledge regarding these technologjes

The functions useth the SIS approach are:

i) Variety creation(such as themount andtype of newactors entering the sector which bring
variety in approaches, behaviour and nkmowledgeto the systen)
i) Selectionbrings convergence to theector variety working towards the demanded sectoral

produci)

A visual representation of the SIS by Kim & K20@1) adapted from Malerbd2004) can be seen

below.
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Figure9 ¢ Visual representation of a Sectoral Innovation Systeim & Kang, 2021)

In the figure we se an SIS with actors (firms, users, civil society, goverante@®RIs), their networks
and institutions in which they are bourahd the internainfluences from the regimes

3.3.4Technological Innovation Syste(itS)

In the TIS approachspecifictechnology is the focgloint of analysisCarlsson and Stankieow
(1991)RSTAYSR G(G(KS (SOKy2t23A0Ft adaeaidSy la al ySig2N
economic/industrial area under a particular institutional infrastructure or set of infrastructures and
involved in the generation, diffusion, and utilizationioS O K y 2ZThesghBat bdundaries vary
between different studiesind although TISs exhibit global characteristm®mimonly theyare
studied in a nationabr regionalcontext.
The TIS framework as presented by Hekkert g2807)and supplemented by Bergek et €2008)
has increasingly been applied to specific case studies as it helps to systemically analyse the
performance of the innovation system in question.
The basicomponents of the TIS approach d8acobsson & Johnson, 2000)
i) Actors(firms in the value chain, government bodies, NGOs, universities, technology users
and other organisations
i) Networks(linkagesbetween these actois
iii) Institutions(the environment invhich the networks and their actors legitimise the TIS and
can be seen as the set of rules of the) TIS
The commonly used functions in TIS researateasribed by Hekkert et gR007)
i) Function 1: Entrepreneurial activities
Entrepreneurs are thenes that actually take action when a new opportunity arises, this
makes their role essential in an innovation system. They are the ones that recognize and
make use of a business opportunity which leads to the development of an innovation,
either as a neventrant on the market or as an incumbent company diversifying its
business strategy.
ii) Function 2: Knowledge development
Learning is an important mechanism in an innovation system. This function focuses on
Qf SIENYAyYy3 o6& aSI| NOKA ycHRaps tyeR&IYofedtsNydA y 3 68 R2 )
investments related to the innovation system, but also patents and learning curves of the
technology.
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iii) Function 3: Knowledge diffusion through networks
Similar to the previous function, this function is also related to learmeghanisms. It
F20dzaSa 2y Qf SEINYyAy3 o6& AYyUuUSNrOGAy3IQ |yR
knowledge through the innovation system network is the main concern, where knowledge
exchange, contact, and openness between the different actors is mapped.

iv) Function 4: Guidance of the search
In general this function refers to the activities where different actors of the innovation
system interact with each other and how they perceive the technology. For example:
different ideas around a technology can be d¢szhduring the R&D process, while in
reality not all will be as effective. It is important to make a selection of what is most
promising since usually resources, in the form of investments, are necessary for the
development of the technology and these ariten limited. From a societal perspective,
the R&D sector can be guided towards the necessity of society.

v) Function 5: Market formation
An innovative technology might have to compete with different developed technologies
which are embedded and already damate a certain sector. The technology will thus need
some initial protection to grow. This can found in the form of a market, where the new
technology has an advantage with respect to previous technologies because of its
characteristics.

vi) Function 6: Resooe mobilization
As mentioned in function 4, resources are often limited. These resources are imperative
for the development of the innovation. This function detects if actors have (sufficient)
access to physical, financial and human resources.

vii) Function 7Creation of legitimacy/Counteract resistance to change
Even though some innovations are essential for society in the long run they might not
appear to be necessary from the start. Moreover, the innovation can even oppose the
incumbent technologies in whidome actors have vested interests. This can block the
development and requires growth of actors supporting the innovation and their lobbying
activities to counteract this resistance.

Theset of functions are used to present the dynamic behaviour withimaovation system. This is
done by mapping events and allocating them into specific indicators which are individually related to
one of the respective system functions. If all functions are fulfilled this can be related to-a well
functioning TIS. On thether hand, TIS can also encounter barriers which hamper one or multiple
functions which can lead to a malfunctioning TIS, therefore identifying the barriers is the first step
towards creating guidelines to overcome them and improve the innovation system.

A visual representation of th@8S byHaley(2018)can be seen below.
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Figurel0¢ Visual representation of a Technological Innovation Sy§ttatey, 2018)

In this figurewe seethe linkagebetween the structuratomponents and the functigof the TISand
how the policies influence the function®\ complete overview of the TIS analysis as described by
Bergek et al(2008)can be seen in the figure below.
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5. Inducement &
blocking mechanisms

4. Assessing
Functionality &
setting process goals

3a. Functions
Knowledgs Resource
2, Stmctural development mobdization
Components
Market Influence on the
Actors formation direction of search
—
Networks Entrepreneunal
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3b. Achieved
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defining the TIS in
focus

Figurell¢ TIS scheme of analy$Bergek et al., 2008)

3.3.5Global Innovation Systems (GIS)

The GIS framewortkies to enhanceahe innovation systems literature ldding an explanatory
stance with respect to the spatial complexity of innovation proce¢Baw & Truffer, 2017By this

is meant thatevents in the@nnovation process more oftetake placein multiple spatial locations
(e.g. different countries or regions) astould be taken into accouin innovation systems analysis.
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Theae are two key mechanisms in the Gi&neworkwhich arethe generation of resources in multi
locational subsystemandthe establishment of structural couplings among #ystens
Basic component®r the GIS are

i) Actors

i) Networks

iii) Institutions
Functions:

i) Krowledge

if) Financial investment

iii) Market formation

iv) Legitimation

v) Structural couplings
A visual representation of the GIS Bgouri et al(2021)can be seen below.
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® Actors [ke] Knowledge creation
—— Structural couplings [mf]  Market formation
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Actor relations/network

Figurel2¢ Visual representation of a Global Innovation Sys{ésouri et al., 2021)

In this figurewe seelinkages between the global and national IS and the transnational couplings
betweenthem.

3.3.6Relationship8etween Innovation Systenisameworks

The diferent innovation systers frameworks haveomeoverlaps and relationship$his can be seen
in the similarities between in basic components and functions usebhe national andregional
innovation systems are spatipbasedand are primarily differed by the extent of the spatial boundary
but their basiccomponentsremain the sameSectoraland technological innovation systems on the
other hand, cross geographic bordef$S canalsocrosssectoralborders Thisis to be expected since
adifferent technologies or knowledge fields are empirically intertwih@darkard & Truffer, 2008)
Markard and Truffer(2008) have createda visualization for these potentiaklationshipsascan be
seen belowKeeping in mintghat the TIS could be split into different stiiSsvhere one subT|S could
be limited to one specifibllS or SIS.
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Figurel3¢ Visual representation of potential relationship between multiple national (NSI) and sectoral (SSI) innovation
systems and a technological innovation system (WiS)kard & Truffer, 2008)

The image shows thatach framework can beeenindividualy but once put inside a single frame
there are clear conceptualverlaps between themAs already mentioned there is no right or wrong
framework,they can all form a basis for the same innovation systest will be dependenbn the
research context and bowaries.

This same reasoningas also adheredby Asheim et al.(2011) and Schrempf et al(2013) The
visualizatiorpresented byAsheim et al(2011)can be seen below aratiditionallyincludesthe global
and regional innovation systems to portray timmovation systems relationships.

Global System of Innovation:
Multinational Firms
International Laws

Regional Trade Agreements
Intellectual Property Rights
International Financial Regulations

Infrastructure .,
P Institutions (incl. laws, regulations, habits) ™.
y Educational and Training System )
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Figurel4c Visual representation of potential relationship betwekffierent innovation system framework8sheim et al.,
2011)
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3.4Commonalities an@omplementaritieBetween theFrameworks

There are also commontés and complementarities between the MLP and IS framewdiikst of all

is that both frameworks regard actors, networks and institutions as important conceptual ceanjm
(Markard & Truffer, 2008)rhe MLP framework is however less detailed on the actor roles, strategies
and interactions which can influence innovation procesSegondly, théiche and Regimlevelsare
present in both frameworksAlthough they areclearlydistinguished irthe MLP jn the TISt depends

on the technology maturityvhether it will be viewed as nicher regimelike. An immature TIS with

an early stage technology mostly resembles the innovative and protected role encountariethés

of the MLP, while a more mature TIS resembles a regime since it provides guidance to innovation
processes to support established technologiB®e regime of theSIS approacis defined similarly to

the MLPapproach, which is on an industry or sedevel. Markard and Truffef2008)translated the
commonalitiedbetween the frameworkso the imagebelowwhichpoints out the segments in which

the frameworks overlap

Landscape /( D\
/ \
/ \

/
/
.
/

a4
Patchwoﬁ»g/ ' s
of reg:m/e}s ,”

/ /

Niches
{novelty)

Figurel5¢ Interrelation between MLP and IS frameworks as presented by Markard and (2008}

As already discussed Section 3.2and can be seen in the image abotee MLP framework is built

on the landscape, regime and niche levels. Its strength liesainttie framework allows to analyse
innovation and transition processes through the interplay of stable regimes and destabilizing external
shocks from the niches and landscape levélse IS frameworlon the other handis very inward

looking, meaning thatte success of the innovation corresponds to the system in which it resides and

does not structurally take its environment and influences into accolintloes notfully include
landscapeparameters to the analysis andrnot completely explain technological transitionThe

MLP falls behind compared to the IS frameworks on the concepts and tools available to analyse
innovation dynamics at the niche level and in cases of complementarity between multiple niches
(Markard & Truffer, 2008)The ISrmework is more elaborated in this aspect and its structural and
functional analyses allow for better actor and niche representafi®ergek et al., 2005)

Given these points there appear to be opportunities in which these two frameworks could
complemert each otherMarkardand Truffe(2008)have presented this complementaframework

as thetechnological innovation systerasd defineditagt I aSd 2F ySig2NJa 27F | Ol
that jointly interact in a specific technological field and cdmite to the generation, diffusion and

dz At AT FOA2Y 2F Q@I NRIyidia 27F ThedeSdof iheScOkeptdstbasede | y Rk
on i)the innovation function of the systenii) beingtechnology (or product) centred; iiihe actors,
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networks and institution®eingsupportive to the innovation procegMarkard & Truffer, 2008)This
framework focusses oasingthe strengths of the TISwvhich allow forfunctional analysisf innovatimn

dynamics and cased complementarity between multiple niches, and of the Mb# including the
external shocks present in landscape parametérs example visualization of the framewaran be
seen below.
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Figurel6 ¢ Example of the combined TIS and MLP framework as described by Markard and 2008%r

The construction of this combined frameworks was one of fil& steps towardsconverging the
existing frameworks and bringing the already related research sfielen closer together.The
following table summarizes how the two frameworks serve as commonalities or complementarities.

Table2 - Summary of the commonalities and complementaritiesveenthe MLP and TIS frameworks.

MLP TIS Cambination
effect
Scope of analysis Sector Technology Complementary
. Landscape, Regime antc Regime and Niche  Complementary

Levels of analysis Niche

Actors, Networks and  Actors, Networks anc Commonality
Conceptual components L .

Institutions Institutions
Tools of analysis - Functions Complementarity

The convergence of these frameworkis very well withii K S | diisike2wittibhaisto build a
platform thatis based orthe coreconceptsof sustainability transitions researckith this platform
the author hopes thathe caseanalysis and presentation a&ustainability transitiongesearch is
facilitatedandstructuredand that the convergence of the frameworks progres8eilding a separate
platform for each framework would defeat the purpose of fully understanding sustain@sisitions
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andas is beingeen inresearch, there are ways of combining th@mtheory, buthopefullyalsoin a
platform. Although(i K S I dziiifé 2 hXhavea RI&farmwith a single frameworkhat has been
constructedthrough convergence of the already existing oriegjould be unrealistic talo so within

the timeframeand available resourcesf an MSc. thesiAs has beerxplained inSection3.1, the
combinedMLP and TIS framework gsesented by Markard and Truff¢2008)for a large part
coincidess A 1 K (1 KS I dzii K2 NX aThadis @hjtte ylatfdre tednplated thisjeskeaich 2 NI
will be builtbased on tleir combinedframework andwill not include other frameworks sincesearch

on how to combine those to this combined framewarbuld be a whole other thesis research on
itself. The next chapter will further explain what is meant with the term platform and how exé#y
combined framework will be placed within it.
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Chapter 4 Susainability TransitionBlatform

In thischapterthe concept of theSustainability Transitions Platfor(8 TP) will be explainethd the

particular elements that wilbe used for the platform template will presented. This will be done by
answering the following two sulp dzS & (2ARIY & YA & | RAa@WieRrs OF ¥ i &§ 2 BV KR Y
St SySyia 6S O2Y0AYSR AYy I LEFGF2NY¥KQ

4.1 Defining the Platform

Definingwhat exactlya platformiscan be a bit confusingince theword platform is not new and is
being used imifferent sorts of contex{Gawer, 2014, 2016pepending on the context in which it is
being used different definitionscan be applicableGawer (2014) has presened two different
perspective on hovplatforms can bedefined based onvhat has beerdescribedn literature. These
are thei) economcsperspective and the iigngineeringdesignperspectiveof platforms.

