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Propositions 

 

1. Public engagement with wind energy is essential at all the stages of design, planning and 

management. 

(this thesis) 

 

2. Digital technologies do not make up for the misfit of wind energy in society and landscapes. 

(this thesis)  

 

3.  Multidisciplinary projects require personal relationships between researchers to be 

successful. 

 

4. EU projects will better enable innovation if deliverables and project outcomes remain 

undefined at their outset.  

 

5. Cycling to and from work is essential for creative research. 

 

6. The energy sector needs more female-led consortia on research and innovation. 

 

 

 

 

 

 

 

 

 

Propositions belonging to the thesis, entitled 

Digitalisation as an act of governance: the case of wind energy. 

 

 

 

Helena Solman  

Wageningen, 26 June 2023. 













 

� 
 

������� �� �nt�����ti�n ........................................................................................................................ � 

�.�. �nt�����ti�n ............................................................................................................................ � 

�.�. ����a��� �����ti�� an� ����a��� ����ti�n� ......................................................................... �� 

�.�. �����i�ing t�� �����t� �� �igitali�ati�n �n g����nan�� ......................................................... �� 

�.�. ��t����l�g� ......................................................................................................................... �� 

�.�. ����i� ��a�ing g�i�� ............................................................................................................. �� 

������� �� ���������ti�n in t�� win� �n��g� ���t��� � ���t��ati� lit��at��� ���i�w �� ���li� 
�ngag���nt ����n� in�it�� �ta����l��� �a�ti�i�ati�n. ...................................................................... �� 

�.�. �nt�����ti�n .......................................................................................................................... �� 

�.�. ��t����l�g� ��� a ���t��ati� lit��at��� ���i�w .................................................................. �� 

�.�. ����lt�� ����� �� ���������ti�n .......................................................................................... �� 

�.�. Di�����i�n .............................................................................................................................. �� 

�.�. ��n�l��i�n ............................................................................................................................. �� 

������� �� Digital twinning a� an a�t �� g����nan�� in t�� win� �n��g� ���t�� ................................ �� 

�.�. �nt�����ti�n .......................................................................................................................... �� 

�.�. Digital ‘twinning’ ................................................................................................................... �� 

�.�. ��t����l�g� ......................................................................................................................... �� 

�.�. Digital twin� a� a ���n�a�� �����t – n�g�tiating �nt�l�g� .................................................. �� 

�.�. ���n�a�� w��� in �igital twin�� in�l��i�n an� ���l��i�n ...................................................... �� 

�.�. Di�����i�n .............................................................................................................................. �� 

�.�. ��n�l��i�n ............................................................................................................................. �� 

������� �� �in� �n��g� an� n�i��� �����a�ting t�� ��t��� ���n�� �� win� �n��g� ������t� an� 
�a�ilitating D�t�� �����nit� �a�ti�i�ati�n……………………………………………………………………………………..�� 

�.�. �nt�����ti�n .......................................................................................................................... �� 

�.�. Digital ���i���� ��a�ing an� �����l�wing .............................................................................. �� 

�.�. ��t���� ................................................................................................................................ �� 

�.�. ���i�i�al ����lt�� ��w a �igital ���i�� �a�t����� ��ann�l� an� �anag�� n�i�� ann��an�� �� 

�.�.     Di�����i�n .............................................................................................................................. �� 

�.�. ��n�l��i�n� ........................................................................................................................... �� 

������� �� �an a����tan�� ��� win� �a��� �� ����i�t�� wit� t�� ��l� �� �igital twinning� � �a�� 
�t��� �� t�� �����D� ����a��� an� inn��ati�n ������t ..................................................................... �� 

�.�. �nt�����ti�n .......................................................................................................................... �� 

�.�. �nal��ing t�� t�an�lati�n �� a����tan�� int� t�� �igital ...................................................... �� 

�.�. ��t����l�g� ......................................................................................................................... �� 

�.�. ����lt� ................................................................................................................................. ��� 

1

3

8

10

15

18

21

24

26

30

39

42

45

48

50

52

53

55

58

62

65

68

70

71

73

82

85

89

92

94

96

98



103

105

109

111

112

117

121

124

129

137

159

163

164

167

169









1CHAPTER 1



Introduction



2   |   Chapter 1



Introduction   |   3   

1

 

5 
 

�.�. �ntroduction 
 

�.�.�. ��pertise and upscaling in energy transitions 

�he transition to renewable energy sources is necessary to assure a sustainable future for current 

and future generations and ecosystems on our planet ��N��, 2022�. �oncerns about climate change, 

fossil fuel scarcity and the geopolitics of the fossil fuel economy are some of the key reasons for 

making substantial and rapid investments in renewable energy technologies ��nternational 

�enewable �nergy �gency, 20���. �ccording to the �nternational �nergy �gency, the global ambition 

is to become “Net Zero” by 2050, and this should ideally be achieved via a “cost�effective and 

economically productive pathway, resulting in a clean, dynamic and resilient energy economy 

dominated by renewables like solar and wind instead of fossil fuels” ����, 202��. �owever, while 

there is growing recognition �if not consensus� of the need for these alternative sources of energy, 

there remains considerable debate amongst e�perts and societal actors on how, where and by 

whom renewable energy systems should be designed, planned and managed. 

�ind energy is a case in point. �erhaps one of the most controversial forms of renewable 

energy due to the perceived visual and ecological impacts of turbines on land and seascapes, the 

debate centres around how and by whom problems concerning wind energy are defined and 

implemented through design, planning and management. �hese decisions, collectively referred to as 

wind energy governance ��lk��r et al., 202��, occur not only through traditional, state�led or private�

led, rules and regulations but also through various hybrid decision�making processes and 

partnerships among state, private sector and community�citi�en groups ��emos � �grawal, 200��. 

�his diversity of actors means that a broad range of concerns, needs, values and practices are 

represented in wind energy governance that both align and compete with each other ��hilvers et al., 

20��� �emos et al., 20���. �ollectively, these ongoing debates demonstrate that the challenge of 

energy transitions does not merely entail developing and deploying renewable energy technologies 

but also the fundamentally social challenge of aligning what is technically possible with what is 

‘acceptable’ within diverse and often increasingly polarised societies. 

�he view that upscaling the wind energy sector is a social process of governance is being 

increasingly shared by technical e�perts faced with the challenge of designing, implementing and 

managing wind turbines across a range of urban and rural landscapes �and, increasingly, seascapes� 

���nneke et al., 20�5� �udolph � �irkegaard, 20���. �s they have variously argued, these e�perts 
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�or�ing across different domains of �ind energy science suggest that technical innovation alone �ill 

not �e sufficient for the sector to �e acce�ted �y society at large (�y�es et al., 2019� �irestone, 2019� 

Kir�egaard et al., 2022). �his is �ecause there is a �road range of concerns voiced �y societal actors 

and �ind energy e��erts a�out the im�acts of �ind energy on �eo�le and nature. �hese challenges 

of �ind energy u�scaling are also �resent for other rene�a�le energy sectors, such as solar energy 

(Oudes & �trem�e, 2021) and �iofuels (��tz et al., 201�). 

�o�ever, des�ite the recognition given to incor�orating �oth e��ert and societal 

�ers�ectives into the design and management of �ind energy, much of the de�ate remains highly 

technical in nature. �ince the 19�0s, �ind tur�ine innovation has mainly focused on increasing the 

size, and thus the �o�er ca�acity, of �ind tur�ines (Andersen et al., 2018� Kirch Kir�egaard et al., 

2020) to ensure that �ind energy can emerge as a cost‐efficient and relia�le source of energy on the 

energy mar�et (Arshad & O’Kelly, 2019). As �eers et al. (2019) argue, to ena�le the further 

e��ansion of �ind energy glo�ally, the sector has to overcome �ey technical challenges related to 

the aerodynamics and structural dynamics (or ‘strength’) of �ind tur�ine materials across a highly 

diverse (and increasingly changing) set of atmos�heric conditions. �o do this, �ind engineers have 

advanced �redictions concerning �oth �ind resources and tur�ine �erformance to identify safe, 

feasi�le and efficient o�erating conditions for every �ind farm (Chávez‐Arroyo et al., 2018). 

As sustaina�ility concerns regarding �ind energy have increased, relevant e��ertise has 

e��anded among non‐engineers focused on �ider environmental im�acts. Concerns of the 

environmental im�acts of �ind energy are at the heart of u�scaling de�ates and offer �oth a �asis 

for im�lementing or resisting �ind energy �ro�ects, es�ecially large‐scale �ro�ects �ith land or sea‐

sca�e altering �otential (e.g. ���rstig et al., 2022). According to a revie� �y �ang et al. (201�), the 

most �ersistent environmental concern is �irds stri�ing the to�er or �lades of a rotating �ind 

tur�ine. �o�ever, ecologists have also identified the negative effects of constructing �ind tur�ines 

on soil erosion (�azir et al., 2020), and environmental scientists have raised concerns a�out the 

scarcity of the resources needed to manufacture �ind tur�ines (�a�e et al., 201�) and a�out the 

ecological im�act of decommissioning �ind tur�ines (�uenteler et al., 201�). Countere��ertise has 

also emerged through citizen science, conducted �y residents around �ind farms, concerning 

im�acts such as soil erosion or air �uality degradation to resist �ind energy �ro�ects, �ut such 

evidence has often �een e�cluded from the official assessments thereof (�esch et al., 201�). Overall, 

there is an ongoing de�ate on the need for environmental and ecological e��ertise to im�rove 

decision‐ma�ing regarding the im�acts of �ind energy �ro�ects. As a result, �hile such e��ertise has 
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been regularly included in wind energy decision�ma�ing, as outlined by �reu�ers and �olsin� ������, 

it has not always been acted upon� 

�n contrast to engineering and en�ironmental e�pertise, there is an ongoing lac� of social 

scientific e�pertise in decisions related to upscaling wind energy� �his is in spite of the growing 

recognition of what is commonly referred to as the ‘social acceptance’ of wind energy, a major 

barrier to upscaling the sector ��irestone et al�, ������ �ocial acceptance is commonly reduced to 

‘output’�related concerns such as the �isual pollution of turbines and the obstruction of lights on 

landscapes ��udolph et al�, �����, the effects of noise pollution on surrounding communities 

��e�ine��right, ����� �and � �oen, �����, the annoyance of shadow flic�er ��nopper et al�, �����, 

and safety concerns regarding ‘ice throwing’ by turbine blades in cold climates ��utler, ������ �hile 

these concerns ha�e been recognised and documented, this has typically occurred after the 

implementation of wind energy projects or as part of the due diligence of social and en�ironmental 

impact studies—in some cases, leading to the successful opposition of wind energy projects 

��eusswig et al�, ������ �owe�er, as outlined by �ostera�en ������, it is far less common for such 

concerns to be incorporated into the �re�design of wind energy projects—in terms of not only where 

wind farms or turbines should be located but also their form and function across land and seascapes� 

�nabling the public and social scientists to contribute to and affect the outcomes of wind energy 

go�ernance appears necessary for mo�ing beyond technical approaches towards more integrated 

�with different types of �nowledge and forms of e�pertise� and inclusi�e �of different actors� 

approaches to upscaling wind energy� 

������ �o�erning wind energy participation 

�he �uestion of enabling more inclusi�e forms of wind energy go�ernance to ensure both just and 

sustainable energy transitions across landscapes is of great contemporary importance� �e�ertheless, 

this �uestion is not new� �articipation in wind energy go�ernance has long been a major focus of 

scholarship, policy and practice �e�g� �lausen et al�, ����� �ami � �alsh, ����� �ienhoop, ����� 

�aarten �olsin�, ������ �owe�er, much of this literature has focused on the planned participation 

of local communities in siting wind par�s� �ence, researchers ha�e tended to narrow di�erse 

community concerns to technical issues, such as wind turbine noise ��yborg, ����� or the �isual 

impact of wind farms ���ller, ������ �nce narrowed, these concerns ha�e become sites of debate 

and inno�ation that are dominated by a narrow set of technical e�pertise and �nowledge� 

�here are in fact many ways that different wind energy publics �and their concerns� 

participate in decisions on wind energy go�ernance� �articipation processes set up by local 
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�echnical advances in the design and management of wind energy with a view towards both 

increasing economic efficiency and addressing societal concerns are being increasingly linked to the 

use of sensors on wind turbines that gather large amounts of data on wind farm operation (�agg et 

al., ����). �hese sensor data are being increasingly digitalised and used in advanced modelling 

techni�ues for the optimisation of wind turbines, farm designs and management strategies (ibid.). 

�oreover, digital technologies are being used to address smart obstruction lighting (flashing lights 

on wind turbine blades for airplanes) (Aaen et al., ����), in preventative maintenance simulations 

(�mogeli, ����), and to develop artificial intelligence systems that prevent bird collisions (�ungblut, 

����). 

�igital technologies are also being used to address public concerns about wind energy in the 

planning of wind energy pro�ects. �his includes digital visualisations, created during wind farm 

commissioning, which show how future wind farms will look and sound (�awlikowska et al., ����� 

�anyoky et al., ����). �ind farm developers are increasingly developing such digital visualisations 

of future wind farms for residents and stakeholders to visualise their scale and impact, but these 

viewshed simulations can become a sub�ect of controversy on their own (�hadke, ����b). �oreover, 

digital visualisations might become a starting point for residents to participate in the evaluation of 

future wind farms (�hadke, ����b). �igital technologies such as websites, platforms and online 

social groups are also being used to share information with residents in future wind farm areas and 

to collect their feedback, opinions and preferences regarding how or where to design wind farms 

(�hodes, ����� �areen, ����). �ind farm residents are also increasingly using digital technologies, 

such as smartphone apps, to obtain insights into how much green energy wind turbines produce 

(��hm � ��wec, ����). �nderlying these different kinds of digitally enabled participation is the 

premise of lowering the threshold for participation by disconnecting it from a certain time and place 

and, by doing so, emancipating the public to codecide about wind energy. 

As a result of these advances, wind energy upscaling is being increasingly linked to the large�

scale adoption of digital technologies. �he proliferation of digital technologies is often referred to as 

a broader process of digitalisation—in which “the availability of large amounts of data is starting to 

impact how the wind energy community works” (Clifton et al., ���� p.� ). �igitalisation is a key topic 

in the global agenda of energy transition as one of its key drivers (European Commission, ����� �EA, 

����). According to this vision of the European Commission (EC), “digital technologies will make 

energy systems more connected, intelligent, efficient, reliable and sustainable over the coming 

decades. �ome of the technologies that can innovate the way we use energy and help find solutions 

for decarbonising our energy systems including information and communication technologies (�C�), 
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modern sensors, big data and artificial intelligence and the Internet of Things (IoT)” (�uropean 

�ommission, ����)� �urthermore, this digitalisation agenda encompasses the digitalisation not only 

of assets (e�g�, energy infrastructure) but also of landscapes� �or e�ample, an �� pro�ect, �estination 

�arth, is developing a digital duplicate of the �arth to monitor and understand climate change and 

its impacts on diverse landscapes, places and economic sectors (e�g�, agriculture) to foster better 

mitigation and adaptation policy decisions (�auer et al�, ����)� This indicates that energy transition 

decision�ma�ing is being increasingly enabled by digital technologies or their outcomes� 

�iven this importance of digital technologies, a better understanding of digitalisation and its 

effects on how the different concerns about wind energy are governed is needed� �owever, 

digitalisation has mainly been defined from a technical perspective that focuses on digital 

technologies themselves rather than e�perts and their role in the digital transformation, processing 

and communication of information� These technology�focused definitions of digitalisation e�plain it 

as a process of transformation that includes “a particularly rapid shift towards the increased use of 

digital and data�based technologies” (�udson et al�, ���� p��)� They argue that this process of 

digitalisation “promises improved efficiency and greater insight, ultimately leading to increased 

energy capture and significant savings for wind plant operators, thus reducing the leveli�ed cost of 

energy” ( )� �ccording to this definition, digitalisation is a transformation that e�tends beyond 

ma�ing e�isting data digital� digitalisation encompasses the ability of digital technology to collect 

data, establish trends and ma�e better decisions� 

���� �esearch ob�ective and research �uestions 

�espite the promises of digitalisation, it is not certain that digital technologies will lead to 

sustainable wind energy outcomes� �igitalisation tends to be understood through a prism of 

technologies, devices and promises rather than through a prism comprising the relevant people and 

places where the acts of digitalising and digital technology design ta�e place� This lac� of a social�

scientific understanding of digitalisation in turn obscures the need for deliberation on which digital 

technologies should be designed and for which purposes in the wind energy sector� �ccording to 

�raune (����), such deliberation is needed so that different societal actors can e�press their 

concerns and thus participate in energy transitions of a digital and�or analogue character� To carve 

out such a space for digital governance deliberation, this thesis e�plores the social and 

environmental aspects of digitalisation and its implications for wind energy governance�

�iven this ob�ective, the research �uestion in this thesis is as follows� 
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�o answe� this �uestion, this thesis e�plo�es how digitalisation a��ects the choices, actions, 

p�e�e�ences and opinions o� e�pe�ts and di��e�ent publics conce�ning wind ene�gy and how wind 

ene�gy t�ansitions a�e shaped by the design and use o� digital technologies� �hese insights in tu�n 

in�o�m how digitalisation a��ects the pa�ticipation o� di��e�ent e�pe�ts and di�e�se publics by shaping 

whose knowledge impacts the design, planning and management o� wind ene�gy technologies and 

landscapes� 

�o answe� the main �esea�ch �uestion, the �esea�ch is di�ided to answe� th�ee sub�

�uestions� 

��

� 

�his �uestion �ocuses on the knowledge and e�pe�tise needed to add�ess the comple�ity o� 

the �a�ious and sometimes cont�adicting conce�ns about wind ene�gy and the inhe�ent limitations 

�ega�ding what and whose knowledge and e�pe�tise enables digitalisation and to what e�tent� �he 

de�elopment and use o� digital technologies can be�come� a cont�o�e�sy on its own in te�ms o� what 

constitutes a matte� o� conce�n, what kinds o� knowledge a�e being used and whose e�pe�tise is 

being �ec�uited� �o� e�ample, conce�ns about wind tu�bine noise a�e sub�ect to ongoing debates on 

the e�idence �o� its impact ��aylo� � �lenk, �����, the app�op�iateness o� any legislation that de�ines 

noise limits ���llenbach � ��stenhagen, ����� and the e�pe�tise that is in�ol�ed in dete�mining 

noise pollution and its impacts ��ybo�g, ������ �oise e�pe�ts can o��e� thei� acoustic knowledge 

about wind tu�bine noise and its impacts on humans’ health, and it is likely that this knowledge will 

be seen as legitimate �ega�ding the digitalisation o� a wind ene�gy system� �owe�e�, wind tu�bine 

noise is also an issue being in�estigated by alte�nati�e o� layman e�pe�ts, who might also want to be 

�ep�esented in decisions o� how noise is de�ined and managed ��aylo� � �lenk, ������ �his e�ample 

shows that little is known about how such go�e�nance challenges in wind ene�gy a�e a��ected by the 

e�pe�ts in�ol�ed in digitalisation and whethe� they open new o� limit the possibilities �o� the 

inclusion and �ecognition o� di�e�se conce�ns, knowledge types and e�pe�tise le�els� 

��

 

�hile public pa�ticipation in wind ene�gy go�e�nance can take di��e�ent �o�ms—�o�mal o� 

in�o�mal ��hil�e�s � �onghu�st, �����—that a�e continuously e�ol�ing ��hil�e�s � �onghu�st, �����, 

little is known about what othe� oppo�tunities and challenges accompany digital technologies in 
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terms of �ublic �artici�ation. �n �articular, this relates to how e��erts can sha�e �artici�ation 

�rocesses ��elt, �����, for instance, by designing a digital framewor� for a �artici�ation conte�t that 

sha�es what is needed, what is necessary and what is considered a good �ractice. �or e�am�le, 

ongoing debates on the timeframe for �ublic engagement with wind energy �ro�ects are increasingly 

stating that there is a need for an early�stage and continuous in�ol�ement of the �ublic and 

sta�eholders in wind energy �ro�ects ��ami � �alsh, �����. �t is, howe�er, uncommon to in�ol�e the 

�ublic in the design of technologies such as wind turbines. �e�ertheless, according to �arud and 

�arn�e ������, the initial success in the e��ansion of wind energy is largely due to in�ut from the 

residents around and the ‘first users’ of wind turbines. Similarly, it is being increasingly argued that 

wind farms should be collaborati�ely managed to ensure that the needs of different sta�eholders 

are met, es�ecially in areas that ser�e multi�le �ur�oses, such as offshore wind farms that combine 

energy �roduction with a�uaculture and shi��ing ��ay, �����. �o date, there ha�e been no attem�ts 

to e�amine how the emergence of digital technologies has affected the ability of e��erts to in�ol�e 

the �ublic in these different stages of wind energy decision�ma�ing technologies and landsca�es. 

�.

 

�his �uestion e�amines the role of e��erts in sha�ing how wind energy landsca�es are 

digitally re�resented and how different actors interact with these digital landsca�es to go�ern wind 

energy. �s �had�e �����b� has demonstrated, �isualisation can be used strategically by different 

actors in wind energy �ro�ect communication, both fa�ourably and unfa�ourably. �he choices made 

by the e��erts who re�resent wind energy landsca�es in a digital format thus sha�e whether and 

how landsca�e�related concerns �and their costs and benefits� are �isible ��ou�aro�s�i � Simcoc�, 

�����. �his means that the ways in which e��erts digitalise landsca�es may affect how different 

actors digitally e��erience wind energy landsca�es and in turn the decisions they ma�e regarding 

wind energy. 

�.�. �heorising the effects of digitalisation on go�ernance 

�he effects of digitalisation on go�ernance ha�e been addressed within �arious disci�lines of 

en�ironmental go�ernance and beyond ��udson et al., ����� �hodes, ����� Sareen, ����� �an der 

�elden, �����. �hese discussions often build on earlier debates concerning the �olitics in�ol�ed in 

the �articular design of technologies as well as the design of e��ert systems �e.g. �ollins et al., ����� 

�esch, ����� �aebi et al., �����. �his is a result of the as�iration to o�en both digital and analogue 

technologies to a more deliberati�e and inclusi�e way of design ��asanoff, ����� �iller � �yborn, 
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����� �yborn, �����. These different research streams have collectively pointed out that experts 

play a key role in defining the problems and solutions that technologies convey ��asanoff, �����. 

These debates on the effects of digitalisation on governance coalesce around three analytical 

dimensions� �� the translation of concerns, knowledge and expertise� ��� the effects on the 

participation of different publics� and ��� the representation of diverse spatial ontologies. 

�.�.�. Analysing whose concerns, knowledge and expertise are translated into digital 
technologies 

The effects of digitalisation on governance represent a process of translating concerns, knowledge 

and expertise into digital technologies. The concept of translation, originating in the work of �ichel 

�allon ��allon, ����� and �runo �atour with �teve �oolgar ��atour � �oolgar, �����, describes the 

active process of decision�making among experts involved in the design and use of digital 

technologies. Translation is a complex process of negotiating meanings, claims and interests 

���raas � �ielsen, �����. According to �icolini ������, the outcomes of translation are likely to 

reflect the interests and interpretations of the actors who are involved and to exclude those of 

actors who have not participated in relevant translation processes. Translation also captures the 

active process of technology design and innovation in terms of how it re�uires experts to set 

priorities for the kinds of research �uestions being asked, the concepts being used, how they are 

defined and how this focus will ultimately lead to new technologies and innovation in general 

��erbeek, �����. This means that the translation of concerns, knowledge and expertise is driven by 

knowledge and scientific expertise that is neither neutral nor follows a ‘natural logic of innovation’ 

��u�imura, �����. �n this thesis, digital translation is thus a site for politics regarding what and whom 

to include in or exclude from digital representations. 

To understand how translation manifests in practice, �ichael �allon ������ used the 

concepts of framing and overflowing. According to �ichael �allon ������, the act of framing entails 

constructing a dominant explanation for what a given problem is and how it can be defined. 

Accordingly, “framing is a political strategy in which opposing parties—sometimes intentionally, 

sometimes not—attempt to persuade others of their interpretation” ��enford and �now, ���� in 

�et�e, ����, p. p.���. �verflows are the unintended conse�uences of framing that might occur 

because framing always excludes some aspects of a given problem or certain alternative 

interpretations ��allon, �����. To understand the implications of ‘problem frames’ in the context of 

technological design, �enderson ������ proposes that design itself is an active process of translation 

in which lines are drawn by experts literally �in designs, maps and sketches� and figuratively to 

demarcate what is included in and what is excluded from the experts’ ontology of what constitutes 
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the design of digital or wind energy technology. �inally, the process of translation is also an act of 

developing a frame for the ‘problem at stake’ through boundary work among experts and possibly 

also the public (�pstein, ����� �et�e, ����� �wens et al., ����). �his boundary work is often 

organised around boundary ob�ects, which can be material or discursive, which delineate what is 

included in and excluded from translation (�tar � �riesemer, ����). �ll these different concepts of 

framing and overflowing, boundary ob�ect and boundary work, collectively help reveal how experts 

work with each other and how their work affects decisions on the translation of knowledge concerns 

and expertise into digital technologies. 

�hile these works have illuminated the processes of translation in ‘analogue contexts’, 

there has been little work regarding translation in digitalisation processes. �ontributions towards 

understanding how and whose concerns, knowledge and expertise are included in and excluded 

from digital technologies have been provided in the critical social science literature on the politics of 

digitalisation (�itchin, ����� �orenhof et al., ����� �usiani, ����� �erran � �hristie, ����). �his 

stream of literature has generated debates concerning digitalisation as an expert system that needs 

to be unpacked and understood from the perspective of the actors involved to be reformed and 

managed. �ne way to understand the translation of concerns, knowledge and expertise is by 

unpacking what data are used by experts for digitalisation, how these data reflect the concerns of 

different actors and how they have been measured (�orenhof et al., ����). �urthermore, an 

important aspect in the translation of knowledge into digital technologies is the decision�making on 

what kind of expert and layman knowledge is being used (�erran � �hristie, ����). �hose 

knowledge is translated is important because it affects what knowledge can be generated by digital 

technologies (�itchin, ����) and, in some cases, how technologies, such as algorithms, steer the 

production of new knowledge (�usiani, ����). �ccording to �itchin (����), digital technologies 

‘push’ for gathering increasingly large amounts of (e.g., sensor) data and generating knowledge 

revealed by the patterns in these data. �he key point from this literature in terms of this thesis is 

understanding how the experts who design and use digital technologies affect the kinds of wind 

energy knowledge that is being generated—what kind of insights can be extracted from digital 

technologies and to what extent they can help meaningfully explain and resolve issues in wind 

energy governance. 

�.�.�. �nalysing public participation in the context of digital technologies 

�ublic participation is conditioned by the expert design choices embedded in digital and wind energy 

technologies. �hile public engagement in the context of digital technologies and (wind) energy 

governance remains relatively unexplored, a prolific literature has debated the definition of public 
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participation in the context of technologies and innovations �mainly Felt, ����� Felt � Fochler, ����� 

�acnaghten et al., ����� �arres, ����� �arres � �e�aun, ����� �ommetveit � �ynne, ����� 

�ynne, �����. �his literature tends to argue that such public engagement is diverse, emergent, and 

co�produced ��hilvers � �onghurst, �����—both concern�driven and dependent on the broader 

political and technological context that conditions whether and how public concerns can be voiced 

��arres � �e�aun, �����. Furthermore, building on John’s Devey’s understanding of publics as 

informed, capable and self�determined actors in the democratic policy arena, �arres ������ 

proposes that the public emerges from and around matters of concern. �er understanding of these 

publics captures how the emergent nature of engagement is facilitated by material devices of 

participation, including the digital technologies that become devices for everyday participation in 

matters that are of concern and interest to individuals ��arres � �e�aun, �����. �owever, while the 

information and social media revolution brought by digital technologies have been a focus for many 

governance domains, wind energy scholarship seems to also lac� a similar focus on this topic. 

�o unpac� how wind energy experts enable �or constrain� public participation, this thesis 

focuses on experts’ definitions of the public in the context of digital and wind energy technologies. 

�here are different �inds of publics in wind energy governance and in energy transition governance 

more broadly. First, there are local publics, the residents of areas affected by wind farm 

development and who have a right to participate in matters of wind farm design, planning and 

management. �his definition of the public is often the base with which the wind energy literature 

defines a ‘community’ of place �e.g. �imcoc�, ����� �o�e, ����� around local wind farm 

developments and a community of interest ��auwens, ����� around the networ�s that connect 

people based on their goals rather than place of residence. �econd, there are broader publics �also 

referred to as general publics� who are citi�ens of a nation, state or region ��esch, ����� and 

audiences that are affected by or involved in larger wind energy developments, research and 

innovation as well as energy and digitalisation policies more broadly. �his variation in the definitions 

of the public can be reflected in technologies’ design and in the extent to which their design is a 

‘public issue’ or an expert�driven system ��esch, �����. Following �atour and �oolgar ������, expert 

systems, such as new technologies or innovation processes, tend to steer how societal actors engage 

with the matters of concern that these technologies address. �n sum, this perspective on how 

experts enable public engagement produces debates on the priorities for innovation in wind energy 

technologies and the role of experts in the processes of industrial innovation in wind power. 
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�.�.�. �nalysing (digital) spatial ontologies 

Experts’ decisions on how wind energy landscapes are digitally represented and interacted with 

have been widely explored in both the human geography (�hilvers � �earnes, ����� �hilvers � 

�onghurst, ����� �hilvers et al., ����) and spatial planning literature (�uineveld et al., ����� 

�en�hol�er et al., ����� �as�ualetti � �tremke, ����). �ommon to both bodies of work are the 

various ‘spatial ontologies’ of experts versus those of the local public. This literature helps reveal 

how the different ways of viewing and interacting with wind energy landscapes are likely to be 

transformed from analogue into digital spatial ontologies. 

First, there is a ‘positivist perspective’ on wind energy landscapes, which applies an 

ob�ectified and scientific ga�e, entailing that landscapes are constituted by the natural phenomena 

and people who shape, interact with, and observe them (�en�hol�er et al., ����). This is a �artesian 

understanding of landscapes as a primary natural unit composed of biophysical ob�ects and features 

that can be ob�ectively represented on maps and with visual representations. �econd, there is a 

relational landscape ontology that assumes that the material �ualities of landscapes can be 

perceived and valued differently across cultures and individuals (�uineveld et al., ����). Third, 

between these two ways of understanding landscapes—as relational or �artesian—landscapes have 

been conceptualised as entanglements of human and nonhuman elements that coconstitute each 

other (�ata � �inca, ����). �s different actors might choose to view landscapes from these distinct 

perspectives, wind energy landscapes can be examined as ‘inherent sociogeographical 

configurations’ (�abussi�re � �ada�, ����) as well as human�made ‘energy landscapes’ (de �ong � 

�tremke, ����� �as�ualetti � �tremke, ����). �n summary, there are multiple ways of viewing 

landscapes, depending on what different actors focus on—whether their tangible, material features 

or the largely intangible connections that people build with energy landscapes. 

