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Summary 

The world’s existing electricity grids face several challenges if they are to 

continue to provide a stable supply in the future. Aging electricity grids and 

the massive implementation of renewable sources require a different 

flexibility and robustness of future grids. Large amounts of renewable sources 

are implemented locally and on a small scale, increasing pressure on 

distribution grids to manage variable generation and bi-directional power 

flows. A decentralized electricity system includes both new technological 

designs as well as social re-organizations where prosumers become more 

prominent in the development and responsibilities of the electricity system. 

The existing centralized electricity system is fundamentally different from the 

decentralized, and the transformation requires an institutional framework 

which support the logics of decentralized technologies and organizations. 

Some technologies which are relevant for a decentralized electricity system 

include solar PV and MGs. The aim of the thesis is to investigate how the 

transformation toward a decentralized electricity system affects and is affected 

by informal institutions among relevant actors, specifically prosumers, and 

formal institutions related to the existing electricity system. To guide the aim 

this research uses a conceptual framework stemming from the theoretical field 

of sustainability transitions with a special emphasis on institutions. The results 

show that a wide variety of experienced values enhances the positive 

experiences with solar PV technology and make prosumers increase their 

engagement and responsibilities in their own electricity system. Moreover, the 

values are used to enhance the positive narrative of the niche and thereby 

increase the attractiveness for external actors. In the formative developing 

field of community MGs, institutions play an important role. Informal 

institutions shape the formal institutional development, which also influences 

the informal institutions in return, by enhancing opportunities for certain 

groups, such as the energy democracy movement, to reach out with their 

message. Thus, it is concluded that informal institutions play a significant role 

in the development of a decentralized electricity system, affecting several 

niche development parameters and influencing the initial trajectories to further 

develop. Moreover, it is concluded that institutional developments are crucial 

for the development of community MGs and that informal institutional 

developments within communities are shaping the formal institutional 

developments in the sector.      

 

Summary 

The world’s existing electricity grids face several challenges if they are to 

continue to provide a stable supply in the future. Aging electricity grids and 

the massive implementation of renewable sources require a different 

flexibility and robustness of future grids. Large amounts of renewable sources 

are implemented locally and on a small scale, increasing pressure on 

distribution grids to manage variable generation and bi-directional power 

flows. A decentralized electricity system includes both new technological 

designs as well as social re-organizations where prosumers become more 

prominent in the development and responsibilities of the electricity system. 

The existing centralized electricity system is fundamentally different from the 

decentralized, and the transformation requires an institutional framework 

which support the logics of decentralized technologies and organizations. 

Some technologies which are relevant for a decentralized electricity system 

include solar PV and MGs. The aim of the thesis is to investigate how the 

transformation toward a decentralized electricity system affects and is affected 

by informal institutions among relevant actors, specifically prosumers, and 

formal institutions related to the existing electricity system. To guide the aim 

this research uses a conceptual framework stemming from the theoretical field 

of sustainability transitions with a special emphasis on institutions. The results 

show that a wide variety of experienced values enhances the positive 

experiences with solar PV technology and make prosumers increase their 

engagement and responsibilities in their own electricity system. Moreover, the 

values are used to enhance the positive narrative of the niche and thereby 

increase the attractiveness for external actors. In the formative developing 

field of community MGs, institutions play an important role. Informal 

institutions shape the formal institutional development, which also influences 

the informal institutions in return, by enhancing opportunities for certain 

groups, such as the energy democracy movement, to reach out with their 

message. Thus, it is concluded that informal institutions play a significant role 

in the development of a decentralized electricity system, affecting several 

niche development parameters and influencing the initial trajectories to further 

develop. Moreover, it is concluded that institutional developments are crucial 

for the development of community MGs and that informal institutional 

developments within communities are shaping the formal institutional 

developments in the sector.      

5



 
 vi 

Sammanfattning 

Världens existerande elnät står inför flera utmaningar för att fortsatt kunna 

leverera stabil elförsörjning. Åldrande elnät och en massiv implementering av 

förnybara källor kräver en ökad flexibilitet och robusthet av framtidens elnät. 

Stora mängder av dessa förnybara källor är implementerade lokalt och 

småskaligt, vilket ökar trycket på distributionsnäten att hantera dessa variabla 

produktionskällor och tvåriktade flöden. Ett decentraliserat elsystem 

inkluderar både nya tekniska designer, såväl som sociala omorganisationer där 

prosumenter blir mer framträdande i utveckling av och ansvar för elnätet. Det 

existerande centraliserade elnätet är fundamentalt annorlunda uppbyggt än det 

decentraliserade, och en omställning kräver ett institutionellt ramverk som 

stödjer en decentraliserad logik kring teknologier och organisationer. Några 

teknologier som är centrala i ett decentraliserat elnät är solceller och mikronät. 

Syftet med denna avhandling är att undersöka hur omställningen mot ett 

decentraliserat elsystem påverkar, och är påverkat av, informella institutioner 

bland relevanta aktörer, speciellt prosumenter, samt formella institutioner 

kring existerande elsystem. För att guida detta syfte så använder forskningen 

ett konceptuellt ramverk som utgår från det teoretiska fältet hållbar 

omställning, med ett speciellt fokus på institutioner. Resultaten visar att en 

stor variation av upplevda värden bland solcellsägare, förbättrar de positiva 

upplevelserna med solcellsteknik och bereder väg för att prosumenterna ökar 

sitt engagemang och ansvar för sitt eget energisystem. Vidare, så används 

värdena för att förbättra den positiva berättelsen runt solcellsteknik, och 

därmed bereda för ett ökat attraktionsvärde gentemot externa aktörer. 

Mikronät som är implementerade i lokalsamhället befinner sig i en formativ 

utvecklingsfas, där institutioner spelar en betydande roll. Informella 

institutioner formar utvecklingen av formella institutioner, men dessa formar 

i sin tur informella institutioner tillbaka genom att förbättra möjligheterna för 

vissa grupper, såsom energidemokratirörelsen, att nå ut tydligare med deras 

budskap. Därför är en slutsats att informella institutioner spelar stor roll i 

utvecklingen av ett decentraliserat elsystem, genom att påverka flera givna 

utvecklingsparametrar för nischen, samt influera de initiala riktningarna att 

utveckla vidare. Därtill, är en ytterligare slutsats att institutionell utveckling 

är avgörande för utveckling av mikronät implementerade i lokalsamhället och 

att informella institutioner från lokalsamhällena, formar utvecklingen av 

formella institutioner i sektorn. 
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1 

 

Introduction 

The world’s existing electricity grids face several challenges if they are to continue to provide 

a stable supply in the future [1]. Aging electricity infrastructure, removal of fossil-based 

generation, and increasing demands from the electrification of several sectors are all 

challenging factors. The exchange of old fossil-based generation technologies for new 

renewable sources is creating fundamental changes in existing electricity grids, changes which 

are occurring at a rapid pace, as the majority of installed new sources are variable from solar 

and wind [2].  

 

The modern electricity grid was created over 100 years ago and began from a need to pool 

generation units to distribute electricity efficiently. Thereby, the stage was set for a global 

standard for interconnected power grids [3]. The creation of large-scale generation sources from 

coal, hydropower and later nuclear, formed the centralized system which we are used to today. 

This traditional electricity grid relies on inertia created by a number of rotating units in 

centralized generation plants which are used to balance frequency and voltage control, keeping 

it steady when matching different supply and demand [4]. Renewable generation from wind 

power and solar photovoltaics (PV) do not create this natural inertia in the system because they 

need inverters before connecting to the grid [5]. They can further cause significant disturbances 

in the existing electricity grid which is designed hierarchically with unidirectional power flows 

in the distribution grids [6, 7]. Therefore, these inverters are impacting the electricity grid and 

a decentralized electricity system requires fundamentally new technological designs and 

attached social structures, such as inclusive and resilient urban designs [8].  

 

There is a strong consensus among the nations of the world for required changes toward a future 

electricity system which can incorporate the majority of renewable energy sources1. However, 

such a change is challenging, since today’s systems are fundamentally different from a 

decentralized electricity system based on distributed generation sources. The dynamics of this 

transformation and potential effects in society motivates this thesis’s focus which is on 

institutional developments in this transformation. To be able to study this in a structured way, 

theories on sustainability transitions will be used to frame the research domain.        

Research domain 

A nation’s electricity system can be described as a fundamental socio-technical system for 

today’s modern society [9]. Using the term socio-technical implies that the system not only 

features different technologies, social, economic, institutional and organizational elements are 

also part of the system [10]. These systems are developed over a long time, and regulations and 

practices in dominant systems are rigidly established suiting the existing organizations, 

economic practices and technologies in use [11]. Another description of these regulations and 

 
1 For example, 189 countries have up to the time of writing ratified the Paris Agreement demanding that each 

country has high ambitions to mitigate emissions from fossil sources. Source: UNCC 

https://unfccc.int/process/the-paris-agreement/status-of-ratification   
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 2 

practices is that they form the institutional field, and thereby provide the ‘rules of the game’ in 

this societal system [12]. Institutions can be both formal e.g. rules, regulations and legislations, 

and informal e.g. attitudes, norms and values [13]. The connection between regulations and 

practices can be seen as a connection between regulative, normative and social-cognitive rules 

which is found in any societal system [14]. Transforming a socio-technical system involves the 

reshaping of these established rules to suit the suggested new technologies, also called niche 

technologies [15]. While this is a lengthy process which requires efforts among many actors at 

various levels in society, research and theories on sustainability transition have shown that a 

holistic approach and targeted measures facilitate this transformation [16]. These theories 

provide a more holistic understanding of a certain technological field and are the theoretical 

departure points for this thesis.                