From theeconomitsperspectivea platform can be seen as a particular kind of intermediary between
two actor groupslt is an essential bridge or pagay between two types afustomersof the platform
From this perspective the platform iseseas atriangularbusiness modehwhich is differentompared
to the traditional linear business modelvhichrelies on a serried supply chdior value or product
creation Platforms allowhe direct flow of value between different actor groups thwegre notdirectly
connected in the linear model, making it a triangular business model whlitbriatureisalso referred
to astransaction platforms(Cusumano et al., 2020The platfom facilitates the interactionand
transactionbetweenactor groups such aproducers andonsumerslit alsoservesas a mearto give
the actor groups insigkton their activities which can be used for seiprovenent.

Actor Actor
Group 1 Group 2

Platform

Figurel? - The platformtriangularbusiness model from the econasperspective. The platform serves as an intermediary
between actor groups which facilitates transactions between them but also allows them to innovate and improve their own
products, services and proces§esage adapted from Gawg2016)

Some examplesf thesetransactionplatformsare Spotify, Netflix Uber, Airbnb, Deliveroo.Each one
of them hastwo actor groups that benefit fronusing theplatform. In Spotify which is a music
platform, the actors that produce music are able t@ach a large groupfanusic listenerghat are
subscribed to the platform and music listeners are abléisten to a large variety of songs amny
producers upload them to the platfornMore producers and listeners atken inclined to enter the
platform as this number in&@ases on both sidageneratng a selfstrengtheningoop which is knowa
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as the retwork effect. Thisprinciple of network effects is central in platform literature anolds for
the other platformsmentionedas well(Cusumano et al., 2020; Gawer, 2QB®gsides thibenefitfor
producers to be able to reacmany customers in one place, they algain the advantag®ef not
needing a longupply chairof multiple intermediarieghat interfere in their product and business and
are ableto reach theircustomes more directly
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Figurel8- Examples dthe triangular business modabf transaction platforms.

This representation isowever limited to only one part of the complete operaticarsd capabilities of
theseplatform companieslin realitythese companies are continuously tryingmaprove and diversify
their platformin such ways that netypes of actors alsstart tomake use of iand that the experiene
of their current user basés improved Using the sam&xample,Spotify has branched out to also
include podcast andideo servicesbesides the musiendustry it started on.Other examples are
Netflix, whichincluded series and gamemd Uberwhichadded food delivery services to its platform.
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From theeconomcsperspective theplatformsis thusseenas amarketfor transactions between two
actorgroups

Fromthe engineeringdesignperspectivea platform can be seeasa core module or a set of core
modules on top of which innovation can happen by hgwompatible moduler peripheralskhat
are complementary to itin literature it is als@eferred to as amnnovation platform(Cusumano et al.,
2020) One of the older examplesf sucha platformcan be seen in the automotive industr§ar
companiesdesigncore componentge.g. the chassighat form the basis ortemplate ofthe to be
producedcars. On top of these core componentgher parts can be added which results in a variety
of different car modelss final productsin their core theyare the same however the final product
can differ depending on whabmponents are addedy doing this the manufacturing process can be
accelerated,which savescosts while maintaining product qualityand also allows the pace of
innovationto be increasd.
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Figurel9- Example o& car manufacturing platform where different car models are built based on the saree
componentsin this case all the cars are built on the saype of chassi€Systems Innovation, 2015)

Nowadays,this conceptof having a core moduleshere other components can be addésimore
frequently being encountered in a digital formnd is referredo asadigital platform A digital platform

is asoftware based platform which exgsbdf a core modulen whichother software innovations can
be added An exampleof this is what has been produced by thempanyApple They have built the
iPhone andhe digital platformApple iOShat is required to operate ifWhat makes ibe regarded as
a platform is thatindependentsoftware developers arable to develogproducts (apps) which are
compatible with the requirements of the appsoftware and are thus able to add innovations to the
core of the apple productApple iOS is then seeas theinnovation platform that allows other
applications(e.g. Spotify, Netflix, Uber, AirbnDgliveroo)to operate in its environmentThe Apple
core product improves asnovators add their productehile the innovators aréncentivised to add
their products tothe apple ecosystem ashas a large pool of userghis also shows théte company
Apple as a whole anthe platform it has been developing alpoesents characteristics as described in
the economtsperspective in which Applorks as an intermediatfyetween application developers
and application userdhis overlap is also pointed out in literature where the companiesdpatate

in both perspectives of innovation and transaction platfarare being labelled as hybrid companies
(Cusumano et al., 2020 this hybrid form of platform boththe economics and engineering design
perspectiveare applicable, thus the platform as a tosdlould allow both transactions and innovation
to happen.
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From a theoretical point of viewmthe transaction andrinovation platforms are théwo types of
existingplatforms. Whenlooking at digital platforrain particular, fom a technical point of viethese

two types ofplatforms are builtrather similarly. When diving deeper into the technical aspects of
digital datforms we see thathey consist of lines of code written in programming software. These
lines of code are what make a platform i) look the way it has to and ii) do what it is intended to do.
These lines of code are programmed by software developersanfitious on optimal use fdine users

of the plaform.

The functionality a platform can vary depending on what thevelopes program it to do.In some
casedhe functionalityof the platformisrelatedto data which is gathereduring the buildingprocess

of the platform and to the user activity once the platform becomes operational. The platform
developerghen have the option tause the data as an internal sourf improvement but als@s an
improvement source for the platform usees third paties interested in certain parts of the dath
allows whoever equired to digitally interact withdatain several waysThe data can for example be
ordered, grouped and/or filtered through specific commandembedded in a platform.This
functionality can in many cases simplify the analysis oftda and can be huge advantagasthe
size of the dataset increaseB1 somecasesdatasetscan be soextensivethat it becomes almost
impossible taanalyse thenwithout the help of compuational devices

The frameworks used in transition studies rely very much on available information, in other words,
data. This data can for example be the actors active in a specific technology and the networks between
them; indicator information to detenine function fulfilment; applicable rules and culture in a country
and the requirements for a technology. This data is gathered from different sources, which often come
as text (you read it: e.g. papers, articles, books), visuals (you see it: e.g. irtkgss, prototypes) or

audio (you hear it: e.g. interviews, lectures, podcasts, webimaesentations.

In transition studies data is gathered and categorized. Afterwards, conclusions are drawn based on
this data. Different conclusions can be drafsom similar studies athe data gatheringprocessand
interpretation can be different for each researcher, which is why a more structural and standardizes
processwould be beneficial A digital platform could provide this structured and standardized
environment and it can go even further by presemnf the data in a visually easy to understand and
dynamic way. Thisan helpin the challenge oaccuratelyunderstandngthe datafor innovationsand
transitions.Visualizatios in particular are somethinghat could be used toimproveinnovation and
transition researti. AsMunzer (2014)wrote in her book about visualization analysis and design:

G/ 2 Y Ldozse® Wsualization systems provide visual representations of datasets designed to help
LIS2LX S OF NNE 2 dzii .in-this]case tHe2 tasl woSIF Fe Sedeidat&ess to thélp
understand innovation and transition processddaving a pldorm that includes visualizations
representing the data related to the transition frameweouldhelp researchers carry out their task
more effectivelyas itaugmentsthe researcheR data processing capabilities.

¢ KS I dzii K2 NXBat al pMtborin Gsiceafed thatis sfiecifically designed for sustainability
transitions research. This would be categorized as a research platform driven by the need to
understand innovation and transition processes which are determined by making use of different
compaments, in this case frameworks, which contain tools that improve the understanding of the
theory. The theory is continuously tested by applying them in casb&ch in the platform are
regarded as the end products. From what is learned in the implememtaficases, knowledge should

be gained on improvements for the existing frameworks or the creation of new ones, which should in
turn also lead to improvements in understanding innovation and transition processes. This would
classify the platform as an inmation platform typein which arninterfaceis presentwhereinnovation

in sustainability transitions researclan be experimented and applied
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Figure20 - Sustainability transitions research as an innovation platform. Understanding innovation and transition processes
is the core (module) of the research, this is being done through different sets of frameworks (components) and being
implemented in variousaseqproduct).

Nevertheless, the ambition that this digital platformwill not only be useful for researgburposes

but that it will also be useful for societyto be able to makedecisionsthat lead to sustainable
transitions As mentionedn Chapter3, sustainability transitions research has primarily focused on
generating policy advise for policy makélkghler et al., 2019)Thus, in the research field itself we
already encounter two different actor groupsterestedin the matter, where one group contains the
researchers that develop the frameworks, gather the data, implement cases and generate policy
advice, and the other group contains the policy makers, which use the knowledge gained from the
advice to implement policies that iturn influence innovations and transitions. By creating a platform
where these two actor groups would be able to interact with each other a triangular business model
would be created which would also matkee platform resemble transaction platform. Thplatform

would then become a bridge betwagesearchers and policy makers the authoQ &  Bé data
generatedn cases for sustainability transitions reseaighlso valuable for other typed actorssuch
asorganisations working on internationalaide orcompaniedrying to enternew markets (more on

this in Section6.3.5). This would also allowther groupsinterested in the knowledge created Ibiye
researchers to use directlyfrom the platform,turning the platform intca bridge between knowledge
producers and knowledge use#s bridge between theory and practice.

4 )

v v

(' Knowledge Knowledge .\
N | Producers Users &

Research Platform \ /

\_ J

Figure21-The triangular business model for the STP as a research platform.
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Based on thighe fully functionalSustainability Transitions Platforf8TP) woulthe defined as

asoftware basedigital platformthat acts asa bridgebetween researchers of sustainability transitions

and actorsvhomake decisionhat influencannovations and transitia@in whichresearcherare able

to input gathereddata and are able tdnteract and analyset generatingknowledgerelated to
innovations and transitionshich can be used Ipplicy makers or other actors guidethemin their
decisiongowardsa sustainable futureHerebya community is created in the platfowhresearchers

whoare abletoda SS | YR Ay i SNI Ol alowiigtem3d doriinudusiyke@aNi®@eithed 2 NJ|
sustainability transitions theompaking it possible tstructurally and efficientlynprove and innovate

the theoryand itsframeworksesulting in a more accurate undenstiéing ofinnovation and transition

processes

Knowledge Knowledge
Producers Users

Figure22 - Visualization of the complete sustainability transitions platf@asa hybrid modeincluding both the economics
and engineering design platform perspectives.

Thisis the idea for the fully functional Qustainability Transitions Platform (STP) Developing this
complete version of the platform would howeverguire more resourcesime andexperiencén both
software development and businesban the author alone has andiould also go beyond the
requirements of an MSc. thesisThatis whyfor this research onla first draft or template (asis
referred to in this documentwill be made whih only fulfils part of the complete platforrbut
sufficientlyserves as a badiar the STRand the further ideas behini. The boundaries to which this
research and the platform template abidéll be discusseth the coming section

4.2 PlatformTemplate
The platform template of this research will be limited to a specific part ofctiraplete idea of the
STPWhat the auhor explicitlywants to bring forwardn this researchis:
i) The theoretical side to demonstrate how theoretical knowledge relating to
sustainability transitions could be translated to visualizations in digital platforms and
how the theory could be furthereleloped within it.
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i) The technical side of platform developmentor research, meaning that through
handson experimentation the platform template will be built witloftware.

iii) The practicakide showinghow the actual implementatiorof a case in the platform
wouldtake placein other words how a researcher would experience the interaction
with inputting datain the platform and conducting an analysis based on the outputs
generated by the platform

Thus, froma platform theoryperspectivethe templatewould primarily be presented as product
making it resemble mor@n innovation platform Even thoughin this researchthe interface for
knowledge producesand knowledge userwill be demorstrated, it cannot yet be qualified as a
transactions platform sincghe community building through network effegtand transactions
opportunities between them whichmake it atriangular business modghill not be testedor further
analysed Gawer, 2014, 2016Y hss should be takemto consideration for future research and in the
next stepsof development of the STP.