�iscerning these different ways of looking at landscapes is important because they influence 

how wind energy landscapes are visually represented and interacted with. �nalysing how landscapes 

are digitally represented and interacted with therefore re�uires examining how different actors 

choose to visually (or digitally) represent wind energy landscapes to communicate certain concerns 

or ideas (�hadke, ����a, ����b). This has been observed in the case of maps that define areas 

suitable for wind energy development (�asstr�m � �ysg�rd, ����) and of ����based visual�acoustic 

�� simulations for wind farm assessment (�anyoky et al., ����). Experiencing landscapes digitally 

cannot e�ual the embodied experience of landscapes (�ender et al., ����). This is because, as �pit� 

(n.d.) argues, “senses are closely interlinked and…all sensory experience and perception is socially, 

culturally and personally specific and cannot be translated across cultural and temporal divides” 
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�p.���. �ll these digital ways of representing and interacting with landscapes in the conte�t of wind 

energy go�ernance might also ha�e �ustice implications because the spatial demarcations of wind 

farms are a common reason for conflicts that result from spatial e�clusions ��imcoc�, �����. �uilding 

on the fact that spatial demarcations and landscape representations are inherently political, in that 

they reflect choices by different actors, this thesis focuses on the actors in�ol�ed in digitalisation 

who translate their spatial demarcations and ways of seeing landscapes into digital technologies. �n 

addition, attention is gi�en to how the digital representations of landscapes might be contested or 

resisted by the actors whose spatial ontologies are e�cluded. 

�inally, these different ways of �iewing and interacting with wind energy landscapes are 

li�ely to be transformed from analogue into digital spatial ontologies, which li�ely has go�ernance 

implications. �n the one hand, digitalisation enables the creation of dynamic, interacti�e and 

detailed representations of �wind energy� landscapes, li�ely enabling the no�el �iew among certain 

actors of energy landscapes as targets that are remo�ed from the personal e�perience of obser�ers 

��ohl ���� p. ��� in �osgro�e et al., �����. �urthermore, as digitalisation affects the degree of 

dynamism with which landscapes and ob�ects in the landscape are made sense of, decision�ma�ers 

are li�ely to face a new �ind and �olume of information, which might change how these ob�ects or 

e�en the sectors at large are go�erned ��oonen � �ush, �����. �n the case of wind energy, for 

e�ample, digitalising landscapes might ha�e an effect on how they are e�perienced and thus in turn 

how and by whom the decisions about future wind farms are made ��anyo�y et al., �����. �n the 

other hand, digitalising landscapes is li�ely a process of producing and reproducing the ‘social order’ 

and spatial demarcations “through, produced by, and of the digital” ��sh et al., ���� p.���. �his 

means that while digitalisation on its own might change how landscapes are go�erned, it might also 

reproduce and strengthen the ‘old’ ways of managing energy landscapes. 

�.�. �ethodology 

�he methodological approach in this research is abducti�e, combining elements of both deducti�e 

and inducti�e approaches in data collection and analysis ��organ, �����. �t is deducti�e because the 

three dimensions are used as an o�erall guide to structure the research ��und, �����, as presented in 

the following chapters� �� translating concerns, �nowledge and e�pertise into the digital� �� 

participation and the publics� and �� spatial ontologies. �eanwhile, it is inducti�e because empirical 

obser�ations are used to determine the effects of digitalisation on go�ernance to confirm these 

three dimensions, how they might intersect, and what these intersections mean in terms of 

generalising through abstraction ��und, �����. �ombining these perspecti�es allows me to e�plore 
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and build an understandin� o� this new and rapidly chan�in� �ield o� di�italisation in the conte�t o� 

wind ener�y �overnance without imposin� a sin�le �ramewor�� 

�o e�plore the e��ects o� di�italisation in the conte�t o� wind ener�y �overnance� this 

research employs multiple qualitative research methods to better understand the ‘social’ within 

these di�italisation processes� � qualitative approach is use�ul �or e�plorin� an emer�in� area o� 

research ��oha�an� ������ revealin� the active role that e�perts play in the desi�n and deployment 

o� di�ital technolo�ies and e�plorin� what �orms o� public en�a�ement with di�ital technolo�ies 

emer�e in the conte�t o� wind ener�y� �he value o� usin� multiple qualitative research methods is 

that combinin� a number o� methods—interviews� wor�shops� te�t�based analysis� and elements 

�rom re�le�ive sel��ethno�raphy—allows us to e�plore a ran�e o� cases o� di�italisation and to ensure 

internal and e�ternal validity by trian�ulatin� our results across these di��erent methods ��ri�� ������ 

�n the chapters below� we employ and provide �usti�ications �or di��erent combinations o� these 

methods in a way that is suitable �or each study� �t the thesis level� this qualitative and multimethod 

approach stren�thens the con�idence in the conclusions that � draw in this thesis based on each o� 

the cases and across them� �elow� � describe the process o� selectin� the �ocal cases o� di�italisation 

in the conte�t o� wind ener�y �overnance� 

�o answer the research questions� � ta�e two methodolo�ical steps� �irst� � e�plore the 

literature thou�h a systematic review to identi�y what is already �nown about the challen�es in wind 

ener�y upscalin� and the di��erent modes o� public en�a�ement� �hrou�h this review� � �ind that 

there are three modes o� public en�a�ement� local� collective and virtual� and that this last mode o� 

virtual en�a�ement is both emer�in� and relatively undere�plored� �his review also reveals that 

while di��erent modes o� en�a�ement can be �ound across di��erent sta�es o� desi�n� plannin� and 

mana�ement� most en�a�ement occurs in the plannin� sta�e� �his means that the sta�es o� desi�n 

and mana�ement involve little public en�a�ement� which is surprisin�� �iven that many o� the 

concerns about the sustainability o� wind ener�y technolo�ies and landscapes are related to their 

desi�n and mana�ement decisions� � then e�tend these �indin�s to conduct an in�depth investi�ation 

o� how di�italisation a��ects wind ener�y �overnance in the sta�es o� desi�n and mana�ement� 

�uildin� on the �indin�s in the �irst step o� the review to�ether with my e�perience in the 

������� pro�ect� which introduced me to the innovations concernin� di�italisation in wind ener�y� 

and scopin� research on the emer�in� �orms o� virtual en�a�ement with wind ener�y� � �ocus on two 

�inds o� emer�in� di�ital technolo�ies� ones that are e�pert��ocused and those that �ocus on 

enablin� public en�a�ement� �n doin� so� � use the �indin�s o� the above review—wind ener�y 

�overnance is or�anised across di��erent sta�es o� desi�n� plannin� and mana�ement—to select 
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em�irical cases of emerging digital technologies in the stages of design and management� �his focus 

on une��lored stages allows me to assure the novelt� of this research, and the focus on the variation 

in e��ert�citi�en�focused digital technologies entails that � am a�le to draw conclusions on how 

different kinds of digital technologies steer the �rocesses and outcomes of wind energ� governance� 

���l�ing these selection criteria, � select single cases that allow an in�de�th e��loration 

��und, ����� of how emerging digital technologies are designed and used in the conte�t of wind 

energ�� � use a case stud� a��roach to generate rich and e��lorator� information ��in, ����� a�out 

how e��erts design emerging digital technologies for wind energ� and, �� doing so, how the� ena�le 

�u�lic �artici�ation and interaction with wind energ� landsca�es� 

 �he first case of emerging digital technolog� that is �rimaril� e��ert driven and used at the 

stage of design com�rises digital twins� �ccording to a technical definition, “a digital twin is a virtual 

re�resentation of an o��ect or s�stem that s�ans its lifec�cle, is u�dated with real�time data, and 

uses simulation, machine learning and reasoning to hel� decision�making” ����, ������ �s digital 

twins are argua�l� the ke� emerging technolog� that drives digitalisation in the energ� sectors, the 

�rocess of designing digital twins is a relevant case for anal�sing how e��erts sha�e the design of 

wind tur�ines and their im�lementation on landsca�es� �he case of designing digital twins is 

investigated from two angles� �irst, � e��lore e�am�les of three digital twin �ro�ects in the conte�t of 

the �� to reveal the similarities and differences in how different e��erts define and develo� digital 

twins ��ha�ter ��� ��ecificall�, � evaluate semi�structured interviews with a range of e��erts on wind 

energ� and digitalisation, information from �ro�ect we�sites and a worksho� discussion with e��erts 

on the design of wind energ� technologies and landsca�es� �econd, � dee�l� e�amine how digital 

twins are designed in the conte�t of one ���funded research and innovation �ro�ect ��������, in 

�ha�ter ��� �he data that � use in this cha�ter include the content of the �ro�osal and �ro�ect 

delivera�les, which focus on acce�tance, insights derived from two worksho�s and a reflection 

�iece� �ith this a��roach, � gain an in de�th—though sha�ed �� �ersonal e��erience and 

ac�uaintance with �ro�ect �artners—im�ression of the �rocess of digital technolog� design� 

�oreover, this a��roach is relevant �ecause it offers a uni�ue �ossi�ilit� for e��loring how such 

digital technologies are designed from the �ers�ective of an insider� �he focus on onl� �� �ro�ects 

has �een motivated �� the need to limit the sco�e of �otential cases amidst a �otentiall� much 

larger �ool of glo�all� emerging digital twin �ro�ects o�erating under var�ing research and 

innovation schemes� �hile this glo�al variation is relevant and interesting, its �road geogra�hic 

sco�e is �e�ond that of this thesis� 
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�o�ing from an e�pert�focused technology at the stage of design to a citizen�focused 

technology at the stage of management, � perform a case study of a noise app, a recently launched 

digital de�ice designed and deployed in the �etherlands by e�perts to manage concerns with wind 

turbine noise� �he case of this noise app is uni�ue, as it e�emplifies a recent and no�el way of 

engaging residents in a wind farm area in the management of concerns during the operational phase 

of this wind farm� �he selection of a digital, citizen�focused technology used in the stage of 

management was influenced by the constraints of the �������� pandemic, which limited 

international tra�el� �onducting fieldwork in the �etherlands and partly online �ia semi�structured 

inter�iews with e�perts and residents in the wind farm area was a feasible option that did not affect 

the �uality of the data gathered� �hile the case of the noise app is uni�ue, it is also �ery rele�ant, as 

there are plans for upscaling this technology to other wind farm locations in the �etherlands, and 

because it represents a broader trend ��areen, 202�� �an �ummeren et al�, 202�� of how �irtual 

participation in energy projects might be organised and the go�ernance implications thereof� 

���� �hesis reading guide 

�his thesis consists of four chapters that present the results of my research on wind energy 

go�ernance in the digital era� �hapter � aside, �hapters 2 and � ha�e been published, and �hapter � 

is under re�iew in peer�re�iewed academic journals� �ll these chapters are building blocks for a new 

way of understanding digitalisation, as an act of go�ernance in the conte�t of wind energy� �hey 

interrogate this topic of digitalisation in the conte�t of wind energy go�ernance from different 

angles as follows� 

�hapter 2 presents a systematic literature re�iew on public engagement beyond the in�ited 

forms of participation, including �irtual forms of engagement as well as local and collecti�e modes of 

public engagement� �his re�iew creates the base from which this thesis further e�amines how 

emerging digital wind energy technologies are designed and used to go�ern wind energy� 

�hen, building on the results of this re�iew, � e�plore e�pert�focused digital technologies in 

the stage of their design� � do this in �hapter �, shedding light on how the wind energy e�perts 

in�ol�ed in ���funded projects for the design of digital twins inno�ate wind turbine technology and 

thereby affect how and where the wind energy sector is being upscaled� �n this chapter, � unpack 

how the e�perts who design digital twins e�plain what digital twins are, what they can do and how 

they can help sol�e problems in wind energy go�ernance� �resenting cases of recent or ongoing 

digital twinning projects funded by the Horizon 2020 framework, this chapter shows that ‘twinning’ 

is an act of go�ernance on its own� �he chapter concludes that twinning in�ol�es design choices for 



Introduction   |   19   

1

 

�� 
 

incl�ding and excl�ding different aspects of �ind energ� s�stems and their socio�spatial context in 

the digital domain� 

�o�ing from the case of digital t�ins� �hapter � anal�ses a mobile phone app� a case of a 

digital technolog� that aims to in�ol�e �ind farm residents and address their concerns �ith �ind 

t�rbine noise� �� foc�sing on ho� this noise app �as designed and implemented� this case st�d� 

highlights the differences among experts and residents in terms of their framing of ‘the problem� 

and �hat sol�tions the� thin� sho�ld be implemented� �his chapter re�eals the practical diffic�lties 

in ass�ring a ��st representation of the different �a�s in �hich concerns are �oiced and of in�ol�ing 

residents �ia the focal noise app in the management of concerns and of �ind farms� 

�inall�� b�ilding on the insights deri�ed from the different digital t�in pro�ects� �hapter � 

foc�ses on one ���f�nded ��� pro�ect to re�eal ho� digital t�ins are designed in light of the �ario�s 

challenges of �pscaling �ind energ�� �n this chapter� � foc�s on ho� the experts in�ol�ed in the 

������� pro�ect—an �� f�nded pro�ect in �hich � participated m�self—ha�e translated the 

concept of �ind energ� acceptance into digital sim�lations� �xploring this case� � reflect on ho� �ind 

energ� acceptance is approached as a problem of noise anno�ance and the conse��ences of this for 

decision�ma�ing concerning �ind energ� design and planning� �ith this foc�s� the chapter pro�ides 

lessons for ho� the design of digital technologies can be impro�ed and ho� concepts s�ch as 

acceptance sho�ld �not� be digitalised and �sed in �ind energ� go�ernance� 

�he final chapter s�nthesises the findings in �hapters ��� and concl�des the thesis b� 

presenting a ne� perspecti�e on digitalisation as an act of go�ernance and b� pro�iding an agenda 

for f�t�re research� �pecificall�� this concl�ding chapter disc�sses ho� digitalisation is an inherentl� 

social process� as it relies on the ideas and choices of societal actors� experts in partic�lar� �hose 

choices and ideas are incl�ded in digitalisation processes is a f�nction of ho� decision�ma�ing po�er 

is concentrated or distrib�ted among experts and the p�blics� �ie�ing digitalisation from this 

perspecti�e pro�ides a basis for deliberation o�er �hether and ho� digitalisation might be �sed to 

go�ern the �ind energ� sector� as �ell as other domains of en�ironmental go�ernance� 
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���� Introduction 

�ffshore and onshore wind is an increasingl� efficient and price�competitive renewable source of 

energ�� contributing ��� of electricit� produced globall� b� renewable sources of energ� in ���� 

(International �enewable �nerg� �genc�� ������ In countries such as �enmark� wind energ� has 

emerged as criticall� important energ� infrastructure� and man� other countries plan to increase 

their share in wind energ� production in the coming decades (�ind �urope� ������ �owever� plans 

for upscaling wind energ� infrastructure are increasingl� met with growing public opposition (�ada� 

� �an �er �orst� ����� �aarten �olsink� ������ �uch resistance tends to be voiced b� local 

communities� local and non�local interest groups and also sparks debates at regional and national 

levels (�irsh � �ovacool� ����� �as�ualetti� ������ �entral to this opposition are concerns over the 

visual� auditive and ecological impacts on landscapes (�ai et al�� ����� �ar�dis� ����� �adai � 

�abussi�re� ������ as well as concerns related to the reliabilit�� safet� and aesthetics of the wind 

turbine technolog� (��nneke et al�� ����� �osterlaken� ������ 

�rowing opposition to wind energ� indicates a clear need to assess the wa�s in which 

different publics are engaged in the design and development of wind energ� s�stems (�irch 

�irkegaard et al�� ����� �idgeon et al�� ����� ��din et al�� ������ �o increase the involvement of the 

public in decisions on wind energ�� public planning agencies have experimented with different forms 

of participation (e�g� �ami � �alsh� ����� �anssen et al�� ������ �mphasis has been particularl� given 

to increasing the involvement of local communities in issues related to the design and location of 

specific wind energ� pro�ects (�erp�sen � �arsen� ����� �ordman et al�� ����� �osterlaken� ����� 

and more generall� to participation in creation of local (�ustafsson et al�� ����� and regional (Igliński 

et al�� ����� energ� strategies and plans� In most instances� these forms of public engagement fall 

under what is termed ‘invited stakeholder participation’ (�uppen� ������ �hese� legislated 

procedures aimed at informing local stakeholders and gaining their acceptance for implementation 

of wind energ� have so far predominated (�olsink� ������ 

�lthough invited stakeholder participation can be successful� there are at least three 

limitations of selecting this approach as dominant wa� to govern public engagement with wind 

energ�� �irst� the substantive involvement of stakeholders in the design of wind turbines and wind 

parks remains problematic because of the highl� technical nature of industrial innovation (��nneke 

et al�� ����� and pro�ect development (�olsink� ������ �econd� participator� forms of spatial 

planning tend to predefine who can participate� with a dominant focus on nearb� residents to the 

exclusion of publics outside ‘planning areas’ (�esch� ������ �hird� invited stakeholder participation 

commonl� focuses on public engagement during the planning stage (�elt� ����� and not during the 
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stages of technical design, implementation and ongoing operation of wind energy installations� �s a 

result, public participation in the governance of wind energy has been largely symbolic ��llis et al�, 

����� �� �olsin�, ����� �olsin�, ����� and has not accommodated societal debates over the form 

and function of wind energy in the wider energy transition� 

�ext to invited sta�eholder participation in the �wind� energy sector, a more diverse set of 

ways to engage concerned publics is needed ��hilvers � �onghurst, ����� �hilvers et al�, ����� �elt, 

����� �arres, ����� �apa�u, ����� �yghaug et al�, ����� �ynne, ������ �otably, experiments in 

active and self�selected engagement by concerned publics have emerged with the aim of ‘co�

producing’ plans, policies and public services related to wind energy ��lbrechts, ����� �orsini et al�, 

������ �o�production involves means of public participation that include and go beyond invited 

sta�eholder participation by opening up multiple ways through which different publics choose to 

engage with wind energy based on their concerns, needs and motivations ��hilvers � �earnes, ����� 

�hilvers � �onghurst, ������ �nstead of focusing on how acceptance for wind energy can be gained 

through invited forms of participation, co�production focuses on how publics continually shape 

decisions related to wind energy� �n doing so, co�production opens up an analytical approach for 

assessing the extent to which existing and emerging modes of public engagement can contribute to 

the democratisation of sustainability technologies ��hilvers � �earnes, ������ 

�xamples of co�production in the wind energy sector include cases in which wind par�s are 

developed by energy cooperatives in ways that enable publics to invest and contribute to their 

design ��ufen � �oppen�an, ����� �chreuer � �eismeier��ammer, ������ �imilarly, web�based 

applications are increasingly used to collect public concerns related to the ongoing operation of 

wind turbines ��ofstra, ������ �hese examples go beyond invited sta�eholder participation by 

opening up wind energy on both land and at sea to otherwise ‘excluded’ spatially distant publics 

��all � �a�arus, ������ �ut while there is also growing academic attention to these new �inds of 

public engagement that enable co�production ��olsin�, �����, the wind energy literature remains 

very fragmented and no attempt has been made to review its current status� 

�e address this gap by underta�ing a systematic review of literature focused on different 

forms of public engagement that include and go beyond invited sta�eholder participation� �e 

review academic articles from ���� to ���� focused on diverse forms of public engagement with 

wind energy and distinguish what modes of co�production exist and how they can be defined� �n 

doing so, we contribute to a broader understanding of how different publics engage with emergent 

technologies li�e wind energy to co�produce their materiality and their socio�spatial configuration 

over the full lifecycle of a wind turbine� �ur results also contribute to calls for shifting research focus 



26   |   Chapter 2 

�� 
 

away from technological ‘acceptance’ ��evine��right� ����� towards a more incl�sive and dynamic 

processes of co� prod�cing technologies and the landscapes in which they e�ist ��l�rechts� ����� 

�hilvers � �earnes� ����� �asanoff � �im� ����� �ae�i et al�� ������ 

�n the following section we provide a detailed e�planation of the methodology �sed for o�r 

systematic literat�re review� followed �y a presentation of o�r res�lts� �he final two sections of the 

paper disc�ss how the findings contri��te to a �roader �nderstanding of co�prod�ction in the wind 

energy sector� and �eyond� and identify areas for f�rther research�  

���� �ethodology for a systematic literat�re review 

��r systematic review is delimited to peer reviewed academic articles p��lished �etween ���� and 

����� �his time period was selected after an initial e�amination of the literat�re s�ggested a 

s��stantial increase in papers foc�sed on the role of p��lic engagement in �wind� energy transitions 

after �����  

��r systematic review methodology� following �addaway et al� ������ and ��llin et al� 

������� is �ased on a transparent protocol for searching and analysing the academic literat�re� �his 

information is organised into fo�r se��ential steps following the �earch� �ppraisal� �ynthesis� and 

�nalysis ������� �ramewor� ��rant � �ooth� ������ 

������ �tep �� �earch � strategy 

�e limited o�r search to peer�reviewed academic articles p��lished in �nglish and discovera�le in 

the s��scription��ased �cop�s a�stract and citation platform ��sing s��scription of �ageningen 

�niversity and �esearch �i�rary�� �cop�s is deemed to �e the most incl�sive platform for systematic 

and repeata�le literat�re searches ��avel � �selid� ����� and� as s�ch� s�ita�le as a principal 

reso�rce for systematic reviews ���sen�a�er � �addaway� ������ �n doing so we e�cl�ded other 

p��lication types s�ch as �oo� chapters� conference proceedings or grey literat�re� �e f�rther 

refined o�r search to the �cop�s�defined disciplines of “social science” and “environmental science” 

– ass�ming these �road categories are most relevant to o�r target literat�re� �he search terms were 

defined �sing a com�ination of �eywords related to p��lic engagement and wind energy� �or the 

p�rpose of transparency and reprod�ci�ility of o�r st�dy� all the �eywords are listed in the �a�le �� 

�he list of �eywords was developed �ased on analytical framewor�s and concepts developed �y 

e�tant literat�re that theories a�o�t participation from the perspective of co�prod�ction� �e did 

this in fo�r s���steps�  



Public enagement with wind energy   |   27   

2

 

�� 
 

�irst� followin� �hilvers et al� ������� we define the s�ope for the review b� as�in� first order 

so�ial s�ientifi� �uestions� �e did this b� lin�in� �e�words that des�ribe �aterialit� of wind ener�� 

infrastru�ture and lands�apes �what�� the a�tors or networ�s of publi�s en�a�in� in de�isions related 

to wind ener�� �who� and the wa�s in whi�h the� en�a�e �how�� �nspired b� the wor� of �elt ������� 

we also e�plores what eviden�e there is of when �i�e� with what de�ree of ti�e sensitivit�� wind 

ener�� is �o�produ�ed�  

�e�ond� we listed �e�words for identif�in� pra�ti�es of en�a�e�ent that refle�t or �o 

be�ond �onventional pra�ti�es and ti�efra�es of invited sta�eholder parti�ipation� �hese �e�words 

enabled the identifi�ation of literature fo�used on the wa�s in whi�h different publi�s are en�a�ed 

over the ‘lifespan’ of a wind turbine � fro� turbine desi�n to on�oin� �ana�e�ent after installation� 

�hese �e� words in�luded for�s of en�a�e�ent that �an e�press both support as well as for�s of 

resistan�e to wind ener�� ��hilvers et al�� ����� �loppenbur� � �oe�elo� ����� �al�er et al�� ������ 
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Ac�o�� n���o��s o� ���lics in�l��ncing ��cision�
���ing ��oc�ss 

Loc�l N���o�� 
�ons����s n���o��  
Non�loc�l  
�oll�c�iv�s  
�i�i��ns  
�o���ni��  
En���s��s  
Us��  
R�si��n�s 

Ac�iv� (�n� long�����) no�ions o� ����ici���ion, 
incl��ing ���c�ic�s o� ��sign 

���lic �ng�g���n�  
�oll��o���ion  
�oo�����ion  
Alli�nc�  
����n��shi�  
���lic o�inion  
�oll�c�iv� �ng�g���n�  
�oo�����iv�s  
�o���o��c�ion� co��o��c�ion  
�o���sign  
�o�c����ion 

��iv��� �n� �v������ �ng�g���n� Loc�l �ng�g���n�  
Loc�l involv���n�  
Loc�l ����ici���ion  
��o�i�i��  
��iv���  
�in�nci�l ����ici���ion 

(N��) ��chnologi�s o� ����ici���ion S���� ��vic�s  
In���n��  
�i����l 

 

Thi��, �� co��l���� o�� s���ch ����s �i�h s�non��s� Ev��� ����o�� ��s �s�� in � s���ch �i�h 

co��in��ions o� s�non��s �o� �in� �n��g� (�in� �o���, �in� ����, �in� ����in�, �in��ills, �in� 

�n��g� in���s���c����)� 

O�� �in�l lis� ����o��s ���� ���nsl���� in�o �h� �ollo�ing ����� s��ing� 

TITLE�ABS��E� () AND DO�T��E (��) AND �UB�EAR � ���� AND �UB�EAR � ���� AND (LIMIT�

TO (SUBJAREA , “Soci”) OR LIMIT�TO (SUBJAREA , “Envi”)) AND (LIMIT�TO (LAN�UA�E , 

“English”)) 
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�or a paper to �ualify for initial inclusion in the sample the search terms used in the �uery 

needed to appear in either title� abstract or �eywords of an article� �he initial result using search for 

each �eyword combination in this �uery string yielded a total of 1��� papers� 

������ �tep �: �ppraisal � strategy for determining relevance and validity of final sample 

� final selection of publications was made by appraising of their validity and relevance� inspired by 

the �ualitative approach of �icente� ��ae� and �art�ne���uentes (��1�)� �ublications that did not 

meet the following four ‘relevance’ criteria developed by the team of authors were excluded: (1) 

papers had to have a predominant focus on wind energy� (�) papers had to have a social scientific 

focus on wind energy� (�) papers had to have an explicit focus on public engagement and (�) papers 

had to be available for download via university library subscriptions� open access� contacting the 

authors or by direct purchase� �pplying these criteria led to exclusion of 1��� papers and yielded a 

final set of ��� papers (all of which are listed in the supplementary material file of the published 

article)� 

������ �tep �: �ynthesis � strategy for retrieving data 

�he review was synthesised by systematically coding all papers in the final sample using �tlas�ti 

software� �he content of sampled papers was parsed using a pre�defined set of codes which was 

developed based on the criteria of co�production outlined in the step of search strategy� �hat is� 

papers were coded for spatial aspects and the materiality of wind energy pro�ects that are co�

produced� actors involved� the extent to which publics influence design of wind energy technologies 

and landscapes� and the stages at which publics are involved (see appendix 1)� �e then 

complemented the list with new codes that emerged from the literature� �inally� we grouped the 

codes into categories based on their relations� �his enabled our characterisation of co�production in 

the next step of analysis� 

������ �tep �: �nalysis � strategy for ma�ing sense of the data 

�inally� the papers were analysed by grouping all the coded papers based on their content in relation 

to insights about public engagement with wind energy� �his was done by drawing on the list of codes 

that coalesced around three themes of co�production: local� collective and virtual� �s these themes 

were mentioned to various extents across the papers� we grouped the papers based on their 

relevance and focus on co�production� �ur framewor� is interpretative (inspired by �ixon��oods et 

al�� (����)) meaning that we organised and �ualitatively synthesi�ed the literature in a way that 

helped to answer our research �uestion� �esearchers as�ing different research �uestions might 

propose other way of ordering these papers � including more �uantitative approaches to synthesis� 
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which is why we label this cluster ‘local modes of co�production’. Within this cluster multiple ways in 

which different local actors co�produce wind ener�y pro�ects are reported on. 

�he papers co�erin� local modes of co�production define local publics as local sta�eholders 

includin� farmers� landowners� indi�enous communities or residents in urban or residential areas. 

�mon�st the papers included in the cluster of local modes of co�production� there is a clear line of 

literature focusin� on in�ited sta�eholder participation in local� onshore wind ener�y pro�ects. We 

then identify a cluster of papers documentin� a ran�e of alternati�e forms of local co�production in 

onshore wind ener�y pro�ects and a cluster of literature de�oted to public en�a�ement with 

offshore wind ener�y. �nother sub�set of papers focuses on public en�a�ement with implemented 

wind ener�y pro�ects and reports on how publics en�a�e with wind turbines after their 

implementation and until decommissionin�. We also �rouped to�ether a small cluster of papers 

describin� how local wind ener�y pro�ects include en�a�ement of actors who do not li�e in the area 

permanently� includin� tourists and second�home owners. �astly� there is a set of papers 

documentin� cases of and reasons for locally or�anised resistance to wind ener�y. 

�he second cluster co�erin� collecti�e modes of co�production consists of papers that 

document the networ�ed�li�e relationships amon� in�ol�ed actors. �n contrast to the first cluster� 

this smaller cluster of papers� accountin� for ��� of all papers sampled� focuses on the or�anisation 

of collecti�e� beyond�local public en�a�ement. Within this cluster of literature� we identify a sub�set 

of papers focusin� on public en�a�ement or�anised throu�h in�estment collecti�es� such as wind 

ener�y cooperati�es. �e�t to that� we found that there is another �roup of literature focusin� on 

how public en�a�ement can be inte�rated in collaborati�e networ�s of the wind ener�y sector� in 

which publics form partnerships and alliances or participate in open research and inno�ation. � final 

sub�set of papers document networ�ed forms of collecti�e resistance that transcend the local scale. 

�inally� the third cluster of �irtual modes co�production represents ��� of the final sample 

and it co�ers di�ital and online forms of public en�a�ement. �hese papers describe a spectrum of 

online or �irtual reality�based ways of en�a�in� both local and non�local publics in a di�erse set of 

issues around wind ener�y. �ne subset of papers in this cluster focuses on how publics become 

in�ol�ed in wind ener�y pro�ects throu�h di�ital wind ener�y mar�ets �includin� online forms of 

financin� and in�estment�. � second subset of paper focuses on techni�ues for enablin� public 

en�a�ement with wind ener�y infrastructure throu�h different di�ital �isualisation techni�ues �e.�. 

��� �isualisation� �irtual reality�. Whereas these forms of �irtual co�production most commonly 

e�plore supporti�e or neutral forms of en�a�ement to wind ener�y� a final sub�set of papers did 

report on �irtual forms of resistance. While distinct� these three clusters of papers are not mutually 
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exclusive. For instance, one set of papers discussed ‘community wind energy’ (representing 4% of all 

papers sampled�, which covers both local and collective means of public engagement. �e also found 

that while ‘community wind energy’ could represent a mode of co�production of its own, there 

seems to be a lack of coherence in these papers on the definition of a ‘community’ – the term is 

used to describe both ‘local groups’ and ‘communities of interest’. 

�n the next sections, we present the �ualitative results of the review in terms of the state of 

knowledge about each of the modes of co�production, as presented in the clusters of papers. 

�.�.�. �ocal modes of co�production 

�ocal modes of co�production are represented as a set of ways in which local publics are engaged 

with spatially�proximate wind energy pro�ects (�undaca et al., ����� �inker, ����� �olsink, �����. 

�his cluster of papers explores the ways in which local publics invest in wind energy on their land 

(e.g. �ac�uet, ����� or take an active or leading role in planning and managing spatially�proximate 

wind energy pro�ects (�undaca et al., �����, both onshore and offshore (�all � �a�arus, ����� �oma 

� �aggett, �����. �ost of the papers reviewed focus on micro�scale pro�ects in remote areas 

(�assett � �emple, �����, on�farm wind energy pro�ects (�ac�uet, �����, and urban or semi�urban 

pro�ects (�vans et al., �����. �he review shows that whereas invited stakeholder participation at 

local level often focuses on gaining acceptance from local stakeholders for implementing pre�

existing wind energy plans (�all et al., �����, all together, local modes of co�production tend to 

focus on active and self�selected engagement of local publics (�he�el � �abussi�re, �����. �ocal 

modes of co�production also tend to enable local publics to remain engaged across the lifetime of 

the wind energy pro�ects (�ahn, ����� �onkel, �����. 