Empirical focus 

This research has an empirical focus on a decentralized electricity system, with a specific 

emphasis on distributed solar PV and MGs. Such a system is based on distributed generation 

sources, often locally implemented, and distribution grids designed to manage bi-directional 

electricity flows [4]. In addition, as a means of balancing variable generation sources, storage 

systems and smart controls are used, leading to a decentralized control structure. Here, it 

becomes apparent how both generation and control potentially can be operated by actors who 

are not traditional utilities, for example, the consumers themselves. Thus, a decentralized 

electricity system engages the consumers more actively. Although such a system is far from 

fully implemented, increasing levels of distributed generation motivate an investigation of the 

effects that a decentralized system brings. MGs are per definition a component in a system 

which locally balances inverter-based generation technologies. Further, as the fastest growing 

generation source in the world at the moment as well as a primary generation source in MGs, 

solar PV is envisioned to become a major generation source in future electricity systems [2]. 

Today, 38 percent of the global solar PV installations is distributed [17], and in regions such as 

Europe more than two thirds is distributed, which indicates that the technology is strongly 

aligned with a decentralized electricity system.        

Research aim 

The aim of this thesis is to investigate how the transformation to a decentralized electricity 

system affects, and is affected by informal institutions among relevant actors, specifically 

prosumers, and formal institutions related to the existing electricity system. The following 

research questions are formulated to guide the research:  

• RQ1 How do experienced values from solar PV owners affect the informal institutions 

in the solar PV niche?  

• RQ2 How do informal institutions affect the development of decentralized electricity 

production? 

• RQ3 What role do institutions have in the development of community MGs in existing 

electricity systems? 
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Research design 

This thesis departs from two scientific papers. Both have theoretical starting points within the 

theoretical field of sustainability transitions although their focuses differ. Figure 1 describes 

how the thesis integrates the findings from both papers. 

  

Figure 1 Research design in thesis 

 
 

The first paper (I) focuses on solar PV for large buildings and the experiences of the owners of 

these buildings, to detect institutions in the form of values that their PV plants generate and 

how they affect the development of this niche. The second paper (II) focuses on the 

development of community MGs and the institutions which affect this development.  

 

The studies described in the papers are connected as the findings from the first paper formed 

departure points and gave direction for the choice of methods in the second paper. Specifically, 

the institutional focus was kept in the second paper, but the empirical area was extended to 

community MGs as a possible technological development from distributed solar PV. In this 

area, lack of knowledge of institutions in general gave direction to choose the method to search 

in existing literature with a clear focus on institutions as a conceptual framework for the 

analysis.    
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Background 

The development of distributed generation technologies, along with storage technologies and 

smart controllers, creates the possibilities for a decentralized electricity system which can 

provide equal or better quality to the existing centralized grid while incorporating the needed 

amounts of renewable generation [4]. These technologies come with certain attributes which 

are significant for the decentralized system’s specific characteristic(s). The following section 

presents a brief description of the included technologies.  

 

Solar PV 

The fastest growing renewable energy source at the moment is solar PV [2]. The photovoltaic 

effect was first detected in 1839 by Edmond Becquerel [18]. It was however not until the 1950s 

that Bell Laboratories produced the first PV cell based on silicon which was a consequence of 

the development of semiconductor materials at that time [19]. Solar PV is an interesting 

technology for renewable generation since all renewable technologies make use of solar energy, 

but it is only PV which directly utilizes the energy from photons. This makes the potential 

immense and one hour of irradiation on the earth’s surface is enough to fulfil today’s global use 

of energy [20]. Moreover, the technology is relatively scale independent, which means that both 

milliwatts and megawatts are interesting to apply from an economic perspective. In addition, 

there are no moving parts, no disturbing sounds or need for fuels, which make the technology 

suitable for implementation almost anywhere, e.g. in urban environments. Historically, solar 

PV was an expensive technology, but the recent decade of cost reductions when PV module 

manufacturing entered into the global value chain has provided price examples of PV systems 

comparable with any other generation source, both renewable and fossil, although it depends 

on contextual factors such as solar irradiation levels [21]. As distributed solar PV remove the 

owner’s need for bought electricity, user side grid parity, i.e. when the cost of PV produced 

electricity is equal to or lower than the consumer price in the market, is economically desirable 

for the owner. Unsubsidized user side grid parity becomes more common as prices drop further, 

and can now be seen in several markets [22, 23]. The main disadvantages with solar PV 

technology are the variable production profile and zero production during the night hours. This 

is why solar PV technology benefits from being integrated into an MG.  

 

Microgrids 

MGs have existed since the beginning of electrification in society. Over the course of 100 years 

central power plants and long transmission and distribution lines have dominated, although 

MGs have been used in remote locations serving smaller populations [24]. Thus, rationales for 

MGs in history have been to cost effectively provide electricity in locations to which 

transmission lines have been impossible or too costly to build. In the last decades new rationales 

for MGs have evolved, and implementation is no longer limited to remote locations. There are 
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various definitions of MGs used in scientific papers and official documents. One of the most 

used definition is given by the US Department Of Energy [25]:  

 

“A microgrid is a group of interconnected loads and distributed energy resources within clearly 

defined electrical boundaries that acts as a single controllable entity with respect to the grid. 

A microgrid can connect and disconnect from the grid to enable it to operate in both grid-

connected or island-mode.” 

 

Figure 2 describes a conceptual MG, based on five necessary functions as described by Abu-

Shark [26]. These functions are further elaborated in the following paragraphs.   

Figure 2 Conceptual picture of a microgrid with critical functions 

 
    

The nature of connection with the main utility 

An MG can be either isolated or connected to the main grid. The design can also vary 

significantly since the purposes of the MGs differ [27]. Nevertheless, the connection with the 

main grid should strive to provide effective power quality and be able to manage energy flows 

for a seamless control over and communication with MG production sources and the main grid 

operator. Together with the precise balance of power and energy within the MG, practices 

which support interconnection with the main grid typically include voltage control and power 

quality, protection and anti-islanding schemes, and earthing and grounding arrangements [28]. 

These connection practices function as a guarantee that the MG does not cause disturbances in 

the main grid. However, they also limit the potential functionality of the MG, since e.g. the anti-

islanding schemes shut down the MG production sources in the event of power disturbances in 

the main grid [27]. There are however technical solutions to this and a control switch on the 

MG can communicate with a global controller and disconnect the MG from the main grid when 

disturbances are detected and before the anti-islanding mechanisms are activated. 

Consequently, new standards development seeks to incorporate technical achievements in 

interconnections between MGs and the larger grid, see Table 1 [29, 30].  
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Table 1 Technical standards for interconnection related with microgrids 

Name of 

standard 

Overall description of 

standard family 

Specific version 

IEEE 2030 

(2011) 

Smart grid 

interoperability of 

energy technology and 

IT operation with the 

electric power system, 

end-use application and 

loads 

Defines communication between the MG and 

the larger grid. Aims to establish a two-way 

power flow with communication and control 

between the MG and the larger grid.    

   

IEEE 1547 

(2018) 

Technical rules for 

interconnection of 

distributed resources 

into the power system 

Early versions required inverters to shut off in 

event of grid disturbances. This was changed 

and from 2011 it was possible for inverters to 

island and keep running in event of 

disturbances. Latest revision provides for a 

range of grid services which may be offered 

by advanced inverters and thereby taking a 

step closer to a smarter grid where distributed 

resources are utilized as one active part of the 

larger grid.     

 

With robust and reliable power quality and control systems, the MG can offer the main grid a 

number of net services. Depending on the set-up and available capacity, services include 

electricity from renewable sources, power balance, stability, etc. [31].       

Precise energy and power balance within the MG 

Various renewable energy sources such as solar, wind, biomass power, geothermal, small scale 

hydropower as well as small scale waste to energy can be used for generation on a local scale 

[32]. Solar PV, in particular, is an ideal technology for the generation of electricity in MGs [33]. 

Different generation technologies are displayed in Table 2.  

 

Table 2 Generation technologies used in microgrids 

Technology Description  Role in MG 

Solar PV Photovoltaic cells which 

produce electricity from 

photons in sunlight, 

inexhaustible and free after 

installation  

Found in almost all newer MGs. 

Flexible energy production which 

is possible to install in already built 

environment. Varies with sunlight. 

Dependent on DC-DC converter 

and inverter for balanced electricity 

output.    

   

Solar thermal Modules with a medium being 

able to capture heat from solar 

irradiation   

Similar to PV however needs a heat 

infrastructure to be utilized  
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Wind turbine Produce electric energy from 

kinetic energy in a generator 

driven by wind.  