(‘ Knowledge Knowledge
N = Producers Users &

\ V4

[
I Focus of this
[ research

Figure23- Visualization of the focusf this researchA platform template will béuilt for thisresearchthat will serve as a
guiding tool to loolat the engineeringlesign perspectivef this researchit will work as a sample to show haheory
implementation andnnovationof it happens on the platform

From the technicaperspectivea platform will be built using the web technologies (software) HTML,
CSS and JavaScript that will altbe creation of an interface for data inputs and generating outputs
that are relevant foisustainability transitionsheory. The platform will have ddrent functionalities
that help users understand the theory and interact with the dathe functionaliiesthat could be
present in the outputg€anbe numerouswhich is whythe templatehas beerimited to somespecific
ones The outputs of this templa&t arealigned with the core afustainability transitions research and
arebased on the availablsualizations from existingtudies In this case, these will be visualizations
from studies that apply theMLP &TISframeworks which arecommonlyused frameworksn the
research field as has beexplained in Section 3.Zhe templateis also narrowed dowto the case
study of this research: Offshore Wind Energy Technology in Bxazilentioned inrChapter 3 there

are multiple topics that fall whin sustainability transitions research, such as, energy, transport, water
and food(Markard, 2020)In principle, &ery caseapplied to any of the different topicshouldapply

the core of sustainability transitions research and its framewoyksthe inputs and outputs might
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differ to a certain extentEven within a single topihére mightalsobe differencesn inputs and
outputs depending on the central point of researcle.g. betweendifferent technologies.
Nevertheless, the ultimate go#dr the platform is hat it should allow all cases to be applicafleis
template isintentionally built asa first example of what thelatform could look like and the digital
aspects of ishouldallow foradaptatiors andimprovementswere neededSo, for this research the
assumption is madéhat the platform design, inputs and outputare the same for althe different
technologies of sustainability transitions researbkeaning thatthis template builtfor an offshore
wind case would also be applicalile a solar PV 00il & Gas caselbeit some differenceare in
placein reality. The differences and hothe platform should be updated conformaldye topics for
future research.

For the renainderof this section theplatform templateinterface will be demonstrated, dsowledge
producers and knowledge usewouldperceiveit, and the scope for the template and this research
will be defined. InSection 4.3the implementation of the theory in the ptform will be further
explainedand this will be demonstrated througicase inChapter 5

4.2 1interface

There argwo different interface to be distinguished in the platform templa@ne interface is for the
knowledge users and the other is for thkeowledge producers

Knowledgeuserisanyone who is interested in the information related to sustainability transitioms.

the platform template the user ha® be able to easilgxtractinformation ona desired technology
country combination (e.g. Offiere wind¢ Brazil). To achieve thtao steps should be taken by the
user, namely) slecta technologyandii) select a countryAdditionally, the user has the option to
select aspecific year to be analysed.

Once selection is made the relevant TIS &PNihformation should appear on the device screesn
outputs. After the users receive the information they should also be able to focus on specific parts of
the information to better understand the logic behind it (e.g. by selecting a specific TIS fusaien

the platform should show which indicators were used).

Figure24 ¢ Platform templateogicfor knowledge users

To give an impression of the platform template, tsoapshotshave been included next. The first
shows the input side for thknowledgeuser(Figure25), the second shows the outpufBigure26).
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KnowledgdJserlnputs

Home  Input  Output Sustainability Transitions Platform

Select technology: IEEG—S—

Select country: IEEEEG—G—

Select year:

2022
Start year: 2010 N — Present

Research

Figure25 ¢ Snapshobf the input side of thelatform template forknowledgeusers.
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Knowledge UsdDutputs

Technology Environment

Landscape

2 @

TIS Score -->

Diffusion -->

Structural Components

= Financial

institutions i

-Inlras"uclula
= Technology
cle

TIS Analysis

Technology X - Country X

Function |

Figure26 ¢ Snapshobf the outputs othe platform template for thé&knowledgeuses.
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Knowledge producer is anyone conducting sustainability transitions researéh.the platform
template the knowledge producer haso be able to easilyinsert information on the desired
technologycountry combination (e.g. Offshore wigdBrazil).

The input data for the platform template comes in the form of chains of information. This data is linked
in the platform based primarily on two questions: i) what is the event? and ii) who are the actors? If
the actors cannot specifically be defined the information will be related to a landscape event.

Examples
Information 1: Government entity X opens new tendeat allows technology Y to be developed in a

specific zone.
Event (what?): new tender that allows technology Y to be developed in a specific zone.
Actors (who?): Government entity X

Information 2: Company X hands in environmental assessment documents for development of
technology Y in specified zone to Government entity Z.
Event (what?): hands in environmental assessment documents for development of
technology Y in specifiedrze
Actors (who?): Company X, Government entity Z

Information 3: Environmentalist group X says that development of technology Y in specified zone is
problematic for the environment.
Event (what?): development of technology Y in specified zone is probtefoathe
environment
Actors (who?): Environmentalist group X

Information 4: User X signs offtake agreement for technology Y with Company Z.
Event (what?): signs offtake agreement for technology Y
Actors (who?): User X, Company Z

Information 5: Finaaial institution X invests in technology Y project of Company Z.
Event (what?): invests in technology Y project
Actors (who?): Financial institution X, Company Z

Information 6: Research institute X publishes paper about technology Y.
Event (what?): publises paper about technology Y
Actors (who?): Research institute X

Information 6: Global pandemic caused by CeMddvirus.
Event (what?): Global pandemic caused by Ga9idirus
Actors (who?): (Landscape event)

Each event is also linked tosingle date or a start and end date because the order of events is also
relevant to understand the innovation process. This is important because one event can trigger
another and switching around the order can give a false interpretation of the process.

For the platform template the data is being gathered in an EXCEL file which could be converted into a
CSV or JSON file that can directly be imported into the platform. Eventually the inputs should be made
inside the platform, however designing a completeiactive input page goes beyond the goal of this
thesis The image below gives a very simple representation of what the researcher side would look
like. Itis a table where researchers can input and filter on data. In the actual platform a more appealing
interface would of course be required.
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Sustainability Transitions Platform

Research Page

Country Date Event Actor Source
Technology 1 Country 1 101-01-2000 Some event happened Actor 1 Source 1

Figure27 ¢ Platform snapshot of basic researcher input interface

It is important to realize that in the early stages of the platformkalbwledge producersre also
knowledgeusers but not alknowledgeusers areknowledge producersReason being that the used
frameworks and their functions and indicators are still@kin progress within research itself, hence

it would make it very difficult to converge them if anyone can add data without the necessary
theoretical background. In a later stage, when transition research frameworks and indicators are more
converged andwvell defined, the intention is that alsmore knowledgeusers have the option to
becomeknowledge producersn the platform. This would be beneficial for keeping data in the
research up to date. For example, if a study was conducted on offshore wind hetherlands in

2021 and if in 2022 a new event happens related to this technetogytry combination (e.g. a new
regulation or new target for the technology) this should be able to be entered by anyone, preferably
someone close to the source of the infioation, and not depend on the one person who did the initial
2021 study. Of course a system has to be developed that not any random information can be added,
removed or edited. There has to be some kind of control to confirm these changes are corregt. Bein
able to transform alknowledgeusers toknowledge producergan be a big step towards bringing
together research and practice and will be further discussed in Chapter 6.

4.22 Scope

There are many research areas in which sustainability transitionsestadale being applied. Part of
transition studies is understanding that all the areas are probably connected in some way. Take for
example energy and transport: transportation needs fuel that comes in a form of energy such as
electrical energy for electrieehicles or chemical energy (in the form of kerosene) for airplanes. At the
same time, the energy sector needs transportation in order to transport components to build new
energy power plants. These are only two of many linkages that show the dependetwgen
sectors. Although we know these linkages exist, mapping and connecting all of them between all
sectors and determining what influences a transition still remains an immense task.

In transition studies often a research is bounded to a specific @feahich the most common ones

are energy, transport, water and fogiarkard, 2020)In some cases this area is even narrowed down
further in technologycentred research where the goal is to understand the differences in diffusion of
technologies of aecific research area. For example by looking at the diffusion of fuel cell technology
for cars which are only part of the whole transportation sector. The diffusion of this technology can
be compared more easily with other car technologies, such ascdmbu8y Sy 3Ay Sa 2N 9+ C
lot harder to compare its diffusion witbther transportation methodslike bicycles or airplanes. To
understand and measure the diffusion of a technology a reference frame or scope has to be set.
This research is technolpgentred since one technology, offshore wind, is the focus of the research.
Neverthelessin order to understand if this technology will diffuse in a specific country it is important
to place the technology in context and compare it with other technolegiethis country. In this case
offshore wind, an electricity generating technology, will be compared with other electricity generating
technologies, hence the scope will be electricity generating technologiesother technologies will

then be part of he output, but they will not be analysed as in depth as offshore wind Wiik is
because eactechnology can béone as a separate caaaddoing all these cases would requadot

more time than available duringgn MSc. thes8 KSy OS> GKS WRIGFQ F2NJ GKS
assumedn a reasonable wayAnd if at some pointhe case studies for these other technologies are
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actually donethese cases could be inputted in tipdatform so that they ardinked toeach other to
form the complete picture of thelectricity generating technologies in a country or even the whole
energy sector.

The following example will try to explain how the electricity scope sits inside the energy sector more

precisely:
In general a country hats own energy sector which is composed of different forms of energy,
such as electrical thermal and chemical energy. Each form of energy can have a different
use, like the use of electrical energy to power up home appliances, thermal energy to heat up
buildings, and chemical energy as fuel for cars. The total share each form of energy has can
differ between countries, where for example a very cold country might be more reliant on
thermal energy for heating up homes and buildings with radiators whikerawarm country
might be more reliant on electrical energy to cool down homes and buildings with air
conditioners. Each of these forms of energy can be generated from multiple different sources,
meaning that there are different types of technologies thatld generate a specific form of
energy. Offshore wind energy technology is a technology that generates electrical energy from
wind at sea. It takes the kinetic energy available in wind and converts it into a rotational
motion which allows for electrigit generation at the generator. Hence, offshore wind is a
a2dz2NDOS FT2N) St SOGNAROFE SySNHe& 3ASYSNIdAz2zy 6KAC
energy demand. Other known technologies for electricity generation are for example PV,
hydropower, onshore wid, nuclear, tidal and fuel fired power plants from coal, oil, biomass
and gas. It is important to note that some of these sources are used for multiple forms of
energy. Take gas for example: a gas fired power plant uses gas as its fuel to heat up evater an
create steam to rotate a steam turbine which generates electricity, it transform chemical
energy to thermal energy and eventually to electrical energy. At the same time gasis also used
in home boilers to heat up water which can then be used for showern® run through
radiators in order to disperse the heat inside a building, so it transforms chemical energy to
thermal energy. Gas fuelled technology can in these cases serve both for thermal as for
electrical energy and this is one of the reasons whiyniteg a scope for transition research is
of relevance. Suppose a country has a specific energy demand of 50% thermal energy and 50%
electrical energy. If no electrical energy is produced with gas but all of the thermal energy is,
gas has a 50% share iretenergy sector scope, however it has 0% in the electrical energy
scope and 100% in the thermal energy scope. If the country shifts its energy consumption to
1% thermal energy and 99% electrical energy, gas can still have the 100% share in the thermal
energy scope, however this only counts for 1% of the energy scope. Understanding the scope
of research is important in transition studies especially if diffusion of technologies is being
analysed. Because if we would be looking at the transition of the ersexgr in a country of
which 1% is demanded from thermal energy and a single technology covers that whole
demand, has the technology diffused in the thermal energy scope? It would seem so, since it
is the only technology and covers the demand 100%. Buot fiee energy sector scope, has it
diffusedif it only accounts fol% of the total energy sector? Defining the scope is important
as the whole picture of transitions is very dynamic. Sectors are often linked and determining
if a specific technology is di§ing depends on what it is being compared to, or in other words,
what the scope is. In this example the scope is merely divided between energy and electricity,
however the scope can be adjusted in many more ways. Looking back at offshore wind energy
technology, which can reside both in the energy or electricity scope, it can also be regarded
within the renewable energy scope: what is the demand for renewable energies and how does
the technology compare to other renewable energy technologies? Or even ti eviergy
scope: how does it compare to onshore, airborne or floating wind energy technologies?
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As explained at the beginnimgf Section 4.2the assumptiorhas been made that all technologies
being analysed in sustainability trsitions research are biiibased on the same types efements.
These elementshould thus be constructedas general as possible in the platform to be applicable to
all technologiesAt the same timeltis first draft of theplatform hasbeen designedo be tested on

the Brazilian offshore wind cas&Vhich iswhy specific termsand concepts from offshore wind TISs
can be present in the platformbesign and whyhis researchwill be limited to the electricity generation
scope of Brazil as this should generate sufficientrmfttion for a platform template that helps
understand the environment in which the technology resides.