�ithin this literature, being landowner or a resident of an area is commonly seen as a 

defining determinant of (�� who these local publics are, (�� their degree of involvement in the 

development and management of wind energy pro�ects (�ostello, ����� �imcock, ���4�, and (�� how 

benefits are distributed (�itken, ����� �vans et al., �����. �he degree of influence on and benefit 

from wind energy production is seen in direct relationship to either the share�holdings of individuals 

(�eery � �ay, ����� �arren � �cFadyen, ����� or their proximity to operational wind parks 

(�acdonald et al., �����. 

�ithin the literature on local modes of co�production, there are however alternative 

perspectives on how to define local publics. �s a whole, literature on local modes of co�production 

does not treat local publics as a predefined set of actors. �nstead, local co�production appears to 

focus on constellations of local actors that coevolve with agendas linked to wind energy, such as 
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�gen��� �n� �e��‐g�vern�n�e� �i�i��r��, �he�e� �n� ������i�ere (201�) �rg�e th�t ������� ��n�ge� 

�in� energ� �r��e�t� ��n ��ti�i�e the ��e �� ����� ���it��, ��n�����e �n� ����� �n���e�ge �hi�h in 

t�rn in�re��e� the �en�e �� ���ti�e �� the�e �r��e�t� �n� the �r����i�it� �� their ���itive e��e�t� �n 

����� �����nitie�� �n ��ite �� the �er�eive� �ene�it� �� eng�ging ����� ����i�� �t the �t�ge �� �e�ign, 

�n�� � �e� �t��ie� �ere ���n� th�t ��t�ine �r��e��e� ��r �n� �ene�it� �� eng�ging ����� ����i�� in the 

��r� �� �in� t�r�ine ��n����t�rer� (��rn�e � ��r��, 2012� ��nner, 201�)� ���ever, �e �i� �in� 

e�����e� �� ��nergie� �et�een ����� ���e� �� ��‐�r����ti�n �n� ��r� �� ��n�����e �r�hite�t� 

(����� � ������i�re, 201�� ���ter���en, 201�) �n� ���ti�� ���nner� (�hri�tie et ���, 201�� �e ����� � 

���tenh���, 201�)� �he�e �t��ie� �r����e n�ve� �eth��� �� ���nning �n� envi�i�ning ����� �in� 

energ� ��n�����e� in �n ��en �r��e�� �� ��‐�e�ign �n� integr�ti�n �� e��n��i� �e�t�r� (e�g� 

t��ri��, re�re�ti�n �n� �i�hing) �ith �in� energ�� 

�e��n�, eng�ging ����� ����i�� i� �een �� � �e�n� �� en���ing ���iti��� ��ti�n re��te� t�, ��t 

e�ten�ing �e��n�, �ire�t ��n�ern� �� �in� energ� �r��e�t� in regi�n�� �n���r n�ti�n�� ����i� �e��te 

(Devine‐Wright, 2011)� ��r e�����e, De�i���� et ��� (201�) e����re� the �����e�itie� �� �etting 

regi�n�� �r n�ti�n�� g���� �r��n� �in� energ� �hi�e �re�ting ����e ��r ������� �e��‐�eter�ine� 

���nning� �ther� re���n� t� thi� �h���enge �� �rg�ing th�t �e�i�i�n� �n ��rge‐����e �in� energ� nee� 

t� eng�ge ����� ����i�� (���in et ���, 201�), ��t high�ight the �i��i���tie� �� ��ing thi� ��r��� ��� ��n� 

�n� �e�����e�� Devine‐Wright (2011), ��r in�t�n�e, �e��n�tr�te th�t it i� �i��i���t t� �e�ine ����� 

����i�� in ����h�re �in� energ� �r��e�t� given the�e �r��e�t� re�re�ent ����t�nti�� n�ti�n�� 

inve�t�ent� �n� tr�n��en� the ����� ����e� �everthe�e��, the �iter�t�re �re�ent� ���n��nt evi�en�e 

th�t ����h�re �in� energ� �r��e�t� r�i�e �i�i��r �in�� �� ����i� ��n�ern� �� �n�h�re �in� energ� 

(������h et ���, 201�� ������h � �ir�eg��r�, 201�) �n�, �� ���h, re��ire e���� �ttenti�n t� eng�ging 

����� ����i�� in their ��‐�r����ti�n (�ire�t�ne et ���, 2012�, 2012�� ����er et ���, 201�� �en �rin� � 

D��t�n, 201�)� 

2���2� ����e�tive ���e� �� energ� ��‐�r����ti�n 

�he ����ter �� ���er� re�re�enting ����e�tive ���e� �� ��‐�r����ti�n ����� �n ��� ��r�� �� 

�������r�ti�n in ��th �ing�e �n� ���ti��e �in� energ� �r��e�t�, �� �e�� �� i���e‐�riente� net��r�� 

e�t���i�he� ��r �������r�ti�n �ithin the �in� energ� �e�t�r� �he ���er� revie�e� reve�� ����e�tive 

���e� �� ��‐�r����ti�n th�t ��r���ive�� �ee� ��t ���ti���� �i��er�e� ����i�� �h� h��� ��n�ern �ver 

�n� �e��‐�e�ine �� ��rti�i��nt� in �e�i�i�n� re��ting t� the �eve����ent �� �in� energ� (����en� � 

Devine‐Wright, 201�� ����en� et ���, 201�� ������ � ��i�, 2011)� 
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�ollective publics tend to be broadl� defined as formalised networks of societal actors that 

include, but are not limited to, voluntar� and often self�or�anised collectives �e��� �auwens � 

�evine��ri�ht, ����� �auwens et al�, �����, partnerships and networks of collaboration �e��� �ullen 

et al�, ����� �arn�e � �arud, ����� �artins et al�, �����, also includin� networks lobb�in� a�ainst 

wind ener�� ��vila, ����� �ora�ues��aus � �rti���iranda, ������ �he composition of these 

networks is mostl� not dependent on a �iven spatial cate�or�, such as local, re�ional or national, but 

instead links publics who share common �oals and concerns related to wind ener��� �hese 

networked ‘communities of interest’, have a broader scope than the local ‘communities of place’ 

��auwens � �evine��ri�ht, ����� �olstenkamp � �ahla, �����, as the� can brin� to�ether dispersed 

actors into contact and dialo�ue over the desi�n and operation of wind ener��� 

�wo distinct t�pes of practices of co�production b� collective publics emer�e from this 

cluster of papers, both focused on the concerns and aspirations of collective publics linked to wind 

ener�� technolo�� and the embeddin� of these technolo�ies in landscapes� 

�irst, collective co�production is demonstrated throu�h financial participation, found in 

literature on ener�� cooperatives ��auwens � �evine��ri�ht, ����� �auwens et al�, ����� and 

communit��owned wind ener�� pro�ects ��imcock, ����� �imcock, ����� �arren � �c�ad�en, 

������ � common findin� of this literature is that such co�production is based on a collective 

ownership model for wind turbines which in turn distributes ener�� back to its members and�or 

provide financial benefits to the investors� �ind ener�� collectives tend to involve collective publics 

as investors who in turn receive the ri�ht to financial benefits or ener�� produced individuall� 

��auwens � �evine��ri�ht, ����� or as a communit� ��imcock, ������ �eed fundin� mi�ht be sou�ht 

from members enrollin� in the scheme at earl� sta�e who then receive future ri�hts to financial 

benefits ��iller et al�, ����� or to the ener�� that is produced from the turbines when operational� 

�ind ener�� collectives are seen as a promisin� model for developin� wind ener�� pro�ects �iven 

their abilit� to overcome financin� constraints and also to �enerate support at local level b� takin� a 

more tailor�made approach to pro�ect development and b� involvin� users and local communities 

over time ��allmeier � �haler, ������ �arren and �c�ad�en ��arren � �c�ad�en, �����, 

demonstrate how collective �financial� ownership of wind turbines can even translate into 

affirmative attitudes b� collective public, e�pressed b� for instance namin� wind turbines� 

�econd, the involvement of collective publics also e�tends to en�a�ement with wind 

turbines and their mana�ement across different sta�es of wind ener�� development� �ollective 

publics in wind ener�� have been shown to seek involvement in decisions concernin� operation of 

wind farms, includin� their on�oin� mana�ement and maintenance ���land � �ertsch, �����, and 
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e�en decommissioning and re�owering wind energ� insta��ations ��e� ��o et a��, ����� �e�erhoff et 

a��, ������ �arn�e and �arud ������ and �anner ������ for instance, show that c�ose co��aboration 

between ear�� users of wind turbines and wind turbine manufactures in the �anish wind energ� 

sector was an im�ortant ste� in finetuning subse�uent designs� �n this �anish case, co��ecti�e �ub�ics 

were defined as users of wind turbines who contributed to ‘wind meetings’, organised to foster 

co��ecti�e �earning and feedbac� to the design �rocess ��arn�e � �arud, ������ �es�ite being one of 

few e�am��es of its �ind, this case demonstrates that co��ecti�e co��roduction can not on�� �ead to 

better design but a�so foster �ositi�e engagement of co��ecti�e �ub�ics in the wind energ� sector at 

�arge� 

�his �iterature e�tends the notion of co��roduction b� �ointing to the ro�e of networ�ed 

co��aboration between co��ecti�e �ub�ics with �rofessiona� actors, such as de�e�o�ers, energ� 

�ro�iders and go�ernments in initiating, de�e�o�ing and maintaining wind energ� �ro�ects o�er time 

��o�acoo� � �ne�o�dsen, ������ �o��ecti�e co��roduction can, in this sense, materia�ise in �ri�ate–

�ub�ic �artnershi�s focused on �oined de�e�o�ment of wind energ� �ro�ects ��artins et a��, ����� 

�c�omas et a��, ����� or in coo�eration focused on im�ro�ing assessments and e�a�uation of wind 

energ� �ro�ects and their im�acts ��oragues��aus � �rti���iranda, ������ �he �iterature a�so �oints 

to how e��erts re�ate to �ub�ics and how their understanding of �ub�ic concerns inf�uences the 

�rocess of techno�og� inno�ation for the wind energ� sector� �e�erthe�ess, whi�e there is e�idence 

that co��ecti�e co��roduction can enab�e effecti�e coo�eration between �ub�ics and e��erts, there 

are �er� few such e�am��es in the �iterature ��eidenreich, ������ 

� common assum�tion in the �iterature on co��ecti�e co��roduction is that the in�ut 

�ro�ided b� co��ecti�e �ub�ics is �i�e�� to be reached through de�iberation ��oste��o, ����� �had�e, 

������ �t is furthermore assumed that the more inc�usi�e these networ�s are the more de�iberation 

the� can foster and the greater the �i�e�ihood that technica� and �andsca�e re�ated decisions wi�� be 

seen as �egitimate b� the �ub�ics in�o��ed ��had�e, ������ �owe�er, our re�iew a�so re�ea�s there 

has been �imited ana��sis of the inc�usion or e�c�usion of different o�inions within these networ�ed 

co��ecti�e �ub�ics� �here is a�so �imited e�idence within �iterature on wind energ� co��ecti�es on how 

de�iberation feeds into different stages of wind energ� de�e�o�ment, and where de�iberation is 

documented, the content of debates a��ears �arge�� �imited to financia� and technica� efficienc�� 

������ �irtua� modes of co��roduction 

�irtua� modes of co��roduction in wind energ� are obser�ed in the �iterature as a set of �ractices of 

engagement with wind energ� �ro�ects mediated b� information techno�og�, which connects �eo��e 



Public enagement with wind energy   |   37   

2

 

�� 
 

located across any distance from wind energy projects into digitally�networked pu�lics ��rady � 

�onani� ����� �untaine � �i�er� ����� Gamel et al.� ����� Grashof� ����� �iller et al.� �����. �uch 

engagement is linked to the emergence of online platforms� we�sites and apps that mediate pu�lic 

involvement in wind energy projects and to the proliferation of visuali�ation and geo� spatial tools 

for pu�lic engagement in the wind energy planning ��hadke� ����a�. �he papers reviewed in this 

cluster all demonstrate that virtual co�production significantly �reaks down spatial� temporal or 

social re� strictions to pu�lic engagement. �irtual modes of co�production are� as such� seen as an 

efficient means through which pu�lic concern materialise ��hadke� ������ and are communicated 

online ��indmarsh� ����� across different stages of wind energy projects. �or instance� the 

emergence of we�sites� platforms and social media groups devoted to wind energy� are reported to 

ena�le large num�ers of people to e�press interest in supporting and financing ��iller et al.� ������ 

or indeed resisting ��eusswig et al.� ������ wind energy projects long �efore they are developed. �t 

such an early stage virtual co�production can take a form of an online crowdfunding initiative that 

searches for investors among �roader pu�lics who are willing to provide funding for wind energy 

��iller et al.� �����. �or instance� a �����ased study reported on an online crowdfunding initiative 

that ena�led residents of a whole state to participate in financing of a large wind energy project 

��iller et al.� �����. �ittle evidence was found� however� on how investors living far away from wind 

energy projects relate to them and interact with the online means of engagement across the 

projects’ lifetime. 

�here is also evidence on the motivations of pu�lics to digitally engage with wind energy 

projects. � study of Gamel et al.� ������� found that people concerned a�out the environment in 

Germany are “more likely to invest in wind energy and even seem to accept financial dis� advantages 

for such ‘environmentally�friendly’ projects” �Gamel et al.� ���� p.���. �owever� it remains unclear 

how choices of these pu�lics reflect their concern and preferences over where and how wind energy 

projects are developed. �ere the reviewed literature that touches upon the issue of location� while 

limited� is split. �or instance� �rady and �onani ������ show that remote and marketed as 

sustaina�le wind energy projects tend to appeal to digitally�networked pu�lics who are interested in 

�uying car�on offsets form such projects. �n contrast� Gamel et al. ������� find that digitally�

networked pu�lics prefer making investments within their own region �radius �� km� or 

neigh�ourhood �radius � km� as opposed to investments in foreign wind energy markets. 

�hile this literature draws on the potential of virtual engagement for generating �roader 

networks of support for wind energy projects� we also found evidence for that opening up wind 

energy projects to dispersed pu�lics can lead to conflicts. �or e�ample� resistance was o�served in 
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case of wind ener�y pro�ects developed in Ireland for e�port of �reen ener�y to the �� (�rennan et 

al., ����). In this study, the authors found that “whilst local residents would bear the brunt of the 

e�ternal costs, most of the benefits would not be felt in Ireland (…) but instead be distributed 

further afield to wind farm operators, private corporations and their distant shareholders” (�rennan 

et al., ���� p.����). �s such, virtual modes of co�production that involve dispersed consumption and 

production of wind ener�y can lead to the emer�ence of new concerns about how costs and benefits 

are distributed. 

�inally, the literature shows that virtual modes of co�production enable novel ways of 

en�a�in� with di�italised versions of wind ener�y technolo�ies and landscapes. Increasin�ly common 

are visualisation and �eospatial tools that simulate the possible outcomes of different decisions 

about wind ener�y desi�ns (�had�e, ����a, ����b� �imao et al., ����). �he premise of virtual modes 

of co�production that en�a�e publics with di�ital representations of wind turbines or wind par�s is 

that such en�a�ement can foster hi�h levels of public influence over how and where wind ener�y 

should be developed (�erry � �i��s, ����). �or e�ample, web�based visualisation tools are proposed 

as channels of effective communication between the publics and e�perts to discuss concerns and 

alternative wind ener�y desi�ns (�imao et al., ����). �dditionally, we found studies reportin� on that 

ener�y suppliers and researchers wor�in� on wind turbine innovation are also usin� virtual reality to 

en�a�e publics to estimate noise impacts of new wind turbines (�anyo�y et al., ����� �u et al., 

����) and evaluate how wind ener�y pro�ects mi�ht be inte�rated in areas of cultural herita�e 

(�ieduwilt � �irth, ����). 

�ut while the potential of en�a�in� dispersed, di�itally�networ�ed publics is a �ey feature of 

the papers reviewed, evidence of co�producin� wind ener�y in such ways remains very limited. �he 

characteristics of those publics most li�ely to en�a�e with virtual technolo�ies or the e�tent to which 

these publics contribute to decisions on the desi�n, implementation and mana�ement of wind 

ener�y pro�ects also remains unclear. �he current literature most li�ely does not provide a complete 

overview of the full spectrum of possibilities for virtual co�production of wind ener�y technolo�ies 

and landscapes. �here is also little published information on the roles of the actors developin� these 

online services and mediatin� interaction with wind ener�y� especially in terms of their influence on 

openin� or closin� down the decisions of di�itally�networ�ed publics that affect wind ener�y pro�ects 

across the different sta�es of wind ener�y development. 
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�.�. �iscussion 

�ur re�iew distinguishes between different modes of co�production in the literature on public 

engagement with wind energy. �he identified local, collecti�e and �irtual modes of co�production 

are an attempt to represent the di�ersity of ways in which different types of publics engage with and 

shape the materiality of wind energy technology and their placement in landscapes o�er time. �n 

contrast to the dominant approach of in�ited sta�eholder participation, these three modes of co�

production together open up at least fi�e ways of understanding how di�erse publics can contribute 

to the design, planning and ongoing management of wind energy ��igure ��. 

 

�irst, local, collecti�e and �irtual modes of co�production, all appear to enable both local and 

spatially�dispersed, ‘non�local’ publics to engage with wind energy. Whereas a local mode of co�

production relies on a specific geographic or administrati�e area to determine who has the right to 

be in�ol�ed and how ��imcoc�, �����, collecti�e and �irtual co�production enable the emergence of 

spatially dispersed publics to form networ�s by sharing a common interest in wind energy ��auwens 

� �e�ine�Wright, ����� �auwens et al., �����. �his means that instead of pro�imity alone, different 
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publics emerge depending on the concerns and needs ��arres� ����� that motivate them to become 

actively involved in wind energy pro�ects� �y opening up to co�production and hence to non�local 

publics� which generally get less attention as actors in governance of energy systems ��esch� ������ 

different modes of co�production can enable multiple concerns and values to be e�pressed and 

translated into the design� implementation and management of wind energy pro�ects� 

�econd� local� collective and virtual modes of co�production enable a dynamic understanding 

of concerned publics� in contrast to static and idealised publics of invited sta�eholder participation� 

�ach of the modes of co�production views publics as plural and consisting of dynamic constellations 

of actors that coalesce and disband around wind energy over time �see e�g� �hilvers � �onghurst� 

������ �nderstanding publics in this way underscores the value of moving from energy ‘planning’ to 

energy co�production� �hat is� a shift from predetermining publics and their concerns and values 

��uppen� ����� �aebi et al�� ����� in the planning phase of a wind energy pro�ect to continually 

engaging the concerns and values of diverse publics across the entire life span of a pro�ect ��udolph 

et al�� ������ �n doing so co�production� when seen across the various modes elaborated in this 

review� can enable the continual emergence of publics to define the agenda around wind energy 

developments� where they should be and what concerns should be addressed�  

�hird� the review demonstrates the importance of understanding the reasons why different 

publics may choose to engage through different modes of co�production� �e found that the 

motivation to be engaged in the wind energy sector is not always lin�ed� as is commonly assumed� 

to ‘green’ political values ��epson et al�� ������ �he review instead indicates that different publics 

engage in the co�production of wind energy for reasons that may go beyond environmental 

concerns alone� �or instance� a degree of support or opposition to wind energy appears to be based 

on a mi� of financial �dis�benefits ��ristow et al�� ����� �yland � �ertsch� ����� �epson et al�� ������ 

demand for local �or national� renewable energy ��eary et al�� ����� in addition or in combination 

with green political values� �ow each mode of co�production can draw on these different 

motivations to increase the input from the publics on design� planning and long�term management 

of wind energy technologies and landscapes� either individually or in combination� however� remains 

less clear and should be the sub�ect of further research� 

�ourth� our review indicates that by engaging publics at different spatial scales co�

production may be able to overcome some of the prevailing concerns associated with wind energy 

landscapes and technology �especially around noise and landscape pollution� ��had�e� ����b� �u et 

al�� ������ �n contrast to invited sta�eholder participation� a co�production perspective focuses on 

opening up to� not only compensating for� concerns in the hope of finding novel solutions to issues 
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‘saturated’ (at least in part) by the predefinition of publics and their concerns (�uppen� ����� 

�imcoc�� ����)� �y brea�ing down these predefined publics and concerns� modes of co�production 

can enable new forms of ‘energy citizenship’ (�yghaug et al�� ����)� whereby the publics ta�e 

responsibility for long�term management of wind turbines and embrace both positi�e and negati�e 

aspects of wind turbine de�elopments and co�decide on how benefits and costs associated with 

wind energy should be distributed� �e�ertheless� different modes of co�production also appear to 

enable the emergence of new concerns around wind energy (e�g� around percei�ed �ustice of online 

in�estments in remote wind energy pro�ects (�amel et al�� ����� �esch� ����)� �uch of this 

literature re�iewed is� howe�er� only indicati�e of the emerging concerns and issues rather than 

pro�iding e�amples of good practices for conflict resolution� ��erall� there is space for further 

research on the e�tent to which different modes of co�production can internalise these concerns 

and contribute to conflict resolution in different empirical settings� 

�inally� the re�iew indicates that the modes of co�production enable a more fle�ible 

understanding of what wind energy technology (and infrastructure) entails and how it can be 

configured in landscapes (�arn�e � �arud� ����� �had�e� ����� �ecchiato� ����)������������ �y 

fostering such an understanding of fle�ibility in design and management within di�erse publics many 

of the concerns held o�er wind energy pro�ects can be mitigated (�arn�e � �arud� ����)� �ut while 

the re�iew shows that publics can play a role in decisions about wind turbine technology� including 

how different wind turbine models are designed� operated and maintained� empirical e�amples of 

such engagement remain limited (e�cept e�g� �arn�e � �arud� ����)� �here is more e�idence of 

local and collecti�e modes of co�production enabling publics to influence decisions about where and 

how wind energy is de�eloped (�abussi�re � �ada�� ����)� �irtual co�production is recognised in 

some papers as holding promise for interacti�e �isualisation of design principles (�had�e� ����a� 

����b)� �owe�er� it is apparent that further empirical research is needed to understand the ways in 

which these technologies (�isualisation software� apps or platforms) are used in practice (for 

e�ample as already done for smart meters (�loppenburg � �oe�elo� ����))� 

�hese fi�e ways of understanding how di�erse and emerging publics can contribute to the 

design� planning and ongoing management of wind energy demonstrate that these three modes of 

co�production are not mutual e�clusi�e� �hey instead can co�e�ist� enabling different publics to 

influence different material aspects of wind energy systems� related to technology and landscape� 

across the stages of wind energy de�elopment� �ot only does this once again contrast with the 

dominant approach that focuses only on in�ited forms of sta�eholder participation (�elt� ����� 

�arres� ����)� it also opens up the potential for enabling (dynamic and dispersed) publics to ha�e 
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�.�. �ntroduction  

�igital twins are virtual representations of an object or system and how it changes over time (�ones 

et al., 2�2�). �merging across multiple sectors of the economy and domains, digital twins have 

enabled virtual, as opposed to analogue, ways in which individual technologies, infrastructural 

systems, urban areas and even nature are managed (�auer et al., 2�2�� �embs�i et al., 2�2�� �ochta 

et al., 2�2�). �he design of digital twins in the wind energy sector is a case in point, where they are 

being developed to increase the safety, reliability, and optimal efficiency of turbines by enabling pre�

emptive monitoring and maintenance (Wagg et al., 2�2�), and to support decision ma�ing over their 

design and use (Smogeli, 2���� Wright � �avidson, 2�2�). �et despite growing aspirations for using 

digital twins to enhance technology development and implementation, little is �nown about the 

process of ‘twinning’ and its role in design, planning and ongoing management of these energy 

infrastructures.  

�ones et al. (2�2�) define twinning as “the act of synchronising the virtual and physical states 

(…) such that the virtual and physical states are ‘equal’” (p. 42). While focused on defining the goal 

or outcome of twinning, we argue that this definition, li�e others before it, fails to emphasise 

twinning as an active process of design that includes boundary wor� by multiple actors that includes 

negotiations about which elements of the material world are included and e�cluded in their digital 

‘equivalents’. Seen as such, twinning is less about mirroring reality in the virtual realm (i.e. a ‘twin’), 

and more about the aspiration and actions required to produce a virtual reality (�om�o � Winter, 

2���). �iven multiple interpretations of what any given digital twins represents are possible (�an 

�er �urg et al., 2�2�) we argue attention is needed to understand the role of digital twins as 

“boundary objects” – that is, artefacts or concepts that have multiple meanings for different people 

based on their bac�ground and e�pertise – and as products and effects of boundary wor�.  

�o understand twinning as a set of active design processes that hold consequences for how 

wind energy is designed and managed, we e�amine decisions made by e�perts about what to 

include and e�clude in the design of digital twins. We loo� at twinning as a process of governance by 

design in which decisions related to twinning may steer developments in wind power as well as steer 

the choices and behaviour of different actors in the wind energy sector (following �asanoff, 2���). 

�ore specifically, we focus on how boundaries are set for determining which aspects (technical, 

societal and environmental) are twinned, and then on how these boundaries influence the design 

and function of wind energy technologies over time, and in whose interest.  
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�e illustrate five acts of governance by design �steering wind turbine design� data use� 

facilitating or constraining public engagement� opening�closing down decision�ma�ing about siting� 

production of legitimising evidence for wind energy policy and management)� �e argue that the 

process of twinning constitutes an active site of governance by design that steers and ‘performs’ the 

developments in the wind energy sector with conse�uences for wider societal ob�ectives such as the 

energy transition� �hese conse�uences manifest through the materiality of wind energy technologies 

�including digital twins) and by how they are implemented in landscapes ��irch �ir�egaard et al�� 

����� �olman� �mits� van �liet� et al�� ����)� �or e�ample� the increasing concern about the impacts 

of wind turbines on landscapes ��trem�e� ����) wildlife ��rnett � �ay� ����) and on the e�tent to 

which local communities are meaningfully engaged ��it�en et al�� ����)� �hile all these concerns are 

to varying degrees related to choices about the design of wind energy technologies� little is �nown 

about how these concerns are internali�ed into digital twins� by whom and with what effect on their 

overall governance� �o overcome this� we focus on twinning actors �or ‘twinners’) to unravel how 

they translate the problems� the technologies as well as the needs and concerns of other actors into 

digital twins� �winners tend to be e�perts involved in pro�ects that design digital twins as well as any 

other actors enacting this translation and wor�ing for governments� private sector or research� 

�hese twinners can also include representatives of interest groups or the public at large� as digital 

twins increasingly become tools for decision�ma�ing over public space or infrastructure ��ochta et 

al�� ����)� �his in turn may open up a �uestion about direct public involvement in design of digital 

twins� �ow the role of twinners is allocated is thus imperative for revealing the dynamics of 

decision�ma�ing over both physical and virtual states of systems li�e wind energy�  

�ur focus on the twinning process reveals the challenges faced by twinners when reducing the 

technical comple�ity of wind energy systems� their interaction with environmental factors and the 

value and concerns of other societal actors to a virtual state� �n this respect� twinners might steer 

the development and management of wind energy systems in a similarly influential way to 

policyma�ers and planners when giving �or not) a place to public concern ��arbers� ����� �asanoff� 

����� �atour� ����)� for e�ample� by reducing a multitude of landscape�related concerns to a 

variable such as ‘visual impact’ ��olsin�� ����)� �owever� it remains unclear whether twinning 

represents a more inclusive and dynamic means of designing and managing systems that are 

twinned �here wind energy) than analogue processes ��embs�i et al�� ����)� �larifying these points� 

we argue� can help to more precisely understand the current and future role of digital twins in the 

energy sector and beyond�  
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The following section presents our co�production framework for analysing twinning as active 

process of governance by design. �e do this by unpacking how digital twins, as boundary objects 

between virtual and physical states, are twinned through an active process of boundary work. �e 

then outline our methodological approach for better understanding the twinning process and 

present our results in section �. �inally, we reflect on the important role of twinning and its 

implications for the wind energy sector in section � and present the conclusions in section �.  

�.�. Digital ‘twinning’  

�e examine twinning through the lens of co�production, which focuses on how scientific ideas and 

technological artefacts co�evolve with society, the institutions and discourses that create their 

meaning and enact them in practice (building on �asanoff, �����. � co�production perspective is thus 

useful for better understanding the complex relationship between science and innovation, such as 

those around wind energy and digital twins, and how they spark concern and engagement of the 

public (�acnaghten et al., ����� Turnhout et al., ����� �yborn, �����. Taking the lens of co�

production, a digital twin represents a series of decisions made largely by experts to represent 

social, technical and biophysical systems in digital ‘equivalents’. These decisions are based on 

choices about which elements of these systems are twinned (and which are not� and about the ways 

in which these elements should be represented and programmed to behave in a digital format. �s 

such twinning, can be seen as an active process of ‘becoming’ (building on �allon, ����a�� that is, 

boundary work that includes a translation of system elements into digital objects whose “meaning is 

imposed, contested, reflected upon, created, and agreed upon” (�et�e, ���� p. ���. �ollectively, 

these twinning decisions hold consequences for what subjects, objects and matters of concern are 

included and excluded, involving categories of experts and expertise, and ‘stakeholders’ and their 

stakes (building on �enderson, ����� �atour, �����. 

Taking this perspective of co�production, we analyse twinning as an active design process by 

positioning it at the interface between the material and virtual realms. �nspired by �iller and 

�yborn (����� we reflect on the “forms and arrangements of credibility, legitimacy, and 

accountability present and their implications for what knowledges and arrangements hold sway” (p. 

��� in how digital twins are designed. Then, building on prior research about boundary work in 

design (Tharchen et al., �����, we analyse the interaction between different domains of expertise in 

their collaboration on digital twins’ design and between twinning and public policy and wind energy 

planning. �igure � (below� illustrates how a boundary object (digital twin� co�evolves through 

boundary work (twinning where inclusion and exclusion takes place� within networks of actors and 

their concerns.  
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�ur analysis proceeds in two steps. �irst, we unpac� the digital twins as boundary objects, that 

are products of ontological assumptions about how to represent and demarcate components of 

wind energy systems, their beha�iour and purpose. �ollowing �eigh �tar and �riesemer (����) and 

�ar�ey and �hrisman (����), we treat boundary objects as artefacts or concepts that ha�e multiple 

meanings for different people based on their bac�ground and expertise, arguing that they ha�e 

material effects on the energy transition. �e analyse how the meaning of digital twins as boundary 

objects �aries across different twinning actors and how these interpretations are a base for their 

boundary�wor�. �ext to the interpreti�e flexibility of meaning that boundary objects ha�e, we follow 

�eigh �tar (�0�0) in how boundary objects coordinate wor� of the different actors, despite and 

sometimes because of the difference in meanings (see Tharchen et al., �0�0). �ollowing this wor�, 

we understand that boundary objects “form the boundaries between groups through flexibility and 

shared structure—they are the stuff of action”. This means that a digital twin as a boundary “object 

is something people (or, in computer science, other objects and programs) act toward and with” (p. 