Different sizes and types are 

possible. Placement, height and 

size of wind turbine affect 

economics where larger and taller 

are more cost efficient.   

   

Combined heat and 

power (CHP) 

A combustion plant, e.g. a gas, 

Stirling or steam engine, used 

for electricity production 

which also captures heat from 

the combustion process.  

Can utilize locally produced fuels 

such as biomass or biogas. Needs 

both electricity and heat 

infrastructure to be optimally used.  

   

Hydro power Electricity plant with a 

generator driven by flow of 

water. 

Highly dependent on right natural 

conditions with flowing water. 

Varies with seasonal flows, rain 

etc. Often a storage reservoir is 

connected which evens out the 

flows.  

   

Fuel Cell Power plant producing 

electricity from chemical 

processes using a fuel such as 

hydrogen. 

Different sizes and no moving parts 

make them suitable for installation 

in urban contexts. Still fairly new 

and expensive technology. 

   

Back-up generators 

(fossil) 

Often diesel or natural gas 

generators utilized as back up 

when needed. 

Back-up. Dependent on fossil fuels.  

 

An MG with a larger production capacity and multiple technologies can meet power demands 

and maintain power quality more effectively in island mode. Soshinskaya et al [27] emphasize 

the importance of having stable and reliable production sources to provide stable energy during 

times of power outages and/or disaster.  

 

An MG in island mode does not take advantage of the greater grid inertia which ensures power 

balance when loads and generation varies. One issue with many variable production sources is 

to provide good power quality which is dependent on a stable production frequency. This is 

difficult when combining several different and variable production units [34].     

 

To provide the necessary power balance and flexibility in an MG, Platt et al. [24] suggest using 

batteries, flywheels or back-up generators in combination with a smart MG management 

system. It is important to find reliable power electronics such as inverters and voltage controls, 

but also cables and coupling points. Further, electric vehicles (EVs) can be utilized; Torres-

Moreno et al [35] investigated how to efficiently control an MG with solar PV, batteries and 

EVs. When needed, the EV can supply the MG with power, known as the concept of vehicle-

to-grid. This can thus also utilize the available capacity in plugged-in EVs for MG control 

purposes.   

 

Excess electricity can either be fed back to the grid if connected or curtailed if necessary. One 

different way is to create useful dump loads, i.e. loads which can provide value when used but 
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 8 

do not need to work constantly. The MG on the Isle of Eigg, Scotland utilizes excess power to 

heat public buildings and churches which has created popular meeting places for residents [36].   

Energy storage 

The storage function in an MG is crucial, not only to provide electricity when generation is low, 

but also to create enhanced power quality and power balance. Table 3 provides an overview of 

existing alternatives and their usage.  

Table 3 Storage technologies used in microgrids 

Storage 

unit 

Description  Role in MG 

Batteries  Chemical storage through an 

electrolyte with ions moving back 

and forth between two electrodes 

creating a current.    

Several different types exist. Some used 

for bulk storage and some more suitable 

for smaller storage, high power and 

1000s of charging cycles.  

   

Flywheel  Kinetic energy is stored in a 

spinning wheel driven by a motor. 

Frequency regulation in short time 

spans. 

   

Pumped 

hydro 

An electric pump uses excess 

power to move water into a 

reservoir at a higher altitude.  

Used for longer term storage in 

combination with a small hydro plant. 

Need good conditions to realize.   

   

Hydrogen  Excess electricity is used for 

production of hydrogen from an 

electrolyzer and stored in tanks.  

Utilized in a fuel cell and often as a 

seasonal storage component. 

   

Thermal 

storage 

Excess electricity is used to heat a 

substance such as salt or stones to 

be stored in an insulated container. 

The heat is then released back 

through a generator and utilized as 

electricity and heat. 

This application is still in a 

developmental phase. Could also be used 

for cost effective seasonal storage. 

   

Demand management  

As well as storage alternatives such as batteries [37], ‘demand response’, i.e. any way to inform 

end-consumers about the energy usage in order to encourage them to modify it, can be used to 

balance energy supply to energy demand in an MG [38]. The nature of the demand response 

depends on whether the MG is connected to the main grid or not [31]. For a grid connected MG 

demand response can be used to generate economic benefits; for an islanded MG it mainly 

serves to realize security of supply [38]. Demand side management can be done in several ways. 

It can target economy and market, environmental impact with reduced use and the larger grid 

for stabilization [39]. Static curtailment measures can leave the responsibility with the 

individual to balance the loads. For the Isle of Eigg MG, the inhabitants agreed to not use power 

above 5 kW per household. If exceeding the 5 kW limit, the power goes out and a fee must be 

paid to switch it back on [40]. Another often used technique is to switch off or decrease power 

given to controllable loads temporarily, e.g. heat pumps or fan systems, which is assumed not 
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to cause any significant comfort disturbances, creating a “virtual battery” built on flexibility 

among end-users [41].   

Seasonal match between generation and load 

Different production sources or long-term storage can balance seasonal differences in 

production and loads. If the majority of production comes from solar PV, then both daily and 

seasonal matching is important, especially in temperate zones. There are different technologies 

which can be utilized for long-term storage, for example pumped hydro and thermal storage as 

shown in Table 3 above. A technology which has recently gained increased popularity is 

electrolysis and production of hydrogen. This can be stored quite efficiently and then used in 

fuel cells. It has high power rates and is suitable for seasonal storage in MG applications [42]. 

Increased community activity in decentralized energy systems 

A decentralized energy system potentially provides a more prominent role for end-consumers 

of energy, since they are to a greater extent also producers2 of energy in that system. Often the 

term prosumer is used to describe consumers who become part producers for their own sake, 

and who also connect to the larger system thus also producing for others. They can be seen as 

a hybrid producer-consumer-citizen [43]. 

 

The phenomenon to producing one’s own energy is not at all new; heat for comfort and cooking 

has been produced throughout mankind’s history, and more modern systems with domestic 

boilers producing heat for households and other buildings are common today. These are 

however in general not connected to each other but stay within the limits of the specified 

building. Electricity production was never really a household concern as the development of 

smaller systems from the beginning was foremost for industrial applications with production 

machines. When the electricity system reached broader societal implementation, it was already 

centralized in larger production facilities connected to distribution grids to the private 

consumer. Thus, a decentralized electricity system affects end consumers in a way they have 

never before experienced. This is a significant detail in the growth of local electricity 

production, since it also implies that prosumers can undertake activities which were previously 

run by electricity retailers and utilities.   

 

Prosumers can be private persons, but often a company such as a real estate company or 

associations which have solar PV on their buildings are the prosumers. The type of actor behind 

the prosumer is relevant for the development of institutions in the field, and often early 

incentives favor one actor type over another, which can have significant impact on the market 

development in that specific field (as shown with solar PV in Sweden [44]).  

 

Community energy is a concept used to describe energy production which relates to a specific 

community of people. It can e.g. be a cooperatively owned solar PV park or a local energy 

system surrounding a residential area. As distributed generation increases, energy communities 

have also increased and are in many markets, a strategic choice to implement renewable 

generation [45, 46]. Although very many structures of energy communities exist [47], they 

 
2 Strictly thermodynamically one can neither produce nor consume energy, only convert one form to another. 

However, in relation with electricity systems both producer and consumer are established terms and are therefore 

used in this thesis.   

 

9 

 

to cause any significant comfort disturbances, creating a “virtual battery” built on flexibility 

among end-users [41].   

Seasonal match between generation and load 

Different production sources or long-term storage can balance seasonal differences in 

production and loads. If the majority of production comes from solar PV, then both daily and 

seasonal matching is important, especially in temperate zones. There are different technologies 

which can be utilized for long-term storage, for example pumped hydro and thermal storage as 

shown in Table 3 above. A technology which has recently gained increased popularity is 

electrolysis and production of hydrogen. This can be stored quite efficiently and then used in 

fuel cells. It has high power rates and is suitable for seasonal storage in MG applications [42]. 

Increased community activity in decentralized energy systems 

A decentralized energy system potentially provides a more prominent role for end-consumers 

of energy, since they are to a greater extent also producers2 of energy in that system. Often the 

term prosumer is used to describe consumers who become part producers for their own sake, 

and who also connect to the larger system thus also producing for others. They can be seen as 

a hybrid producer-consumer-citizen [43]. 

 

The phenomenon to producing one’s own energy is not at all new; heat for comfort and cooking 

has been produced throughout mankind’s history, and more modern systems with domestic 

boilers producing heat for households and other buildings are common today. These are 

however in general not connected to each other but stay within the limits of the specified 

building. Electricity production was never really a household concern as the development of 

smaller systems from the beginning was foremost for industrial applications with production 

machines. When the electricity system reached broader societal implementation, it was already 

centralized in larger production facilities connected to distribution grids to the private 

consumer. Thus, a decentralized electricity system affects end consumers in a way they have 

never before experienced. This is a significant detail in the growth of local electricity 

production, since it also implies that prosumers can undertake activities which were previously 

run by electricity retailers and utilities.   