Indeed, other techologies within the whole energy sector (e.g. batteries and hydrogan)
technologies of other sectorsan also have an influence on the development of offshore wind,
however,analysing andaking allof theminto account wouldyo beyond the requirements of an MSc.
thesisand beyond the purpose of this researchlioild a patform template Neverthelesspnce a
fully developedplatform exists adding the datarelating to these other technologies should be
possible ané feature to allow selection of different and multiple scogbsuldalsobe availablesince
this allows for comparison from multiple perspectives and gives an even broader understanding of the
complete environment.

4.3TIS & MLBlementsfor Patform Template

Lookingat the knowledgeuserside of the platformwe have seen that theput for the users is rather
straightforward. A user only has to select the technol@nd country for which hewants the
information. The output on the other handrequiresmoretheoreticalbackground to be understood
The output of the platform is divided in three pariese are: iYechnologyenvironment, whichs
primarily based on théLPframeworkand strengthens the TIS framewoiil structural components,
which is a part of the TIS framewoakd can also pastl be found in the MLBramework iii) TIS
analysis from the TIS framework.
These thregartshave been constructeth the platformtemplate based on theheory discussed in
Chapter 3anduseda set of existingrapersthat also implement this theorand have similarities to
the case being implemented in this researh guidanceThe case of this research has thmeain
characteristics:

i) TechnologyOffshore Wind

i) Country: Brazil

iii) Theory: Combined MLP & THE&amework
The set of paperthat were usedvere chosen through a search in the search engine Scéjinssly,a
search was done that combined all three of these characteristics (Offshore wind + BA&EI& TIH
however no applicable papers were found Secondly, a search was dotieat combined two
characteristics (Offshore wind + MLP &; B&zil + MLP & T9®f whichtwo papers were foundhat
had a case that used the combined MLP & TIS frameworlhaddrazil athe country of research
Thirdly, asearch was donim which offshore wind was used as ttasetechnologyand that either the
MLP or the TIS frameworks were implement&tis last search produced 32 hits in Scopunsl after
filtering these studies to only the ones that contained explitibrmation about actors, networks
institutions, functions and indicatord,1 remained which were selectad be further analysedSo, in
total 13 different paperswere usedas a guidance to bldai the platform template These studiesan
be seenn the followingtable.
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Table3 ¢ Papers analysed and used as guidance for creation afl&é&MLP elementi the platform template.

Technological learning in offshore wind energy: Different

Smit T., Junginger M., Smits R. 2007 Offshore Wind
roles of the government
A Systemic Assessment of the European Offshaore Wind Luo, L., Lacal-Arantegui, R., Wieczorek, A. J., Negro, .
2 Innovation S. 0., Harmsen, R., Heimeriks, G. J., & Hekkert, M.P. 2012 Offshore Wind

Wieczorek A.J., Negro S.0., Harmsen R., Heimeriks

3 Areview of the European offshore wind innovation system G.J., Luo L., Hekkert M.P. 2013 Offshare Wind
Mechanisms blocking the dynamics of the European offshore

4 wind energy innovation system - Challenges for policy Jacobsson S., Karltorp K. 2013 Offshore Wind
intervention

5 Broadening thg national focus in technqloglcal innovation Wieczorek A.J., Hekkert M.P., Coenen L., Harmsen 2015 Offshore Wind
system analysis: The case of offshore wind R.
Analyzing interdependencies between policy mixes and

6 technological innovation systems: The case of offshore wind Reichardt K., Negro S.0., Rogge K.S., Hekkert M.P. 2016 Offshore Wind
in Germany
Unpacking policy processes for addressing systemic problems

7 in technological innovation systems: The case of offshore Reichardt K., Rogge K.S., Negro S.0. 2017 Offshore Wind
wind in Germany

. - . I

Established s.ecto.rs expediting cle'ar.\ technology industries? Makitie T., Andersen A.D., Hanson ., Normann H.E., )

8 The Norwegian oil and gas sector's influence on offshore Thune T.M 2018 Offshore Wind
wind power o

9 Challenges_and OppO-I’tLInItI?S i e gl o sl dos Santos Carstens, D. D., & da Cunha, S. K. 2019 Combined Framework + Brazil
photovoltaic energy in Brazil
Fmergence of floating offshore wind energy: Technology and Bento N., Fontes M. 2019 Offshore Wind
industry
Technological innovation system analysis in a follower Sawulski ., Gafczyriski M., Zajdler R. 2019 Offshore Wind

country —The case of offshore wind in Poland

Validating the “seven functions” model of technological
12 innovations systems theory with industry stakeholders—a  Aldersey-Williams J., Strachan P.A., Broadbent I.D. 2020 Offshore Wind

review from UK offshore renewables

A comparative study of biodiesel in Brazil and Argentina: An Nikas, A., Koasidis, K., Kéberle, A. C., Kourtesi, G., &

integrated systems of innovation perspective Doukas, H. a2 (Comiaituzt FrmE e (]

This set of papergAlderseyWilliams et al., 2020; Bento & Fontes, 2019; Carstens & Cunha, 2019;
Jacobsson & Karltorp, 2013; Luo et al., 2012kikiet al., 2018; Nikas et al., 2022; Reichardt et al.,
2016, 2017; Sawulski et al., 2019; Smit et al., 2007; Wieczorek et al., 2013 t@pther gives a
variedmix of ways in vihich TIS and MLP elemertave been useih studies. Although the majority
of the papers relates to offshore wirahd not other technologieghe assumption was made for this
research thatthe elements encountered foall technologies would be similapswas discussed in
Sectiod.2 Furthermorethe two papers thaimplementthe combined frameworlandwere included

in the analysis proceshd useothertechnologesas case, namely solar PV and biodieBeishelps to
broaden the perspectivtowards the elements but is nahe main goal of this research and could be
studied in the future.The three different parts of the platform templat@echnology Environment
Structural Componentand TISFunctionsAnalysis each contain different parts ahe TIS & MLP
elementsandwill be discussed individually next.

4.3.1Technology Environment

The technology environmemiartis based on thdLP frameworrom Geel42002)(seeSection 3.2
anduses a part ofhe TISramework(seeSection 3.3 #asaninput. TheMLPframeworkdescribesa
technologicatransition through thredevels namelythe landscape (&crolevel), the regimémesc
level) and the niches (micilevel)and places them on a timescale where the technology goesitiir

the emergence, diffusion and reconfiguration phasHsere is an interplay between the three levels,
where the regime is the focal level of the framework and cannfleenced by landscape presssre
allowing opportunities for niches to emerge, diffumadevenbecomethe new regimeTheframework

itself is often depicted through an image showing thdseels (see Figure 3). However, visual
interpretation of how the technology being studied fits in its environment and in the framework image
is hard to encounter in literature, while this could be a very useful, clear and compact way of
presenting the information. @&sides, building the framework in the platform allows for dynamic
interaction which can also show interesting information that cannot easily be interpreted on paper.
The image below is a representationhafw the original frameworkrom Geelg20®) could look in a
platform that portraysi K S ¥ NJ NyBoghetibil t@jéctory of changes between the three levels
(x-axis) over time (yaxis). In other words, over time things can happen in the landscape which
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influence and destabilize the current reginibis opens opportunities for niches to develop, diffuse
and maybe even become the new regime.

Home  Input  Output Sustainability Transitions Platform Research

Landscape

Niches

Figure28 ¢ Example of how the MLP framewarkuldlook inthe platform templateif directly copiedrom theoryas
presented in Geel&eels, 2002)

There are a couple of adaptatiotigat have to be madto thisgraphin the platform templatén order
to make it applicable for the purpose of this theSgecifically, these adaptations will beadeto the
x-axis y-axisand thegraph areaandwill be explainednd visualizeshext

X-axis:Timewill be decoupled from graph ardiffusion will be placed ornthe x-axis

1 Time:instead of having @omplete timescale on the axghowing the hypothetical
time trajectory of thetechnology environmentone single point in time will be
displayed on the grapfthat shows what the current status is of the technology
environment This hgbs to make the user understand which technology forms the
regime, which other technologies/niches are present and what landscape factors are
influencing these technologies at this momeiihe transformation over timés of
course still very relevanAs ca be seerin both papers thatused thecombined TIS &
MLPframeworks(Carstens & Cunha, 2019; Nikas et al., 20®2)cassareportrayed
over timethrough analysis of historic events. Nikas ef{2022)present their results
in agraph withmultiple tableswhere the events ardividedoverthree time periods
while dos Santos Carstens & da Curfp@19)presents the events as a sequence in
time written in text separate for each part of the analysBy taking advantage of the
dynamic aspectof the platform, time can be decoupled from the graph (not
removed) meaning thatl separate button is madiat allows the user to selethe
specific year or period thathe userwishesto analyse.This keeps thehistoric
structure of analysis irplace as could be seen in the papers d&adps the userfor
exampleto see how long the dominant technology has been the regimgow long
it took for it to go from niche to regimeOr from a landscape perspective, if the
country is suffering from a ails, how long has that been taking place?

9 Diffusion: since thetimescale will not be usedn the xaxis it becomes possible to

insert another scale which can quanttfye technologies based on their position on
the graph, which in this case will be thaliffusion Diffusion can be measured
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differently depending on the type of technology sector ands not always a simple
guantifiable valueln this casewhere an electricity generating technology is being
studied the diffusion will be measurduhsed on theotal installed electricity capacity
of a country The bigger the sham@ a technologys of the totalinstallationthe more
diffused it 8 and thesmaller the share theless diffused Completely diffused
technologies are at the rightand side of the grapiwhere100% share dhe installed
capacityis the maximum and would indicate that single technology covers all
installed capacitywhileemerging or phasedut technologies coved% share and are
at the lefthand side of the grapiJsingtotal installed capacityas the diffusion scale
allows the users to see how the technology being studied compares to other
technologies in the field.

Y-axis: TISscorewill be usedon y-axis landscapewill be decoupled into owrsegment regime
and nicheswill takeinternal graph positions

9 TISscore as describd in the TIS framework theorgeeSection 3.3.% the fulfilment
of functions can determine if the technology will diffusst easily.The nore fulfilled
the functions the faster the technology will probably diffuségowing the function
fulfilment is interesting for two reasons, namelyjn)theory it says something about
whichtechnologeswill probablydiffuse the most in the comingearsandii) it tells
which technological systems require improvemeaislin which parts TheTISscore
will be the average of the functiatoresranging froml (absen) to 5 (excellen). High
TISscores meanthat on average the functions akeeingfulfilled and thetechnology
is placed on the top side of the graphhile lowscores come from unfulfilledunctions
andshow the technology at the bottom of the graphfundamentaktatement of the
TIS literatureis that all functions must be fulfilled in order lmave an easy and fast
diffusion of the technologyAlderseyWilliams et al., 2020; Hekkert et al., 2007)
Averaginghe function scoress a single scoffades this notion away sintbe score
does notexplicitly tell if a single function imfulfilled. Yet, thisverage score still gives
an initial indication of how well the functions are doing on average can be further
examined in the TIS analysis section of the platform
Another point that requies attention regarding the TIS Scqparticularly in this
research is thatonly the TIS ofoffshore windin Brazilwill be fully analysedsee a
more detailed explanation for this choigeSection 4.2.2 This means that, although
other electricity generation technologies are included in the technology environment
part of the platform template their TISscoreshave not accurately been determined
through thefunctionalanalysis stepsf the TISut rather beenestimatedbased on
howthe installationcapacity increases or decreasktere the assumption is that: the
higher the installationof new capacityis, the higher the TIS score iSo, in the
technology environment part of the platform template multipgiechnologies will be
present butfor this researchonly the TIS Score of offshore wind will have been
determined through theTlSfunctional analysiddeally the TIS functional analysis will
also be applied to the other technologidgough the platformin future research, to
give a more complete representatiari the case.