603).   
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domain of wind turbine research and innovation� �ll the interviews were semi�structured and 

individualised to ensure there was room for follow�up �uestions or anecdotal remar�s�  

�inall�� we held a panel discussion with experts at a meeting of a pro�ect that aims to develop 

a digital twin of a new ���� wind turbine �called �������� funded under �ori�on ������ � choice 

was made to organi�e a wor�shop in order to foster interaction and open discussion among experts� 

�hese experts were divided over three tables� each moderated to discuss from their perspective as 

members of a digital twin pro�ect ��� the design of wind energ� technologies� ��� accounting for 

landscapes and ��� enabling sta�eholder engagement�  

�ll interview transcriptions and the summar� of wor�shop discussions were collected and 

anal�sed iterativel� ��olle� et al�� ������ �ased on this� we evaluated the �ualit� of the data b� 

reflecting on the �ind of insights gathered� chec�ing whether the information was relevant� and 

identif�ing aspects that were missing ��elotto� ������ �his in turn enabled internal validation of the 

data and strengthened the generali�abilit� of the findings ��ilva et al�� ������ �ll interviews were 

coded thematicall� ��ibbs� ����� using our theoretical framewor� to derive concepts and codes that 

help to understand twinning as boundar� wor�� and digital twins as a boundar� ob�ect�  

���� �igital twins as a boundar� ob�ect – negotiating ontolog�  

�ur results confirm that digital twins constitute boundar� ob�ects that lin� virtual and ph�sical states 

within the d�namic setting of specific sites and conditions� �owever� as d�namic boundar� ob�ects� 

the definition of a digital twin is not set� �ow a digital twin is understood ma� change over time� 

depending on the disciplinar� bac�grounds and on the different �inds of organi�ational goals of 

twinning actors� �an� of the experts reported that it is onl� b� wor�ing together that a shared 

understanding of what a ‘digital twin’ is and what it can achieve is developed� �nce a twin is 

designed or a twinning pro�ect completed� this shared understanding is rarel� if ever carried over to 

a following pro�ect�  

�e found three ontological assumptions made b� twinners that demonstrate wh� multiple 

definitions of digital twins and expectations about what digital twins can do as boundar� ob�ects are 

possible� each with performative effects on the ph�sical and virtual states of wind energ��  

�irst� definitions of digital twins as a boundar� ob�ect are constructed based on assumptions 

about the meaning of the concept of a ‘digital twin’ to each individual expert and based on what a 

digital twin in the domain of wind energ� should represent� �ost experts argue that digital twins for 

wind energ� should represent existing wind turbines� or their components� and should ideall� show 
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how a virtual twin of a physical turbine interacts with its environmental conditions in a landscape. 

�thers argue, however, that digital twins can be used during the design phase, to virtually represent 

wind turbine prototypes, for example of new wind turbines, and to simulate their performance. �his 

distinction is seen to be important for experts who thin� it is incorrect to use the label of digital twin 

for simulations of wind turbine prototypes because simulations do not include data from in�field 

measurements nor real�time data that is being fed into a twin but existing data sets that offer an 

approximation of real�life conditions. �s a result, a digital twin that is a prototype may be deemed 

objective but not a twin of reality, while digital twins of existing wind turbine or wind par� tend to be 

portrayed as mirror of reality.  

�econd, digital twins are boundary objects in that their degree of dynamism is negotiated by 

twinners. �mong experts interviewed there was consensus that digital twins cannot be static 

representations because they need to change in step with their physical twin. �hey argued that 

dynamism distinguishes digital twins from other types of simulation or modelling. �e found a 

shared ambition among the experts to increase the dynamic capacity of digital twins by feeding in 

real�time data across a range of parameters, such as changing atmospheric conditions or noise 

annoyance. �owever, several experts interviewed recognised that it is difficult, if not impossible, to 

meaningfully cover the complexity of social and environmental aspects of a given wind energy 

system in real time, including how people feel about wind energy or how different species or 

ecosystems are impacted by it. �ne of the experts said that ma�ing too much complexity in 

modelling can create vulnerabilities, arguing that “the more complicated the system becomes to 

monitor something, the more li�ely it is to fail because if one part of that system fails, then the 

entire system fails”. Nevertheless, digital twins as boundary objects are mostly expected to be as 

dynamic as possible as complexity of modelling affects the degree to which these virtual 

representations can be seen as ‘twins’ on all the aspects of ‘reality’.  

�hird, digital twins are boundary objects because their purpose is being actively envisioned 

and negotiated in the context of a twinning project. �or example, for wind turbine manufacturers, or 

other private actors, the purpose of digital twins is most often determined by a demand for 

overcoming technical challenges in wind energy, mainly focusing on upscaling wind turbine si�e or 

economic optimisation of wind farms. �n the other hand, for social or environmental researchers, 

the most relevant purpose of digital twins is to simulate and better understand social and 

environmental issues of wind energy �e.g. visualising wind farms and reducing noise, shadow flic�er 

and bird stri�es� and to adapt the design and�or management of wind turbines. �e found that when 

digital twins enable action on these issues, they become a relevant tool for policyma�ers and 



Digital twinning as an act of governance in the wind energy sector   |   55   

3

 

�� 
 

planners who want to better �isualise and communicate wind energy plans and designs. �n this way� 

digital twins can act as boundary ob�ects that coordinate the acti�ities of actors from different 

disciplines and bring different sta�eholders of wind energy together. ��en though digital twins as 

boundary ob�ects bring different actors of wind energy together� in the following section� we also 

show that the constellations of actors in�ol�ed are also a function of boundary wor�.  

�.�. �oundary wor� in digital twins� inclusion and exclusion  

�ur findings also demonstrate that the process of twinning is not simply one of mirroring reality. �t is 

a process of creating new� parallel �ersions of reality that represent ideal �isions of the wind energy 

sector held by expert twinners� which in turn affects how social� spatial and technical concerns are 

conditioned for the purpose of decision�ma�ing. �hat is included and excluded from these digital 

twins depends on ��� decisions on the data� models� concerns and regulation that determine which 

different aspects of ‘reality’ are digitalised and how� and ��� the degree to which expert and societal 

actors influence these decisions.  

�.�.�.  �egotiations o�er data� models� concerns and regulation   

�e found that expert decisions on what is and what is not twinned are dependent as much on ��� 

the percei�ed importance of different matters of concern and regulation and ��� expert �isions on 

the function and future of wind energy landscapes� as it is on ��� the a�ailability� selection and 

alignment of different data and models. �ogether this combination of how different aspects are 

�alued� and prioritised� future �isioning and data handling reflects the implicit assumptions held by 

expert twinners o�er which ‘desirable’ states or landscapes are digitally twinned.  

�irst� we found that expert decisions on what is included or not in the digital twin en�ironment 

rests on experts’ ideas about the importance of different matters of concern and the regulations 

go�erning them. �his can be illustrated by decisions made by twinners on turbine noise. �hile most 

experts argued that noise can be ob�ecti�ely measured� a subset of respondents expressed doubt 

about the legitimacy of noise as a dominant societal concern� arguing that there are other �more� 

rele�ant matters of societal concern such as shadow flic�er or the extent to which local communities 

are in�ited to financially participate in wind energy. �n addition� se�eral experts argued that the high 

�ariation in how wind turbine noise is regulated at both national and sub�national le�els further 

complicate decisions on whether to twin noise or not. �he more complicated concerns such as noise 

become� the greater the chance that twinners will see� to either simplify or exclude them from 

digital twins. �t is then important� one expert reflected in context of his own pro�ect� that the 
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outcomes of modelling might not be applicable globally, as in different countries, one is likely to 

include different maps, select different criteria, and rate them differently.  

�econd, expert decisions on what wind park data �geolocation, landscape morphology, built 

environment� are and are not twinned are dependent on visions and assumptions for the 

performance of wind energy in different landscapes. �or example, both the manufacturers and wind 

energy experts interviewed favour the development of digital twins for offshore wind energy. This is 

because, they offered, offshore wind farms tend to yield higher financial returns because of the 

economies of scale from high�capacity wind turbines. �igital twins of these offshore wind farms 

enable increased efficiency in design, planning and management which in turn �ustifies the cost of 

developing the digital twin in the first place. This optimisation logic in turn affects what kinds of 

matters of concern are twinned, with offshore locations often assumed to have significantly fewer 

‘social’ issues. The consequence of these explicit and implicit biases to offshore wind energy is that 

fewer digital twins are being developed for onshore wind energy, which means less knowledge and 

innovation is likely to emerge for onshore sites and technologies.  

�inally, all expert twinners interviewed consistently reported that the material, social or 

environmental aspects of ‘reality’ included in a digital twin are determined by availability, selection 

and alignment of different data and models. As one expert explained, a lack of data means “there 

are limits in terms of things that you can measure”, which in turn means that “your digital twin will 

be blind in this area. �aybe you can do some estimations, but you will never have a chance of 

matching these estimations with reality”. However, available data also affects twinning. ‘Noise’ data 

are commonly included in digital twins precisely because it is easily measurable and, as such, readily 

available. There are also different kinds of noise data available at different spatial and temporal 

scales of noise propagation, which increases the choice experts have on the kind of noise data they 

can integrate into their digital twins. �ltimately, most experts did not see data availability as a ma�or 

issue for the technical aspects of wind energy systems given such data tend to be precise. However, 

it is the ability to accurately measure and fairly represent the social and environmental aspects of a 

wind energy system that is often beyond the scope of most twinning pro�ects.  

The twinning teams and their actions and decisions draw boundaries around whether and how the 

concerns of stakeholders, users, policymakers are included and excluded from digital twins. �e 

found that how twinning affects design and management of wind energy is determined by who is 

directly involved in or can contribute to twinning. �e identified three ways in which the agency in 
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t�innin� is affecte�� ��� �y �ho� the expert t�inners are, ��� the role of �in� tur�ine 

�anufacturers, an� ��� �hich experts or actors are exclu�e� fro� t�innin�.  

�irst, �e foun� that tea�s of experts in t�innin� pro�ects �iffer in their co�position an� that 

this co�position is stron�ly influence� �y the scope of a �in� ener�y syste� �ein� t�inne�. 

�urther�ore, �hile �in� ener�y syste�s in lan�scapes interact �ith �oth social an� en�iron�ental 

syste�s, �any of the t�innin� pro�le�s are fra�e� as technical an� thus as re�uirin� expertise on 

�in� ener�y technolo�y. �or exa�ple, the technical expert t�inners often pro�i�e expertise on 

�aterial stren�th of �in� tur�ines, �in� tur�ine physics an� �yna�ics, acoustics an� noise, 

at�ospheric �o�ellin� an� on t�innin� itself. We foun� that, �hich experts are in�ol�e� in part 

�epen�s on �hich co�ponents of �in� tur�ines, �hat types of �in� tur�ines an� �hich physical 

an� social en�iron�ents are t�inne�. When social an� en�iron�ental issues are inclu�e�, experts 

on pu�lic acceptance an� en�iron�ental i�pacts are also �ein� inclu�e�. �s the nu��er of 

para�eters increases, the �e�an� for inter�isciplinary colla�orations has also expan�e�. �hese 

colla�orations are seen as a positi�e tren� that can enhance ho� t�innin� i�entifies �ifferent �in�s 

of issues an� conse�uently �ifferent �in�s of solutions.  

�econ�, �e foun� that �in� tur�ine �anufacturers not only participate an� �enefit fro� 

t�innin�� they also �ay affect �hich �in�s of �in� tur�ines are �ein� t�inne� an� for �hat purpose. 

�heir position is o�ser�e� to �e lucrati�e. �s t�innin� pro�ect �ana�ers reporte�, colla�oration �ith 

�anufacturers can �e �ecisi�e in securin� ��� or national le�el� research fun�in�. �his colla�oration 

can affect the properties of �in� tur�ines �ein� t�inne�, not only �ecause of �irect co��ercial 

interest, �ut also �ecause of concern a�out intellectual property ri�hts o�er patente� �in� ener�y 

co�ponents. �n a��ition, the �eclinin� nu��er of �in� tur�ine �anufacturers, �ue to in�ustry 

consoli�ation, �a�es it increasin�ly �ifficult to ensure �i�erse colla�orations. �he �a�ority of our 

respon�ents o�ser�e� that �i�ital t�ins �eco�e an exclusi�e �o�ain of lar�e an� esta�lishe� 

�anufacturers. �e�ertheless, t�innin� technolo�y is still use� �eyon� the �ainstrea�. �or exa�ple, 

t�innin� is also use� to �e�elop niche �in� tur�ines, such as �ertical�axis tur�ines for ur�an 

applications.  

�inally, the exclusion of certain experts fro� t�innin� pro�ects shapes the potential that 

�i�ital t�ins ha�e for �o�ernin� �in� ener�y. �he exclusion of any �in� of expertise fro� t�innin� 

�as not foun� to �e �ie�e� �y expert t�inners as a li�itation, �ut it �as co��only rationalise� in 

ter�s of �ein� out of the scope. While technical experts are seen as ‘necessary’, social or 

en�iron�ental experts are often consi�ere� optional partners. �o�e�er, anticipatin� that concerns 

a�out �arine en�iron�ent �ill increase as �in� ener�y �o�es offshore, one of the experts ar�ue� 
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the importance of expertise on marine life to be included in future twinnin� pro�ects to account for 

the potential impact of wind turbines on fish and birds’ populations. Such expertise is particularly 

important� this respondent stated� because of the proliferation of wind turbines as floatin� 

structures and the uncertainty surroundin� how these structures interact with and affect the marine 

en�ironment. �n twinnin�� such proacti�e accountin� for public concerns is possible� but for matters 

of societal or en�ironmental concern to be included� one of the experts ar�ued it is up to the societal 

actors and policyma�ers to demand or to ma�e compulsory that certain aspects� for example bird 

collisions� are always ta�en into account.  

�.�. �iscussion  

�ur results demonstrate the broad ran�e of decisions made in the process of twinnin� that hold 

conse�uence for which experts and matters of concern are included and excluded in di�ital twins. 

�hese decisions� we also show� in turn hold conse�uences for what di�ital twins can do and for 

whom. �t is this decision�ma�in�� we ar�ue� that hi�hli�hts how twinnin� constitutes an acti�e 

process of desi�n in which boundary wor� of inclusion and exclusion has broader implications for 

both the on�oin� mana�ement of operational wind farms and for the future of wind power.  

�ased on our results we now we reflect on how twinnin�� as a process of co�production� 

produces and reinforces existin� ways of �nowin� and orderin� society around technolo�ical 

inno�ation �followin� �asanoff� ����� �����. �e do this by ar�uin� that there are at least fi�e areas 

in which twinnin� as an act of �o�ernance already holds socio�material implications for wind ener�y 

transitions �summarised in �able ��. �o�ether they demonstrate possible implications of �nowled�e�

production throu�h twinnin� and how twinnin� of wind turbine technolo�ies is used to sol�e 

problems and steer de�elopments in wind power.  

�irst� twinnin� is an act of �o�ernance because it can steer the way in which the physical 

counterparts of a twin are desi�ned by prioritisin� some issues related to wind ener�y in its desi�n 

process and excludin� others. �his becomes tan�ible when twinnin� is used to desi�n new wind 

turbines and for that it includes and predicts social or en�ironmental impacts of new wind turbines. 

�o do this� twinnin� tends to steer di�ital twins to act as calculati�e de�ices ��allon � �uniesa� ����� 

by prioritisin� �uantifiable and institutionalised concerns such as noise. �y doin� so� twinnin� 

emphasises and le�itimises such �uantifiable concerns� establishin� specific threshold le�els of wind 

turbine noise as a benchmar� for public acceptance. �li�nin� with prior research ��olsin�� ������ we 

ar�ue that there are many other factors that influence issues li�e annoyance� acceptance or 

percei�ed sustainability of wind ener�y� dependin� on what is bein� measured and included� where� 
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��en and �o�. ���s� ��ile incl�ding noise data co�ld �e seen as a �a� of internali�ing p��lic 

concerns into design of digital t�ins� �e recognise t�at incl�ding or e�cl�ding ot�er societal and 

en�iron�ental aspects �a� s�ape �ind t�r�ine designs in different �a�s.  

�econd� t�inning is an act of go�ernance as t�inners �a�e agenc� o�er ��at data is �sed� 

��ic� �as a range of i�plications for �ot� f�t�re and e�isting �ind energ� infrastr�ct�re. �n digital 

t�ins de�eloped for �ind t�r�ine inno�ation� e�pert t�inners select datasets t�at represent �ind 

t�r�ines of t�eir interest and often opt to align t�inning c�oices to opti�ise t�e design for 

increasing �ind t�r�ine si�e and efficienc�. ��ro�g� �o�ndar� �or� of t�inning� e�pert decisions 

a�o�t design �e.g. of �ind t�r�ine protot�pes� are legiti�ised and e��edded in t�e �roader 

narrati�e of �pscaling �ind energ� infrastr�ct�re to ac�ie�e t�e energ� transition. ��ere is as s�c� a 

possi�ilit� t�at t�inning �a� �arginalise alternati�e �o�e�ents in t�e �ind energ� sector� for 

e�a�ple s�aller �ind t�r�ines ��ade et al.� fort�co�ing�. �n cases of digital t�ins de�eloped for 

e�isting �ind far�s� t�ere is a reason to ca�tion a�o�t �o� t�inners gat�er� select and �se data for 

t�inning� as t�is �a� raise et�ical c�allenges aro�nd pri�ac� and data o�ners�ip ��ones et al.� ����� 

�agg et al.� �����. �it� onl� fe� �ind t�r�ine �an�fact�rers left ��o can afford to de�elop digital 

t�ins� attention is needed on �o� t�is do�inant position and leaders�ip in t�inning ena�les control 

o�er data o�ners�ip in t�inning.  

��ird� go�ernance �� design is present in t�e t�inning process as t�inners affect t�e e�tent 

to ��ic� digital t�ins can in�ite or disco�rage societal actors to �e in�ol�ed in decision��a�ing 

a�o�t �ot� p��sical and �irt�al co�nterparts of a t�in. �� in��iring into processes of setting 

�o�ndaries� �e �a�e �een a�le to �etter �nderstand ��at �ind of p��lic concerns are digitall� 

represented in t�e t�inning process as �ell as to in��ire a�o�t t�e �eig�t of t�ese concerns in 

digital t�ins. ��en t�o�g� �e fo�nd t�at societal actors are co��onl� e�cl�ded fro� t�e t�inning 

process� �e arg�e t�at t�ere are areas in ��ic� t�inning co�ld contri��te to incl�si�eness of 

different p��lics and t�eir concerns a�o�t �ind energ� ��esc�� �����. �epending on t�e stage at 

��ic� a t�inning process �a� �e opened to societal actors� digital t�ins co�ld eit�er li�it or 

facilitate p��lic engage�ent. �or e�a�ple� incl�ding a �ider range of societal actors in t�inning t�an 

c�rrentl� is t�e case co�ld ena�le a space for p��lic inp�t on t�e �anage�ent of �ind far�s. ��c� 

an approac� co�ld �ield ne� insig�ts a�o�t �o� to ad��st operation of �ind energ�� for e�a�ple� 

�ini�ising �ird stri�es �� �sing sensors to s�itc� off �ind t�r�ines ��es�ol� et al.� ������ or �� 

i�pro�ing t�e aest�etics of �ind t�r�ines �� incorporating data on people’s design preferences.  

�o�rt�� t�inning as an act of go�ernance can �e o�ser�ed in t�e affordances of digital t�ins 

as �o�ndar� o��ects� as t�e� can open �p or close do�n �o� decisions a�o�t ��ere to locate �ind 
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energy are made and how wind energy landscapes loo� li�e. �hile we found that landscape data are 

selectively included in twinning of existing wind farms, multiple assumptions about potential and 

desirable locations for future wind farms are made – with a bias to offshore development. 

�urthermore, as digital twins commonly do not include visualisations or dynamically represented 

landscapes, it is not possible to observe or evaluate a twin of a turbine in its bio�physical 

environment, experience how landscapes change over time and how nature is impacted by wind 

energy. �he limitations related to virtual representations of landscapes, in turn affect the value of 

twinning to address landscape�related challenges. �n the longer term, this exclusion may lead to a 

‘blind spot’ for consequences of wind turbines on landscapes. �his is why we argue that digital twins 

should ta�e dynamic interactions between technologies and their surroundings into account, 

including soil, landcover, birds, bats and other elements of natural landscapes (cf. �ercier��aurent � 

�onsone, �����.  

�ifth and lastly, twinning is an act of governance because it is expected to produce objective 

evidence for wind energy policy and management. �his expectation may however be elusive, as 

digital twins, seen as boundary objects, are not merely ‘equivalents’ that ‘mirror’ the social, 

technical and material systems they mean to represent, and hence should not be automatically 

assumed to be objective. Rather than being ‘innocent’ or ‘mundane’ objects, they have performative 

effects on the transition to renewable energy, which need to be explored further. �espite �ig �ata 

and advancements in modelling techniques offering increasingly accurate representations of 

complex socio�technical systems, we concur the finding of �om�o and �inter (����� that “the 

metaphor of a ‘twin’ is axiomatically ill�conceived when referring to a replica or a mirror image” (p. 

����. �his does not mean that twins cannot play a role in decision ma�ing but that this demands 

enhanced transparency over how digital twins are designed and modesty over what can be achieved 

within their current limits. �t is also important that policyma�ers understand these limitations of 

digital twins and recognise the aspects for which they can and cannot offer clear insights. �winning 

processes in this way should be understood as a function of boundary wor�, with digital twins as a 

prism of the time and place reflecting the twinning process, rather than ‘virtual reality’.  
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�espite the comple�ity of these five conse�uences of twinning as an act of governance we 

remain optimistic about the potential of digital twins to create more inclusive governance of wind 

energy� �igital twins reconfigure the socio�technical�environment interfaces and open up 

possibilities to think about how it might support ambitions for “designing otherwise—in locations 

and moments of collective work that address a wider arrangement of humans and technology” 

��evendorf � �osner� ������ �ut for this potential to be realised� we caution that attention is 

needed to how twinning� as a process of boundary work� re�produces framings and categories of 

e�perts and e�pertise� and in doing so define who and what is included as legitimate stakeholders 

and matters of concern ��enderson� ����� �atour� ������ �ollowing �olsink ������ we also caution 
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against objectifying public concerns about wind energy in a way that reduces their situatedness� 

�hile simplifications and black�bo�ed framings of reality are necessary in order to make sense of the 

world around us and to make knowledge actionable ��allon � �uniesa, �����, it can also lead to the 

e�clusion of non��uantitative concerns� �his too limits inclusion of actors and their concerns in 

twinning and can play a direct role in producing controversy ��irch �irkegaard et al�, ����� 

�abussi�re � �ada�, ������ �his argument has been also put forward in the emerging scholarship on 

the software algorithms �e�g� �illespie, ����� and other digital tools ��irkegaard, ����� �irkegaard, 

�����, arguing that these are “not just mundane, technical, or scientific artifacts, but also become 

political as they perform multiple controversies of a scientific, technical, economical, and political 

character” ��irkegaard, ���� p������ � key step to avoiding this is to go beyond the domains of 

technical e�pertise to identify and include social and environmental aspects of wind energy, 

including how they are intertwined with the politics of energy transitions�  

�igital twins have emerged as a popular concept in different domains, including energy, public 

health and infrastructure, but the understanding of what a digital twin is and how twinning 

processes work has remained limited� �e have e�plored digital twins as boundary object and 

through the prism of boundary work, illustrating that the process of their design is an active process 

of negotiated decision�making about how digital and physical aspects of reality should be aligned� 

�oing so, our study thus has helped to shed light on ‘the becoming’ and variable ontology ��allon, 

����a p� ���� of digital twins, relevant also to other �digital� technologies� �howing how these 

decisions in themselves constitute five acts of governance, this paper adds to the co�productionist 

stream in the literature asking �uestions of why and for whose benefit the different types of 

research and technological invention e�ist and how they relate to matters of societal concern 

��asanoff, ����� �irkegaard � �yborg, ����� �acnaghten et al�, ����� �wen et al�, ������  

�n this paper, we showed that digital twins are boundary objects in that they coordinate 

work of different actors in wind energy who develop their own understanding of what a digital twin 

is and how the virtual reality should look like� �e then unpacked twinning as boundary work that 

includes an active process of design� �y unpacking decisions about who and what is included or 

e�cluded in twinning and evaluating the assumptions that are built into the twinning process, we 

showed that digital twins are not just objective representations of wind energy systems� �hey are 

instead an artefact of the choices made by e�perts about what can and what should be made virtual, 

and conse�uently on socio�material effects on society and the surrounding landscapes� �e find that 

twinning produces ‘situated’ knowledge about wind energy infrastructures and their future, and that 
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twinning re�produces and legitimises data�based decision�ma�ing and expert involvement in 

decisions about design, planning and management of wind energy infrastructures. �een as such 

twinning does not only contribute �nowledge for decision�ma�ing, but it is a governance process 

itself.  

For digital twins to contribute to increasing sustainability of wind energy systems in a way that 

addresses complex, societal, spatial and environmental issues, twinning should deal with a wider 

diversity of concerns, sta�eholders and practices relevant to wind energy infrastructure 

development. �o do so, twinning re�uires a higher degree of inter� and transdisciplinary boundary 

wor� starting at the early stages of problem framing and networ� formation. �e advocate for 

inclusion of a broader range of experts – in particular, from social science and ecology – to 

include their perspectives and data on the impacts and performance of wind energy in the social and 

natural environment. Finally, we also encourage reflection about possibilities for direct 

public engagement in design of digital twins such as such as citi�en panels ��oogaard et al., ����� or 

different �inds of technology assessments ��uston � �arewit�, ����� �oss, ����� �ip � �e �ulve, 

�����.  

�winning should therefore not only be about what is possible, �e.g. can the si�e of wind 

turbines be increased through twinning�� but also on the conditions allowing twinning to 

legitimately steer wind energy transformations. �rawing inspiration from co�production, future 

research could focus on the �inds of practices of engagement and deliberation that digital twins can 

foster, as well as the challenges of data ownership and data generation for twinning. �t is also 

relevant to explore if and how the goals around inter� and transdisciplinary research and innovation 

�including the new �ori�on �urope Framewor�� ��ngeborgrud et al., ����� can incentivise twinners to 

meaningfully involve a broader range of sta�eholders and to generate �nowledge that addresses 

societal concerns.  
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�his paper presents a case of a di�ital de�ice � a noise app – e�plo�ed b� a �ind far� operator as a 

response to �ro�in� noise anno�ance b� residents li�in� ne�t to their �ind far� in the �etherlands� 

�his noise app co��unicates predicted sound le�els to the residents and �onitors their noise 

anno�ance� �e anal�se the noise app as a di�ital fra�in� de�ice that �o�erns concerns around �ind 

turbine sound throu�h three processes� � �e sho� ho� in the 

process of , the app uses a particular definition of ‘the public’ and construes ‘noise’ as a 

�atter of concern� �e use the ter�  to hi�hli�ht �ho is in�ol�ed in the interpretation of 

the data about anno�ance, and ho� certain conclusions co�e to be seen as le�iti�ate� �inall�, �e 

discuss ho� in the process of  specific �inds of solutions are proposed that fit �ith this 

proble� definition� �he fra�in� process of the noise app also leads to unforeseen effects in the 

for� of � �articularl�, �e see that concerned residents de�elop an e�pectation to be �ore 

acti�el� in�ol�ed in decision��a�in� around the �ind far�, and that residents resort to alternati�e 

for�s and channels for e�pressin� e�istin� and ne� concerns� �e conclude b� reflectin� on the 

broader ener�� �ustice i�plications of di�ital fra�in� and o�erflo�in� in ter�s of reco�nition �ustice, 

procedural �ustice, and distributional �ustice� 

 

 

 

 

 

�his chapter has been published as � �ol�an, ��� �irch��ir�e�aard, ��� �loppenbur�, �� ������ �ind 

ener�� and noise� �orecastin� the future sounds of �ind ener�� pro�ects and facilitatin� �utch 

co��unit� participation, , ��, ������  
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4.1. �ntroduction 

�ind energy takes up an increasing share in the energy system, but wind energy projects often meet 

local resistance. �or residents living nearby a wind project, noise annoyance is one of the main 

negative and long�term impacts (�oolan, 2�1�� �aac et al., 2�1�� �edersen � �aye, 2���). �oncerns 

about noise may lead to opposition (�ohl et al., 2�1�), often already during the planning process of 

projects (�gilvie � �ootes, 2�1�). �or governments and professional actors involved in wind energy 

projects, tackling concerns linked to noise annoyance can therefore help to increase local 

acceptance of wind energy projects (�eiren et al., 2�2�). � challenge for these actors is how to 

manage noise annoyance in such a way that the concerns of local communities are recognised, that 

local communities experience their participation in processes as fair, and that the ‘solutions’ to noise 

annoyance are experienced as ‘just’ outcomes.  

To define how much noise is ‘acceptable’ for communities living near wind turbines, national 

(and sometimes state or local) governments have established legal limits for wind turbine noise 

(��llenbach � ��stenhagen, 2�22). �n assumption underlying these limits is that the higher the 

level of sound in decibels, the more annoyance is reported by local communities (so called ‘dose�

response’ rationale) (�edersen � �aye, 2���). �owever, while noise exposure matters, the 

perception of wind turbine noise may also differ per person (�lamir et al., 2�1�). �ccording to a 

study by �aac et al. (2�1�), noise annoyance is strongly correlated to “subjective factors of wind 

turbine appearance and self�reported noise sensitivity” (p.1124) rather than objective factors like 

wind turbine sound level. �n top of that, wind turbine sound has been shown to be perceived as 

‘noisier’ than other kinds of sound (�an den �erg, 2���), and the presence of tonal sounds can be 

experienced as very annoying by some people (�an den �erg, 2�21). �n general, concerns about wind 

turbine noise are often a subject of controversy, linked to disagreements within society around what 

and whose definitions, concerns, and knowledge should be recognised (�ieuwenhui�en � ��hl, 

2�1�� Taylor � �lenk, 2�1�). �n acknowledgement of the various concerns over wind turbine noise, 

and how they may differ among stakeholders, noise regulations may not be sufficient for tackling 

and preventing noise concerns. 

To better manage noise annoyance, actors in the wind energy sector have started to 

experiment with participatory tools to communicate with residents about wind turbine sound (e.g. 

�awlikowska et al., 2�1�). �n this paper, we analyse a case of a so�called ‘noise app’ that can be 

installed on mobile phones. The noise app is deployed by a wind farm operator to manage wind 

turbine noise produced by a �utch wind project. �t communicates a sound forecast to the local 

community and enables residents to provide feedback on the level of noise annoyance they 
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experience. �he app thus enables real�time monitoring of perceived noise annoyance, which could 

provide the wind farm operator with a dynamic and contextual understanding of how residents 

experience wind turbine noise.  

�ur aim is to examine how the use of this digital device affects how, by whom and in what 

way concerns about wind turbine noise are governed. �e use the term governance to refer to how 

different actors � experts as well as lay people � steer decisions about how and by whom wind 

turbine noise should be defined, and how and by whom noise annoyance should be measured and 

tac�led. �o understand the role of the app in the governance of noise concerns, we conceptualise 

the noise app as a ‘framing’ device (�allon, ����b) that stabilises concerns by constructing a ‘frame’ 

around a specific problem (here wind turbine noise). �e argue that the framing that arises from the 

noise app ta�es place through three processes� and concerns 

around noise. �hrough these processes, some (aspects of) noise concerns become part of the frame, 

while others are excluded. Excluded aspects become ‘overflows’, understood here as unforeseen 

(positive or negative) effects or ‘externalities’ (�allon, ����). �n example of a negative externality 

would be the emergence of new conflicts around the use of the noise app, while a positive 

externality would be unexpected benefits for local sta�eholders. �ith this focus, we aim to reflect 

on the �ustice implications of using digital devices to govern concerns including, but also beyond, 

wind turbine noise. �n doing so, we distinguish between recognition, procedural and distributional 

�ustice (�en�ins et al., ����). �ore specifically, we focus on �) recognition �ustice in terms of the 

perceived fairness of how the noise app includes and excludes concerned residents as the ‘public’ of 

the noise app� �) procedural �ustice in terms of the perceived fairness of how and when residents 

can voice concerns about noise and participate in wind pro�ect operational management� and �) 

distributive �ustice with respect to the perceived fairness of how the noise app redistributes the 

costs associated with wind turbine noise annoyance. 