 

Prosumers can be private persons, but often a company such as a real estate company or 

associations which have solar PV on their buildings are the prosumers. The type of actor behind 

the prosumer is relevant for the development of institutions in the field, and often early 

incentives favor one actor type over another, which can have significant impact on the market 

development in that specific field (as shown with solar PV in Sweden [44]).  

 

Community energy is a concept used to describe energy production which relates to a specific 

community of people. It can e.g. be a cooperatively owned solar PV park or a local energy 

system surrounding a residential area. As distributed generation increases, energy communities 

have also increased and are in many markets, a strategic choice to implement renewable 

generation [45, 46]. Although very many structures of energy communities exist [47], they 

 
2 Strictly thermodynamically one can neither produce nor consume energy, only convert one form to another. 

However, in relation with electricity systems both producer and consumer are established terms and are therefore 

used in this thesis.   
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commonly facilitate an increased presence of community perspectives in the growth of 

renewable energy [48].  

 

An important issue with increased community activities is the acceptance and engagement of 

members in the communities. Acceptance and success of implementation often follows 

involvement of the members in a beneficial way [49-52]. This is important to bear in mind, 

since technology driven initiatives often overlook or fail to understand the social factors 

associated with the implementation of new technologies. Thus, a decentralized electricity 

system requires a certain amount of increased involvement of prosumers and community 

members to be successfully implemented.        
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Theoretical departure points 

After introducing background concepts from decentralized technologies and community 

involvement, these concepts can now be incorporated into a theoretical frame. As described 

previously, the research domain is related to the transforming electricity system with a specific 

focus on the role of institutions in this transformation. Therefore, the thesis has a theoretical 

foundation which departs from sustainability transitions theory and emphasizes the role of 

institutions which are found in general within this theoretical field. First, the roots of the theory 

are briefly described, continuing with explanations of frameworks which have been used in this 

thesis, and finally a more detailed focus on institutions in the context of energy transition is 

described.  

Socio-technical systems 

The concept of socio-technical systems has its origins in systems theory [53] which has been 

used in various disciplines, for example computerization [54] and management [55]. The wider 

concept of socio-technical systems developed as a reaction to the technology-deterministic view 

where technology development was autonomous from societal development and shaping [56, 

57]. In the socio-technical view, technological development is not solely connected with the 

artifacts themselves, societal aspects are also considered to influence the development and thus 

are appropriate for this analysis [58]. Here, institutions are an important part of the societal 

aspects, and will be explained in more detail later in this section.  

 

The electricity system is an example of a socio-technical system and the early works of Thomas 

P Hughes defined how social as well as technological aspects influenced the development of 

the electrical grid in the early era [9]. Hughes’ theories apply to what he calls Large Technical 

Systems (LTS) and he uses the concept of momentum to define the locked-in nature of a 

dominant system [59]. This momentum is caused by investments in certain technologies, 

standardization development, rules and regulatory developments, as well as general attitudes 

and departure points for stakeholders within the system. Hughes was focused on describing the 

social and technical aspects of technical systems and how they evolved over time. When 

understanding the nature of socio-technical systems and the evolution of rigid and locked-in 

structures which upheld a certain socio-technical domain, the question arises how to transform 

these structures and what influences this transformation. Thus, scholars have been interested in 

how these systems change and transform, and have thus developed frameworks and theories 

under the common theoretical field of sustainability transitions [15, 60, 61].  

 

In this thesis, the frameworks of Multi-Level Perspective, Strategic Niche Management and 

Technological Innovation Systems have been used and will be briefly explained below.  

Multi-Level Perspective 

A frequently used framework for analyzing the transition process is the multi-level perspective 

(MLP) on sustainability transitions [16]. In the framework it is argued that transitions are a 
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dynamic and non-linear process between the niche (micro-level) and the regime (meso-level), 

which are influenced by landscape factors (macro-level) containing the wider social context 

such as global trends and available resources [11, 15, 60, 62].   

 

Regimes are the dominant sociotechnical system currently in practice; Rip and Kemp [15] 

define a technological regime as “the ruleset of grammar embedded in a complex of engineering 

practices, production process technologies, product characteristics, skills and procedures, 

ways of handling relevant artefacts and persons, ways of defining problems; all of them 

embedded in institutions and infrastructures”. Regimes are rigid in their structure, although not 

constant, and are changed or altered in a successful transition. Niches are development spaces 

for new technologies or practices, protected from current regime dominance and can potentially 

grow stronger to become new regimes [11]. Niche development is described in three phases: 

nurturing, shielding and empowerment [63]. Common processes in niche development include 

articulation of expectations, growth of social network with inclusion of influential actors and 

different strategies for niche empowerment [63, 64].  Landscape factors are least flexible due 

to their globality and sometimes material specific characters, but certain “shocks” or rapid 

changes in societal trends can provide windows of opportunities for niches to grow [11].   

Strategic Niche Management  

Focusing in on the niche in the MLP framework, this component which has the potential to 

replace current regimes is therefore often the subject for in-depth analysis. As stated previously, 

niche development follows three phases: nurturing, shielding and empowerment.  

 

According to Smith and Raven [63], niche nurturing consists of three processes: learning 

processes, articulating expectations, and helping network processes. Strategic niche 

management (SNM) scholars (see e.g. [64-67]) have found that early phase experimentation 

with different applications and configurations of a technology in a societal context may 

contribute to learning about the technological niche. Hence, these scholars see learning and 

experimentation as a fundamental process in niche nurturing which helps overcome barriers for 

the development of the technology. There are however different types of learning and if the 

technology shall evolve from learning processes, only collecting facts and data on different 

dimensions, so called first-order learning, is not enough. Instead learning which enables 

changes in cognitive framing and assumptions, i.e. second-order learning, can successfully 

develop the technological niche further [64]. Learning is linked with the development of 

expectations in the niche. Expectations both guide and direct learning processes, attract 

attention and legitimatize the continuation of protection and nurturing (ibid). Thus, scholars see 

articulation and the shaping of expectations as crucial for niche nurturing. However, 

expectations can also fail to nurture the niche and should be made robust i.e. shared by many 

actors, specific and not too general, substantiated by ongoing projects and therefore of higher 

quality (ibid). Gaining robustness of expectations and successfully developing second-order 

learning requires multiple actors who can create constituency behind the technology, facilitate 

interactions among relevant stakeholders and provide the necessary resources. Therefore, the 

development of social networks is also seen as fundamental for the nurturing of the niche. These 

networks should be broad and include regime actors to successfully develop the technology 

[66]. Particularly important to broaden cognitive frames and facilitate second-order learning is 

the involvement of relative outsiders in the social network. The networks should also include 

representatives from organizations who are able to mobilize commitment and gather necessary 

resources within their own organizations or networks.     
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A niche can be shielded in different ways. Smith and Raven [63] define niche shielding as: 

“those processes that hold at bay certain selection pressures from mainstream selection 

environments”. Selection pressures can stem from various domains: established industry 

structures, dominant technologies and infrastructures, established knowledge bases, market and 

dominant user practices, public policies and political power, and culture in dominant regimes. 

The way shielding toward these selection pressures is performed is distinguished between 

passive and active shielding. Examples of passive shielding can be geographical, such as small 

remote areas where it is more economical to create MGs than build new transmission lines from 

the existing grid. Others can be certain environmentalist groups who select the niche technology 

for its environmental benefits, rather than for economic reasons [68]. Examples of active 

shielding are specific technology policy and subsidy programs. There can also be private 

initiatives such as strategic knowledge and incubation provision within enterprises seeking e.g. 

future positioning [69].           

 

For the niche to possibly gain stability and power to challenge the regime, it needs 

empowerment [70]. Smith and Raven [63] distinguish between empowerment strategies.  One 

is the adaption to the regime selection environment, gaining strength in a traditional 

environment to compete with a similar logic as the regime, termed the “fit and conform” 

strategy. Alternatively, the strategy can be to provide a different alternative to the regime logic, 

creating pressure on the selection environment to adapt to the niche logic instead of the regime, 

termed the “stretch and transform” strategy. The different strategies can also be viewed as 

different transition pathways; however, a niche does not always follow the same pathway 

throughout its development. A stretch and transform pathway can be switched to a fit and 

conform pathway after a specific event such as a governmentally induced subsidies cut affecting 

the niche technology [34].    

Technological Innovation Systems 

A different framework which focuses niche development is technological innovation systems 

(TIS). A TIS is defined as a ‘set of networks of actors and institutions that jointly interact in a 

specific technological field and contribute to the generation, diffusion and utilization of 

variants of a new technology and/or a new product’ [71]. 

 

Although a TIS can in theory be a global innovation system, often a TIS analyst chooses to 

delimit the scope with a geographical system boundary such as a nation or a region. The purpose 

of a TIS analysis is often to provide structured system knowledge to be able to formulate policy 

for the further development of a specific niche technology and, hence, a national perspective is 

usually the available room for policy interference and a natural delimitation.  

 

The performance of a TIS can be analyzed in terms of the structural components and processes. 

The structural components are actors, networks and institutions. The structural component 

actors include actors along the entire value network, universities, research institutes, public 

bodies, influential interest organizations, venture capitalists, organizations deciding on 

standards, etc [72].  