The TIS score and functionsill be explained in more detaih Section 4.3.3f this
chapter.

9 Landscapein the platform the landscape will be regarded edernal factors that
influence both the regime and niche technologie¥hese could for example be
economic, environmental or geopolitical cridimit also culturafactors(see moreon
this inSection 3.2 Sincehere are different types of landscape factaréwhich some
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influence all and othexinfluence some of the relevant technologies tlamdscape
can better be regarded as an independent bladkisseparation of the landscape can
also be seen in the papef Nikas et al.(2022)which usesthe combinedMLP & TIS
framework

1 Regime and nichesThese twolayers of the MLP frameworkill be placedwithin the
graphas reference points for the combination of B&re(y-axis)and diffusion (x-
axis) Aspreviously mentioned, thd1Sscorewill reflect how wellthe functions of a
system are being fulfiled and these functiorepresent essential parts of soeio
technical systemshe more these functions are fulfilled the more this seeichnical
system has regime characteristics In the platform this translates as follows
technologieghat are in the lowedleft corner(low TISscoreand lowdiffusion)have
nichecharacteristiceind technologies on the tepght corner(high TIScoreand high
diffusion) have moreregimelike characteristicsAlthough sustainability transitions
scholars are still discussing how exactly the TIS andslic@works fit between each
otherthere is a consensus that the TIS resides somewhere between niotiesgime
of the MLP frameworkAlderseyWilliams et al., 2020; Hekkert et al., 200BY placing
the niche and regime in the gra@md associating with a TIS scor@llows forvisual
interpretation of this thought.

Home  Input  Output Sustainability Transitions Platform Research

A
o
g
)
v
v
2]
=

Diffusion -->

Figure29 ¢ Technology environment from Gef&802)with adaptations for platfornto present status at a specific
moment in time with an option to change the time (slider button on top left of screen). TIS score and diffusion@n axes t
represent technologies within the MflBmework.

Graph arealnside the graph area the relevant technologies will be placed according to their TIS
scores and diffusiorBesides these twthere are moregparametersthat could be of relevancor
userswhen comparingtechnologieswithin the same environment or even between different
environments.For this templatetwo other parameters were addedthich become visible wdn
hovering over the technologyrhese arehe installed capacityn MW and thelevelized cost of
electricity(LCOEN $/MWh.

1 Theinstalled capacityis indeedrelated to the diffusion(share of total installed
capacity)yet this valuehas more meaning when comparitgchnologies between
different countries. Aechnology might havan80% sharén installed capacityn one
country and 20% in another, but thepuldboth have the same absolute valukhis
could be interesting foresearchthat compares between countries

1 The LCOE a measur¢o determine the coseffectiveness of agchnologyand allows
for price comparison between different technologieger their lifetimeat aspecific
location(Raikar & Adamson, 2020)
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Figure30 ¢ Platform snapshot showingsual representation of th&echnology Environment with example of the dynamic
options of platform to make information appear if necessary.

These parameters have been added to the platform temp(ate can be seen iRigurel) because

they hold information that is deemed relevant fiachnology development in comparison with other
technologies Keeping in mind that the platform gives this flexibility to let researchers choose what
datathey believe isrelevant andwish toadd. For other cases even other or more parameters could
be added as long as the data is available and inpuedther essential advantage of tlemplete
platform is that any data that has been added should be clickable and trace the user directly back to
the source of the data. This also allows users to validate, change or compare datasets if required.

4.3.2StructuralComponents

The #ructural componeris form the pillars of the technologgndare presentin boththe MLP and TIS
frameworks. In the MLREhey are portrayed ashe multi-actor network involved in sociotechnical
regimeswherethe regime is the set of rules around the technoloffythe TISthey are described as
actors networks & institutions where the institutions are the set of ruledDifferent visual
representationof parts ofthe actor, network and institutions are shown in literatur&eels(2002)
presented the actonetwork as can be seen iRigure4 and below is a exampleof how theactors
and networkswere presented in Sawulski et £019)(the institutions were presented in text)
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Figure31¢ Actors andnetworks as presented b@awulski et akSawulski et al., 2018r offshore wind in Poland

In the platform templatethe structural components will also be includgdK S
present the actors, networks and institutioimsthe platformin a visually clear wayeaning that any
user thatinputs a specific technologgountry combinationshould see the corresponding actors,

I dzii K 2 NJ»a

networksand institutionsin a clear and structured wag the output. Making a table or a listith all

the actorsandnetworkswould not make theoutputsvisuallyclear, since many actors can be involved
in the technologcal systemThis wouldgeneratea very extensive list omeoverwhelmingable. It can
sometimes for examplemakeit very difficult forthe user to understand what fierent typesof actors
are involved and how they are clusteretihat iswhy for the platform template it was opted to
combineboth the design formulti-actor network Figure4) andthat of the socictechnical system
(Figurel) from Geelg2002)into a singleoutput that couldclearly represent this for the users visually

How this combined output looks like in the platform will lpeesentedin the following sectiongor
each part individuallyywhich in this case arie actors, networks and institutions.

4.3.2.1Adors

AyidSy

There is reason to structure the way actors are included in transition studies if we want to say
something about the completeness of the system. This can be important in cases where a single
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technology in one region is evaluated at different pointsinme, or a single technology is compared

for different regions or different technologies are compared in the same region. In all these cases
mapping all the actors tells much about the system itself and the differences compared to others.
The actor presetation differed betweenthe studiesthat were analysed (se€able3). In manycases

the actorswereplainly found in textin other caseghey could be found in a tabkndin few occasions

they were foundn a graph with actor division.

Table 2. Important actors involved in the TSIS for offshore wind energy, with their nation
of origin in brackets (DK=Denmark, NL=The Netherlands, DE=Germany, GR=Greece,
UK=United Kingdom, CA=Canada, US=United States)

Knowledge Turbine Project Component suppliers
institutes manufacturers operators
Denmark Rise (DK) Bonus (DK) Elsam (DK) Big role for Wind Power
Hub (DK}
Vestas (DK) Energi E2
(D)
United a0l Vestas (DK) Shell (UK/NL) a.o.
Kingdom
Rise (DK) Repower (DE) Npower (UK)  Wind Power Hub (DK)
ECN (NL) E.ON (DE) KBR (US)
ISET (DE) Centrica (UK) MPI(UK)
CRES (GR) Dong (DK)

Talisman (CA)

Figure32- Example of actors in a table for offshore wertergy TI$Smit et al., 2007)
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Figure33- Example of actors in a graph for offshore wind energy\WWigczorek et al., 2013)
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Besides the way in which the actors are presented, there isualstarity in actor selectioffor the
cases. Sometimes actorappear to beseleced onimportancebut it remains unclear whgneactor is
important and the otheisnot. In other cases only specific actppupsare shown, such as technology
developers and supply chain, while little is mentioned about actors in other groups such as knowledge
institutes or infrastructure This could suggest that some cases are incompethat some studies
aretoo detailedL y (G KS | dainkre defikecndlysiS ig preferred over an incomplete analysis
asthis gives anore preciseview of the systenand in the case it is too detailéke surplus information
couldalwaysbe filteredout afterwards

To preventthe selectivechoice of actors, n the platform template the actors will beplit into
predefineddivisions Where, for examplean actor that regulates the technology will be placed in the
regulatoisdivision or an actor that uses the technology will be placed in the users divésidrso on.
The thought being thaih order for a tebnology to diffuse alactorsshould bein plae regardless of
the country orregionbeing studied The actors from altegionscombined form the pool of thglobal
innovation system of the technologit.is expected that there might be some differendestween
types ofactors indifferent regionsor for different technologiesut for this researctit will be limited

to using the ame division fothe actors as it is expected that most regions will require the same types
of actorsin the societechnical systenand it is for now assumed thétr different technologies these
divisions arealsothe same For technologies that serve a similar purpggeg. generating electricity)
the actor divisionswill probably be very similathe differences might increase when looking at a
broader perspectie or between technologies of different sectofdevertheless, in this researcmly
electricity generating technologies will be taken into accoand it is assumed that their actor
divisions are the samédhis assumptioris strengthened by considering that a big chunkted actors
overlap between these electricity generating technologies in a specific re@ldaactor overlap
betweendifferent technologies was also pointed dutthe research by lkitie et al.(2018)between
Offshore wind and O& Gas in Norway

To clarify the actor divisioalayered construction has been made in the platform templeltéch can
be seen irFigure34.

Layer 1c The main actors divisionrfanyelectricity generating technolgy

Home Input Output Susfuinubilih/ Transitions Platform Research

Structural Components

: Regulators
= Financial = Knowledge
institutions - institutes

Electricity

Technologies

7Infrastructure _Components
=l Technology
cycle

Figure34 ¢ Platform snapshot of the layer 1 actors division for electricity generating technologies.
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As previously mentioned, in the platform it is assumed that all technologies that generate electricity
encounter thesameactor groups, which in this case are:

RequlatorsActors that impose and control the rules

Knowledge institutesActors thatgenerate angass orknowledge

UsersActors that use the technology

ComponentsActors thatmake/deliver techmlogy components

Technology cycléictors that implemenand operatethe technology

Infrastructure:Actors that facilitate the infrastructurto implement the technology
Civil_society:Actors from society that influence or are influenced by the technology
implementation

9 FEinancial institutionsActors involved ifinancialaspect of the technology

=A =4 =4 =8 -8 -8 -9

It may even bgossiblethat this holds for all energy technologieseven technologies of other sectr
however this has nobeen further investigated in this researeimd could be of interesfor further
research

These presented actor layers can be divided into smaller actor groups or divisions (layer 2) and those
can in turn be divided into smaller groups again (layer 3). This is visualized in the platform as can be
seen inFigure35.

Layer 2; Technology specific layethere suldivisionsare madefrom the layer 1 types of actotlat
relatemore closelyo the technologyeing studiedin this caséor offshore wind as can be seen in the
image below.

Home  Input  Output Sustainability Transitions Platform Research

I Regulators

= Financial = Knowledge
institutions = - institutes

Civil societ < Users

Wind

= Fishers =Companies
3 .

= B Infrastructure _Components
= Technology

= Balance
of plant

Figure35¢ Platform snapshot of the layer 2 actors division for offshore wind energy technology.

1 Requlators:
i) Government

i) NGOs
1 Knowledge institutes:
i) Academiaesearchers
ii) Company researchers
iiiy Governmentesearchers
 Users:
i) Utilities
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i) Companies (PPA)
1 Components:
i) Wind turbine
ii) Balance of Plant (BoP)
1 Technology cycle:
i) Development & project management
i) Installation &de)}commissioning
iii) Operation,maintenance & service
1 Infrastructure:
i) Ports
if) Electricity grid
1 Civil society:
i) Environmentalists
i) Fishers
9 Financial institutions
i) Debt
i) Equity

Layer 3 ¢ Itispossible to continue adding layers to gedre detailed information abowll actors and
their role in the technology chaifror example componesitis divided between wind turbine and
Balance of PlanWind turbinecould then beurther subdividedas follows
1 Components:
i)  Wind turbine
i. Rotor
1 Blades
1 Hub
ii. Nacelle
1 Generator
1 Gearbox (not always)
1 Shafts (if gearbox)
iii. Tower

Although these following layers exisind contain actors that have a specific function for the
development of the technologyhe actors of these layers acemmonly bound to the previous layers

For exampleghe wind turbineswhich are supplied by companies such as Vestas or Siemens Gamesa
require independent parts such as the blades and generatdigh can again be supplied by other
companiesWhile generallghe companies that delivethe wind turbineare responsible fodelivering

the final product andare thus responsible fahe following layersThis responsibility construction for
offshore wind technology i most cases established through midtintractng or engineer, procure
andconstruct(EPQcontracts(ORE CatapuBVG Associat¢sThe image below shows an Ef¥@tract
structure for the MordzeeWind projectvhere Vestas was the company responsible for the wind
turbines.
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Figure36 - NoordzeeWindtakeholder structure as presented in tieneral report for offshore wind farm Egmond aan Zee
(NoordzeeWind, 2008)

The next image showihe companiesn the following layers foWestas(the turbine supplier)in
combinationwith Ballast Nedanfthe main constructor)
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Figure37 - NoordzeeWind contract structure as presented in the general report for offshore wind farm Egmond aan Zee
(NoordzeeWind, 2008)

For this research and the platform template thructural components wilbe presenteduntil layer

2.In the full platform it would be encouraged to add more layers as this gives a more complete picture
andcan also give more insights between the connection of actors and otherWigre for example

a layer 3 companig part of both offshore wid and oilTISs.