�he paper is structured as follows� �n section two, we explain how the theoretical lens of 

framing and overflowing can be used to examine the role of digital devices in governing (noise) 

concerns. �n section three, we introduce the empirical case of the noise app and describe our 

methodology. �ext, we examine the noise app by analysing the three processes of 

, and the overflows that occur in this framing process. �e conclude by 

reflecting on the �ustice implications of the noise app and describe conditions under which such 

digital devices can improve public engagement in understanding and managing noise concerns. 

�inally, we propose an agenda for future research. 
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�.2. �igital devices, framing and overflowing  

To analyse the noise app as a framing device, we draw on Michel Callon’s (���8) understanding of 

framing and overflowing. �raming is both cognitive and physical in nature (Callon, ���8 p. 2��), 

establishing “a boundary [a frame against the outside world] within which interactions – the 

significance and content of which are self�evident to the protagonists – ta�e place more or less 

independently of their surrounding context” (�offman, ���� in Callon, ���8 p. 2��). �ramings help 

to stabilise networ�s around matters of concern as they �ualify which definitions and evidence 

count and which actors can legitimately participate (�reslau, 2��3). �verflows are the unforeseen 

effects of all those things that could not be contained within the frame, as framing always involve 

inclusion and exclusion processes (Callon, ���8). �n the context of energy projects, �esch et al. 

(2���) have argued that with any energy project, framings will be contested and lead to overflows. 

As they argue, “overflowing is not a negative side�effect of energy projects, or […] evolves from bad 

management. �verflowing is inherent to decision�ma�ing on energy projects. �nergy projects and 

systems involve a wide range of uncertainties that are not only technological, but also social and 

normative and that play out on different geographical, jurisdictional and temporal levels, as such 

increasing complexity and creating tensions” (p.832). �n addition, a study on energy controversies by 

Cuppen (2�2�) shows that if the dominant framing solidifies a particular definition of an issue at 

sta�e, alternative interpretations might be marginalised and become overflows.  

To the best of our �nowledge, no framewor� has been developed yet for how digital devices 

in energy projects act as framing devices, and how this produces overflows. �ecause the use of 

digital devices shapes how problems are understood and governed (�loppenburg et al., 2�22), it is 

necessary to develop an analytically more precise understanding of the framing process. �oing so 

will in turn help to reveal the potential justice implications of framings and overflowing (�en�ins et 

al., 2�2�� �esch et al., 2���). �e conceptualise framing as an active process that involves decisions 

about how to translate a matter of concern into the digital realm, including which data to collect, 

how to analyse this (digital) data, and the type of solutions designed to address the problem at 

sta�e. �e therefore dissect framing into three processes�  and

.  

�irst, framing through digital devices includes � an active process of setting 

boundaries around which aspects of socio�material reality to translate into digital data, and 

delimiting which actors can legitimately participate in this data collection. �pecifically when concerns 

are translated into (digital) data, the choices about parameters for which data is generated, and how 

it is digitised often tend to be blac��boxed (�othe, 2���). �rocesses of capturing in the case of digital 
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�.�. �mpirical results: how a digital device captures, channels and manages noise 
annoyance  

The noise app offers a novel approach to understanding residents’ concerns about wind turbine 

noise. The app provides noise predictions and allows residents to rate how annoyed they are by the 

actual noise of the wind farm in their surroundings. In the �etherlands, the legal norm is �� decibel 

�den �a yearly average during the day, evening and night) and �� decibel �night �average sound level 

during all nights of a given year). These noise limits determine how a wind farm is operated to 

control noise produced by wind turbines. �s long as the wind turbines do not exceed these yearly 

norms, the noise is considered to be ‘normal’. However, by implementing the noise app, the wind 

farm operator ac�nowledged that there was a possibility that wind turbine sounds can be annoying 

even when these norms are not exceeded. The wind farm operator explained that with the noise 

app, they went beyond what is expected from them based on the noise regulations: “�e did not 

implement the app because we had to� but because we wanted the best way for the local people.” 

The noise app provides sound forecasts tailored to individual addresses in the area. �ased 

on variables such as local weather and bac�ground traffic noise, the app provides a ���hour sound 

forecast. �ccording to a noise expert involved in the development of the app, providing wind turbine 

sound forecasts may increase acceptance for the given wind pro�ect: 

�e try to show people what is really happenin�� because we see a lot of distrust �...� usually 

when people can hear the wind turbine better� they thin� the wind turbines are ma�in� more 

noise. But that's not always the case. Sometimes it’s the atmosphere that causes that the 

noise can propa�ate more easily. So� they hear more noise� but the wind turbine itself ma�es 

the same noise. �ith the app we can now pro�ide that insi�ht� you'll also �et insi�hts into 

ener�y production. So� people understand also the benefit of the wind turbines. �nd if we 

�i�e more insi�ht� create more understandin�� the social acceptance will �row. ��pp 

de�eloper� 

The noise app provides a sound forecast expressed in ��weighted decibels �d���)) �i.e., 

which weights the sound as heard by the ‘average’ human ear). In addition to viewing these 

forecasts, residents can submit information about perceived annoyance on a ��point scale of sound 

levels. �ach level is represented by a bar. The bars range from dar� green to red, starting with dar� 

green indicating sound levels lower than �� d���) and ending with red, which indicates sound levels 

between ����� d���). The residents can submit the feedbac� about noise annoyance in real�time by 
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clicking on one of the seven bars, as well as through a written message. The wind farm operator and 

app developer contended that the noise app thereby provides a dynamic understanding of how 

residents’ perceptions of wind turbine noise vary on different moments and may change over time. 

As the noise app was developed to better understand the peculiarities of noise annoyance at 

the local level, the wind farm operator needed to define the geographical area for which they 

wanted to provide predictions and collect feedback. They chose to limit the area to �km around the 

wind pro�ect. �ne noise expert providing advice on wind farm operation found such spatial 

demarcation logical, explaining that “from a practical point of view, there should be a limit to where 

you assess effects” (Expert on wind turbine noise). Through collecting feedback from these local 

residents, the aim was to find out why and when wind turbine sounds are annoying (and hence 

when sound becomes constituted as ‘noise’). The noise app would also help to understand 

complaints about low fre�uency noise, including a specific low fre�uency tone that respondents 

referred to as the ‘hum’. According to a local noise expert, this low fre�uency tonal sound should not 

be occurring at all, as it is a sign that the wind turbine was not working properly. �y enabling 

residents to provide feedback whenever they wanted, the idea was that the app would also help to 

get more insights into this ‘hum’.  

�.�.�. �hannelling noise concerns by interpreting the feedback  

�n the next phase of the framing process, channelling, boundaries are set around who can analyse 

and access the data about noise annoyance. To enable analysis of the data, data handling protocols 

and agreements had to be developed. The consultancy firm that developed the app became 

responsible for running the data analysis by coupling the data on perceived annoyance with data 

such as respondents’ location, wind direction, background sounds and sound forecasts. App users 

need to accept privacy policy, stating that the feedback data are processed and stored by the 

consultancy firm and the results are shared with wind farm operator, residents and other 

stakeholder. This privacy policy also stated that the feedback could not be traced back to individual 

users and would not be shared in raw form with others. �n practice, this meant that the app 

developer regularly communicated the results in the form of (graphical and anonymised) reports 

and charts to the wind farm operator who in turn discusses the results with representatives of the 

local community. �or some residents, however, using the app had generated the expectation that 

they would be involved in the interpretation of the data, and they expressed a desire to have more 

access to the data.  
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�he results of the anal�sis were presented to various sta�eholders� �ut in different wa�s� �or 

the wind operator� a dash�oard was developed that allowed them to monitor the sound levels and 

the feed�a�� on anno�an�e in real time�  

“�to co��unicate the results� we de�eloped a dashboard for the wind far� operator, so that 

they can see the feedbac� fro� residents in real ti�e. �he dashboard presents results of 

auto�atic analysis. �o, we �i�e the wind far� operator insi�hts into how the feedbac� fro� 

the residents relates to the distance of the wind far�, to the orientation of the wind far�, to 

the wind speed and direction and to the power production of the wind turbines”. (App 

�e�eloper� 

�or the lo�al residents� �eneral insi�hts were presented ver�all� in meetin�s with a few 

�ommunit� representatives� �he wind farm operator stressed that their intention was not to �e 

se�retive a�out the results� on the �ontrar�� the� e�plained the� wanted to �e open and to �reate a 

dialo�ue with the residents� �t the same time� the� �onsidered a dash�oard with restri�ted a��ess 

the ‘safe’ option that would prevent misinterpretation of the results �� the lo�al �ommunit�� �his 

approa�h to data anal�sis� ownership and a��essi�ilit� unders�ored the �ontinuation of pre�e�istin� 

�onfli�t� ne�ative sentiments towards �olla�oration and mutual la�� of trust �etween some 

residents and professional a�tors involved in wind farm operation� 

������ �ana�in� �on�erns �� findin�s solutions 

�ow are these results a�out noise anno�an�e translated into wind farm operation and mana�ement 

strate�ies� �he results from the data anal�sis showed that wind tur�ine noise� in�ludin� the hum 

tone� was most anno�in� at ni�ht� �n this �asis� the wind farm operator de�ided to slow down 

rotation of the tur�ines durin� parti�ular ni�hts when weather �onditions were e�pe�ted to �reate 

hi�h noise anno�an�e� �edu�in� the rotation at some ni�hts was a voluntar� initiative of the wind 

farm operator� �n doin� so� the� went �e�ond the le�islation��ased approa�h that pres�ri�es a�tion 

onl� when the noise limits are e��eeded� � while after this new mana�ement strate�� had �een 

implemented� the wind farm operator noti�ed a de�rease in the amount of feed�a�� su�mitted 

throu�h the app� �his led them to �on�lude that people were less anno�ed �� the sound of wind 

tur�ines� �nterestin�l�� the wind farm operator said that at that point� the� �ould identif� those 

people who alwa�s �omplain�  

“When we started off in, say, January, and then you see until April, we didn't pull the power 

bac�, then you see a lot of co�plaints, then we pulled the power bac� at ni�ht. And then you 
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see you see that the complaints �ere getting do�n. �nd no� you see only complaints from 

people �ho are complaining al�ays. �o� they can�t accept that the �ind tur�ines are there. 

�o� � thin� it�s a�out fi�e people or something. �o� you �no�� you can�t satisfy e�ery�ody”. 

��ind farm operator� 

The operator concluded there is a need to accept that some people will always remain 

annoyed, regardless of interventions ta�en. 

�n this step of managing, responsibility for the problem of noise and for the solution was 

allocated to the wind farm operator and wind turbine manufacturer. �ccording to the wind farm 

operator, the hum was a problem in the software of the wind turbines, and the wind turbine 

manufacturer in response updated this software. �hile decreasing the noise through a software 

update was one type of solution, another type was ‘managing annoyance’. The wind farm operator 

viewed the app as a management solution on its own because they could use it to be a ‘good’ 

neighbour to the local community� 

“When people are complaining� it�s not o�ay� so together �ith a producer of �ind tur�ines� 

�e try to reduce all nuisance there is. �hat�s �hy the app is so good� �ecause you can 

continuously measure if people are satisfied or not”. ��ind farm operator� 

�or the app designer, the app was a tool for management of noise concerns because it 

engages residents on the issue of wind turbine noise and enables e�pectation management. 

�urthermore, while the wind turbine operator was satisfied with the amount of feedbac� they 

received through the app, they also noticed that some app users did not report any annoyance at all, 

and that there were people living within the geographical range of the app who had never installed 

the app. This group of residents was recognised by the wind farm operator as a ‘silent majority’ 

whose e�perience of noise annoyance was not captured but would be a valuable addition in 

understanding the problem.  

�.�.�. �verflows� that which isn’t captured, channelled and managed 

�bove, we have shown how the noise app produces a particular framing of noise�related concerns in 

the way those are captured, channelled and managed. �n doing so, this framing is inevitably 

accompanied by overflowing in the sense that unforeseen effects occur.   
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�.�.�.�. ��er�lows in capturing  

As residents started to make use of the app, it became clear that the app’s definition of noise on a 

scale of different sound levels expressed in decibels (d�(A)) sometimes mismatched with their 

sub�ective experience of noise. �n general, residents were most annoyed by the presence of the low 

frequency tone that we referred to above as the ‘hum’. A common remark that residents made was 

that it was difficult to locate the source of the hum, which appeared to be omnipresent and stable. 

�ne respondent described the hum as “a heavy, industrial sound. As if you stand in a room with 

heavy machinery” (Resident [7]) and another said it sounded “as if there was a truck stationing next 

to your house, with a running engine” (Resident [10]). �ecause the rating scheme with the seven 

bars did not explicitly include the hum tone as a category, some app users were concerned that this 

specific experience was not recognised. A local noise expert explained that the assumption 

foregrounded in the noise app is that annoyance grows with the level of d�(A), but that this might 

not hold in case of the hum. �his is because, he explained, at this specific wind farm, wind turbines 

produce most hum at lower wind speeds. �hile higher wind speeds make the turbine blades rotate 

faster, sound generated by the movement of blades is likely to be experienced as less annoying than 

the hum tone. �ltimately, this ambiguity around if and how the hum was included in the noise app 

became a sub�ect of concern on its own.  

�ome residents asserted that the noise app did not take into account the inconveniences 

around providing feedback at night. �hat is, the app encouraged people to provide real�time 

feedback about annoyance, but many respondents found the wind turbine noise most annoying at 

night, when they are not willing to use the app� 

“�hen I got it �the app�, I checked it and it was written that you ha�e to indicate when 

exactly you are annoyed by the noise. For me it is almost always at night. You don’t think I 

will use this app at night?! (…) I sent an email, in which I said: this is a one�time message, in 

which I indicate that I su��er day and night and that I am not prepared to send �eedback that 

I am annoyed e�ery night. �his bright screen would be one more disruption to my night rest”. 

(Resident [�]) 

�oreover, while the noise app captured noise annoyance as a concern, it did not recognise 

people’s concerns about the impact of noise annoyance on health and well�being. �e found that 

health impacts in particular worried the local community, and this also became a sub�ect of 

controversy. �o come up with evidence for health impacts, a group of residents established a noise 
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group who consulted and hired their own noise experts to underta�e noise �easure�ents and to 

provide alternative evidence about the negative i�pacts of wind turbine noise on health. �he noise 

experts that we interviewed, however, generally agreed that scientific evidence for the residents’ 

concerns was lac�ing. �ne expert �entioned that concerns about wind turbine noise �ight be an 

expression of opposition by people who are funda�entally against wind energy�  

“�hey are almost pro�essional opponents o� wind energy, they come up with all �inds o� 

publications about how devastating their low �re�uency sound is. �ecause that�s where they 

�ound something they can use in the opposition”. (Expert on wind turbine noise #1) 

� final exa�ple of overflows is connected to the spatial de�arcation of the area in which 

the app could be used. �nly residents living within ��� distance of the wind far� were able to 

sub�it their feedbac� via the app, which �eans that potential co�plaints fro� outside this area 

were not captured. �everal residents asserted that this �eant the noise app failed to include 

everyone who could be affected by noise. �o�e people found other channels for sub�itting their 

co�plaints, for exa�ple per e�ail or phone directly to one of the wind far� operators or to the 

�unicipality. �ost co��only used and trusted by the residents was the e�ail address of the local 

association of residents, which received co�plaints fro� both people within and beyond the ��� 

radius. �ccording to one respondent, this provided proof that the i�pact of wind turbine sound was 

found far beyond the area that was recognised with the app. �ence, overflows lin�ed to the active 

process of capturing by the noise app were found to occur because of the reliance on expert�based 

definitions and strict spatial de�arcations, both of which were contested by alternative �nowledge 

clai�s �ade by residents. 

�.�.�.�. �ver�lows in channelling 

�he noise app channels the data analysis in such a way that conclusions about annoyance 

are drawn by one actor group in particular� the noise experts. �s a result, the residents felt left out 

of this process. � representative of the local co��unity explained this as follows� 

“I am also wondering, how can I get some insights about the data that is gathered by the 

app, why don’t they share the data? We do have people in the community who could 

interpret the data. I also do this �or my wor�. I also wonder what they thin� about the data 

that they receive”. (�o��unity �eader)  
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�hile the results of the analysis of app data were re�ularly shared with the wind farm 

operator and wind turbine manufacturer� some residents also wanted to be informed:  

“It would be great if they could make a report in which they would describe what the status 

�uo is around noise, how many complaints were submitted and what they have done with 

them �...� �or e�ample, if they send a flyer around the village twice a year with information 

about the app and its results, this will give us a much better feeling”. (�esident ���� 

�ased on the analysis of data patterns o�er time� the wind farm operator concluded that 

noise annoyance had decreased. �ome residents� howe�er� came to a different conclusion: the 

decrease in feedbac� about noise annoyance meant that residents were simply tired of complainin� 

and stopped pro�idin� feedbac�. �hile the wind turbine operator understood the data �atherin� 

and analysis as a lon��term acti�ity that would �radually increase their insi�hts into noise 

annoyance� the residents expected a solution and actions in the short�term: 

“�ome people are willing to use the app, but they want to know when the problem will be 

fi�ed. �he app gathers data and so there is an e�pectation for a solution. �ut it takes so long, 

and this worries me”. (�esident ���� 

��erflows in relation to channellin� thus include new concerns by residents o�er the lac� of 

possibilities to be in�ol�ed in drawin� conclusions based on app data. �or the residents� this feeds 

into pre�existin� worries o�er how the wind farm operator approaches the problem of noise 

annoyance and see�s to sol�e it. 

�.�.�.�. �verflows in management 

�hen it came to the mana�ement solutions that followed from the noise app data analysis� 

the opinions of residents about who should be in�ol�ed in desi�nin� and implementin� these 

responses were split. �ome residents were unhappy about the fact that the wind farm operator was 

ta�in� decisions about wind farm operation on their own and stated that they as residents should be 

in�ol�ed as well. �his also led to a new concern about the noise app� namely that it was 

implemented to le�itimi�e choices of the wind farm operator and was aimed at �eepin� the wind 

farm operational. A local journalist said that: “it is also a bit difficult to entrust this app in the hands 

of wind farm owner because it is in their interest to show that the noise problem is small” (Local 

�ournalist�. �n the other hand� there were also residents who saw the wind farm operator as a 

‘problem owner’ and thus they expected that a solution would also need to come from them.  
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� �e� lo�al res��e�ts �ere �o��er�e� that the ���� �ar� operator e�pe�te� the res��e�ts to 

�se the �o�se app as a tool that �o�l� help the� to better l�ve ��th the �o�se. �� �e�eral, people ha� 

var�o�s �op��� strate��es to �eal ��th ���� t�rb��e �o�se, s��h as sleep��� �� a ����ere�t roo� or 

ho�se or eve� �ov��� a�ay. �� pra�t��e, the role o� the �o�se app �� s��h a�aptat�o� pra�t��es �as 

rather s�all as �a�y res��e�ts rel�e� o� the�r pr�or e�per�e��es o� �he� a�� ho� ���h �o�se �o�l� 

be e�pe�te� ���er ����ere�t �eather �o���t�o�s rather tha� o� the so��� �ore�ast �o������ate� 

by the app. Overall, the operator’s e�phas�s o� lo���ter� �o��tor��� ��th the help o� the app �as 

rather ��sat�s�y��� �or the res��e�ts �ho �a�te� to have a �lear t��el��e �or �he� the proble� o� 

�o�se a��oya��e �o�l� �o�e to a� e��. 

 ��other �atter o� �o�testat�o� �as ho� the �ee�ba�� �athere� thro��h the �o�se app 

�o�l� tra�slate ��to spe����� operat�o�al �e��s�o�s. �h�le the ���� �ar� operator �e���e� to slo� 

�o�� the rotat�o� o� the bla�es at ���ht, the represe�tat�ves o� lo�al �o�����t�es propose� 

����ere�t strate��es. �o�e people �a�te� to have the ���� �ar� �o�pletely s��t�he� o�� at ���ht. 

Other people �o�te��e� that �� the abse��e o� a�y ev��e��e that �lo���re��e��y� �o�se �s ��har���l 

to health, a pre�a�t�o�ary approa�h sho�l� be ta�e� �� �h��h e�pos�re to ���� t�rb��e so���s 

�o�l� be ������se�. ���h �ore ����a�e�tally ����ere�t ��eas abo�t �o�se as a �atter o� �o��er� 

��re�tly a��e�te� ��eas abo�t �hat �s sa�e, poss�ble, or �es�rable �� ���� �ar� �a�a�e�e�t. 

Over�lo�s �� �a�a�e�e�t �ere th�s �o��� to �o�s�st o� res��e�ts hol���� alter�at�ve v�s�o�s �or 

���� �ar� operat�o� that ���l��e� a ���h �ore a�t�ve a�� �o��a�a���� role �or res��e�ts. �able � 

s���ar�ses o�r �������s o� �ra�����over�lo���� �y�a���s �� the �apt�r���, �ha��ell��� a�� 

�a�a���� o� �o�se �o��er�s. 
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 �efinin� sound le�els throu�h d���� 
metric  
�esidents recei�e predicted sound le�els 
for their location 

�ismatch �ith e�periential definition 
of �ind turbine noise� residents focus 
on the ‘hum’ and on the impacts of 
�ind turbine noise on health  

�oise concerns captured b� �atherin� 
real�time feedbac� on the percei�ed 
sound le�els� a feedbac� scale that 
assumes that the hi�her the percei�ed 
sounds le�els� the more anno�ance is 
e�perienced�  

People’s concerns about noise impact 
on health not captured� producin� 
anno�ance and uncertaint�� 
�ome residents do not �ant to use app 
durin� ni�ht�time�� 

�patial demarcation ���m radius� �mail list that �athers complaints from 
area be�ond � �m 

 Protocols for usin� data pro�ided b� the 
residents �pri�ac� statement� and 
proprietar� data a�reement �ith �ind 
turbine manufacturer 

�he local communit� felt the� recei�ed 
too little information about the results 
and e�pected that the data �ould be 
shared 

�losin� do�n and ob�ectif�in� the process 
of anal�sis �automatic anal�sis and 
interpretation b� �ind farm operator and 
app de�eloper� 

�par�s ‘citizen science’ – noise �roup 
formed to research the impacts of �ind 
turbine noise� commissionin� o�n 
noise measurements� and consultin� 
alternati�e noise e�perts 

�ontinuous� interacti�e process of 
anal�sis� the more data from the residents 
�athered in the future� the better 
understandin� of noise anno�ance 

�esidents e�pectin� more immediate 
solution and a time�bounded strate��  

Possibilit� to see the results of feedbac� 
pro�ided b� the residents in real�time� 
ho� man� complaints there are  

�t is not �no�n �h� people pro�ide or 
stop pro�idin� feedbac� 

 �olutions are sou�ht to�ether �ith �ind 
turbine manufacturer  

�loses do�n the possibilit� for the 
residents to propose alternati�e ideas 
e��� to stop �ind farm operation at 
ni�ht 

�he noise app enacts noise �o�ernance as 
an on�oin� process that re�uires 
continuous feedbac� 

�enerates e�pectations about the 
creation of a timeline in �hich the 
problem �ill be sol�ed 

�pp as a tool for informin� and mana�in� 
e�pectations 

�eads to contestation of the 
information that is communicated b� 
the app and ho� it should be used to 
mana�e e�pectations 
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�.�. �iscussion 

While the e�isting literature on framing and overflows in energy projects often discusses how 

framings are constructed by social actors (e.g. �esch et al., ��1�� �reta, ��1�), our paper focuses on 

how digital devices mediate this process (also following Callon’s (1998) focus on the role of 

technologies and other non�human actors). We argue that loo�ing at framing through the three 

processes of capturing, channelling and managing enables us to understand how digital devices 

frame issues and create overflows. While the processes are analytically distinct, they need to be 

understood as entangled because they impact each other.  will shape the process of 

by defining what �ind of concerns are relevant to analyse, and thereby whose e�pertise 

is deemed relevant for data interpretation. �n turn, the outcome of the analysis in the channelling 

process will be acted upon in the phase, providing governance solutions tailored to the 

framed problems. �n combination, the three processes � and 

thereby construct both the ‘problem’ and its ‘solution’, and at the same time produce ‘overflows’.  

�nalysing the noise app from the perspective of framing and overflowing brings to the fore the 

justice implications of using digital devices for public engagement in the governance of (noise) 

concerns. �sing �en�ins et al.,(���1) three tenets of energy justice, we can evaluate the

 of the noise app. �ecognition justice is about who is ignored or 

misrecognised, procedural justice as�s the �uestion about fair processes and participation in 

decision�ma�ing, and distributive justice considers how and where the costs and benefits are 

distributed (ibid).  

�irst, the use of the app has implications for who is  as bearing the burdens of 

wind energy projects, and whose concerns are considered legitimate. �n line with �elt and �ochler 

(��1�), we argue that e�perts who design tools and processes of participation affect whose voice 

and sta�e is recognised. �y introducing the app, the wind farm operator and developer recognise 

that residents can e�perience noise annoyance even when the noise limits are not e�ceeded. �t the 

same time, specific groups and individuals that are unable or unwilling to use digital devices are not 

recognised. �n addition, the noise app can only capture feedbac� about noise annoyance within a 

��m area around the wind farm. �t thereby fails to ac�nowledge e�periences of noise annoyance 

beyond this restricted area. �n the channelling phase, the app allows to categorise residents 

according to their user�behaviour with labels such as ‘people who always complain’, ‘the silent 

majority’ or ‘serious app users’. While the term ‘the silent majority’ is more commonly used by 

policyma�ers and researchers to refer to people who do not report any annoyance to wind turbine 

sound (�aac et al., ��19), the other two terms are new and specific to the noise app. �eferring to 
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specific groups as ‘people who always complain’ is an example of misrecognition of the concerns of 

these people, categorising these people as unwilling to collaborate with the wind farm operator and 

app developer.  

�econd, the noise app affects procedural �ustice through changing how and when residents 

can provide input to and participate in decision�making about wind turbine noise. �he app in general 

fosters participation of local communities in wind energy pro�ects because it creates a new channel 

for information exchange between the wind farm operator and local residents. �y voluntarily 

disclosing information about the negative impacts of wind turbines �that is, providing sound 

forecasts�, the operator can be said to improve procedural �ustice in the operation of wind farms. 

�ltimately, however, we argue that this digital device organises participation around a scientific and 

expert�based definition of noise, rather than opens up alternative ways for residents to express their 

own interpretations of ‘the problem’ at stake. Moreover, the app does not provide space for 

residents to voice a more diverse set of concerns such as impacts on health, which is then 

manifested in overflows. �hile the residents had an active role in providing feedback via the app, 

they did not get an active role in the analysis of the data or in proposing solutions. � lack of 

participation in the management decisions tends to lead to more opposition and to make residents 

search for new ways to adopt or resist these decisions. �or instance, the introduction of sensor�

based obstruction lights in �enmark has caused residents to find strategies to adapt to the 

technology�based solutions rather than to collaboratively develop solutions ��udolph et al., �����. 

�t the same time, the app – deployed as a management solution – assigns the public with the 

responsibility to provide feedback in order for the operator and developer to listen to the public’s 

concerns. �he noise app did help the developer to go beyond what is legally re�uired from them 

based on the �utch noise limits, and thus was an attempt to overcome structural in�ustices ��lmallah 

� �and, �����. �et, in practice, the implementation of the noise app generated new concerns about 

fairness and engagement in the process of data interpretation and operational decisions. 

�hird, in terms of distributive �ustice, the implementation and use of the noise app 

diminished the local burdens associated with wind energy pro�ects to some extent, as the operator 

ad�usted its operation in response to annoyance. �raditionally in governance of noise concerns, 

intervention is only expected and enforced if noise limits are exceeded in a given area ���llenbach � 

��stenhagen, �����. Meanwhile, the digital device created expectations among its users for more 

responsive operation of wind turbines. �ome residents hoped that wind turbines would be switched 

off entirely when high levels of noise annoyance are reported, for example at night, or called for a 

precautionary approach. �he specific siting of wind energy pro�ects by definition makes the 
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distribution of burdens of wind energy projects une�ual, disproportionally affecting people who live 

in the surroundings. �ur case shows that adaptive operation of wind turbines can contribute to a 

sense of justice, but that the use of the app could also lead to new distributional justice claims from 

local communities. 

�ow can digital devices for public engagement be used to create more just processes and 

outcomes in the governance of burdens of the low�carbon energy transition� �e argue that by not 

pre�defining the solutions, and opening up to alternative views of the local community on the issue 

at sta�e there is a better chance for increasing the different �inds of justice ��en�ins et al., ����� in 

the future. �hen local communities choose to continue resisting both wind energy projects as well 

as the solutions offered to address their concerns �such as the noise app�, it is important to e�amine 

the role of framing processes in shaping the problem definition, and thereby also the types of 

solutions that can be envisioned. Thus, framing may lie at the root of many of today’s controversies 

over renewable energy developments. �ore research into these underlying reasons for opposition is 

needed to better govern the energy transition in a ‘just’ way and to deal with situations of conflict 

�see also �uppen, ����� �uppen � �esch, �����.  

�ne of the ways to deal with ubi�uitous overflowing is to ac�nowledge its e�istence and to 

discuss it openly with local communities. �oing so, we argue, can create an open and fair space for 

the governance of concerns and for developing and facilitating alternative forms of engaging 

residents. �s argued in research on citizen science projects ��reitag � �feffer, �����, the end�

product and goal of digital tools such as the noise app should not be the ma�ing of a dataset, but 

rather the very ‘process’ of collecting data and engaging citizens. In the case of the noise app, this 

could include engaging small groups of residents in discussions– about noise annoyance and 

acceptable solutions to this problem in various phases, from the development of the app to the 

interpretation of monitoring data. �ollowing �errero et al. ������, a role play – in which the roles of 

different residents, app developer and wind farm operator are enacted by residents � could help to 

reveal the tensions and understand various positions. This may help to increase empathy amongst 

different sta�eholders and as such help to improve decision�ma�ing in case of comple� problems. In 

this way, digital devices can be used to improve participation in decision�ma�ing about wind energy 

projects by providing a starting point to gather and discuss different e�periences and understandings 

of both problems and solutions.  
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�.�. �onclusions 

This paper anal�sed how a noise app was used to manage noise anno�ance e�perienced b� residents 

living ne�t to a wind farm. �e approached the noise app as a digital framing device that shapes the 

governance of noise concerns through three framing processes � 

. Through these processes, concerns are translated into the ‘digital domain’ in which 

digital data are used to demarcate and define ‘the problem’ and to ‘solve’ it. �n this process, 

boundaries are set around the definition of the problem, the solution and around the roles and 

responsibilities of different actors such as noise e�perts, the app developer, wind energ� actors, and 

residents. �ecause digital framing devices affect which and whose matters of concern or �nowledge 

are being recognised as relevant, or which are dismissed, their use in energ� pro�ects has important 

�ustice implications. �uilding on this stud�, future research could focus on how the �uantification of 

issues ma� perform a particular valuation of what counts as legitimate concerns. �or e�ample, does 

the use of digital devices �and their wor�ings through algorithms� prioritise easil� �uantifiable over 

less easil� �uantifiable concerns� �f so, how can digital devices better recognise concerns that are 

comple� and include la��people �nowledge� 

�ur paper also showed that this active process of  

inevitabl� leads to overflowing, in the sense that unintended side effects occur. �ecision�ma�ers 

need to be aware that overflows are inevitable, and that from a perspective of �ustice, it is important 

to recognise what �ind of concerns are overflowing. �uture research could loo� into the wa�s in 

which overflowing, and in particular alternative forms of engagement such as citi�en science, could 

be used to inform or even reform spatial planning procedures and environmental legislation around 

wind turbine noise. 