 

Actors form networks, both formal and informal, which also are important for the TIS. Many 

different types of networks can contribute to the strengthening of the TIS; e.g. networks formed 

to solve a specific task such as standardization networks, technology platform consortia, public-

private partnership and supplier networks working with a common customer [72]. Other types 

of networks emerge informally for example along a value chain or in the link between industry 
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and universities. In addition to the target to solve technical challenges, networks can form 

around the task of forming a market or influencing institutions.   

 

Institutions are also a specific structural component of a TIS, defined by North [12] as the ‘rules 

of the game’ which shape human interactions. For the development and diffusion of novel 

technology and the related TIS there is often a need to align institutions to the technology [73].  

 

In addition to the structural components, the performance of a TIS can also be analyzed in terms 

of processes (often denoted ‘functions’) which involves the processes for knowledge 

development and diffusion, entrepreneurial experimentation, legitimation, mobilization of 

resources, influence on direction of search processes, market formation and formation of social 

capital [72, 74-76]. 

 

In the next part which describes institutional developments, connection between the TIS 

function legitimation and institutions will be further elaborated.        

Institutional development 

A specific focus of this thesis is the role of institutions for decentralizing the electricity system. 

Institutions have already been mentioned above in relation to socio-technical change 

frameworks. Institutions is a well-defined concept within the social sciences of political science, 

anthropology, economics and sociology [14]. In short, they relate to how humans interact in 

society with the focus not on the behavior itself but rather the construction of the limits within 

which a certain behavior is made possible (ibid). They can be divided into formal and informal 

institutions. North [76] defined the different types of institutions in his 1993 Nobel Prize 

lecture: 

 

“Institutions are the humanly devised constraints that structure human interaction. They are 

made up of formal constraints (e.g., rules, laws, constitutions), informal constraints (e.g., norms 

of behavior, conventions, self-imposed codes of conduct), and their enforcement 

characteristics. Together they define the incentive structure of societies and specifically 

economies.”[77] 

 

The differences between a regime and a niche is that the institutional rules are more structured 

into various aspects of society in a regime [11]. These rules might not be explicitly apparent, 

instead they are described as embedded rule structures [78]. This means that the rules exist 

implicitly and become explicit when influencing practices and decisions within socio-technical 

systems.  

 

Since institutions structure human interaction, they also structure how the change in a socio-

technical system can be realized. In institutional theory, legitimacy is often the sum of the 

different institutional rules, regulative, normative and social-cognitive, which influences public 

groups [14]. It is also sometimes possible that certain rules dominate over others, e.g. a social-

cognitive rule over a regulative rule which can explain why a law is not obeyed by a certain 

group in society (ibid). Markard et al [79] describe the institutional dynamics related to a 

technology and a niche in terms of technology legitimacy. They identify three processes which 

can contribute to change. First, institutions may be formed and built up within the niche. In 

early phases of technological development institutions related to the technology are often 

adapted to existing institutions in order to create legitimacy [80]. Second, institutions can form 
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and change in the context of the niche which can both strengthen and weaken the legitimacy of 

it. Third, the formation and change of institutions can occur in the relationship between the 

niche and the context. However, this relationship might change as a consequence of framing 

(e.g. [81]), the process of selecting and connecting structures in the context, which is important 

for the technology. For example, in the case of biogas technology in Germany it was first framed 

as a solution to problems in agriculture, but over time this changed and the technology built 

strong institutional ties with the energy sector [79]. 

Summarized research gaps 

Given the institutional significance in societal transition, and specifically energy transition, 

there has been little research around the detailed effects that these institutions bring in relation 

to given transition parameters. Moreover, the empirical fields of solar PV and MGs do offer 

transformative technologies to the existing electricity system, not least by their direct relation 

with prosumers giving them a more prominent role in the future system. Thus, the reactions and 

altered values by these actors shape the attributes and formal institutional developments of a 

decentralized electricity system, yet these activities are not given sufficient attention in previous 

research. Finally, as MGs and specifically community MGs implemented in existing electricity 

systems are an emerging technological field, previous research is either focused on technical 

challenges with MGs or the development and role of energy communities in general. Although 

both focuses are relevant to the field, the combination found in community MGs brings unique 

attributes and research with a socio-technical lens within this emerging field is still in its 

embryotic stage.        
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Methodology  

A summary is given in Table 4 which explains the specific methodology and theoretical framing 

in each paper and how it connects with the research questions of this thesis.  

 

Table 4 Methodology and theoretical framing of included papers 

 Paper I: The role of values for 

niche expansion: the 

case of solar photovoltaics on 

large buildings in Sweden  

Paper II: Unpacking the 

complexity of community 

microgrids: A review of 

institutions’ roles for 

development of microgrids 

Research focus  

 

 

 

 

Investigating experienced values 

from owners of buildings with 

solar PV and how they affect 

niche development  

Understanding the role of 

institutions for the growth of 

community MGs  

Related research 

questions 

 

RQ1, RQ2 RQ2, RQ3 

Empirical focus 

Technological  

 

Solar PV technologies Community MGs 

Social 

 

  

Organizations owning solar PV 

connected to large buildings 

Communities and related 

actors 

Spatial 

  

Sweden Global 

Analytical framework 

Overall tool for 

analysis 

 

  

Strategic Niche Management  Technological Innovation 

Systems/Strategic Niche 

Management 

Type of institutions in 

focus 

 

 

Values  

Informal institutions 

Formal institutions  

Informal institutions 

Actors 

Focused niche 

development 

parameters 

 

 

Role development 

Social network development  

Regime inclusion  

Niche empowerment 

Legitimacy  

Search direction 

Civil society inclusion 

Methods   

Data collection Research interviews 

Content analysis 

Literature search  
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Qualitative semi-systematic 

review 

  

Data collection and Methods 

This research is based on qualitative methods. Two major aspects need to be clearly stated for 

this type of research: the “what”, meaning its content and how it relates to the outer world, and 

the “how”, meaning the choice of methods for the research process [82]. As a means to reduce 

the subjective influence of the researcher in this research, in accordance with Marshall and 

Rossman’s [82] directions, the conceptual frameworks which explain the “what” of the research 

have been thoroughly described and utilized, and put into a larger societal perspective. These 

frameworks were presented in the theoretical chapter of this thesis. The choice of methods, i.e. 

the “how” of the research should be closely linked to the conceptual framework as a logical 

choice and are presented in this chapter. 

 

In Paper I, a selection of owners of solar PV plants implemented at large buildings were chosen. 

The background and the research gap, with subsequent research questions, motivated this 

selection group. Given current regulatory frameworks in Sweden, described in the background 

of Paper I, it is obvious that this group has more unfavorable rules3 regarding small-scale 

electricity production from solar PV, than e.g. private villa owners. Despite this, they still 

choose to install solar PV which indicates that they see this as a motivated investment for 

different reasons; thus, they were a relevant group to choose to investigate their wider value 

experiences. Moreover, large buildings are a relevant focus due to their potential for increased 

solar PV installations in the country. Finally, the group contains established actors such as 

housing and property companies, and their effect on niche development has been highlighted 

in previous theoretical developments, which makes them specifically interesting for the second 

research focus in this Paper, i.e. how experienced values affect niche development.     

 

As it was the intention to investigate owners’ value-experiences, an open-ended data collection 

method was considered. At the same time however, a theoretical framework had been 

developed and the researcher wanted answers related to the given parameters in this framework. 

Thus, research interviews with semi-structured questions were selected as the data collection 

method. Kvale and Brinkmann [83] describe the research interview as a method to build 

knowledge from personal experiences and subjective views. Using semi-structured questions 

provides the possibility for open-ended answers but has a certain direction to cover aspects 

necessary for the formulated research questions and theoretical framework. In total, 15 semi-

structured interviews were conducted for the Paper: 13 with owners of large buildings who had 

installed solar PV, and two utility companies. The major group of respondents represented 

different large building actors. All actors had experience of solar PV plants either from their 

own building(s) or through utilizing available space on another actor’s building. In addition, 

based on the theory describing the expanding niche highlighting inclusion of regime actors, 

some utility companies were interviewed to gain their perspectives on the expanding niche. All 

respondents were chosen based on their proactivity, i.e., their respective organizations have 

been early in adopting solar PV solutions. Further, the utilities had a record of being proactive 

in the development of the solar PV market by offering solar PV services early on. Depending 

 
3 For example, compensation for in-fed electricity on the grid is capped on relatively low fuse sizes and 

distribution of produced electricity over several buildings is not allowed although the buildings are within the 

same legal organization.    
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on actor type, included organizations were specifically chosen based on availability; some 

groups had very few representatives but were included if they were willing to participate. 

Other groups had many representatives and after conducting a number of interviews, the similar 

patterns in answers started to show, and the data was considered sufficient from this specific 

group; see Paper I for detailed information over each included group. The interviews were 

recorded and transcribed completely. Then a content analysis was performed providing themes 

which related with values. These were summarized into the detected values. When the structure 

of the content analysis was completed, a new analysis began with the use of the theoretical 

framework, and resulted in detected connections between the values, informal institutions and 

niche development parameters. All data analysis used the help of the coding structuring 

software MaxQDA.             