Conplete actor layout, Once all the divisions until layer 2 have been established, the actors for each
division can be added. This can already present possible gaps in the structural components of the

technology.
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Figure38- Example of actors in the actor division of the platform template.

4.3.2.2Networks

The retworks are the linkages betwedtifferent actors.These linkagesome inmanyforms, such as
cooperationagreementdor exchangeof knowledge service®r resourcesln the studiespointed out
in Table3, the network presentatiorand the emphasigut onthe linkagesalso differed.In most of
the cases the networks werexplained intext. Often merged withithe part wherethe actorswere
presented.One example of a visual representatiohnetworks has alreadyoeen shown irFigure31,
from theresearch done by Sawulski et@019) Another visual representatiomas found in the paper
of Wieczoreket al. (2013) Thevisualrepresentation showthe actorsand their network linkages for
offshore windin European countrieand can be seen belaw

Q(U) DNV, DK o‘(5) Repower Systems, DE

o
ELM DK _0
O(lIl) Kenniscentrum Windturbine, NL(5) Council Central lab, UK- (LR RARSOR

QO
©,0) Univ Brussel, BE / ‘ (0) Univ Athens, GR
, ,/. \

e LR
— ~S&(5) DEWI, DE

e
(0) E-Connection, NL I |
‘l 2 ;
L =) Riso National Lab, DK
7//' et e (5) Kvaemer, UK
O(_s) ABB, FI ‘(S)L%slas Ap.”DK ] ' N

/ 6) Garrad Hassan, UK (5) Tu Delft NL
(¥

(i
.(B) Univ Oldenburg, DE ' ” (5) ECN, NL
X 7/
e

b 5) Univ Aalborg, DK (5) Tu Denmark, DI

*(5) CIE tech, ES

'(5) Univ Edinburgh, UK

(5) Statoil, NO

'(5) TU Trondheim, NO

(5) RAS, RU (5) Fraunhofer, DE,

(5) Univ Cork, |E
Al
(5) Dong Enevgy,PK (5) Acciona, ES

O(D) instASA GR (5) Tecnalia, ES

(5)1-Tech, BE

(5) EU Wind Energy. BE

(0) Espace, FR

Figure39- Network linkages between actors of offshore wind in Eufdgieczorek et al., 2013)
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The imageloes indeedhow theactor namesnd their linkages with other actor.even goeveyond
the presentation of thesdéwo parametersby adding additional data) the country of origin of each
actor, ii) the linkage valudt does howeveremain unclear whatypes of actors they are and what
typesof linkages have beemade.

To clarify the types of actors it makes sense to take advatange of the alea@ting actor structure
of the platform template (as described 8ection 4.3.2). Thatis why tre networks willbe presented

in the same place as the actors themselves in the platf@snis also mostly done in the pap&em
Table3. The platform then allows for interactiviiy which the user can select if the networks or only

the actor divisionsre visible Additionally, other interactive aspectan be added to the lptform
which can help the users understand the networks better
i)

By hovering over an actdhe linkages betweerthat actor and other actors within the
systemare highlighted.
i) By hovering ovealinkagethe specifianformationaboutthat linkage is shown
By making use of thesnteractivity options of the platform, a user can gletailed information about

the networks of the system. This could help impraeeuracy and consistency of research.
The imagebelow demonstratehow the networks and the interetivity options would be seen in the
platform.
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Figure40- Example of actor networks in the platform.
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Figure42 - Example of platform interactivity in the networks. In this case the user has selected a linkage between
'researchers' and 'wind turbine' manufacturers. This makedinkage and the corresponding actors be highliglzed
makesa tooltip pop-up with a description of the linkage and a link to the sowfahe information
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4.3.2.3Institutions

The institutions arelil KS a NHzf S& 2 F rufe&dn b leguldt&edlawg reguiations)
normative (socialprofessional standards social/professionalexpectations valueg and cultural
cognitive(beliefs)(Funfschilling, 2020)n the Table3 studies analyse(see beginning obection 4.3
the institutions weremostlyembedded in textSincethe platform will be designed to present MLP &
TIS information visualljt was opted topresent the institutions in a tablehere theSEA & G A y 3 & NHzf ¢
i KS 3JdndrtBeir explanationsire compactly presentetb the user Hence,a table hasbeen
included to the structural components of the platfolemplate.

Althoughnot implemented in the platforntemplate, interactivity could be implemented ifuture
versions.For examplei) by selectinga specificinstitutions the actors that are directly influenced by
them could be highgjhted; or ii) by selectinga specific acto or actor group their specific
valuesbeliefs/views with respect to the technology or other actors couldshewn. This would give
an even morecomplete picture of the structural componentsThis specific informatiocould be
obtainedthrough interviews o (ideally) be inputted by the actors themselves.

Theactors, networks and institutionsogetherform the structural components andre presented in
the platform template as a single paHow this is visualized in th@atform template can be seen in
the following figure.

Structural Components

Regulators

Financial = Knowledge
institutions institutes
~ civil soc|ety Technology

Infraslruclure Componenls

= Technology
cycle

Figure43- Platform snapshot of the structural componefastors, networks and ingtitions where no case has been
implemented.
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” Civil society

= Technology
cle

Figure44 - Example of structural components in the platform vdtimmydata. It shows a table with the institutions and
their descriptiorand the networks of the actor groups.

4.3.3TISFunctionsAnalysis

As the name suggestshea TISFunctionsAnalysisfor the platform templateis based on the TIS
framework.As described i®ection 3.3.4he framework uses a set of functions whi€kulfilled result

in easier/faster diffusion of the technologyte fulfilment of these functions is determined bgeore
whichin its turnis determinedthrough indicatorsEach of these indicatorepresentssome form of
data relakd to the technology angartially tells whether dunction is being fulfilledif all functions
are fulfilled thestructural componentshould in theory becomplete and working well, otherwise, if
one or multiplefunctions are not fulfilledthis can be linked back to a problem in the structural
components.

In TIS studies th&#IS SnapwtCisin some casebeing used to visualize function fulfilmefiiekkert,
2020) In someof the studiespresented inTable3, thishasindeedbeenincludedto the results of the
analysigLuo et al., 2012; Sawulski et al., 2019; Wieczorek et al., 2013, 2016xample of such a TIS
Sapshot(from the Wieczorelet al. (2013)paper)canbe seen in the following figure.

Offshore wind TIS Netherlands

Entrepreneurial
activities
S >
4. Knowledge
¢ ‘development

Legitimacy creation

Resources | L

RS ~ Knowledge diffusion
mobilisation

\ Guidance of the
search
Figure45- TIS snapshot for offshore wind in the Netherlands in 20fiéczorek et al., 2013)

Market formation®

The TIS Snapshuwill alsobe presentin the platform template asthis is one of the strong points of
visualdata representation in sustainability transitions research. A snapshbbwfthis looks in the
platform templatecan be ser in the imagebelow.
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Figure46 - Platform snapshot of the TIS analysis section.

A big difference between having the TIiSapshot on paper or in a platform @nce morethe

interactivity. In the platform templatea user has the possibility to see direatiich indicators were

used to determine the function scof®/ hoveringon the specific functionlhe imagebelow showsan
examplewheréF dzy OG0 A2y W A& &St SOGSR/ RyzRG BB furictdiSskdie® 1 G W¢
of 3 which was determineffom daa of 4 differentindicators.

Additionally in a more developed version of thalatform, the user should be able to click dne

indicators and their data to be directly redirected to the source of the informasioice thishelps

verifying the information andis relevant for research.

Home  Input  Output Sustainability Transitions Platform Research

TIS Analysis

Technology X - Country X

Function |

Figure47 - Platform snapshot of TIS analysis with interactive featByehovering over the function sca@¢ooltip popsup
in which the specific indicators used and tleeirresponding results are shown.

Thefunctions and indicatorfor the TIS Analysis of this reseasgltl alsobe based on whais being
used in thepapers ofTable3. Almost allof the paperautilized the functions as described by Hekkert
et al.(2007) In a fewcaseqBento & Fontes, 2019; Jacobsson & Karltorp, 201&s optedto utilize

the functions as described by Bergek ef{(2008) One of the studies in particulg§AlderseyWilliams
etal., 2020Jocussed on validatinipe functionsthrough an offshore windcase in the United Kingdom.
Their studypointed out that thefunctions of Bergek and Hekkert are in principle very similar and
showed that the seven functions of Hekkeital. (2007)are necessarand thatthere is no direct
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necessity for usinghe eight functions as is don& Bergek et al(2008) the choicewould mostly
depend on the researchers preferencehey further concluded that an additional function should be
addedin both caseswhich relates to contextual factors which in the case of the platform template
can be found back in theechnology environmnt section.Besides these two there are other sets of
functionsbeing used in literature, such as, thenctions as described by van Alphen e{2007)which
aredesigned to better incorporate the TISs of developing counteadthe functions as described by
Edsand(2017)which divided some functions in a national and an international paryrasp the
difference between tese two parts more preciseligven though Brazs still regarded as a developing
countrywhichwould fitwith the description of the van Alpheet al. (2008)or Edsand (2017) functions,

it would not make sense foresent the first template of the sustainability transitions platform through
a set ofmore case specific functionshe idea of this research ishave a first generaémplate which
can then be further developed and adding and editing other functions is most defiaifebture that

is desired, bushould be looked at better in a further stage.addition, plitting up the national and
international functionshas in some cases not been necessary as these parameters have been
presented as separat@dicators within thefunctions of Hekkert et a{2007)or Bergek et al(2008)
(Bento & Fontes, 2015; Gosens & Lu, 2013; Vasseur et al., 3dhdprly,separate indicators have
been used within the Hekkedr Bergek functios which focus on the aspects of developing countries
(Esmailzadeh et al., 2020; Kebede & Mitsufuji, 2017; Wandera, 202f@hermore,the two papers
that have used Eazil as the case country froirable3 utilized the seven functions of Hekkert et al.
(2007) which indicates that case in Braziloes not necessarily need tde tied to functions
specifically designed for developing countries.

Given these findings, the seven functions as described by Hektladr{2007) will be used as the basis
for the case in this researcfihese arel) Entrepreneurial activities, 2) Knowledge developma&nt
Knowledge diffusiand4) Guidance of the searcl) Market formation 6) Resources mobilizatiorT)
Creation of legitimacyDetailed descriptions of each individual function can be fourseiction 3.3.4

It is important to realize thatn a future stage, whemhe platform is fully opeational, researchers
should be able to makeseof its dynamic propertieg the functions as well, meanirtgat theyshould

be able to select and input a different set of functions if they desifertaheir research

In order to determine if the functions arelfilled a set of indicators will be used for eaftimction.
These indicators can be qualitative or quantitative and will give a meastoehasv strong dunction
is in the innovation system. For example, an indicator for entrepreneurial activitiesqitl)be the
number of new entrants in the TI$or resource mobilization(F6) it could be theavailability of
specialized training program@/ieczorek et al(2012) created a table with set ofpossible indicators
for each function This table can bgeen below.
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Table4 - TIS functions anexampleindicators(Wieczorek, 2012)

Function Indicators are for example:
F1 entrepreneurial | New entrants, experiments, start-ups, diversification activities
activities

F2 knowledge R&D projects, demonstration projects , patents, journal publications,
development reports, prototypes

F3 knowledge Workshops, conferences, network activities

diffusion

F4 guidance of the | Long-term targets of governments and industries, expressed visions,
search alignment of expectations of relevant actors, Visions, expectations, policy
documents, demand articulation by leading customers

F5 market The number of niche markets, specific tax regimes , new environmental

formation standards that improve the chances for new environmental technologies

F6 resources Human capital: education, specialized training programs

mobhilisation: Financial capital: venture capital, public seed money, private investments
Physical: natural resources, infrastructure

F7 creation of Size and growth of interest groups/advocacy coalitions and their lobby

legitimacy: activities, size of network around technology, actions that legitimize

technology, number of exhibitions / workshops, technology platforms

This tableis a good starting point, butven now, 30 yearsfter the first steps in sustainability
transitions research have been s#tere isno exact or predefined set of indicators that should be
usedin a caseThe choice of indicators varies betwegapers. What makeisdicator selection even
more complex is thadlthough some indicators are more recurring and easier to pointiaytapers
some gpear to beeither encrypted in textmixed upwith other indicators or plainly left out.

For this research the tableith example indicatorérom Wieczorek et al. (2012) has been used as a
basisand has been updated withthe indicators that were fond in the papers from Table.IThis
resulted in thefollowing set ofindicatorsbeing used for this research case:

Table5 - Specific indicators used for this research case.