�inall�, we suggest two areas for future research and polic� around the use of digital devices 

in wind energ� pro�ects. �irst, as prior research ��ulvane� et al., ����� has shown that acceptance 

tends to be lin�ed to perceptions of how and whether operational turbines produce financial 

benefits to the communit� �e.g. lower energ� bills, funds for local development, co�ownership�, 

future research could e�amine how residents respond to information about power production in 

addition to the information about sound levels. �econd, we suggest e�ploring wa�s in which digital 

devices such as apps could further open up opportunities for local communities around energ� 

pro�ects to voice concerns and to be involved. This could include transdisciplinar� research or 

practices of co�design that support societal actors in posing research or design �uestions lin�ed to 

their matters of concern. �urther, such research should invite the concerned public to activel� 

participate in decisions about how and where such digital devices are implemented. �ind farm 
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���� �nt�o�uction 

 

�u�opean �ommi��ion ������ 

��i� �tatement �e�ine� t�e am�ition� o� t�e �� to �un� �e�ea�c� an� inno�ation p�o�ect� 

����� to e�p�o�e �o� t�e �i�ita�i�ation o� ene��y �y�tem� can ma�e ene��y p�o�uction ��eene�� mo�e 

e��icient an� �ocia��y �o�u�t ��u�opean �ommi��ion� ������ � ��o�in� num�e� o� �uc� ��� p�o�ect� 

cont�i�ute to t�e �e�i�n o� �i�ita� tec�no�o�ie� �������� ����a� an�� mo�e ��oa��y� to e�p�o�in� t�ei� 

potentia� to tac��e c�a��en�e� in t�e up�ca�in� o� �ene�a��e ene��y ��a��e� et a��� ������ �o� e�amp�e� 

�i�ita� tec�no�o�ie� a�e �e�e�ope� to p�e�ent �i��e�ent �cena�io� �o� t�e ene��y t�an�ition ��ec�e�t et 

a��� ������ to ena��e co��a�o�ation on t�e �e�i�n o� �ene�a��e ene��y �y�tem� ��a��ie�ato et a��� 

����� o� to a���e�� a �an�e o� tec�nica�� �ocia� an� en�i�onmenta� c�a��en�e� in t�e �e�i�n an� 

imp�ementation o� �ene�a��e ene��y �uc� a� �in� ene��y ��o�man et a��� ������ �e�pite t�i� 

impo�tant �o�e t�at �i�ita� tec�no�o�ie� �a�e in �o��in� c�a��en�e� o� t�e ene��y t�an�ition� �itt�e i� 

�no�n a�out �o� t�e�e c�a��en�e� a�e app�oac�e� t��ou�� t�e �e�i�n an� imp�ementation o� �i�ita� 

tec�no�o�ie� �it�in ��� p�o�ect�� 

�ne o� t�e �ey c�a��en�e� �e�ate� to up�ca�in� �ene�a��e ene��y i� t�e c�a��en�e o� �ac� o� 

community ‘acceptance’ ���o�e�� ������ �ommon�y� community acceptance i� �e�ine� a� an 

e�p�e��ion o� �uppo�t ��om �e�i�ent� an� �ta�e�o��e�� �o� p�opo�e� �ene�a��e ene��y p�o�ect� 

����ten�a�en et a��� ������ �o�e�e�� ��i�e community �uppo�t i� c�ucia� in a��u�in� a �u�t an� 

�u�taina��e t�an�ition to�a��� �ene�a��e ene��y� it i� inc�ea�in��y ac�no��e��e� t�at �ac� o� 

acceptance ��ou�� not �e ��ame� a� a p�o��em an� t�at ac�ie�in� acceptance ��ou�� not �e a �oa� 

on it� o�n ��a�ano��� ����� �en�in� et a��� ������ ��i� i� ��y t�e notion o� acceptance i� inc�ea�in��y 

�ein� �e�e�ine� a� one o� t�e po��i��e �ay� in ��ic� �ocieta� acto�� �e�ate to o� c�oo�e to en�a�e 

�it� �ene�a��e ene��y tec�no�o�ie� ��e��oe�en et a��� ������ ��e ne� �e�inition� o� community 

acceptance ac�no��e��e t�at �e�i�tance i� a �e�itimate �e�pon�e ��uppen � �e�c�� ����� �ou��e� 

����� an� t�at in�i�i�ua�� an� communitie� �o�m t�ei� opinion� �it�in a ce�tain �i�to�ica�� cu�tu�a� 

an� po�itica� conte�t ��uppen et a��� ������ ��e�a��� t�e ma�o�ity o� t�e aca�emic �o�� on acceptance 

in�icate� t�at t�e �ay in ��ic� �i��e�ent pu��ic� a�e �i�e�y to �e�pon� to �ene�a��e ene��y p�o�ect� i� 

a �unction o� inte��e�ate� �acto�� �at�e� t�an a �in��e i��ue� 
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�ind energy pro�ects are one of the most contested renewa�le energy de�elopments� and 

there is a prolific �ody of e�idence on the reasons for the lack of acceptance of wind energy �e.g. 

�and � �oen� �����. The lack of community acceptance for wind energy is often related to residents’ 

concerns a�out possi�le� negati�e impacts of wind tur�ines� which include �ut are not limited to �ird 

strikes ��ohm � �rake� ������ shadow flicker ��irsh � �o�acool� ������ noise annoyance ��l��oe � 

�undf�r� ����� and the aesthetics of wind farm designs ��osterlaken� �����. �ommunity acceptance 

is also linked to the scale of wind energy pro�ects� opportunities for participation and community 

ownership ��irch �irkegaard et al.� ����� Toke et al.� �����. The e�tent to which these concerns are 

addressed through research and inno�ation is therefore likely to increase the �likelihood� of 

community acceptance� and in the long�term� determine the a�ility of the sector to upscale 

sustaina�ly. 

� recent proliferation of digital technologies indicates no�el opportunities for addressing 

concerns �oiced �y communities and for increasing the acceptance of wind energy pro�ects. �or 

e�ample� a study �y �aen et al. ������ suggested that demand��ased o�struction lights �which are 

lights on top of wind tur�ine �lades and�or tower lights that switch on and off only when planes pass 

�y� cause less annoyance than regular o�struction lights �which are on all the time�. �owe�er� the 

way in which digital technologies might capture and tackle the pro�lem of lack of acceptance is likely 

different from the traditional and analogue ways �e.g.� esta�lishing a dialogue �etween wind tur�ine 

producers� wind tur�ine owners and residents of the wind farm area ��arn�e � �arud� ������. This is 

�ecause the digitalisation of any o��ect or idea re�uires technical e�pertise� �uantitati�e definitions 

and pinning down how ‘things work’ ��ased on �illespie� ����� �achen � �ost� �����. This means 

that the design and use of digital technologies might �oth open up and close down �new� ways for 

increasing community acceptance. 

To �etter understand how digital technologies affect how the pro�lem of lack of acceptance 

is addressed and approached� there is a need to determine how e�perts who design digital 

technologies define and use the concept of acceptance. �ith these insights� it would then �e 

possi�le to impro�e the �ustice of how digital technologies are designed and used and to minimise 

the chance for encoded �ias ��u�anks� �����. These insights are rele�ant for fostering a more �ust 

way of addressing concerns �oiced �y communities a�out wind energy pro�ects� as well as other 

kinds of renewa�le energy� or for other en�ironmental pro�lems for which digital technologies are 

de�eloped. 

To gain these insights� � focus on the ways in which e�perts in�ol�ed in ��� pro�ects affect 

how the concept of acceptance is digitalised and with what conse�uences for the go�ernance of the 
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wind energy sector� �y analysis is based on a case study of one ��� pro�ect called ������� that is 

funded under the �ori�on 2�2� framewor�� ������� stands for �nderstanding the �hysics of �ind 

Turbine �nd �otor �ynamics through an integrated �imulation framewor�� The goal of the ������� 

pro�ect is to design a digital twin that improves the understanding of how wind turbines �including a 

new model of a ����� wind turbine) interact with their environment� This digital twin can help to, 

for example, optimise the design of a wind farm by ta�ing into account concerns that affect 

community acceptance� �y role in this pro�ect as a �h� candidate was to conduct research on the 

‘social and environmental aspects of wind energy’ and to contribute to the design of ������� 

digital simulations, referred to as digital twins �used synonymously in this chapter)� 

This chapter is structured as follows� �n section two, � present the framewor� used in this 

chapter for unpac�ing the process of translation into digital space� �n section three, � outline the 

methodology, and section four presents the findings about the translation of acceptance� �n section 

five, � ma�e a conceptual contribution to understanding the process of translation into the digital as 

an act of governance by experts� �inally, � conclude the chapter in the final section, provide 

recommendations for future research and innovation pro�ects and propose how such pro�ects could 

be facilitated with future �� funding schemes� 

��2� �nalysing the translation of acceptance into the digital 

To analyse the meaning and uses of acceptance in the design of digital technologies, � focus 

on how acceptance is translated through an active process of design� �n doing so, � consider the 

design of digital technologies as an act of governance, that is, of steering how, when and by whom 

decisions are ta�en� �ollowing �lerx et al� �2��2), design is an act of governance because experts who 

design digital technologies draw boundaries in designs and figuratively by defining concepts� �n this 

chapter, � focus on how experts affect whose �nowledge and which aspects and understandings of 

acceptance are included or excluded in the design of digital technologies� 

 � unpac� the process of translation as an act of governance by experts in three steps: �) 

‘defining’: an active process of negotiating and describing what acceptance for wind energy means in 

the context of digital technologies, 2) ‘digitalising’: a process of deciding how acceptance should be 

digitalised and 3) ‘interpreting’: a process of drawing conclusions about acceptance after it was 

digitalised� 

The first step in the process of translation is ‘defining’ the concept of acceptance in the 

context of digital technologies� This involves an active process in which experts who participate in 

research and innovation pro�ects build a collective definition of acceptance� This definition often 
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needs to include an explanation that is as simple as possible (Luna‐Reyes et al., 2019) so that it is 

easy to understand how acceptance will be achieved in the context of a given pro�ect. �t the same 

time, because the existing definitions of acceptance tend to be blurry, experts might need to choose 

from multiple explanations of what it means to accept and how acceptance should be used as a 

concept in research and innovation pro�ects (Ingeborgrud et al., 2020). �s shown by �orenhof (2021), 

in the process of digitalisation, experts tend to �uantify ob�ects or ideas that are digitalised. In the 

case of acceptance, this could re�uire that acceptance is being narrowed down to a reduced (set) of 

parameters rather than a whole range of possible factors (as done by �oo et al., 2019). 

Second, ‘digitalising’ acceptance involves an active process of representing the defined 

concept of acceptance in the digital realm. In this process of digitalisation, boundaries are li�ely to be 

drawn around what aspects can be translated into the digital domain (Luna‐Reyes et al., 2019). 

�entral to this process of drawing boundaries is decision‐ma�ing over what aspects can be made 

digital and which cannot (�uban�s, 201�� �illespie, 201�� �orenhof et al., 2021), so that they can be 

excluded or simplified from digital representations. �igital technologies such as digital twins are 

often seen to mirror reality� however, in practice, any digital representation is a sub�ect of an active 

design process (�orenhof et al., 2021� Tom�o � �inter, 2019). This means that experts who develop 

digital technologies need to ma�e choices regarding data, regulation and alignment of different 

models as well agree which concerns are digitalised (Solman et al., 2022). �ow acceptance is 

digitalised, therefore, inherently includes decision‐ma�ing over what concerns and aspects of wind 

energy technology are relevant and to whom. 

Third, ‘interpreting’ is an act of explaining the outcomes of digitalisation (here of the digital 

twin) to the ‘users’/the ‘audience’ of digital technologies. In some cases, digital technologies offer 

solutions and explanations that seemingly ‘remove’ human agency from the process of interpretation 

(�assan � �e �ilippi, 201�). �owever, �uban�s (201�) argues that this process of interpretation 

involves experts and therefore is inherently human and may embed biases or even mista�es. The act 

of interpreting li�ely re�uires technical literacy (�enturini et al., 201�), which means that in order for 

the results of simulations to be useful for policy or practice, they need to be made ‘explainable’. To 

achieve that, experts tend to focus on transferring scientific ‘facts’ to the broader public or decision‐

ma�ers (�aas et al., 2022). �owever, the process of interpreting can also be done in a more 

participatory approach (e.g. as discussed by �hitfield, 201�), i.e., one that involves not only experts 

but also lay people and sta�eholders in drawing conclusions about the outcomes of digital research 

and innovation. In sum, the process of interpreting the outcomes of digital technologies can ta�e 

different forms and involve different constellations of experts and societal actors. 
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�.�. �ethodology   

In this chapter, I employ a case study of the ������� project, which is one of �� projects on 

research and innovation related to both wind energy and acceptance� it is funded under the ����� 

programme ��ordis, ����b�. I participated in this project as a �h� candidate through a social science 

work package. The proposal itself was written by a core team of project partners in the consortium 

prior to my involvement. In addition to two social scientists �including myself�, the ������� project 

involves six other project partners in the field of wind energy science, two industrial partners �wind 

turbine manufacturer and software developer� and a consultancy organisation that organised 

dissemination and stakeholder engagement. Thanks to my involvement in this project, I had a uni�ue 

opportunity to observe and participate in how acceptance was gradually being translated over the 

course of �.� years in which the project has run �from �pril ����� �ept �����. �y involvement as a 

�h� candidate in the ������� project therefore enabled me to reflect on the concept of 

acceptance both an ‘insider’ and ‘outsider’ �involvement that resembels a participatory action 

research approach by �at� � �olomon, �����. I could take the ‘outsider’s’ perspective, as I did not 

participate in the writing of the project proposal that predetermined a focus on acceptance and 

indicated how it should be approached in the context of the ������� digital twin. I was also able to 

gain an insider’s perspective on acceptance by participating in how the concept was operationalised, 

digitalised and interpreted. I worked under supervision of a work package ���� leader� and for four 

months, we worked with a student assistant. �ecause of this dual role, I became a critical observer of 

how research and innovation projects work in practice, but my direct engagement in the project has 

also likely shaped the way in which I perceived this process. 

This chapter’s methodological approach was informed by my conceptual focus on analysing 

the process of translation as defining, digitalising and interpreting. This methodological approach 

involved a mix of �ualitative research methods that enables to explore how different experts 

involved in the ������� project define acceptance, how they digitalise it and how they draw 

conclusions about it with the help of digital twin technology. 

The first source of data was the project proposal that refers to and frames the concept of 

acceptance in the context of the ������� project. The project proposal was studied with a focus on 

how acceptance was defined as a concept and in relation to the project’s goals and impact. To do 

this, I extracted all the mentions of ‘acceptance’ in the project proposal and then analysed its 

function within the project. This resulted in the identification of several themes that describe 

acceptance and how it can be simulated within the ������� project. I combined this analysis with a 
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reflection on my involvement in the ������� pro�ect with a focus on the work that relates to the 

digitalisation of acceptance. 

�econd, � organised two workshops during pro�ect consortium meetings. �ne was organised 

halfway through the pro�ect, and it invited pro�ect partners to reflect on how their work on the 

������� digital twin touches upon different concerns around wind energy technologies, landscapes 

and how it relates to the public. The second workshop was organised towards the end of the pro�ect 

for the purpose of gathering insights about experts’ understanding of acceptance. This second 

workshop started with a presentation of my personal reflection about how acceptance as a concept 

was defined and included in the ������� digital twin. �fterwards, � openly discussed with pro�ect 

partners about acceptance as a challenge in research and innovation, our choices in how to include it 

in the ������� digital twin, the limitations we faced in translating acceptance and finally, how the 

uses and users of the ������� digital twin are imagined. The results of both workshops were 

summarised in writing and analysed into themes that cover how acceptance is understood as a 

concept, ideas and arguments for how it should or should not be digitalised, and how the concept of 

acceptance relates to the technical research and innovation of other partners. 

Third, � wrote a reflection that summarised my own role, experiences and process of 

developing ideas about the acceptance and design of digital technologies. � started to intentionally 

reflect on this process at the end of the pro�ect for the purpose of this chapter. � discussed my 

reflection with the leader of social science work package on which we worked together. His reflection 

was then added to mine to provide a retrospective account of the process of our involvement in the 

������� pro�ect, the challenges we faced when contributing to deliverables and to the 

development of the ������� digital twin. �eflection is a valuable source of information for better 

understanding experts’ views on certain topics and for shedding light on how research and 

innovation on acceptance is done. �nspired by �ones et al. (����), � reflected on my own engagement 

as an expert working with the concept of acceptance. Furthermore, � followed Godden (����) in 

reflecting on how my own role as a researcher affected actions by and the role of other experts or 

societal actors. Finally, � built on �obbins (����) by reflecting on what it means to be a reflexive 

scientist in terms of how experts relate to the knowledge and technology that they generate. 

� used the reflection piece by following Hickson’s work (based on Fook and Gardner’s 

approach) that recommends focusing on the “different assumptions, relationships and influences 

embedded within it and how it affects our practice” (���� p. ���). �ore specifically, � used reflection 

to identify themes in the personal experience throughout the course of the pro�ect. 
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�ollectively, the analysis of the proposal and my personal reflection, verified with project 

partners, informed the results that � present in the next section. Together, these different sources of 

data helped me to collect information about the different steps of defining, digitalising and 

interpreting acceptance. �urthermore, by using different sources of information, � was able to 

triangulate the results, which helps to assure the internal validity of the findings (�rix, ����). 

�.�. �esults 

�.�.�. �efining acceptance 

To design the ������� digital twin, the concept of acceptance needed to be first defined by 

the consortium partners, alongside other technical aspects of wind energy systems, so that they 

could be digitalised. This definition of acceptance was shaped by how the ������� project’s 

proposal predefined acceptance as a focus for the digital twin on the one hand and how the social 

science work package defined acceptance on the other hand. 

On the most general level, the project’s proposal predefined acceptance as a sociotechnical 

challenge in which a lack of acceptance is a barrier between wind energy technologies and society. 

This challenge was to be approached through interdisciplinary research and innovation for ‘better’ 

wind turbine designs, simulated within the ������� project. � found that there were different kinds 

of acceptance discussed in the proposal, each accompanied by a specific goal for the project to 

accomplish and with different understandings of which ‘mechanisms’ help to increase acceptance. 

�irst, in the proposal, there was a specific focus on how acceptance is defined by the 

�uropean �nion experts, namely, as a societal�technical challenge for upscaling wind energy 

infrastructure in the transition to renewable energy. �or example, the proposal referred to the 

following definition by the �oint �esearch �entre (���) report (�llis � �erraro, ����) in which social 

acceptance is “a key challenge for the deployment of wind energy (...) [that] could limit the overall 

wind resource we are able to exploit to meet climate change targets” (p.�). �n relation to this framing 

of acceptance, the proposal had a specific focus on increasing and improving acceptance or easing 

the lack of acceptance to ensure the uptake of wind energy. 

The proposal promised that the ������� digital twin would help to improve community 

acceptance by offering a platform for decision�making over new or existing wind turbine or wind 

farms. �y integrating data about wind turbine(s) in real time, the ������� digital twin would, for 

example, help professional stakeholders anticipate and manage better design, planning and 

management options. �s this digital twin technology was deemed to re�uire a certain level of 



Research and (digital) innovation for wind energy acceptance   |   99   

5

 

��� 
 

‘technical’ literacy, the proposal imagined that wind energy experts would use it to act in the interest 

of impro�ing the safety, relia�ility or efficiency of wind energy infrastructure, which is �eneficial for 

�oth wind farm operators and local communities. The idea for the ������� digital twin was to 

anticipate issues that lower le�els of acceptance and then to proacti�ely account for them to 

minimise opposition. 

�econd, the ������� proposal discussed acceptance as a concept within social science and 

humanities ����� fields and referred to three possi�le kinds of acceptance� socio�political, market and 

community acceptance ���stenhagen et al., �����. �ased on this �road definition of acceptance, the 

proposal continued to focus only on community acceptance, which relates to the degree to which 

local communities support wind energy pro�ects ���stenhagen et al., �����. The proposal also 

preidentified key ‘technical’ issues that are likely to play a role in community acceptance. These 

issues were noise annoyance, shadow flicker and safety. �hile the proposal predefined these issues, 

it left open whether they related to onshore or offshore wind farms. � wind farm location for the 

������� digital twin was therefore to �e determined at the later stage of the pro�ect. 

�ollowing this understanding of acceptance as a concept within ���, the proposal mentioned 

that the ������� pro�ect would generate new social scientific knowledge a�out factors of 

community acceptance for wind energy in �urope. This information was needed, as the proposal 

identified, as such comprehensi�e re�iew of the factors that affect acceptance had pre�iously �een 

pu�lished only for the �orth �merican context ��and � �oen, �����. �hile reflecting with the �� of 

the social science work package on why this was the first task for us to carry out, he shared that it 

seemed a logical step to learn first a�out what the social science literature reports regarding 

acceptance and then to �uild on this knowledge. 

The synthesised ��� knowledge a�out the acceptance of wind energy in �urope �ecame a 

�ase from which key factors of acceptance could �e chosen, in�estigated in depth, and then included 

in the ������� digital twin. 

�.�.�. �igitalising acceptance 

�fter acceptance was defined as a concept in the context and for the purpose of the 

������� pro�ect, the second step was to digitalise acceptance so that it could �e included in the 

������� digital twin. 

The findings of the literature re�iew ��olman � �mits, ����� showed that there are many 

aspects that influence acceptance and that these aspects tend to �ary across different wind energy 
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pro�ects� �hro�gh this re�iew, � confir�ed that noise annoyance is indeed one of the leading 

concerns and reasons to oppose wind energy� howe�er, the literat�re also arg�ed that proced�ral 

and distrib�tional ��stice is likely to play a large role in the degree to which residents accept wind 

t�rbine noise� �n addition to the �ariables �entioned in the proposal �noise annoyance, shadow 

flicker and safety�, � also fo�nd that there is a range of other factors that are also likely to infl�ence 

acceptance� �hese factors incl�de, for exa�ple, concerns abo�t bird strikes, �is�al aspects �e�g�, 

height of the wind t�rbines� or s�stainability of wind t�rbine �aterials� ��rther�ore, � also fo�nd 

that acceptance of wind energy needs to be seen in the context of residents’ preferences for other 

renewable energy so�rces or their alternati�e ideas abo�t transitioning away fro� a fossil f�el�based 

econo�y� �ased on this re�iew, � learned that there are technical factors related to acceptance that 

can be proacti�ely acco�nted for� � also concl�ded that it is ine�itable that ������� si��lation will 

not be able to acco�nt for all the other societal aspects in a way that creates a co�plete 

representation of co���nity acceptance inside �irt�al reality� 

�or the ������� digital twin, there was a need to pick at least one factor that explained 

acceptance� to do so, all the pro�ect partners needed to agree on a key factor for which data co�ld be 

gathered��odels created� �hile choosing only one factor was the �ini�al inp�t, the consorti�� 

partners agreed that this choice �ade the pro�ect feasible� �ased on internal disc�ssions d�ring 

pro�ect �eetings, a decision was �ade to pick annoyance to wind t�rbine noise as a key factor of 

acceptance and hence as a proxy for acceptance by neighbo�ring co���nities� �his decision was 

based �ainly on the need to select a �ariable that can be integrated in a ��antitati�e way that can be 

para�etrised and described by ��antitati�e datasets� �nother re��ire�ent was to select a �ariable 

for which expertise and knowledge were present within the consorti��� 

�his �ethod of digitalising acceptance was �eant to better �nderstand �nder what 

conditions acceptance is likely to be granted and to �nderstand how the design of wind 

t�rbines�wind far�s can be opti�ised for noise annoyance as a proxy for acceptance� �his approach 

was also seen to be a no�el way of incl�ding societal concerns in the early stage of design and 

inno�ation for wind energy technologies� �owe�er, picking only one factor was a li�itation beca�se 

different factors in co�bination, rather than noise annoyance indi�id�ally, are likely to shape 

people’s response to wind energy at the local le�el� 

�fter agreeing that the digitalisation of acceptance wo�ld be �ainly foc�sed on si��lating 

noise annoyance as a proxy for acceptance, the next step in digitalisation of acceptance was to define 

how noise annoyance can be para�etrised and s�pported by data� �his was achie�ed in a deli�erable 

�which task was to: “Collect stakeholder data on noise, shadow flicker, risk and other social and 
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environmental issues” ��olman� �mits� �trut�off� et al.� ������ t�at connected t�e social �no�led�e 

a�out noise anno�ance �it� t�e acoustic models� atmosp�eric models and �ind tur�ine tec�nolo�� 

inside t�e simulation frame�or�. 

�o include noise as a pro�� for acceptance� first� ������� e�perts needed to define at ��at 

levels noise anno�ance is li�el� to �e e�perienced and �o� noise levels are re�ulated �� national or 

re�ional re�ulations. �or �ot� aspects� secondar� data �ere �at�ered to define �o� muc� noise is 

accepta�le and at ��at levels it is li�el� to cause anno�ance. ��e first determinant of ��at is 

accepta�le �as �ased on t�e revie� of �uropean le�islation for �ind tur�ine noise �mainl� for t�e 

sound of �lades �ut also of tonal sounds ��en included in le�islation�. �e�t� t�e social science �or� 

pac�a�e selected �e� pu�lications �it� underl�in� case studies on noise anno�ance and a��re�ated 

t�ese results to define t�e t�res�old of anno�ance. ��is process resulted in a scale at ��ic� noise 

anno�ance can �e e�perienced� in ��ic� noise levels span from �� d����� i.e.� ��ere little to no 

anno�ance can �e e�pected� to ��� d����� i.e.� ��ere over �alf of t�e residents can �e e�pected to 

report anno�ance. ��is scale of noise anno�ance and t�e summarised re�ulation could �e di�italised 

to determine ��en t�e sound levels are accepta�le. 

��ile di�italisin� acceptance t�rou�� a focus on noise anno�ance �as mainl� a �uantitative 

approac�� t�e social science �or� pac�a�e also carved out a space for �ualitative e�planations of 

�o� acceptance of �ind tur�ine noise is d�namic and connected to different societal concerns. ��is 

�ualitative �no�led�e �as� �o�ever� not directl� included in t�e di�ital t�in �ut rat�er em�edded as 

a t�ic� description of t�e social�scientific ‘model’ of acceptance. 

�.�.�. �nterpretin� t�e simulation results 

�fter acceptance �as di�italised—t�at is� noise anno�ance �as incorporated into t�e ������� 

di�ital t�in—t�e simulations �ere run on a case stud� of an ons�ore �ind farm� and conclusions 

could �e dra�n �it� respect to effects on acceptance. ��e case stud� in point �as a �o��aeren �ind 

farm in �or�a�� for ��ic� noise anno�ance �as simulated alon�side t�e tec�nical �ind farm 

performance. 

�n t�e interpretation of t�e outcomes of t�e �o��aeren case stud�� it �as t�e tas� of t�e 

social science �or� pac�a�e contri�utors �m�self and t�e �or� pac�a�e leader�� noise e�perts and 

simulation e�perts to dra� conclusions a�out �o� �ind farm operation could �e optimised for noise 

reduction and po�er production. ��is meant t�at �e searc�ed for points �su��ested �� mac�ine 
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learning� at �hich a �etter position for the ya� mechanism� �as possi�le. �t �as concluded that �y 

changing the ya� angle ��y � degrees�, it �as possi�le to arri�e at a �etter annoyance�po�er 

production ratio. �his conclusion sho�ed ho� the ������� digital t�in could help �ind farm 

operators decrease the o�erall noise le�els at a gi�en �ind farm �ithout causing financial losses due 

to the lo�er rotation speed. �he next step �as to descri�e and interpret �hat can �e learned a�out 

acceptance from the ������� digital t�in and ho� this information can �e used for impro�ed 

decision�ma�ing o�er �ind energy infrastructure. 

�he first le�el of the �ualitati�e interpretation of the simulations on the �og�aeren case �as 

that the outcomes pro�ide a possi�le explanation of ho� noise annoyance is li�ely to affect 

acceptance of this gi�en �ind farm. �ore specifically, ������� digital t�ins help to understand 

ho� audi�le le�els of �ind tur�ine noise affect residents li�ing �ithin � �m of a �ind farm and help 

to identify ho� different le�els of sound interact �ith po�er production. �hen, on a su�stanti�e 

le�el, there �as the need for an interpretation of ho� the predicted noise annoyance could �e a 

result of existing concerns and the landscape characteristics at this gi�en �ind farm. �n doing so, this 

�ualitati�e interpretation also focused on explaining ho� the change in seasons and thus in the 

�egetation and residents’ daily routines might affect their perceptions of noise. For example, this 

interpretation highlighted the importance of concerns a�out lo��fre�uency sound, and noise 

annoyance is related to other societal and en�ironmental concerns, such as �ind farm �isi�ility. �his 

interpretation, therefore, �ent �eyond the simulation outcomes, contextualising the simulation 

results and considering other aspects connected to acceptance. ��erall, this �ualitati�e 

interpretation of the noise and annoyance simulations nuanced the other�ise �uantitati�e 

explanation a�out �hen residents might �e annoyed. 

�hen, another le�el of interpretation focused on the general use and rele�ance of ������� 

digital t�ins as platforms for decision�ma�ing o�er the design, planning or management of any �ind 

farm. �n this interpretation, �e focused on the use of ������� t�in for different sta�eholders. �e 

argued that �y using the ������� digital t�in �efore �ind farms are panned, it is possi�le to 

proacti�ely account for possi�le resistance and to inform decision�ma�ing accordingly �e.g., 

identifying areas �here possi�ly high le�els of acceptance can �e found�. �n this generic 

interpretation, �e also mentioned the limitations of using the ������� digital t�in for realistically 

 
� �he �ind tur�ine ya� mechanism is used to turn the �ind tur�ine rotor against the �ind. �he �ind tur�ine is said to ha�e 
a ya� error if the rotor is not perpendicular to the �ind. � ya� error implies that a lo�er share of the energy in the �ind 
�ill �e running through the rotor area. �ource� http���xn��drmstrre���ad.d���p�
econtent��ind�miller��indpo�er����e��en�tour��tr��ya�.htm 
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predicting acceptance. �ore specificall�� t�o limitations �ere identified� �� the use of units of d���� 

neglects sub�ective and conte�t�dependent perceptions of noise� and �� acceptance depends on 

social� environmental and financial factors other than noise anno�ance alone. �his interpretation also 

emphasised that the ������� digital t�in should not be e�pected to produce evidence about 

acceptance or to prioritise noise concerns onl�. �he overall conclusion of the interpretation �as that 

an� simulations of acceptance� even those that are promising high levels of support� cannot and 

should not replace residents’ participation. 

�.�. �iscussion 

�he reflections presented above hold relevance for understanding the practical and 

conceptual implications of digital technologies on �ind energ� governance. �ore specificall�� the� 

enable the identification of implications for the use of digital technologies in ‘governing’ the 

acceptance of �ind energ�. 

�he case of the ������� pro�ect sho�s that acceptance as a concept has a useful role in 

mediating multidisciplinar� �or� around the design of digital t�ins. �� focusing on acceptance� 

pro�ect partners found a common goal and �ere able to connect their different �inds of e�pertise on 

�ind energ� to contribute to addressing the challenge of lac� of acceptance. �o�ever� as also argued 

b� �atel ������� a focus on acceptance might marginalise other possible responses to �ind energ� 

pro�ects. �his can be problematic �ith regard to fairl� relating to resistance� as lac� of acceptance 

might emerge for man� different reasons� and acceptance can change over time ��o�e et al.� �����. 