       

In the second Paper, a different empirical field was entered which was not as developed as the 

field of solar PV technology. Therefore, a review of existing literature to provide a description 

on the state of research within community MGs was conducted. A literature review is according 

to Snyder [84] a good way to evaluate the state of knowledge in a particular area. The intention 

was to review scientific publications on the topic of community MGs. Therefore, a search in 

Scopus was carried out using the key words “microgrids” OR “local energy systems” for the 

years 2000-2018. The results were further examined via the abstracts to assess whether they 

focused on social AND/OR institutional aspects. The selected papers were few in number and 

so this was increased by also reviewing particular forward and backward citations. This resulted 

in 28 scientific papers being included in the review. As the intention was to provide a current 

status of institutional development for community MGs additional sources such as non-

scientific reports, policy documents, websites, news articles and online data sets from regions 

or cases which were highlighted in the scientific publications were also included.   

 

As the aim was to review the literature departing from the concept of institutions and with the 

theoretical framework from sustainability transitions, the review was semi-systematic [84] 

where the relevant concepts were systematically looked for; the findings were also used for 

early theorization.  

 

The results in Paper II showed some regional similarities, which resulted in a first division of 

the world into four regions. A systematic analysis then took place where each region was 

described using the same theoretical framework. Some regions were more frequently described 

in the literature, which also provided knowledge over research activities in the respective 

regions. Conclusions were then drawn from both the present situation in the different regions, 

and also some relevance between detected variables relating to the theoretical framework, 

mainly stemming from regions and case description which were frequently seen in the literature 

and well detailed. 
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Results  

The findings in Paper I provide experiences from owners of solar PV plants on large buildings 

with an emphasis on how the plants create values and how these in turn affect the expanding 

niche in the transforming electricity system. Specifically, the Paper’s research questions are: (i) 

what added values do actors with large buildings associate with their solar PV plants and (ii) 

how do these values contribute to the ongoing expansion of the solar PV niche in Sweden? The 

conclusions of this Paper emphasize the role of these informal institutions in the energy 

transition and clarify that a niche technology can provide values in a wider scope than was 

previously seen as relating to that specific societal sector.  

 

Several values were detected in the interviews. Both general value descriptions and the values’ 

specific effect on the actors are summarized in Table 5.    

 

 

Table 5 Summary added values from solar PV ownership 

Value Description Effects on actor  

Sustainability Solar PV increases 

environmental sustainability by 

adding renewable electricity 

production.  

Fulfilling actors endeavor to act more 

sustainably in a concrete way. 

Facilitates marketing of organization.  

Fair cost Solar PV reduces costs for 

electricity consumption in most 

cases, which is viewed as fair 

since the actors have invested in 

production infrastructure. 

Enhanced and more control of actors’ 

economy, by less dependency on 

utility bought electricity.  

Active 

engagement 

Installing and running a solar PV 

plant increases engagement by 

members in respective 

organizations. 

Enhanced experienced social value via 

increased engagement by members.  

Increased 

knowledge of 

the energy 

system 

Owning and running a solar PV 

plant increases knowledge of the 

energy system. 

Knowledge increases which is viewed 

as interesting and fun. Prerequisite for 

more resource efficient behavior by 

consumers.  

Induced 

innovativeness 

Solar PV plants encourage 

experimentation with additional 

energy solutions. 

Actors increase activities related to 

their own electricity system and 

become infrastructure developers by 
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experimenting with additional 

technology or business models. 

Positive 

atmosphere 

Solar PV plants enhance the 

positive atmosphere in the 

organization by making 

members proud and engaged in 

the organization. 

Overall, the atmosphere in the 

organization is enhanced which 

increases social value and generates 

greater attractiveness from external 

actors.  

  

As is displayed in Table 5, many values are experienced by the solar PV owners. Both the 

broadness of values and the specific character of certain values can be viewed as important in 

a niche development perspective. The specific actor effects create a first link to niche 

development according to the theoretical framework.  

 

The following analysis deepens this connection and specifies a number of niche-regime 

interactions which include these values and has an effect on niche development. Table 6 

summarizes these findings by naming the niche-regime interaction, its added values and the 

specific effect that these added values have in relation to the niche-regime interaction.  

 

Table 6 Effects on the expanding niche from added values 

Niche-Regime 

interaction 

Added values  Effects from added values  

Role development 

through value 

creation 

Sustainability, Fair cost, 

Active engagement and 

Increased knowledge of the 

energy system 

• Positive experience of becoming 

an electricity producer. 

• Added values encourage owners 

to take on the role of 

infrastructure developers in a 

decentralized electricity system. 

Social network 

development in the 

expanding niche 

Sustainability, Positive 

atmosphere and Fair cost 

• Decentralized ownership of solar 

PV increases sustainability in all 

three dimensions: environmental, 

social and financial. 

• The shaping of a social identity 

among the group of niche 

advocates. 

Inclusions of 

regime actors  

Induced innovativeness, Fair 

cost, Sustainability, Increased 

knowledge of the energy 

system and Active 

engagement 

• The importance of how solar PV 

values relate to values from other 

regime actors, i.e. the property 

companies and housing 

companies, in the development 

of the niche specific social 

network. 
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• Values from solar PV affect 

regime actor and shape new 

organizational values.  

• Added values create new 

opportunities for utilities.  

• Added values can shape the 

reformation of utilities to 

become niche advocates for 

decentralized ownership of solar 

PV. 

Niche 

empowerment 

Induced innovativeness, Fair 

cost and Increased knowledge 

of the energy system  

• Decentralized ownership of solar 

PV mostly stretches current 

regulatory regimes.  

• This is sanctioned by the 

Swedish government and 

displays a shifted mindset.   

 

Here it can be emphasized that the first interaction, role development, does not mean taking 

over a previous role from the utility in a similar sense. Instead, when the role is pursued by the 

solar PV owners, it is differentiated from how it is pursued by the utility. As Table 6 illustrates, 

the role development is related to specific values which create a positive feeling of pursuing the 

new role. As roles, according to Wittmayer et al [85], are not passively received but actively 

undertaken, these values play an important part for the willingness among these solar PV 

owners to undertake the increased efforts that the new role requires.  

 

It was also found that values are being used to gather and further develop the social network 

around the niche technology. These values become connectors between the different actors and 

are also used as selling points to gather more members in the social network, e.g. via study 

visits and invitations to present solar PV experiences at various events. An increased social 

network is essential for the niche to grow and values are important to advocate the benefits 

accrued by adopting the niche.  

 

The type of actor which is included in the social network is also important. Some interviewees 

come from the property and housing sector and are strong regime actors within that sector. 

Since these new actors are powerful, they have the potential to affect the solar PV niche greatly 

with their large stock of buildings. For these actors, certain values, such as induced 

innovativeness and fair costs, were found to be more important. Being in the property 

development sector, the solar PV plants became a component in their building envelope and 

influenced their innovation strategy to design buildings with additional energy system 

components such as batteries and DC networks.      

    

Inclusion of regime actors from the energy sector in the niche development is viewed as an 

important development step which indicates that the niche has become even more structured 

and empowered. It was found during the interviews with the utilities that they have a record of 

being proactive in the solar PV niche, and that values were important to the reorganization of 

their business model to suit a new relation with their customers as both consumers and 

producers. Now larger parts of their activities are based on a closer relationship with customers, 
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which according to the interviewed utilities, have had a positive effect on the business in 

general. 

 

Niche advocates empower the solar PV niche by using values in a narrative which both defines 

expectations for the implemented technology and how current legislation needs to adapt to the 

new decentralized logics.    

    

The contributions from Paper I, in line with its purpose, empirically demonstrate that solar PV 

owners experience many values with their PV plants. These values indeed shape the owner’s 

narratives and attitudes toward solar PV. Together, they provide a new story about the energy 

system in society, where solar PV has its natural presence and consumption and production is 

no longer distinguished between producer and consumer.    

        

Paper I also contribute to an increased understanding of how values affect some niche 

development parameters. Values contribute to engage and increase the social network around 

the niche, which in turn affect the informal institutions surrounding these networks.   

 

Paper II makes an effort to address the developments of community MGs implemented in 

existing electricity infrastructures around the world. As the field of community MGs is a rather 

new phenomenon, and the fact that there are several definitions of what an MG is, made it 

important to define the concept of community MGs used in this Paper. Departing from the given 

MG definition described previously, this definition was developed and used in the Paper:  

 

‘A community microgrid is technically a group of interconnected loads and distributed energy 

resources within clearly defined electrical boundaries which acts as a single controllable entity 

with respect to the grid. A community microgrid can connect or disconnect from the grid to 

enable it to operate in both grid-connected or island-mode. Moreover, a community microgrid 

is connected with its community through physical placement and can be owned by said 

community or other part.’    

 

The findings provided some examples of existing community MGs around the world, shown in 

Table 7.  