Functions Indicator 1 Indicator 2 Indicator 3 Indicator 4 Indicator 5
F1 entrepreneurial New entrants Experiments Start-ups Diversification

activities EECUEES

F2 knowledge R&D projects Demonstration projects Patents Journal publications Prototypes

Development

F3 knowledge Workshops Conferences Network activities Webinars

diffusion

F4 guida nce of the Long-term targets of Expressed visions Expectations Demand articulation

search governments and industries by leading customers

F5 market Specific tax regimes Policy instruments Size of the market

formation

F6 resources Human capital: Human capital: Financial capital: Financial capital: Physical:
mobilisation Education Specialized training programs Public seed money Private investments Infrastructure
F7 creation of Actions that legitimize Level of competition between

legitimacy technology technologies

The main differencem indicators compared to the bas$ Wieczorek et al. (2012) are that:
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1 WeportQ av@sHrémovedsince thisindicator would bedifficult to precisely measurand
has not been used in any of the papergable3.

T w2 S0 A Y | wasitzludédCtbishiwas a personal addition of the author given tiiebal
changeof information exchangeue to social distancing during the COMdDpandemic.

1 Wt 2 dosudeénsQF4pwas removed, as thisdicator seemed unclear as to what it would
measure and was not encounteredany of the papers iffable3.

T WbdzYoSN) 2FS§AOKECNONBI & NBLX I, DiSWas mare clearly S 2 F
found in other papers ofable3.

T YbSg SYGANRYYSyYy Il f a0l yRI NRa nevil KrvitbnmeéntdlLINE @ S
0 S OK Yy 2 (F3vad répiady policy instruments, which was also more frequently used
in papers offable3 and gives a broadgrerspective

1 WhbdzNi £ NIFB)2vdsNdnSved) as this would be difficult to precisely measure and has
not been used in any of the papersTiable3.

9 Y{ATS YR INNROAXRFROFOSABAO2Bt AGARTAT BYRTIF
ySig2N] | NB dzyFR) wars @rioyedl fag dés@would be difficult to precisely
measure and have not been used in any of the papeTabie3.

T WbdzYoSNJ 2F SEKA O Aviai raryoiied, las thisAsNdiniil& ® ts ibrksh@ps 0

indicators of F2.

We SOKy 2t 238 LI FGF2NXVaQ o Crt inTable3disedNBsY2ia®R> | a

PSPSt 2F O02YLISGAGAEY) was &ddedl, aSihyis wisSlgnknted ih oAl S a Q

of the Table3 studies and would nicely relate back to the technology emnment section of

the platform.

=a =9

These indicators are used dieterminethe final scoreof each functionin literaturethe scoring of the
functionsremains slightly unclear.

Building on the point previously madthat it sometimes idifficult to determine which indicators

have exactly been used atalwhichpart of the text theansweris directly linkedthe scoring has also

become quitevague to determinesince a score is given based on the chunk of peesented for the

function. Often the scoring of the functions is done onSgpoint scale(1 = absent 2 = we&; 3 =

moderate; 4 =good; 5 = excellen}. Although it should in most cases be possible to differentiate

between a 1 an@ 5 from the text, it can become quite difficult tofflirentiate betweena 3 and a 4

for example.The scorecan differ betweerresearcherslepending on howvthey interpret and weigh

different parts of the information.

Toreduce thisvariance irfunction scorathe platformtemplatewill be built so thateach indicator is

processed individually and that each of the indicators gets its svane.The final function score will

be basedon the averag@ ¥ | £ f (G KS ¥ dzy O As€oresiodethbkSThikiSuds thalS A Yy RA
all the indicaors are weighed equallgn clarifies better which indicators within the function are weak

or strong.This approach has also been implementedh®/Table3 paperSawulksi et al. (2019)

The indicatos will thus be scored on%point scale where 1 = absent; 2 = weak; 3 = moderate; 4 =

strong; 5 = excadht, and this score will be based Ianalysing the result for each indicator and
comparing it to the results of th&@able3 papers where possibleso if for examplérom analysist is

perceivedi KI &G G KSNB I NB wmn WyeddperSad ZONY & a4 & Qyiith Ebegidi & §R (0 F
of 4 and another study hatiWy S g S yithbscgréiciX) G KSy GKS a02NB F2NJ (K.
in this case will be 8. This does indeed not congikly removeall the variance sincthe indicator

scores will bebased on what the reearcher sees as weak or strofidat is why scoring indicators

instead of the functions directly will only reduce the variandeeplatform should eventually help the

scoring system, because the endit is better to score indicators compared to what is seen in other
casesFirstly, by comparing the same technology in different countries and sedmndlymparing the

technology to diferent technologiesThis gives a much better approximation of what the score should

be without personal bias. This is however something idltonly exist in a future development stage
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of the platform, since more casashould be implemented to be abte compare them.This will be
treated further inChapter6.
Once the indicators have been scored, the functions scores are automatically calcaatednce

these scoresare available theF Ay £ We¢L{ {O2NBQ OFry 6S 3ISYSNI (SR

function scorest KA a4 We¢L{ {O2NBQ Aa (GKSy O2dzL SR o6l O]

platform (seeSection 4.3.1and is strictly speakingnot a recommended way of preseingy the TIS
functionality, since each function should be fulfilled indidtiy By averaging the score the unfulfilled
functionsare maskedand could induce the user to believe that a TIS is functioningéllS W ¢ L {
does however present the avega functioning othe TISsimply which makes it a nice addititmthe
technology environmergraphby coupling the TIS to its environméhtised consciously.

4.4 Summaryof the Platform

In this chapteithe ideaof the completeSustainability Transitior8latform(STPhas been presented.
TheSTP comprisefi¢ two theoretical perspectivesxistent in platform literature, namely:
i) Engineering design perspectiwvenhere the platform serveasa digitaldata interfacebuilt
on compuer software whereresearches are able toinput and analys data related to
sustainability transitionsvhich also allows them to improve and innovate the theory
within the platform itself
i) Economics perspectivevhere the platformis regarded as a triangular business model
forming a bridge letween sustainability transitiongesearchersand policy makers, or
more broadly between knowledge producers and knowledge ubatsexponentially can
growthrough network effects.
The scope obuch a platformincluding all the different frameworks and aspectssofstainability
transitions research, is hugend will require a lot of time for developmentesting and applicatian
That is why for this thesis researonly a templateof the platfam has been designed which only
considers part of the whole sustainability transitions reseanctifunctionalities ofthe platform and
should serve aan initial step towards the development of the compl&&P
In this research glatform templatehas ben built that mostly resembles an innovation gdtam in
whichonlya combination othe MLP and TIameworkshasbeenimplemented The combiation of
these two frameworks has beenselectedto present casesof technological innovation system
including theirexternal factorsThe platformtemplatehas been designed based on what is described
in the theoryof the frameworkshow it is being applieith casesnd how it has already been visualized
Since the platfan templateis meant to simplify the theory anlgring it closer to practioners,it has
been divided in an input and an outpwction (seeFigure25 and Figure26, respectively)The input
section is meant for users of the platform templateto select which technologynd country
information they require. The outputsectionshows theinformation related to thetechnology and
countrythe userselected.

Theoutput sectionhas been divided ithree different parts which are

1. Technologgnvironmentin whichthe technology of interesis shownwithin an environment
that contdans the competing technologiesincluding some technology specific datand
landscape events that influence the technology.

2. Structural components in which the actors, networks and institutions of the innovation
system are presented

3. TIS FunctionAnalysisin which thestatus of the TIS shown kasedon thefulfilment of the
seven functions as described by Hekkert (2007)

Each of these parts should presemnfiormation to the usesof the platform templatethat should help
them undestand what factors are inducing or blockirfigr the development and diffusion of the
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technology in the country at han@hethree parts of theoutput are built basedon case relatedlata
that has beerfound through researctand inputtedin the platform template database

The platform templatewill be usedin this researctasa first draftto show how casedata could be
inputted into the platformtemplate andwhat the obtained outputs would mean from a researckea
perspective.This willbe done through a case for offshore wind in Bradih a boundarywhere only
electricity generating technologies in Brawilll be considered for thenalysis. This casaill be
presented in thenextchapter.

57



Chapter & Case: Offshore Wirtehergy Technology Brazil

Now that thetheory behind the platform and the functionalities of the platform template have been
explained, a case will be presentexthis chapteto demonstrate howthe platform templateactually

works. This will give aditer understandingof how case implementation takes plaesad what the
resulting outputs look likén the platform viewedfrom a user perspectiveThis in turnwill present
discussion points ofvhat works well and what could be improvéy implementing sstainability
transitions research in a platform.

The casef this research is offshore wind energy technology in Brazil. This case was chosen because
variousactors of the Brazilian energy sector have stressed the necessity for diversification from the
hydropower dominated energy regime and even though offshore wind energy technology has not
been installed in Brazil yet, it appears to have a very high technical potential and it has been gaining a
lot attention from national and international actors in tiest couple of year6€lGWEC, 2020)

The first step for this case entailed gathering data that is directly or indirectly related to offshore wind
energy technology in Brazil. This data varies from development companies signing agreements with
suppliers or government agencies, to universipeblishing research articles, to government agencies
applying new regulations, to price competitiveness with other technologies, to landscape effects on
the technology, and so on. This data is then decomposed through the questi@ais: who as has

been eylained inSection 4.2.1Thewhat question represents the specific event. Thieo questions
represents the actors that were involved in the event. As explained in the previous chapter, this data
should represents all the events around the technology anohtry being analysed and due to it being
historical it should not change over time aslgdouldin theorynot differ between two different studies

on the same technologgountry combination.

The second step is to allocate the gathered data into the sp@d&i@and/or MLP framework elements

in the platform. These elements can be found in one of the three sections in the plaffechnology
Environment, Structural Components & FliBctionsAnalysis Keeping in mind that a single event can
hold data for muliple sections (e.g. new entering actor is data for both Structural Components and
TISFunctionsAnalysig; function 1).

Once these steps have been completed the platform should render the outputs that give a visual
representation of the TIS and MLP framealwelements that tell something about the development

of the technology. The platform useshould be abléo interact with the outputsand the underlying

data in multiple manners toncreasetheir understandingof the case

For this research the data anlde platform outputs will be split up in three time periods that mark
significant changes in activity of offshore wind development in Brazil according to the author. These
periods are:

1 2002 to 2010
1 2011to 2016
1 2017 to 2021

Although the full period are analysedpnly snapshotef the platformfrom the first year(2002) and
the last yearof the periods(2010, 2016 and 2021yill be presentedasthese representhe starting
point and thefinal status ofthe periods. In a moredeveloped stage of the pif@rm the usershould
be able toselectthe periodsdirectlyaccording to their interestinstead of the predefined yearly range
as is the case for the platform templafEhe user should, for example, be able to setesingle period
from 2002 to 2021 oevenmore different periodsthan the three seleted for this researchvith a
smaller range

The data and corresponding outpuas seen in the platform template will be presented nixteach
of the three specifiedperiods.
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5.1Period 2002010

5.11 Technology Environment

To understandhow offshore wind energy technology is developing over the y&arBrazil it is
important to takecontextual factors into consideration. This includes looking at other technologies
and landscape factors thabouldinfluenceit. For many yeardhydropower has been thdominant
electricity generatingtechnology inBrazil The firstBrazilianhydroelectric power plant waalready
installed as early ak889 having a potential of 250 k\{Esfera Energi@2021) From that point orthe
amount of hydropowerinstallatiors only increasedand so did theircapacites In 1984the 14 GW
Itaipu hydroelectric plant was installashich wasthe largest ofits kind inthe world at that time
According to thedatalLJdzo f A a KSR o6& (i KS eléchidty>systenNdpératora®nast7g I G A 2 y |
GWof hydroelectric plants had been installed in Bragi2002 whichaccounted for88% of the total
installed capacityn the country(ONS, 2022Y0ther technologiesvere also part of theelectricity mix

but their sharein installed capacityerefar lower thanthat of hydropower As presented in the ONS
data, the biggest competitors where primarily fossil fuel based thermal power plahish together

had an installed capacity afound8.7 GW(Coal 1.3 GWGas3.5GW: Oil 1.2 GWOther thermal 2.7

GW). Besides the fossil fuel intensive power plaalso nuclear energyas introduced to the mix with

a single plant 0640 MW andiomass witlihree plants that togetheihad a capacity a1 MW. Other
renewable technologies such aslarPV, onshore and offshore wind energlad not made an entry

to the electricity mix yetA summary of the mostelevant valuegor these technologiefor the year
2002 has been made based on B&IS dataetand can be seem thefollowing table.