�he results of this chapter indicate that �hen acceptance is digitalised� it needs to be �uantified� and 

that the �ualitative dimensions of acceptance are often e�cluded or considered to be part of a 

broader conte�t. �s the case of ������� indicated� this ma� lead to digital technologies 

emphasising �hat is �no�n and measurable �such as anno�ance to �ind turbine sound� rather than 

e�ploring the un�no�ns �ne� emerging concerns around �ind po�er�. �hile analogue �a�s of 

framing challenges such as acceptance might simplif� ho� such challenges emerge and are solved in 

practice ��iedrich et al.� ������ this �or� and prior �or�s ��uban�s� ����� ��neil� ����� sho� that 

digital representations tend to e�clude the uncertainties and comple�ities that cannot be easil� 

�uantified. �n sum� �hile using digital technologies to understand acceptance is useful� it also leads 

to simplifications and �therefore� limitations. 

�overnance implications stemmed from lessons learned in the ������� pro�ects that 

foregrounded lac� of acceptance as a problem of noise anno�ance and noise reduction� as �ell as 

digital t�in technolog� on its o�n� as solutions for increasing communit� acceptance. �his approach 
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to acceptance can, ho�e�er, lead to narro� conclusions about ho� acceptance �or�s and ho� it 

should be approached. �or e�ample, according to �an den �erg ������, the e�pert de�inition o� noise 

tends to marginalise residents’ concerns about noise. Another approach, and one that is perhaps 

more agnostic o� the outcomes, �ould be to �ocus on a more inclusi�e concept such as societal 

engagement as opposed to societal acceptance. �uilding on ��en et al. ������, a �ocus on societal 

engagement �ould turn the logic o� anticipation o� concerns into a logic o� public engagement in the 

design o� �digital� technologies and in shaping the agenda �or �digital� research and inno�ation. 

�he translation o� acceptance into digital technologies occurs through the inclusion and 

e�clusion o� matters o� concern into �irtual representations that ma�e up digital technologies. 

�hining light on the three steps in the translation process—de�ining, digitalising and interpreting—� 

sho� that translation into digital is an acti�e process o� inclusion and e�clusion o� �actors related to 

concepts such as acceptance. �merging through this translation process, digital technologies such as 

the ���A��� digital t�in should be seen as a political arena populated b� �ind energ� e�perts �ho 

decide �hich opinions, needs and concerns count ��elt et al., ����� �elt et al., ����� �r�in, ����, 

����� �ommet�eit � ��nne, �����. �n doing so, e�perts �ho design and implement digital 

technologies, such as a ���A��� digital t�in, a��ect ho� and b� �hom �ind energ� is de�eloped 

and managed. �ased on this obser�ation, � argue that digital technologies strengthen the role o� 

e�perts in shaping the path�a�s �or energ� transition. 

�his �a� o� unpac�ing the process o� translation into the digital and as an act o� design is also 

li�el� to be applicable to other sectors �or �hich digital technologies are designed and used to tac�le 

societal challenges and concerns. �n contrast to �ir� �essner ������al�s, �����, �ho argues that 

designing digital technologies �or industrial applications is li�el� not as political as designing digital 

technologies �or applications �ithin ci�il societ�, � argue that the design o� all digital technologies is 

an inherentl� political acti�it�. �here�ore, there is a need to re�eal ho� e�perts and other actors 

in�ol�ed in the design o� digital technologies decide �hat digital technologies should do and �or 

�hom. �eing open about the design o� digital technologies �ill li�el� help to in�ol�e concerned 

publics and encourage debate about the societal or en�ironmental goals the� should ser�e, �ith 

acceptance or not, rather than seeing them as goals on their o�n. ��� pro�ects could there�ore be 

re�ormed b� changing the �a� in �hich digital technologies are designed. �o do so, the design o� 

digital technologies needs to become an issue in debate among e�perts, sta�eholders o� �ind energ� 

and concerned publics ��esch, �����. �his debate could entail inclusi�e decision�ma�ing o�er �hat 

needs to be both included and e�cluded �rom digital representations o� the social and en�ironmental 

challenges and ho� these challenges should be addressed. 
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�inally� this chapter shows that personal reflection can be a very useful source of information 

for explorin� the active role of experts involved in research and innovation pro�ects� �y combinin� 

personal reflection with insi�hts from the proposal and wor�shops with ������� experts� this wor� 

provides a nuanced picture of how this research and innovation pro�ect used the concept of 

acceptance in desi�nin� a di�ital twin� �y own reflection proved to be useful for retrospectively 

identifyin� and critically assessin� the different assumptions� relationships and influences that 

shaped how acceptance was defined� di�italised and interpreted within the ������� pro�ect� �ased 

on this research experience� � su��est that to stren�then the internal validity of personal reflections� 

it is worthwhile to not only rely on one’s own memories and experiences but also to verify them with 

others who participated in the same research activity� �verall� � su��est that personal reflection by 

experts is useful for accessin� insi�hts about research and innovation pro�ects that would otherwise 

not be brou�ht into li�ht� 

���� �onclusions 

�his chapter is positioned within broader scientific and sociopolitical debates about the role 

of di�ital technolo�ies in addressin� the pressin� challen�es in renewable ener�y� �oomin� in on a 

societal challen�e of acceptance for wind ener�y� this chapter discusses how the desi�n and use of 

di�ital twin technolo�y can affect what it means to accept wind ener�y and how acceptance can be 

�ained� �his is shown in a case study of the ������� pro�ect� which exemplifies how experts affect 

the translation of concepts such as acceptance into the di�ital domain in three steps� namely� by 

definin�� di�italisin� and interpretin�� 

�he findin�s of this chapter add to the extant critical social science scholarship on the 

acceptance of renewable ener�y technolo�ies in the analo�ue context ��atel � �udolph� ����� 

�udolph et al�� ������ �he �ey findin� of the ������� case study was that to be di�italised� 

acceptance needed to be narrowed down to a focus on noise annoyance� �y shinin� a li�ht on the 

three steps of the translation process� � have shown that wind ener�y experts need to ma�e choices 

re�ardin� what to include and what to exclude� � have ar�ued that this process of translatin� 

acceptance tends to lead to simplifications of what acceptance means and how acceptance can be 

increased� �y focusin� only on what is �nown and measurable� it becomes difficult to carve out space 

for mana�in� concerns and aspects that mi�ht not be easily �uantifiable� �his includes� for example� 

a lac� of trust between community and wind farm owners ��al�er et al�� ����� or emotions such as 

place attachment ��evine��ri�ht� ������ all of which are difficult to di�italise but can be important 

factors in how people relate to wind ener�y� 
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�o mo�e beyond the limitations of how digital technologies can be used to understand and 

increase acceptance for renewable energy� I suggest that it is desirable to change the focus of future 

R&I project acceptance as a goal on its own and instead to �iew acceptance as one of the possible 

outcomes of R&I for wind energy. �� calls could fund projects where the focus is on using digital 

technologies to understand resistance� understand emerging concerns or foster collecti�e learning. 

�oreo�er� funding is also needed to support R&I acti�ities that enable reflection and to possibly 

adapt the projects’ focus. Such funding may help to ensure that the R&I projects do not continue 

simply because certain outcomes around the design of digital technologies for acceptance were 

promised in proposals. Instead� such refle�i�e use of the concept of acceptance can help to de�elop 

R&I projects that enable learning and adjusting the course of inno�ation so that the outcomes are 

‘allowed to be’ e�en significantly different from what proposals initially en�ision. �his needs to 

in�ol�e the possibility that inno�ation and research can ta�e �more� time and that there might be no 

technological solutions at all. �ltimately� opening up the design of digital technologies to public input 

and to be a subject of deliberation on its own is li�ely to ma�e digital inno�ations socially robust – not 

in anticipating and proacti�ely remo�ing resistance but by internalising concerns into the design 

phase. �his deliberati�e approach to design in research and inno�ation projects could benefit not 

only the wind energy sector but also other sectors of the economy� such as smart agriculture ��ler��� 

����� �ru� et al.� ������ digital urban go�ernance ��ochta et al.� ����� and� more broadly� 

en�ironmental go�ernance ��oec�elbergh� ����� �loppenburg et al.� �����. In the long term� this 

would help to ensure that research and inno�ation projects de�elop more sustainable technologies 

that engage societal actors in transitioning towards a green and digital economy. 

 

 

 

 

 

 

 



Research and (digital) innovation for wind energy acceptance   |   107   

5



6CHAPTER 6



Discussion and conclusions



110   |   Chapter 6



Discussion and conclusions   |   111   

6

 

11� 
 

 

��1� �ntrod�ction 

The energy transition is one of the �ey governance challenges of o�r ti�es, and the �pscaling 

of wind energy is glo�ally considered necessary to achieve this transition� �owever, the expansion of 

wind energy infrastr�ct�re is �eing halted �y vario�s related concerns a�o�t the increasing scale of 

wind far�s (���rstig et al�, 2022), wind t�r�ine noise and the i�pacts of wind t�r�ines on landscapes 

(�l��oe � ��ndf�r, 201�)� Therefore, the s�staina�le �pscaling of wind energy re��ires technical 

develop�ents in wind t�r�ine technology as well as the involve�ent of different p��lics to ens�re 

socially ro��st, ��st and environ�entally so�nd wind energy pro�ects� While s�staina�le wind energy 

growth is desira�le in light of glo�al energy transition goals, its �pscaling sho�ld not override local 

concerns and voices of resistance (Devine‐Wright, 2011)� �s this thesis has addressed, digital 

technologies have �een proposed as a �eans for overco�ing these concerns, ��t the sociological 

�nderstanding of how digitalisation affects wind energy governance has th�s far �een lac�ing� 

The interest in �nderstanding the effects of digitalisation on wind energy governance has 

�ainly �een fro� a technical perspective� This technical view ass��es that digitalisation is an act of 

�irroring reality and that digital technologies provide revol�tionary �eans to design, plan and 

�anage wind energy technologies and their infrastr�ct�re (�lifton et al�, 2022)� �owever, altho�gh 

digital technologies are also �eing increasingly �sed to facilitate innovative for�s of p��lic 

participation (for exa�ple, thro�gh i��ersion experiences) (�ar�er et al�, 2022� �lifton et al�, 2022� 

Deshol� et al�, 200�� �awli�ows�a et al�, 201�� �aghshenas, 2022), little e�pirical wor� has 

exa�ined the role of the experts who shape the processes of digitalisation� 

This thesis has explored the ways in which experts’ actions affect governance, and its insights 

provide a new way of �nderstanding digitalisation as an act of governance� �ased on this idea, it is 

possi�le to explore what �odes of governance are possi�le �eyond an expert‐driven governance of 

wind energy� �ow digitalisation affects different �odes of governance is relevant not only for wind 

energy governance ��t also for other do�ains of environ�ental governance, s�ch as sectors of the 

renewa�le energy econo�y, nat�re conservation or cli�ate governance� This desire for a deeper 

�nderstanding of digitalisation as an act of governance led to the �ain research ��estion in this 

thesis� 
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�his ��estion has been addressed thro�gh the for��lation of three s�b��estions� �irst, how 

do the experts who design and�or �se digital technologies translate concerns, knowledge and 

expertise related to wind energy into digital technologies� �econd, to what extent do these experts 

enable different p�blics to engage in decisions on wind energy technologies and landscapes� �hird, in 

what ways do these experts infl�ence the ways wind energy landscapes are defined and interacted 

with� 

 �nswering these ��estions while b�ilding a sociological �nderstanding of digitalisation, this 

concl�ding chapter is str�ct�red as follows� �n �ection �, � first draw concl�sions on the key research 

findings and answer the three s�b���estions� ��ilding on these findings in �ection �, � answer the 

�ain research ��estion� �his third section incl�des a new perspecti�e on digitalisation in 

en�iron�ental go�ernance that first identifies and characterises the acts of digital wind energy 

go�ernance and then b�ilds on the�, defining three possible �odes of digital go�ernance� �ection � 

looks ahead and concl�des this thesis by proposing an agenda for f�t�re research and inno�ation on 

digitalisation in wind energy go�ernance and beyond� 

���� �ynthesis of findings 

������ �ranslation of concerns, knowledge, and expertise into the digital 

�he first s�b���estion concerns how the experts who design and �se digital technologies 

translate concerns, knowledge and expertise into digital technology� �ased on the insights in the fo�r 

research chapters, � arg�e that a range of disparate experts in�ol�ed in the process of translation, 

shape the design and �se of digital technologies� �oing so, � arg�e, they constr�ct the digital fra�ing 

of proble�s and sol�tions in wind energy go�ernance� �his o�erall finding re�eals that while wind 

energy experts tend to belie�e that the design of digital technologies is an ob�ecti�e act of �irroring 

the ‘real world’, the translation of concerns, knowledge and expertise is affected by experts’ choices 

in what to digitalise and how, as �o�ko and �inter ������ arg�e� �elow, � synthesise the res�lts on 

which experts are in�ol�ed in translation, how they �ake choices on the design and �se of digital 

technologies, and th�s how they constr�ct the digital fra�ing of proble�s and sol�tions in wind 

energy go�ernance� 

�irst, the res�lts shed light on the range of expertise a�ong the acade�ic and ind�strial wind 

energy and digitalisation experts in�ol�ed in the design of digital technologies and how this affects 

whose concerns, knowledge and expertise i�pact the process of translation� � ha�e fo�nd that the 

experts who are in�ol�ed with digital technologies are ��ch �ore di�erse than is often ass��ed 

��lifton et al�, ����� �ones et al�, ������ �hapters �, � and � ha�e addressed the different kinds of 
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expertise that are pro�ided �y all the professional actors who design, commission and manage digital 

technologies� �hese experts tend to wor� across different domains of applied wind energy science 

�e�g�, acoustics, wind tur�ine��lade technology, solid�fluid mechanics interaction, meteorology� and 

digitalisation �e�g�, data analysts, experts in high�performance computing and machine learning�, 

across �arious domains of social and en�ironmental science, and in the wind energy industry �e�g�, 

wind farm de�elopers, wind tur�ine manufacturers�� �hile the com�inations of these different types 

of expertise tend to �ary across different digitalisation pro�ects, as also shown �y �hitfield ������ in 

the case of crop modelling, this thesis has shown that while technical expertise is always considered 

necessary, social and en�ironmental expertise on wind energy tends to �e considered optional� 

�igital technologies play an important, new role in �ringing together these different �inds of 

expertise and �y doing so, offer a multidisciplinary �ut often not an all�encompassing understanding 

of how the �arious parts of a gi�en wind energy system interact� 

�econd, � ha�e found that the use of a range of collecti�ely recognised concepts helps 

de�elop inclusion and exclusion mechanisms in the translation of concerns, �nowledge and expertise� 

�n �hapter �, acceptance is a concept that helps operationalise societal concerns, needs and 

preferences for wind energy� �hapter � discusses how the concept of digital twins acts as a �oundary 

o��ect, ena�ling different �inds of �nowledge and expertise to come together in the digital realm� 

�hile these concepts ma�e the digitalisation of concerns, �nowledge and expertise across different 

domains of wind energy science possi�le, � ha�e found that experts often need to define these 

concepts in a �uantitati�e way� �ore specifically, �hapter � has shown that when designing digital 

simulations, the case wind energy experts needed to narrow the concept of acceptance to a proxy of 

noise annoyance� � similar o�ser�ation has �een made �y �orenhof et al�, ������ who, �y using an 

example of digital twins in the domain of agriculture, show that experts ‘steer’ digital representations 

�y choosing what aspects of a gi�en food system deser�e attention and how these are measured and 

represented� �dding to this wor�, this thesis has shown that when ma�ing choices on how to 

measure and represent 'analogue’ aspects digitally, experts tend to prioritise �uantitati�e o�er 

�ualitati�e �nowledge, concerns and expertise� �ost experts do so out of a con�iction that while 

�uantitati�e aspects can �e more easily or more o��ecti�ely mirrored, �ualitati�e aspects are more 

complex and more difficult to represent digitally� �hile attempts to �uantify the impacts of energy 

pro�ects, especially in en�ironmental impact assessments ��ae�i et al�, �����, are an already 

esta�lished contro�ersy, � show that in the de�elopment of digital technologies, the �uantification of 

concerns and impacts �ecomes e�en more dominant and sometimes contro�ersial� 
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Third, I have found that the translation of concerns, knowledge and expertise into digital 

technologies tends to affect how experts solve different problems related to wind energy. This is a 

novel finding in terms of the wind energy literature, which has thus far mainly discussed the potential 

of digital technologies to solve problems in wind energy on their own, not how digital technologies 

might affect existing or spark new concerns at the wind farm level. In addition, while it has already 

been argued by Firestone ������ that more technology is not necessarily the right answer for the 

societal and environmental challenges in wind energy, I have found that there is often little room for 

identifying and implementing nontechnological solutions in cases where digital technologies are 

applied. Instead, as shown in Chapters �, 4 and � by translating concerns, knowledge and expertise, 

wind energy experts tend to predetermine what kinds of solutions are possible through digital 

technologies. For example, in Chapter 4’s discussion of the noise monitoring app, I show that 

proposed solutions based on digital technologies tend to rely on monitoring and measuring the parts 

of ‘the wind energy system’ that are digitalised, which in turn are used to anticipate a relatively 

narrow set of impacts. �s noted by �assan and de Filippi ������, digital ways of problem solving can 

reproduce biases, such as the preference for economically feasible solutions—as noted elsewhere in 

the wind energy sector ��irch �irkegaard et al., ����� and for other domains of environmental 

governance, such as climate ��achen � �ost, �����. �verall, this means that by designing digital 

technologies, wind energy experts play a leading role in defining and legitimising decisions related to 

the design, planning and management of wind energy, and by doing so, they become the de facto 

governors of wind energy. 

�.�.�. �irtual participation and virtual publics 

The second sub��uestion explores how the experts who design and use digital technologies 

enable different publics to be engaged in decisions on the design and management of wind energy 

technologies and landscapes. The key findings, presented below, focus on how experts define ‘the 

public’ in the context of digital technologies and wind energy and how they enable or constrain 

public engagement. 

First, the chapters in this thesis demonstrate how the experts involved in the design and 

implementation of digital technologies define the public in a relatively narrow way, as they focus on 

nearby residents and often overlook other residents or stakeholder networks. �hile these two 

different types of publics have been recognised ��esch, �����, the focus has tended to be on 

individuals rather than on communities or networks of interest, neglecting the importance of how 

people form relationships and opinions around wind energy in collective settings ��indmarsh, �����. 

�owever, as shown in Chapter 4, new labels are created in the design of digital technologies for the 
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different kinds of users of these digital technologies, such as ‘serious’ users (who use digital 

technologies regularly and provide their ‘unbiased’ input), users who are ‘outliers’ (those who 

provide exaggerated feedback) and the ‘silent majority’ of nonusers. While such labelling of the 

public based on user behaviours is common across different forms of online participation (�arrios�

O’Neill & Schuitema, 2016), �atuka and �ur (2020) argue that it is important not to dismiss nonusers. 

�he ways in which the publics are defined by experts in the context of digital technologies thus 

influences not only which societal actors have a say in wind energy governance but also whose voices 

are (not) digitally represented. 

Second, the wind energy experts who design or use digital technologies affect the modes of 

involvement and the degree of decision�making power that different publics have in the design, 

planning or management of wind energy technologies and landscapes. With respect to public 

engagement in the design of digital and wind energy technologies, wind energy experts tend to 

consider direct forms of public participation difficult (if not impossible). �his has been shown in the 

case of digital twins, for which public involvement is often seen by experts as ‘out of scope’. 

�urthermore, �hapter �, regarding the ��W���S project, shows that when designing the focal digital 

twin technology, the experts focused on noise annoyance, as a proxy for acceptance, and considered 

the perceptions of the broader public via existing datasets, which may not match the actual opinions 

of residents at the wind farm level. Sovacool and �nevoldsen (201�) argue that the design of wind 

turbines continues to be an expert�driven process that is characterised by a closed style of innovation 

and high competitiveness among wind turbine manufacturers. �uilding on this argument, � conclude 

that the choice to exclude publics from the design of digital technologies also excludes them from 

providing input in the design of wind turbines. 

�hird, the wind energy experts who design and use digital technologies also create 

opportunities for proactively accounting for concerns of broader publics and for improving the 

understanding of how their concerns may change over time. �ence, the experts designing or using 

digital technologies enable new forms of public participation in the stage of planning and 

management. �hapter four illustrates, with the case of the noise monitoring app, how digital 

technologies can help involve residents in managing their concerns, disseminate information and 

gather feedback from residents over a longer period of time. �owever, in line with �ouvroy et al. 

(201�), � argue that providing new opportunities for involvement does not automatically free users to 

codecide on the issues at hand (�ouvroy et al., 201�). �ifferent forms of (digital) device�enabled 

participation have already been discussed in the context of using domestic energy technologies, such 

as smart metres, as new ‘energy practices’ (Naus, 201�� Smale et al., 201�) or as emerging forms of 
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‘material participation’ in energy transitions ��arres, ����� �yghaug et al�, ������ �n contrast to this 

literature, the case of wind energy has revealed that it is more difficult to meaningfully connect 

people to wind energy infrastructure, as it is only rarely mediated by domestic technology devices 

�such as noise apps�� �oreover, while their proximity to a wind farm might not always explain why 

people choose to use digital devices to participate in wind energy governance �which is also the case 

for analogue participation, as described by �olsin� �������, concerns about the visibility and 

audibility of wind energy pro�ects are li�ely to affect if and why residents choose or do not choose to 

participate digitally� 

������ �igital spatial ontologies 

�he third sub��uestion addressed in this thesis explores the ways the experts designing and 

deploying digital technologies steer how wind energy landscapes are defined and interacted with� 

�he �ey finding is that by ma�ing and interacting with digital representations of wind energy 

landscapes, these wind energy experts can affect decisions on the future siting of wind energy 

pro�ects, how wind turbines are designed, and how and by whom wind farms are managed� 

�irst, the wind energy experts who design and use digital technologies steer digital 

representations of wind energy landscapes by ma�ing design choices about how to digitally capture 

or imagine the biophysical and social aspects of these landscapes� �n regard to representing existing 

wind farms digitally, wind energy experts generate ‘realistic’ digital representations of wind energy 

landscapes, but in practice, they often need to exclude some aspects of the social and ecological 

complexity of these landscapes� �he analyses of the noise monitoring app ��hapter �� and the 

������� digital simulations ��hapter �� have shown that experts tend to digitalise a radius of two 

�ilometres around wind turbines� �his �artesian way of digitally demarcating wind energy landscapes 

tends to be at odds with ‘how far’ the concerns with wind farms are being voiced ���llenbach � 

��stenhagen, ����� �abussi�re � �ada�, ����� �imcoc�, ������ �his means that instead of being 

contained within a digitalised area, concerns with wind farms are also found beyond the ‘borders’ 

drawn by planners or wind farm owners� �hen these spatial borders are represented by digital 

technologies, their spatial demarcations are reinforced or formalised and might become a base for 

the spatial exclusion of both the people and ecosystems outside their digitalised area� 

�econd, with respect to digitally representing the possible configurations of wind turbines on 

landscapes, experts often need to decide where to locate virtual wind turbines and what biophysical 

and social aspects of landscapes should be included� �hapter three shows that when designing digital 

twins for wind energy innovation, experts tend to assume a ‘universal’ type of landscape, such as an 
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offshore landscape. The case of digital twinning shows that prioritising landscape typology or 

characteristics over the socio�political context of landscapes obscures how people relate to and use 

wind energy landscapes. �or example, �hapter � shows how the simulations of a given wind farm 

have excluded the broader context of its place’s history and other cultural and recreational functions, 

as well as how landscapes might change with the weather, seasons (and connected to them, changes 

in fauna and flora) and time of the day. 

Third, wind energy experts affect how different actors relate to the digital representations of 

wind energy landscapes. �or example, �hapter � shows how wind energy experts aim for that digital 

representations of wind energy landscapes convey information about how wind turbines interact 

with each other and their spatial and atmospheric conditions, which in turn can be used as inputs for 

the optimisation of wind farm performance. �esidents located near wind farms that are represented 

in digital technologies tend to, however, find such digital representations less relatable, as they 

perceive wind energy landscapes through their everyday experiences. � similar conclusion has been 

reached by �had�e (2���a), who argues that while digital representations of landscapes, such as 

Google Earth, “may enable distant viewers to ‘witness’ change; [they] may add limited value to how 

local citizens experience their own topographies” (p. 267). This means that while digital 

representations of wind energy landscapes tend to appear neutral or ob�ective, in practice, they 

might become a sub�ect of controversy on their own because people do not reconcile their digital 

and analogue experiences of landscapes. 

6.�. �igitalisation as an act of governance 

6.�.�. Towards a sociological definition of digitalisation 

�hen understood through the three dimensions described above, it becomes clear that 

digitalisation is an act of governance that can be defined as enacted decisions on wind energy 

technologies and landscapes. �n summary, wind energy experts play an active role in (�) translating 

concerns, �nowledge and expertise into the digital, (2) enabling public engagement and (�) steering 

how digital representations of wind energy landscapes are defined and interacted with. Through 

these three dimensions of digitalisation, these experts also connect different stages in governance� 

the design of digital technologies, the planning and implementation of physical technologies and 

their management on landscapes. �oreover, digital technologies connect different actors, places 

and decision�ma�ing moments, which in turn reveal new ways of designing, planning and managing 

physical ob�ects or technologies on landscapes. 
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�nderstanding that digitalisation is an act of governance by e�perts enables a more precise 

sociological understanding of how digitalised ob�ects reflect the human choices, concerns and visions 

for what the future of a sector such as wind energy should be. �his active process of translation 

challenges the conventional definitions of digitalisation as an act mirroring the ‘real’ world in the 

virtual domain (as also argued by �om�o � �inter, ��1� for digital twins). �nstead of a passive 

process of mirroring, the results of this thesis indicate that digitalisation is an active process of 

deciding what is and what is not digitalised. �s argued by �ouvroy (��13), failing to ac�nowledge the 

‘human factor’ involved in digitalisation can “contribute to (re)producing and multiplying this 

immanent normativity (…. ), albeit by obscuring social normativities, silencing these as far as possible 

because they cannot be translated digitally” (p. 163). Furthermore, an understanding of any 

digitalisation process should ta�e into account that what is e�cluded from digitalisation might not be 

relevant but is difficult to represent with e�isting digital methods of observation, recording and 

communication. �eeing digitalisation as an act of governance can therefore enable a better 

understanding of such potential biases in the design of digital technologies and the socio�political 

conte�ts in which this design occurs. 

6.3.�. �igitalised acts of governance 

�he definition of digitalisation as an act of governance outlined above allows a new way of 

identifying and describing how digitalisation forces us to rethin� how governance processes are 

performed. �ased on the findings in the previous chapters, it is possible to identify at least four acts 

of digital wind energy governance� (1) digitalising design, (�) digitalising landscape management, (3) 

virtual public engagement, and (�) digitally enabled learning. �he figure below visualises how 

digitalisation can be defined through its three analytical dimensions� when viewed in this way, it is 

possible to characterise how governance processes are affected (see Figure �). 
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�he first act of identified go�ernance is the digitalisation of design, thro�gh which actors can 

directl� shape the design of wind t�r�ines� �ow wind t�r�ines are digitall� designed is a f�nction of 

experts’ choices in the three dimensions of digitalisation� �or example, the design of digital 

technologies can (and often does) prioritise experts’ concerns, knowledge and expertise and their 

spatial ontologies� �hile the digital wa� of designing wind t�r�ines is no�el for the sector, the role of 

experts in dri�ing its design priorities has �een increasing in recent �ears (�irch �irkegaard et al�, 

����)� �ore specificall�, large wind t�r�ine man�fact�rers tend to prefer a closed and in�ho�se st�le 

of research and inno�ation for the design of wind energ� technologies (as shown �� �o�acool � 

�ne�oldsen, ����)� �owe�er, digital technologies can help integrate information from the planning 

and management phase into the design phase and in t�rn impro�e the design of wind t�r�ines� 

�igitalising design is, then, an act of responding to the emerging concerns and changing 

circ�mstances that digital technologies monitor� 

�he second act of go�ernance identified in this thesis is digitalising landscape management� 

�� translating concerns, knowledge and expertise into the digital, �� �irt�all� in�ol�ing and defining 

the p��lic, and �� �nderstanding space thro�gh the prism of digital ontologies, landscapes are 

managed digitall�� �igitalising landscape management entails �oth decision�making that is s�pported 

�� the o�tp�ts of digital technologies and landscape management thro�gh interaction with �irt�al 

landscapes� �or example, as shown in �hapter � in this thesis, digitalising landscape management can 

incl�de decisions on how to optimise wind farm designs for efficienc� or other social or 

en�ironmental criteria� �his act of go�ernance is �oth similar to and different from the analog�e 

methods of managing wind energ� landscapes� �t is similar to the analog�e methods �eca�se the 
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data by a��lying a range of statistical and dee� learning methods that identify �atterns and suggest 

o�timal solutions that could otherwise be missed. �ecause of this, digitally enabled learning is coined 

‘smart’ ��itchin, �����. �owever, as shown in �ha�ters � and �, such digitally enabled learning also 

requires skills related to inter�reting outcomes and reflecting on their limitations. �earning from 

digital technologies often entails understanding �ossible effects on any as�ects that are digitally 

re�resented, which in turn means that it is difficult to learn about any as�ects that are not digitalised 

�as, for e�am�le, in the case of the noise monitoring a���. �ltimately, this may mean that digitally 

enabled learning requires creativity, imagination and broader ‘system’ knowledge to assess 

outcomes from a bird’s eye view. If these skills are missing, learning from digital technologies might 

only hel� verify and legitimise what is already known. 

These acts of governance a��ly to wind energy, but it is also likely that similar governance 

transformations might occur in other sectors of digital environmental governance. �or e�am�le, �ruk 

et al. ������ demonstrates, in the conte�t of digital food sustainability initiatives, how digitalisation 

can either �redefine or enable the co�construction of digital identities of the users of these digital 

technologies. This in turn is connected to the degree of decision�making �ower that they have in 

governance ��ruk et al., �����. �oreover, �lo��enburg et al. ������ argue that different sectors of 

environmental governance are likely to undergo transformations as a result of digitalisation. 

�ltimately, a dee�er understanding of how the e��ert�driven �rocesses of digitalisation affect the 

ability of different actors to �artici�ate in governance is needed. The ne�t section thus focuses on 

what modes of digital governance can emerge across different domains of environmental 

governance. 

�.�. �otential modes of digital governance 

��amining the relationshi� between digitalisation and wind energy governance demonstrates 

that these four acts of governance, which are currently �erformed by e��erts, might lead to different 

ways of governing with distinct outcomes in sectors such as wind energy. These ‘modes’, involving 

more or less e��ert involvement, �ublic autonomy, state involvement and refle�ivity ��ritsenko � 

�ood, �����, are a function of who is acting in the design of digital technologies, digital landsca�e 

management, virtual �ublic engagement, and digitally enabled learning. In short, acts of digital 

governance can affect how, where and by whom digitalised systems such as wind energy are 

designed, �lanned and managed over time. �ore s�ecifically, the �ossible modes of governance 

de�end on whether the decision�making �ower rests with e��erts or with the �ublic or whether it is 

shared among the different actors. To illustrate the kinds of outcomes that can emerge as a result of 

different actor constellations, the following sections distinguish three ideal modes of digital 
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governance� �� citizens in digital control, �� digital expert systems, and �� digital deliberation. �hile 

these modes may exist on their own in practice, they might also coexist, evolve or split into new 

modes of governance. �evertheless, they offer a starting point for reflecting on the possibilities of 

moving digital governance beyond its current dominant mode, which is the expert�driven system. 