Table 7 Examples of community microgrids around the world 

Name of 

community MG 

Place Technologies Starting 

year 

Blue Lake 

Rancheria 

USA PV, batteries, back-up   2016 

Fort Collins USA PV, CHP, fuel cell, back-up 

diesel, thermal storage 

N/A 

Borrego Springs USA PV, Diesel, community 

batteries and home storage   

N/A 

Bronzeville USA PV, CHP, back-up, batteries,  2018 

Brooklyn USA PV, batteries, Smart meters  

Reynolds Landing  USA PV, Wind, batteries 2017 
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Simris MG  Sweden  PV, wind turbine, back-up 

biodiesel, batteries, smart 

meters, DR system  

2017 

Aardehuizen Netherlands PV, Battery  2015 

Feldheim Germany PV, Wind turbines, Biogas, 

Biomass plant, Battery  

2011-2016 

AM Steinweg Germany PV, CHP, Battery 2005 

Mannheim 

Wallstadt 

Germany PV, flywheel, CHP, Battery  2006 

Sendai Japan PV, Fuel cell, Back-up 

diesel, battery  

2005 

White Gum 

Valley 

Australia PV, Battery 2015 

 

The concentration of examples in the USA and Europe reveals where the literature is covering 

developments more closely, but this does not necessarily mean that developments in other 

regions, especially Asia and Australia, are lagging behind. Hence, Paper II concludes that 

additional research into cases in those areas are needed.  

 

In the findings, the community MG developments were divided into four larger regions of the 

world: USA, European Union, Asia and Australia. These were then presented using similar 

headings capturing motivations, actors and formal and informal institutions from the different 

regions.   

 

A similar driver for MG deployment in all regions is the need to manage increasing renewables. 

This is, however, alone not sufficient for motivating MG development.  Instead, additional 

drivers for community MGs in respective regions are found and often prioritized higher than 

balancing increasing renewable penetrations. In the USA, an aging electricity grid and desire 

to increase the resilience of cities and critical infrastructure have led to the provision of several 

MG initiatives. Community MGs are encouraged by state and federal programs with the 

reservation that they meet overall goals of robustness and resilience. In the EU, more focus is 

given to the community itself, and increased local autonomy is driving community energy 

projects where community MGs can be found but do not necessarily occur solely from a 

community focus. Instead, technical sophistication or market trials are often connected with 

MG development through EU research programs. In Asia, severe challenges with fast growing 

mega cities and increased electricity demand motivate infrastructure development and local 

energy solutions including community MGs in urban contexts. The focus on increasing 

competitiveness for domestic actors in smart MG markets is also apparent in Asia. Australia 

differs since prosumer demand for self-sufficiency and decreased dependency on utilities is a 

driver for community MG development.  

 

These drivers of MGs frame institutional development in respective regions, especially the 

formal institutions provided by national authorities. Similar barriers are also found to MG 

development throughout the regions and, as a consequence, similar formal institutions develop 

from proactive local regions, despite the differences in overall drivers. This is important to 

understand the transferability and relatedness of institutional development in countries with 

existing electricity grids.  
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meters, DR system  
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Some important MG-affecting regulations found in the literature include performance-based 

regulations for utilities, MG tariffs, community aggregator rules, regulations allowing peer-to-

peer markets and citizen energy communities rules. These are often driven by pressure from the 

market, e.g. in the USA an aging and unreliable grid is creating consumer demands for increased 

reliability and quality and is therefore an example where the informal institutions drive formal 

institutional developments. However, examples also exist where increased state driven MG 

activities create room for other groups to increase their efforts. Again, in the USA, energy 

democracy movements are gaining momentum as community MG activities increase. Their 

message is that a national energy system should depart from the citizens and that each citizen 

should be able to influence the system in a democratic way. Given the autonomy potential with 

MGs, it suits their purposes.  

 

Within the community, to be able to stimulate involvement and motivation to implement an 

MG, Paper II concludes that increased social value is important. This is evident from existing 

community MGs in the EU and coincides to some extent with the goals of the 2019 EU 

electricity market directive [86]. The process is however challenging and long term since MGs 

are technically complex and success depends on the implementer’s ability to increase the social 

value of implementing and operating the MG within the community, which in turn will increase 

social acceptance [87]. 

 

Paper II also shows that the utility stands out as a critical actor whose attitude and level of 

engagement greatly influences community MG development. Many of the US community MG 

initiatives are indeed driven by local utilities. In the EU, resistance from utilities is said to have 

hindered community MGs historically, but recent examples show a change in attitudes and 

actual implementations, e.g. the utility led Simris MG in Sweden. In Australia, consumers’ 

desires to decrease dependency on utilities put the utilities in a situation where they need to 

“fight, flight or innovate” [88]. Thus, in all regions formal and informal institutional 

development intensifies pressure on utilities to increase the level of activities with non-

traditional electricity infrastructure development and this improves conditions for community 

MG development. 

 

One contribution of Paper II is a status report of the global development of community MGs 

focusing on the role of institutions in this development. Community MGs are disruptive since 

they demand a reorganization in the existing electricity system; for that to come true radical 

change in existing legislation is needed. However, these changes might very well be underway 

since different proactive regions in the world are making the necessary changes which 

showcases that traditional legislation can be altered. Paper II contributes with some examples 

of these new regulations and concludes that they overcome similar regulatory barriers which 

exist globally.  

 

In addition, Paper II also contributes to the understanding of informal and formal institutional 

development in a formative technological field. Specifically, the two types are co-developing 

in a transitioning system, and both should be taken into account when developing policy for the 

growth of an emerging technological field.  Table 8 provides a summary of the results in relation 

with each research question.  

 

 

 

 

 24 

 

Some important MG-affecting regulations found in the literature include performance-based 

regulations for utilities, MG tariffs, community aggregator rules, regulations allowing peer-to-

peer markets and citizen energy communities rules. These are often driven by pressure from the 

market, e.g. in the USA an aging and unreliable grid is creating consumer demands for increased 

reliability and quality and is therefore an example where the informal institutions drive formal 

institutional developments. However, examples also exist where increased state driven MG 

activities create room for other groups to increase their efforts. Again, in the USA, energy 

democracy movements are gaining momentum as community MG activities increase. Their 

message is that a national energy system should depart from the citizens and that each citizen 

should be able to influence the system in a democratic way. Given the autonomy potential with 

MGs, it suits their purposes.  

 

Within the community, to be able to stimulate involvement and motivation to implement an 

MG, Paper II concludes that increased social value is important. This is evident from existing 

community MGs in the EU and coincides to some extent with the goals of the 2019 EU 

electricity market directive [86]. The process is however challenging and long term since MGs 

are technically complex and success depends on the implementer’s ability to increase the social 

value of implementing and operating the MG within the community, which in turn will increase 

social acceptance [87]. 

 

Paper II also shows that the utility stands out as a critical actor whose attitude and level of 

engagement greatly influences community MG development. Many of the US community MG 

initiatives are indeed driven by local utilities. In the EU, resistance from utilities is said to have 

hindered community MGs historically, but recent examples show a change in attitudes and 

actual implementations, e.g. the utility led Simris MG in Sweden. In Australia, consumers’ 

desires to decrease dependency on utilities put the utilities in a situation where they need to 

“fight, flight or innovate” [88]. Thus, in all regions formal and informal institutional 

development intensifies pressure on utilities to increase the level of activities with non-

traditional electricity infrastructure development and this improves conditions for community 

MG development. 

 

One contribution of Paper II is a status report of the global development of community MGs 

focusing on the role of institutions in this development. Community MGs are disruptive since 

they demand a reorganization in the existing electricity system; for that to come true radical 

change in existing legislation is needed. However, these changes might very well be underway 

since different proactive regions in the world are making the necessary changes which 

showcases that traditional legislation can be altered. Paper II contributes with some examples 

of these new regulations and concludes that they overcome similar regulatory barriers which 

exist globally.  

 

In addition, Paper II also contributes to the understanding of informal and formal institutional 

development in a formative technological field. Specifically, the two types are co-developing 

in a transitioning system, and both should be taken into account when developing policy for the 

growth of an emerging technological field.  Table 8 provides a summary of the results in relation 

with each research question.  

 

 

 

34



 

25 

 

Table 8 Summary of results in relation with research questions 

 RQ1   RQ2 RQ3 

Question 

  

 

 

 

 

 

How do experienced 

values from solar PV 

owners affect the 

informal institutions in 

the solar PV niche? 

How do informal 

institutions affect 

the development 

of decentralized 

electricity 

production? 

What role do 

institutions have for the 

development of 

community MGs in 

existing electricity 

systems? 

Main Results A number of values 

related to the ownership 

of solar PV plants 

installed in large 

buildings are detected. 

 

 

 

  

Informal 

institutions shape 

expectations, 

influence social 

networks and 

involve regime 

actors. 

A new formative market 

is dependent on formal 

institutions providing 

testing and development 

space for the solutions. 

Proactive regions have 

in general been early in 

updating existing 

regulations. 

 

 Detected values 

influence the actors’ 

behavior and attitudes.  

 

Informal 

institutions shape 

development of 

formal institutions 

which is seen in 

differences over 

regions in the 

development of 

community MGs.  

 

The interconnection 

between formal and 

informal institutions is 

displayed in the 

development of 

community MGs where 

informal institutions 

shape formal 

developments, at the 

same time as formal 

institutions provide 

opportunities for groups 

with other values to 

reach out with their 

message. 