Table6 - Brazilian electricity generating technologies data for the year 2@RS, 2022)

il Total Installed Capacity Installed Capacity Electricity Generated LCOE
(cumulative) [MW] (year) [MW] (year) [GWh] [$/MWh]
Hydropower 69,769 (88.1%) 2,780 (47.6%) 317,902 (91.0%) No data
Gas 3,484 (4.4%) 1,326 (22.7) 6,652 (1.9%) No data
Coal 1,308 (1.7%) 0 (0%) 2,826 (0.8%) No data
oil 1,217 (1.5%) 50 (0.9%) 2,760 (0.8%) No data
Nuclear 640 (0.8%) 0 (0%) 13,837 (4.0%) No data
Biofuels 31 (0.0%) 1 (0.0%) 115 (0.0%) No data
o\r"jihn?;e 0 (0%) 0 (0%) 0 (0%) No data
Sg'\?r 0 (0%) 0 (0%) 0 (0%) No data
chi:::e 0 (0%) 0 (0%) 0 (0%) No data
Other 2,716 (3.4%) 1,685 (28.8%) 5,151 (1.5%)
Total 79,165 (100%) 5,842 (100%) 349,243 (100%)
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The beginning of this periosharked a change in the Brazilian electricity systeBnazil had suffered
from extreme droughtsin 2001 and 200&and hadat the same timeseenthe rate of electricity
consumption increasat 4% whichwas well above the increase rate @kctricity production Given

that at that time Braziln electricity was largely dependent drydropowe, and consequently the
water levels of the damshe combination of droughts and increasing electricity consumption lead to
an energy crisidJOL, 2005)

The information above represents thaput data for the4echnology environmet & S Oihél 2 v
platform template for a case of electricity generating technologneBrazil By inputting the datain

the platform templatethe following visualizatiofFigure48) can beseenin the platform:
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Figure48 - Platformsnapshot thatrepresens the technologyenvironmentsection Includes technobies and landscape
factors influencing offshore wind energy in Brazil in the yea2.200

On the top left of thefigure we can see three circles representingffshore wind technologys, ii) Brazil
and iii) the year 20022t the topof the graphwe seen twdandscape factors in blue blocks, namely i)
the electricity consumption of 4% per year aiijddroughts encountered in Brazithefigure above
alsopresents the technologies on specific positiomshe graphbased ortheir diffusion and thai TIS
ScoresHere the nich@echnologies are located at the bottom left the graph and the regime on the
top right of the graph, in this case being hydropowas. has been explained Bection 4.3.1the
diffusion is basedn the technolo@ <xhare indtal installed capacity and the TIS sciwr¢he average
of the function scoregletermined in the TIFunctionsAnalysis. In this research the TiBctions
analyss has only beenarried out foroffshore windwhile the TIS scores of the other technologhess
been estimated based on thdimcrease in installed capacity.

Figure 49 illustrates the dynamicfeatures that can be used in the platform. By hovering over
hydropower thetechnologydata (fromTable6) can be visualized next to the technolo@he data
that is visualized can vary depending on the users preferencés sélection has been made by the
author because it was deemed relevant as explainegeictiond.3.1
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Figure49 ¢ Platform snapshot withy@ample ofthe dynamic features. By hovering oetechnology more information can
beretrieved. ih this casehe TIS Score, capacity share, installed capacity and af@@&opower in 2002 are presented.
Note that there is no datavailablefor the LCOIRn this period.

The experience of thenergy crisidrought a new perspective on how trenergy system in fazil
should be handledFrom aregulatory perspective new lawand programswere being set upthat
would protectthe energy syste. One exampleis the PROINFA programwhich was developed to
incentivizeelectricity production throughalternative sourcesThis led to the entrpf onshore wind
energy technology to thenix andgave a boosin new biomass installations.

According to the ONS dat®NS, 2022)between 2002 and 2018razil had increaseits installed
capacity from around 8GWto 105 GW 3% increase)Gas installations haiticreased by more than
4 GW, whilddiomass, nuclear and oil had increased slightly more than 1N&Wértheless, the biggest
increase was still found in hydropower which accountedaimund 14 GW, whicls more than half
of the newly installed capacityBy the end of this period (2010) hydropower was il far the
dominant technologyut had seen its total share in thadectricity mix decrease from 88.1%16.6%.
Theselecteddata for the technologies at the end of the period can be sedhdrtable below.
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Table7 - Brazilian electricity generating technologies data for the year 2@AS, 2022)

Total Installed Capacity Installed Capacity Electricity Generated LCOE

Technology

(cumulative) [MW] (year) [MW] (year) [GWh] [$/MWh]

“\V\' Hydropower 83,794 (79.6%) 1,716 (40.9%) 426,207 (88.6%) No data

Gas 7,650 (7.3%) 254 (6.1%) 15,531 (3.2%) No data

Nuclear 1,990 (1.9%) 0 (0%) 14,524 (3.0%) No data

(-‘;.'9‘"3

E oil 2,805 (2.7%) 1,289 (30.7%) 5177 (1.1%) No data
T8

J%0,

Coal 1,308 (1.2%) 0 (0%) 2,085 (0.4%) No data
3% .
i Biofuels 1,252 (1.2%) 675 (16.1%) 3,093 (0.6%) No data
Onshore
%=' e 568 (0.5%) 258 (6.2%) 1,448 (0.3%) No data
% Sﬁ'\j" 0 (0%) 0 (0%) 0 (0%) e i
Offshore
é b 0 (0%) 0 (0%) 0 (0%) No data
Other 5,887 (5.6%) 1,685 (28.8%) 12,943 (2.7%)
Total 105,254 (100%) 4,191 (100%) 481,007 (100%)

During this periodetween 2002 and 201®razilwas doing economically well which was reflected in
anaverage GDP growth raté 4%(The World Bank, 2022n the year 201GDP growh rate even hit

as high as 7.5%which had not been seen in the country since thely n Q& ® . NJ | A ¢ RAR
continueto suffer from droughtsiuring this periof whichthe ones in 2005 and 20Hyainlead to

instability in the éectricity system(Camara dos Deputados, 2022he 2010 data within the platform

looks as follows
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Figure50- Platform snapshot that represents the technology environment section. Includes technologies and landscape
factors influencing offshore wind energy in Brazil in the year 2010.

In the platform figure for 2010 we again see twadacapeactors in the blue boxes at the top, which
are i)GDP growth rate of 7.5% amijl droughtsagain.Within the graphthe technology positionsn

the xaxishas remained rather similar except thaydropower has slightly decreased its diffusion
share moving it to the left, and the niches have gained spmeving them to the rightOn the yaxis,

one movement that particularlgtandsout is that of onshore windt has risen above th&lS Score of

the other nicheswvhich places it further at the top dhe graph.Even though the TIS analysis for this
technology has not been carried out, according to the theory the function fulfilment should be working
well in order for a technology to diffus&his change in TIS Score has been estimated based on what
is known about the future development of the technologis we will see in the next period the
installed capacity of offshore wind increaselot compared to that of the other niches

5.12 TISStructural Components

The structural components arthe pillars of the technology being studik which in this case is

offshore wind.Data was gathered relating specifically to this technolddpe first event encountered

in the data dates back to 2002 when the company EodliesiBwas officially registered with the

specific purpose of developing an offshore wind energy project in Brazil. The following event identified

only happened in 2008 when a research paper was published by the University of Deldi e

the United Sate9), tited: W/ 2 YOAYAYy 3 YSGiS2NRf23A0Ft adldiArzya |
2FTAK2NBE 6AYR LIk g6 SN NB JHsdasI@lowadtoy dnétuaiirés&arcld ppSeNy, . N
published in 2009 that was conducted by the Federal University of Rlardsro (UFRJ) and CEPEL, a
subsidiary of stat@wned electricity company Eletrobras. The final event identified in this period

relates to the memorandum of understanding (MoU) signed between Braailidity company

Neoenergia and Spanish company Ibetdtoln this MoU the companies pointed out their interest in
codeveloping both onshore and offshore wind in Brazil.

In the platform, theactors aredivided in their respective actor divisions and aresented through

their logos. Their visualizatiomithe platform template athe end of the period (20103 as follows.

2 Neoenergia is a subsidian§ Iberdrola.(https://www.iberdrola.com/pressroom/news/detail/neoenergia
subsdiary-iberdrola-debutspaulo-stockexchangebrazitslargestenergysectorplacementsince2000
31n some casethe actorlogos coull not be found and have been exchangedtfe actor name
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Figure51 ¢ Shapshotof offshore wind energy technology actors in Brazil in 2010.

From the figure we can see thsik actorgFederal University of Rio daneirg University of Delaware
CEPELWNeoenergiaEdlica Brasillberdrolg have been identified over four different actor divisions
(academicresearchers; nofacademic; utilities; Develapent & project management)Many of the
actor divisions remain empty, whidan be identifiedby theempty ringwith no actor logos

From the data in this period the two networks that could be identified where the published article by
UFRJ in cooperation with CEPEL (linkage mthaeademic and neacademic research) and the MoU
signed between Neoenergia and Iberdrola (Developer and electricity distribution compartipe
platform template these networks are visualized as follows.
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Figure52 ¢ Shapshotof offshore wind energy technology networks in Brazil in 2010.

As alreadymentioned in thetechnologyenvironmentsection of this periodthe energy crisis &001-
2002 had pushethe creation of new regulationg\n important onen this period was th ROINFA
program which incentivizes thiemplementation of alternativeslectric energy sources to the Brazilian
electricity matrix.Thisdid indeed lead to the installation of the first onshore wind enepggject in
Brazil as an alteative sourc ONS, 2022)Althoughthis program did not lead to thistallation of
offshore wind projects, it helped as an incentive to look at the technology as thetlirsup was set
up during that period.

The energy crisis also gavbetter perspective on the effis of extreme weather conditiorend their
relation to climate change. Thigs incentivizeductions specifically designed for renewable energy
generators andhe National Climate Change Poligheidentifiedinstitutionsfor this time periodcan
be seen belovas they are presented in the platform template

Institutions Description

Laws 8.987/1995 and 9.074/1995 Address the process of granting concessions and authorizations for power
generation.

Law 10.438/2002 Institutes the Incentive Program for Alternative Sources of Electric Energy

PROINFA, being the first legislative act to encourage the implementation of
renewable sources in the Brazilian matrix.

Law 10.848/2004 and Decree 5.163/2004 Allow the participation of wind sources in the auctions of energy in the Regulated
Contracting Environment (ACR) to serve the distributors.

Law 6.048/2007 Amended for auctions specifically designed for renewable energy generators.

Law 12.187/2009 National Climate Change Policy to reduce emissions of greenhouse gases and
mitigate climate change.

Figure53 ¢ Shapshot of offshore wind energy technology institutions in Brazil in 2010.
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5.13 TISFunctionsAnalysis

Data has been gathered relating to offshore wind in Brazil and where possible each datapoint has been
attributed to a function, or more specificallgn indicator.A summary of thdound data and their
respective indicators can be seen below as well as the Tilaknapshdbr the year 201@&sis seen

in the platform template.

Score
(1to 5)

2

Function 1 — Entrepreneurial activities

1 = Iberdrola (OffshoreWind.biz, 2010);
New entrants are rated as weak.

0;

Experiments are rated as absent.

1 - Edlica Brasil (CNPJ, 2002);
Start-ups are rated as weak.

Diversification 1 = Neoenergia (OffshoreWind.biz, 2010);
activities Diversification activities are rated as weak.

1  New entrants

2 Experiments

3 Start-ups

Based on the average score of the indicators, the function fulfilment of
entrepreneurial activities is weak. There are too few new entrants, start-ups and
diversification activities and experiments are absent.
Relative to other papers this score seems to be acceptable. Wieczorek et al.
(2013) have given offshore wind in Germany a 5 for having high quantity of all
necessary actors in the value chain and for having some experimental projects.
Total Score They have given the Netherlands and Denmark a 4 for missing a few actors in
Function 1 some parts of the value chain. They have given the UK a 3 for missing even more
actors in the value chain compared to the previous two countries. Sawulski et al.
(2019) scored offshore wind in Poland with a 4 because “the number of
companies who are active and ready-to-be active is significant” and “companies
are active in almost all elements of value chains”. Nothing was further mentioned
about experimental projects but they made use of other indicators related to
innovation capacity.
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