The first mode of governance is labelled ‘citizens in digital control’. This mode addresses 

decision�ma�ing at a local level for governing at least one specific matter of concern and 

meaningfully involve residents. �ere, residents participate through digital technologies and as a 

result of an intrinsic concern ��arres, ����� ��j�lsvold et al., ����� that motivates them to codecide 

the design, planning and management of digitalised objects or systems. �entral to this mode of 

engagement is a high degree of decision�ma�ing power in digitalised design. This means that the 

public, and their subjective perceptions of landscapes and wind energy technologies, determine how 

matters of concern are digitally represented and how objects and landscapes are represented 

through digital design. In terms of virtual public engagement, continuous and meaningful 

participation through digital technologies is central in governing digitalised objects and systems on 

the bases of individuals’ preferences, needs and concerns. In this mode, residents engage individually 

with digital technologies via a user�oriented interface, such as a mobile phone app ��ember et al., 

�����. �nother important part of this mode is learning from digital technologies, both in real time 

and over a long period of time �van �inden � de �arvalho, �����. �hen citizens are in control, these 

users of digital technologies define the rules for when interventions need to be ta�en ��ohnston � 

�ansen, �����. �ltimately, this mode of governance demonstrates a high degree of responsiveness 

to emerging concerns and relies on a commitment of residents to provide feedbac� over time. 

The second mode of governance is labelled ‘digital expert systems’. This mode of digital 

governance involves the experts at the centre of decision�ma�ing on the digital design of 

technologies or technological systems. This mode is diametrically opposed to the first mode because 

here, experts lead any decisions on how, where and by whom technologies are digitally designed, 

developed and managed over time. In this mode, environmental governance tends to be centralised 

and to ta�e place within a digital expert system that is based on the �nowledge of an expert group 

�such as expert groups on geo�engeneering described by �ellamy et al., ����� �upta � ��ller, 

�����—a space in which direct forms of virtual public participation are not considered possible. 

These experts define the priorities for governance, and other actors—e.g., planners or the public—

are considered the recipients of the outcomes of digital products ���gler et al., �����. �ere, the 

public is often imagined as a ‘society at large’ with standardised and objectified sets of concerns and 

preferences ��elt � �ochler, �����. �urthermore, in this mode of expert governance, when digitally 
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managed� landscapes are li�el� to be ob�ectified and standardised from either a technical or 

economic perspective that foc�ses on their material �bioph�sical� and meas�rable elements and is 

connected to different mar�et segments. �entral in ma�ing this mode of governance possible are 

e�pert digital technologies� s�ch as digital twins that allow a m�ltidisciplinar� e�pertise to provide 

inp�ts for s�stem�level decision�ma�ing. �n this mode of governance� big data becomes a ver� 

important tool in learning from digital technologies what wor�s and what does not wor� in terms of 

improving the design� planning and management of digitalised and ph�sical ob�ects ��itchin� �����. 

�onse��entl�� this mode of digital governance concerns the �se of scientific �nowledge for decision�

ma�ing regarding wind energ�. 

The third mode of governance is labelled ‘digital deliberation’. This mode of digital 

governance involves the �se of digital technologies to enable shared decision�ma�ing amongst the 

e�perts� societal actors� and sta�eholders in digitalised pro�ects as well as decision�ma�ers across 

different levels of planning and polic��ma�ing. �n this mode� the direct and active involvement of 

different e�perts and professional actors alongside the active virt�al engagement of the p�blics in 

the design of digital technologies leads to deliberation over how the materialit� of digitalised ob�ects 

and landscapes sho�ld be affected b� digital technologies ��inders� �����. This deliberation co�ld be 

organised virt�all�� b�t it might also rel� on a h�brid of online and in�person interactions where 

decisions are reached. �inall�� in this mode of digital deliberation� both e�perts and the concerned 

p�blics sho�ld be involved in the digital design of technologies �e.g. thro�gh open web�based 

innovation as disc�ssed b� �ee et al.� ����� and in the digital management of landscapes �e.g. 

thro�gh differnt forms of e�participation in spatial planning as described b� �naafo � �ppiah Ta��i� 

�����. This means that in this mode of governance� digitall� enabled learning relies on the shared 

responsibilit� for identif�ing an� emerging concerns and on the incl�sivit� of different �inds of 

�nowledge and e�pertise that can be applied to draw concl�sions from digital technologies. To stri�e 

the right balance in sharing responsibilit�� this mode is li�el� to contin�o�sl� negotiate the different 

needs and priorities and might re��ire that some of these needs and priorities are compromised. 

These three modes of digital governance empower different actors to act and th�s determine 

their agenda and directions for digital governance. �epending on the socio�political conte�t and the 

scale and t�pe of technological or environmental change that is being governed thro�gh digital 

technologies� a specific mode of digital governance or a combination of these modes might be 

preferred. �or e�ample� when there is an established and active comm�nit� aro�nd a wind farm with 

a clear interest in and the reso�rces to digitall� govern wind energ� pro�ects� it might be possible and 

desirable to move towards the ‘citizens in digital control’ mode of governance. This might be possible 
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for (wind) energy cooperatives, as they tend to design and manage wind energy pro�ects on their 

own (�ufen � �oppen�an, ����). �y enrolling in digital modes of governance, energy cooperatives 

could increase the fre�uency and the content with which the involvement of the different members 

of a given cooperative is made possible. �hile such a high level of empowerment might also be 

beneficial for other �inds of wind energy pro�ects, as well as other problems in environmental 

governance (e.g., deforestation, climate engineering or smart agriculture), in most situations, ‘digital 

deliberation’ might prove to be the preferred mode of governance. This is because many 

environmental problems are comple� and span disparate environmental scales and areas of 

e�pertise (�ui�er et al., ����), which means that the involvement of both e�perts and none�perts 

from different places is li�ely to allow addressing problems in a more integrated and inclusive way. 

�urthermore, as technical e�pertise tends to be necessary for designing and deploying digital 

technologies, combining this technical e�pertise with different �inds of e�pert and lay �nowledge 

might open possibilities for the codesign of sustainability technologies and new possibilities for their 

comanagement (����lsvold et al., ����� �erran � �hristie, ����). Ultimately, the choice from the 

different modes of digital governance is li�ely to follow a pre�e�isting political conte�t, but it might 

also become a sub�ect of deliberation on its own. 

�.�. �roposed further research agenda on digitalisation in the domain of 
environmental governance 

�ased on the insights of my thesis concerning digitalisation as an act of governance, here, I 

discuss the relevance of this new way of understanding digitalisation for other fields of sustainability 

science and environmental governance and propose an agenda for future research. 

�c�nowledging that digitalisation is an act of governance in the wind energy sector opens 

new possibilities for reforming how and by whom ‘problems’ are defined. Understanding 

digitalisation as an act of governance can also help decision�ma�ers observe and select solutions that 

include both digital and analogue interventions. �uch a broader range of solutions helps prevent 

digitalisation from being seen as an e�ternal force that inevitably shapes governance. Instead, a 

digitalisation process understood through the prism of the four acts of governance and their possible 

governance combinations in the three different modes of governance opens the possibility for 

reforming these acts of governance and altering the available choices for achieving desired 

governance outcomes. In particular, by opening a debate about ‘who’ is acting in the four acts of 

governance, it is possible to arrive at a more balanced representation of different �inds of �nowledge 

and e�pertise and to ma�e digitalisation processes more inclusive for different publics. 
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Third, there is a need to research experts’ and decision�makers’ ability to learn from digital 

technologies to capt�re the nat�re and scope of en�ironmental problems in a ��st �ay and to 

identify fair sol�tions� This re��ires research on the needs for interdisciplinary ed�cation among the 

next generation of reflexi�e experts� �n partic�lar, f�t�re research sho�ld foc�s on the science�policy 

interface in the context of digital en�ironmental go�ernance� �hile the science�policy interface in the 

context of en�ironmental go�ernance has already identified the challenges of incorporating expert 

kno�ledge into en�ironmental policies ��aas et al�, �����, f�t�re research that b�ilds on this co�ld 

also explore �hat kinds of mediation or inter�entions are needed at the science�policy interface to 

mo�e beyond an expert�based system in digital en�ironmental go�ernance� 
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�he transition to renewable ener�� so�rces is necessar� to ass�re a s�stainable ��t�re �or 

c�rrent and ��t�re �enerations and ecos�ste�s on o�r planet� ��t while there is �rowin� reco�nition 

�i� not consens�s� on the need �or these alternative so�rces o� ener��� there is an on�oin� debate 

a�on�st e�perts and societal actors on how� where and b� who� renewable ener�� s�ste�s sho�ld 

be desi�ned� planned and �ana�ed� �ind ener�� is a case in point� �erhaps one o� the �ost 

controversial �or�s o� renewable ener��� d�e to the perceived vis�al and ecolo�ical i�pacts o� 

t�rbines o� land and seascapes� debate centres aro�nd how and b� who� both proble�s aro�nd 

wind ener�� are de�ined and i�ple�ented thro��h desi�n� plannin� and �ana�e�ent� �his �eans 

that the challen�e o� ener�� transitions is not �erel� an iss�e o� developin� and deplo�in� 

renewable ener�� technolo�ies� b�t a ��nda�entall� social challen�e o� ali�nin� what is technicall� 

possible with what is ‘acceptable’ to diverse and o�ten increasin�l� polarised societies� �et despite 

the reco�nition �iven to incorporatin� both e�pert and societal perspectives into the desi�n and 

�ana�e�ent o� wind ener��� ��ch o� the debate re�ains hi�hl� technical in nat�re�  

�he ��estion o� enablin� �ore incl�sive �or�s o� wind ener�� �overnance� to ens�re both 

��st and s�stainable ener�� transitions across landscapes� is o� �reat conte�porar� i�portance� 

�evertheless� this ��estion is not new� �articipation in wind ener�� �overnance has lon� been a 

�a�or �oc�s o� scholarship� polic� and practice� �owever� ��ch o� this literat�re has �oc�sed on the 

planned participation o� local co���nities in the sitin� o� wind par�s� �n doin� so� the researchers 

have tended to narrow diverse co���nit� concerns to technical iss�es� s�ch as wind t�rbine noise 

or the vis�al i�pact o� wind �ar�s� �nce narrowed� these concerns have beco�e sites o� debate and 

innovation that are do�inated b� a narrow set o� technical e�pertise and �nowled�e�  

�espite all the atte�pts to involve the p�blic in wind ener�� decisions� technical e�perts 

re�ain the �e� deter�inin� how� where and b� who� wind ener�� technolo�ies are desi�ned� 

i�ple�ented and �ana�ed over ti�e� �� lendin� their e�pert �nowled�e to the desi�n o� new 

technolo�ies� s�ch as wind t�rbines� the� beco�e the de �acto �overnors o� the environ�ental 

proble�s at sta�e� �owever� while vario�s �inds o� pro�essional e�pertise clearl� have i�portant 

sta�es in wind ener�� �overnance� the role o� e�perts tends to be �nderpla�ed and� in t�rn� poorl� 

�nderstood in ter�s o� the challen�es and dile��as that these actors e�perience in wind ener�� 

decision��a�in��  

�he advent o� di�ital technolo�ies in the wind ener�� sector o��ers an opport�nit� to rethin� 

participation in wind ener�� �overnance� �i�ital technolo�ies are �sed to address p�blic concerns 



132   |   Thesis summary



Thesis summary   |   133    

��� 
 

�his thesis incl�des fo�r chapters that present the res�lts of m� research on wind energ� 

go�ernance in the digital era� �hapter � aside� chapters �� �� � ha�e been p�blished in peer re�iewed 

�o�rnals� �ll these chapters are b�ilding bloc�s for a new wa� of �nderstanding digitalisation as an act 

of go�ernance in the context of wind energ�� �he� interrogate this topic of digitalisation in the 

context of wind energ� go�ernance from different angles as follows�   

�hapter � presents a s�stematic literat�re re�iew on p�blic engagement be�ond the in�ited 

forms of participation� incl�ding �irt�al forms of engagement as well as local and collecti�e modes of 

p�blic engagement� concept�alised as three modes of co�prod�ction� �his re�iew creates the base 

from which this thesis f�rther examines how emerging digital wind energ� technologies are designed 

and �sed to go�ern wind energ��   

�hen� b�ilding on the res�lts of this re�iew� � explore expert�foc�sed digital technologies in 

the stage of their design� � do this in �hapter �� b� shedding light on how the wind energ� experts 

in�ol�ed in ���f�nded pro�ects for the design of digital twins� inno�ate wind t�rbine technolog� and 

thereb� affect how and where the wind energ� sector is being �pscaled� �n this chapter � �npac� how 

the experts who design digital twins explain what digital twins are� what the� can do and how the� 

can help sol�e problems in wind energ� go�ernance� �resenting cases of recent or ongoing digital 

twinning pro�ects f�nded b� the �ori�on ���� framewor� to inno�ate wind t�rbines� this chapter 

shows that ‘twinning’� is an act of go�ernance on its own� �he chapter concl�des that twinning 

in�ol�es design choices for incl�ding and excl�ding different aspects of wind energ� s�stems and 

their socio�spatial context in the digital domain�  

�o�ing from the case of digital twins� �hapter � anal�ses a mobile phone app� a case of a 

digital technolog� that aims to in�ol�e wind farm residents and address their concerns with wind 

t�rbine noise� �� foc�sing on how this noise app was designed and implemented� this case st�d� 

highlights the differences among experts and residents in terms of their framing of ‘the problem' and 

what sol�tions the� thin� sho�ld be implemented� �his chapter re�eals the practical diffic�lties in 

ass�ring a ��st representation of the different wa�s in which concerns are �oiced and of in�ol�ing 

residents �ia the noise app in management of concerns and of wind farms�  

�inall�� b�ilding on the insights deri�ed from the different digital twin pro�ects� �hapter � 

foc�ses on one of these pro�ects to re�eal how digital twins are designed to tac�le challenges aro�nd 

�pscaling wind energ�� �n this chapter� � foc�s on how the experts in�ol�ed in the ������� pro�ect� 

an �� f�nded pro�ect on research and inno�ation in which � participated m�self� ha�e translated the 

concept of wind energ� acceptance into digital twin sim�lations� �xploring this case� � reflect on how 
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���d e�ergy ���e�����e �s ���ro��hed �s � �ro��em o� �o�se ���oy���e ��d �he �o�se��e��es o� 

�h�s �or de��s�o��m����g �o��er���g ���d e�ergy des�g� ��d �������g. ���h �h�s �o��s, �he �h���er 

�ro��des �esso�s �or ho� �he des�g� o� d�g���� �e�h�o�og�es ��� �e �m�ro�ed ��d ho� �o��e��s s��h 

�s ���e�����e sho��d ��o�� �e d�g�����sed ��d �sed �� ���d e�ergy go�er����e.  

The ����� �h���er sy��hes�ses �he ���d��gs �rom �h���ers ��� ��d �o����des �he �hes�s �y 

�rese����g � �e� �ers�e����e o� d�g�����s���o� �s �� ��� o� go�er����e ��d �y �ro��d��g �� �ge�d� 

�or ����re rese�r�h. ��e��������y, �h�s �o����d��g �h���er d�s��sses ho� d�g�����s���o� �s �� ��here���y 

so���� �ro�ess, �s �� re��es o� �he �de�s ��d �ho��es o� so��e��� ���ors, ��d e��er�s �� ��r������r. 

��sed o� �he ���d��gs �� �he �re��o�s �h���ers, �� �s �oss���e �o �de����y �� �e�s� �o�r ���s o� d�g���� 

���d e�ergy go�er����e� ��� d�g�����s��g des�g�, ��� d�g�����s��g ���ds���e m���geme��, ��� ��r���� 

������ e�g�geme��, ��d ��� d�g�����y e����ed �e�r���g. �hose �ho��es ��d �de�s �re �����ded �� 

d�g�����s���o� �ro�esses �s � ������o� o� ho� de��s�o��m����g �o�er �s �o��e��r��ed or d�s�r����ed 

�mo�g e��er�s ��d �he ������s.   

These �o�r ���s o� go�er����e, �h��h �re ��rre���y �er�ormed �y e��er�s, m�gh� �e�d �o 

d���ere�� ��ys o� go�er���g ���h d�s����� o���omes �� se��ors s��h �s ���d e�ergy. These ‘modes’, 

���o����g more or �ess e��er� ���o��eme��, ������ ���o�omy, s���e ���o��eme�� ��d re��e�����y, �re � 

������o� o� �ho �s �����g �� �he des�g� o� d�g���� �e�h�o�og�es, d�g���� ���ds���e m���geme��, ��r���� 

������ e�g�geme��, ��d d�g�����y e����ed �e�r���g. �� shor�, ���s o� d�g���� go�er����e ��� ���e�� ho�, 

�here ��d �y �hom d�g�����sed sys�ems s��h �s ���d e�ergy �re des�g�ed, �����ed ��d m���ged 

o�er ��me. �ore s�e��������y, �he �oss���e modes o� go�er����e de�e�d o� �he�her �he de��s�o��

m����g �o�er res�s ���h e��er�s or ���h �he ������ or �he�her �� �s sh�red �mo�g �he d���ere�� 

���ors. Th�s �hes�s d�s���g��shes �hree �de�� modes o� d�g���� go�er����e� �� �����e�s �� d�g���� �o��ro�, 

�� d�g���� e��er� sys�ems, ��d �� d�g���� de���er���o�. �h��e �hese modes m�y e��s� o� �he�r o�� �� 

�r�����e, �hey m�gh� ��so �oe��s�, e�o��e or s���� ���o �e� modes o� go�er����e. �e�er�he�ess, �hey 

o��er � s��r���g �o��� �or re��e����g o� �he �oss�������es o� mo���g d�g���� go�er����e �eyo�d ��s 

��rre�� dom����� mode, �h��h �s �he e��er��dr��e� sys�em. These �hree modes o� d�g���� go�er����e 

em�o�er d���ere�� ���ors �o ��� ��d �h�s de�erm��e �he�r �ge�d� ��d d�re���o�s �or d�g���� 

go�er����e, de�e�d��g o� �he so��o��o������� �o��e��, �he s���e ��d �y�e o� �e�h�o�og���� or 

e���ro�me���� �h��ge �h�� �s �e��g go�er�ed �hro�gh d�g���� �e�h�o�og�es.  
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���endi� �� �u���ementar� �ateria�s for ��a�ter � 

 

�a��e ���� �ist of codes and t�eir �rou�s 

‘communities of interest’ and ‘communities of 
��ace� 

�oca� co��roduction 
co��ecti�e co��roduction 

aest�etics of �ind tur�ines co��roduction of �ind ener�� tec�no�o�ies 
a�ent and net�or� co��ecti�e co��roduction 
a�ternati�e �ind tur�ine desi�ns co��roduction of �ind ener�� tec�no�o�ies 
�e�ond in�ited sta�e�o�der �artici�ation in�ited sta�e�o�der �artici�ation and �e�ond 

co�creation of desi�ns co��ecti�e co��roduction 
co��roduction of �ind ener�� tec�no�o�ies 

co��a�oration co��ecti�e co��roduction 
co��ecti�e en�a�ement �definition� co��ecti�e co��roduction 
co��ecti�e �u��ics co��ecti�e co��roduction 
communit� �enefits o�er�a�� �oca� and co��ecti�e co��roduction 
communit� �ind� ci�ic �ind �ar�s o�er�a�� �oca� and co��ecti�e co��roduction 
co��roduction �a��roac�� o�er�a�� �oca� and co��ecti�e co��roduction 
co��roduction of �ind tur�ine tec�no�o�� co��roduction of �ind ener�� tec�no�o�ies 
criti�ue of ����� in�ited sta�e�o�der �artici�ation and �e�ond 

definin� �u��ics in�ited sta�e�o�der �artici�ation and �e�ond 

di�ita� too�s for co��roduction �irtua� co��roduction 
co��roduction of �ind ener�� tec�no�o�ies 

distant �u��ics co��ecti�e co��roduction 
distri�ution of costs and �enefits �oca� co��roduction 

co��ecti�e co��roduction 
ener�� citi�ens�i� �oca� co��roduction 

co��ecti�e co��roduction 
en�a�ement in �ar�e sca�e �ro�ects �oca� co��roduction 
en�a�ement �it� �andsca�e co��roduction of �ind ener�� �andsca�es 
en�a�ement �it� tec�no�o�� co��roduction of �ind ener�� tec�no�o�ies 
en�a�in� communities in�ited sta�e�o�der �artici�ation and �e�ond 
en�ironmenta� s�e�ticism �t�er 
financia� �artici�ation in co��ecti�es co��ecti�e co��roduction 
forms of �irtua� en�a�ement �irtua� co��roduction 
��o�a�i�ed �roduction�standardi�ation of desi�n co��roduction of �ind ener�� tec�no�o�ies 
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�ppendix �: �upplementar� �aterials for Chapter �  

 

����� �nal�sis: themes� sub�themes and codes  

 

�heme: �no�led�e� expertise and uncertaint� related to �� noise 
 

Code: ‘Official’ Expertise on noise 
Code: �oise measurements 
Code: �no�led�e claims related to noise and ��� 
Code: Citi�en science of noise �also o�erflo�in�� 

 
�heme: �ana�ement of �� noise and di�italisation 

Code: �efinition of di�italisation 
Code: �i�ital technolo�ies and centralised �s distributed modes of �o�ernance 
Code: �o�ernments and di�italisation 
Code: �ata o�nership �also o�erflo�in�� 
Code: �ata �ualit� �also o�erflo�in�� 
Code: C�ber securit� �also o�erflo�in�� 
Code: �ri�ate companies and di�italisation 

 
�heme: �irtual en�a�ement throu�h the app 
�ub�theme: �ata 

Code: �oise anno�ance data �athered b� the app 
Code: �ata shared b� the app �noise predictions� �eather� �ind� �ho controls the 

�ind  of info  that is shared� 
�ub�theme: �et�or�ed actors  

Code: �he role of �orpsraad and other interest �roups  
Code: �elationship to�ards �� manufacturer 

Code: �ub�theme: �i�ital technolo�ies
Code: Opinion about the noise app 
Code: Considerations about the app as a tool for participation 
Code: �ecision�ma�in� based on data output 
Code: Experts 
Code: �rior experience of participation 
Code: �o� people use the app 
 

�heme: o�erflo�s/contro�ersies 
 

�ub�theme: �oise as a matter of concern 
Code: �efinition of noise �le�al� 
Code: Concern about the impacts of lo��fre�uenc� sound �mainl� health� 
Code: Experience of lo��fre�uenc� sound  
Code: hum/‘brom’ tone 
Code: �oise b� blades 
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Code: ‘lasten, niet de lusten’ 
Code: �da�tin��li�in� �it� noise in e�e��da� li�e 
Code: ��atio�te��o�al �onte�t 
Code: �ind tu��ine te��nolo���desi�n �i��o�tan�e o� �ana�e�ent o�� 
Code: ��io� e��e�tations �o� noise 
 

�u��t�e�e: �e�a��ations and de�ision��a�in�  
Code: � �� distan�e 
Code: �e�islati�e �onte�t 
Code: Co��uni�ation a�out noise 
Code: �indin� solution and ta�in� �es�onsi�ilit� �o� noise 
Code: �ai�ness o� solutions 
Code: �o�io�e�ono�i� �onte�t 
Code: Conne�ted �on�e�ns 
Code: �ta�e�olde� net�o��s 
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��.�. �escription of codes 

 

�hemes: �nowled�e, expertise and �ncertaint� related to noise 

 

Code: ‘official’ expertise on noise: this incl�des the scientific �nowled�e on noise, the 
statements �ro��ht �� ����, noise cons�ltanc� and official noise data�noise meas�rements 

Code: �oise meas�rements: mentions a�o�t all �inds of noise meas�rements that ha�e 
ta�en place at the wind farm or on residents’ properties, or in the wind farm area. 

Code: �nowled�e claims related to noise and ���: information �athered or �sed �� 
opposition �ro�ps or residents related to wind t�r�ine noise, incl�din� ��� and its impacts on health 

Code: Citi�en science of noise: all the action ta�en �� the residents to pro�e �meas�re� ��� 
and o�tline its impacts on health �often experienced as a press�re to pro�ide e�idence for their 
matters of concern related to noise�� tr�st in noise meas�rements 

 

�heme: �ana�ement of �� noise and di�italisation 

Code: �efinition of di�itali�ation: how different actors disc�ss the trend of di�itali�ation in 
wind ener�� and in their e�er�da� life  

Code: �i�ital technolo�ies and centralised �s distri��ted modes of �o�ernance: ideas a�o�t 
how di�ital de�ices and technolo�ies allow to distri��te the decision�ma�in� power form centralised 
to distri��ted forms of decision�ma�in� 

Code: �o�ernments and di�italisation mentions of how �o�ernments tr� to �eep �p on the 
increasin� �se of di�ital tools in �o�ernance of �wind� ener�� infrastr�ct�res 

Code: �ata ownership: mentions a�o�t who owns the app data, wind t�r�ine data, noise 
data etc.  

Code: �ata ��alit�: opinions aro�nd the ��alit� of data that is �ein� di�italised  

Code: C��er sec�rit�: concerns a�o�t the c��ersec�rit� in online domain 

Code: �ri�ate companies and di�italisation: ideas a�o�t the role of pri�ate actors in �wind� 
ener�� when implementin� di�ital tools for assets mana�ement, citi�en participation etc. 

 

�heme: �irt�al �n�a�ement with the app 

����theme: �ata 

Code: �ata incl�ded �� the app: explanation a�o�t what �ind of information the noise app 
incl�des and how it is shared with residents.  

Code: �ata excl�ded �� the app�limitations: mentions of what �ind of information was not 
possi�le to incl�de, what were the limitations 
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Code: �xperts motivation: motivation for why wind farm operator and app designer 
developed 

the noise app and included certain functions in it 

Code: �oise annoyance data gathered by the app: this includes the �ind of feedbac� 
that people provide about noise and how the wind farm operator and app designer perceive 
it 

Code: �ata shared by the app: perceptions of people on the usefulness of noise 
predictions, weather; Residents’ understanding of who controls the �ind of information that 
is shared  

 

Sub�theme: �etwor�ed actors �this includes residents, experts, media, developer, manufacturer 

Code: �he role of �orpsraad and other interest groups �how they are mediating,  
 communicating concerns, the role as an alternative point for residents’ complaints) 

Code: relationship towards �� manufacturer mentions related to the process of 
communication or a lac� thereof and possibilities for engagement with �� 

Sub�theme: �igital technologies 

Code: �pinion about the noise app: different opinions about the noise app, ideas about how 
trust matters for the overall opinion about the noise app, how the opinion changed over time � e.g. if 
people ‘gave up ‘on it over time or change their mind based on the user experience) 

Code: �rawing conclusions from app data: how results about what is annoying about wind 
turbine noise and under what conditions are drawn based on the app 

 

�heme: overflows�controversies 

Sub��heme: �oise as a matter of concern 

 Code: �efinitions of noise: ways in which different respondents explain what wind turbine 
noise means and what �inds of noise exists and are annoying 

 Code: Concern about the impacts of low�fre�uency sound: this includes mainly health�
related concerns for humans such as brain damage, stress, hearing problems, heart disease, but also 
impacts on animals �cows, wildlife) 

Code: �xperience of low�fre�uency sound: this includes stories of people bodily experiences 
of LFS: people experience it as a sort of vibration, amplified by their house, people explain it as long 
sound waves that can travel through the ground for long distances, some people ma�e a distinction 
between LFS and ‘brom’ tone, others do not. 

Code: ‘brom’ tone: the ways in which residents experience it  

Code: �oise by blades: how respondents characterise it and compare to other �inds of �� 
noise  
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Code: ‘lasten, niet de lusten’: this code represents the negative sentiment towards noise as 
an e�ternality� that residents hear wind turbine operate but do not receive any benefits form them 
developers�landowners do� this gives the wind turbine sound a negative association 

Code: �dapting�living with noise in everyday life this code includes collection of information 
about how residents adopt to the presence of ���� ����brom tone and deal with noise annoyance� 
�or the people who are very annoyed this includes changes to lifestyle such as new patters of 
recreation and rela�ation (both inside and outside home�, changes to the bedtime routine and sleep 
time, altered perceptions of comfort and safety at home�  

Code: this include information about the effect of landscape and 
vegetation on perceived noise annoyance and when during day�night it is e�perienced� �or e�ample, 
vegetation is very important in shielding them form noise or that the ‘brom tone’ is most annoying at 
night, and why (no other environmental noises that would mask the ‘brom’ tone and sound of 
blades�� 

Code:  residents own ideas about how design� selection of 
wind turbines or how the design could be improved, concerns about malfunctioning turbine or about 
a wrong choice in the �� model 

Code: management of wind farms� smart operation this includes the information that 
residents shared about their e�pectations for what noise modes will be implemented, how wind farm 
will operate, the promises that were made about the noise levels 

 

�ub�theme: �emarcations and decision�making 

 how people make sense of the � km demarcation for the app� ideas 
about whether noise can be heard outside of �km but, presence of ��� or the hum tone 

Code: opinions the current �utch legislation for noise � especially the 
contestations of the rule that the noise limits are based on a yearly average rather than an absolute 
daily ma�imum and the fact that there is no legislation for ����tonality

Code: opinions about the process of receiving information, 
searching for information about the noise app, and potential misinformation about the noise  

Code: perceptions about of collective� 
individuals’ ideas about who should be responsible for providing data about noise annoyance, to 
solve the issue or to adapt to and how to manage the wind farm

Code: : perceptions about the fairness of proposed solutions, also in 
relation to financial compensation 

Code: ideas about how the issue of noise relates to other wind 
energy pro�ects in the �etherlands and to the trends in governance of wind energy developments 
(how the needs of local communities are accounted for� or not�

Code: this includes shadow flicker (minor concern�, obstruction lights 
(ma�or concern� 

  



174   |   



   |   175   

Environmental research in context (2018) 
Data quality and data visualisation in sustainability science, PBL & SENSE (2018) 
Research in context activity: ‘Video Pitch of My PhD Research and UPWARDS project’ 
(2020) 

Data quality and data visualisation in sustainability science, PBL & SENSE (2018) 
Advanced Sociological Theory, Wageningen University (2018) 
Scientific writing, Wageningen Graduate Schools (2018) 
Writing retreat, ENP & WIMEK (2018) 
Expertise at stake: technoscience and public participation in the post-truth age, STS 
Italia (2019) 
Writing retreat, Energy Geographies Research Group, UK (2019) 
Sociology and political science of environmental transformations, ENP (Wageningen 
University; 2020) 

PhD Representative at ENP and PhD representative to the cluster (2019-2021) 
Member of WUR Energy Alliance (2021-2022) 
PhD wellbeing committee (2021-2022) 
ETIP wind steering committee (2022) 
Supervising BSc student (2019-2020) and two internship students (2019-2021) 
Assisting in the BSc course ‘Sustainable Solutions to Environmental Problems’ (2019), MSc 
course Environment and Development (2020), MSc course ‘Theories on Politics and 
Governance’ and the MSc course ‘Academic Consultancy Training’(2021) 

Public engagement in design of wind turbines- the premises and the limits of user- centred 
design of sustainability technologies and their landscapes. 4S Conference, 18-21 August 
2020, online 
Digitalisation in wind farm management: what are we sensing? Digital geographies 
Critical perspectives on the platform economy, 28-29 October 2021, online 
Panel discussion "Science without Jargon" COP26 11th November 2021, Glasgow, 
United Kingdom 
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��e resear�� �es�ri�e� in ��is ��esis �as �inan�ia��� suppor�e� �� �un�in� �ro� European Union’s 
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