 

 The informal 

institutions are related 

with niche development 

parameters.  

 

 Similar barriers in 

existing regulations 

provide for translation 

of proactive regulatory 

updates across the globe 

where existing 

electricity grids can be 

found. 

  

Papers mainly 

providing 

results 

Paper I Paper I, II Paper II 
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Discussion 

The following section revisits the role of institutions for a decentralized electricity system and 

discusses the findings from Papers I and II in this perspective.  

 

Both Papers address institutional development, although the specific focus differs between 

them. As described in the Papers, the solar PV market is far more developed than the one for 

MGs. A regulation such as feed-in tariffs has been in existence for a long time in a lot of solar 

PV markets, while a similar MG tariff has just recently been implemented in one market and is 

still subject to refinements [89]. Still, the two technological areas are indeed related, not least 

by the fact that renewable MGs utilize solar PV technology as a fundamental generation source 

in most cases. The depths of informal institutional development following the implementation 

of solar PV plants is naturally researchable only when the number of such installations have 

reached a certain level.   

 

A fundamental transition process explained in Paper I is the shaping of expectations for the 

niche technology. It is shown how the experienced values contribute to that process in the case 

of solar PV. In Paper II, various drivers for community MGs are presented from different 

regions in the world. These are fundamentally the initial expectations of what MGs can deliver 

to society and the different actors. Here institutional development closely follows those 

expectations. An example is when designing funding programs for MG implementations and 

specifying how MGs should increase resiliency and reduce stress on existing grids following 

increased penetration of renewables. Here the relatedness between solar PV and MGs becomes 

even more apparent. The design of renewable MGs needs local generation sources such as solar 

PV to be realized, but once the growth of solar PV increases to certain levels MGs can solve 

problems with balancing the intermittency of the generation source and create possibilities for 

further growth. It is no coincidence that formal institutional developments for MGs are perhaps 

farthest developed in California where the penetration of solar PV is the highest in the USA4.  

 

Especially in Paper II, the utility stands out as a crucial actor for the further development of 

community MGs. The utility perspective is however also covered in Paper I, describing how 

altered business activities related with new relations to prosumers can impact the utility’s 

experience of value creation and positively affect the rest of the business. Both Papers show 

that the traditional role of the utility as the regime actor in the energy system does not 

necessarily mean that this actor is not interested in entering the niche and the two studied 

utilities have positioned themselves as proactive and altered their previous business model to 

suit the decentralized electricity system.  

 

Given the increased presence of prosumers and communities in the electricity system, 

institutional developments need to take these actors into account as is shown in both Papers. 

Here the grassroots perspective becomes apparent and lifts the issue with top-down or bottom-

up policy for the growth of the niche. As is shown in Paper II, the community perspective 

 
4 Although as described in paper II, several other reasons also affect the institutional development of MGs in 

California  

 

 26 

Discussion 

The following section revisits the role of institutions for a decentralized electricity system and 

discusses the findings from Papers I and II in this perspective.  

 

Both Papers address institutional development, although the specific focus differs between 

them. As described in the Papers, the solar PV market is far more developed than the one for 

MGs. A regulation such as feed-in tariffs has been in existence for a long time in a lot of solar 

PV markets, while a similar MG tariff has just recently been implemented in one market and is 

still subject to refinements [89]. Still, the two technological areas are indeed related, not least 

by the fact that renewable MGs utilize solar PV technology as a fundamental generation source 

in most cases. The depths of informal institutional development following the implementation 

of solar PV plants is naturally researchable only when the number of such installations have 

reached a certain level.   

 

A fundamental transition process explained in Paper I is the shaping of expectations for the 

niche technology. It is shown how the experienced values contribute to that process in the case 

of solar PV. In Paper II, various drivers for community MGs are presented from different 

regions in the world. These are fundamentally the initial expectations of what MGs can deliver 

to society and the different actors. Here institutional development closely follows those 

expectations. An example is when designing funding programs for MG implementations and 

specifying how MGs should increase resiliency and reduce stress on existing grids following 

increased penetration of renewables. Here the relatedness between solar PV and MGs becomes 

even more apparent. The design of renewable MGs needs local generation sources such as solar 

PV to be realized, but once the growth of solar PV increases to certain levels MGs can solve 

problems with balancing the intermittency of the generation source and create possibilities for 

further growth. It is no coincidence that formal institutional developments for MGs are perhaps 

farthest developed in California where the penetration of solar PV is the highest in the USA4.  

 

Especially in Paper II, the utility stands out as a crucial actor for the further development of 

community MGs. The utility perspective is however also covered in Paper I, describing how 

altered business activities related with new relations to prosumers can impact the utility’s 

experience of value creation and positively affect the rest of the business. Both Papers show 

that the traditional role of the utility as the regime actor in the energy system does not 

necessarily mean that this actor is not interested in entering the niche and the two studied 

utilities have positioned themselves as proactive and altered their previous business model to 

suit the decentralized electricity system.  

 

Given the increased presence of prosumers and communities in the electricity system, 

institutional developments need to take these actors into account as is shown in both Papers. 

Here the grassroots perspective becomes apparent and lifts the issue with top-down or bottom-

up policy for the growth of the niche. As is shown in Paper II, the community perspective 

 
4 Although as described in paper II, several other reasons also affect the institutional development of MGs in 

California  

36



 

27 

 

influences EU policy, which can be linked with a longer tradition of energy community 

strategies in influential EU countries. In Sweden, which is the area covered in Paper I, some of 

the interviewees represented cooperative energy organizations owning solar PV plants on 

rented roofs. These organizations were found to be disfavored in formal regulations compared 

with the solar PV owners who had their own buildings. However, the 2019 EU directive 

proposes an updated regulatory framework providing similar conditions for energy 

cooperatives which is harmonized with the rest of the EU [90].   

 

The research design contains some limitations which are important to discuss. Some obvious 

ones are whether the selected respondents in the interview study can represent a general view 

of the experienced values from solar PV, and to what extent conclusions can be drawn how 

these affect general niche development parameters from these limited number of respondents.  

Already in the data material from these limited number of interviews, there are variances in the 

respondents’ experiences which indicates that including a greater number of respondents from 

other prosumer types might diversify the results even further. Thus, an important conclusion 

from Paper I is to explore these initial findings further, how they relate with other prosumer 

types and other niches to be able to theorize the findings more thoroughly.     

     

In the literature review, there is an obvious risk that focusing scientific publications and pointed 

“grey” literature can reinforce already established regions and fail to include emerging ones. 

Scientific publications follow from the specific researcher’s choice of study object, where some 

cases for example can be more readily accessed. Given the empirical area in Paper II, an 

interesting collection is provided in [91] which quantitatively measures scientific research 

interest and popular news interest for energy communities in Germany, showing a clear 

imbalance in interest both scientifically versus popular and specific cases over others. This 

could very well affect the findings that certain regions stand out from others. Moreover, as some 

regions show developed informal institutions, there is the risk of drawing the conclusion that 

these are lacking in other regions while it can actually be an effect of the included literature’s 

bias. This is clearly addressed in Paper II, and suggestions for further research takes these 

limitations into consideration.       
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Conclusions 

After revisiting the role of institutions for the development of a decentralized energy system, 

these findings will now be set within the context of the aim of this thesis which was to 

investigate how the decentralization of the electricity system affects, and is affected by, 

informal institutions among relevant actors, specifically prosumers, and formal institutions 

related with the current electricity system.  

 

Values are directly related with informal institutions as can be seen in Paper I. A wide variety 

of experienced values enhances the positive experiences with the technology resulting in 

prosumers increasing their engagement and responsibilities in their own electricity system. 

Moreover, the values are used to enhance the positive narrative of the niche and thereby increase 

the attractiveness for external actors. Thus, it is concluded that the experienced values shape 

behavior and attitudes toward the niche technology, and that these lay a foundation for further 

niche development which includes more external actors.    

 

The results further show a relationship between the informal institutions and niche development 

parameters. Specifically, informal institutions shape expectations, affect the social network 

development and improve the uptake of regime actors in the niche. These regime actors are also 

shaped by the informal institutions, which provide for alterations in previous business models 

and innovation endeavors. The shaping of governmental trajectories for the implementation of 

MGs spur activities among MG interest groups which do not necessarily advocate the same 

trajectories, though seizing the opportunity of a changed institutional climate (or in different 

terms: a window of opportunity) to advocate their own trajectories, e.g. increased energy 

democracy. Therefore, it is concluded that informal institutions play a significant role in the 

development of a decentralized electricity system, affecting several niche development 

parameters and influencing the initial trajectories to develop further.   

 

In the emerging field of community MGs, most activities are seen in areas which have already 

promoted early formal institutional developments to reorganize the electricity grid. This is often 

due to high numbers of renewable generation from solar PV and wind energy combined with 

aging electricity grids which leads to consumer demands for increased quality and reliability of 

the electricity grids. What is also apparent is the increased community activity. The results show 

that increasing social value in the community is important to successfully implement MGs. 

Further, strong movements of community autonomy influence formal institutional 

developments which put pressure on utilities to update their previous business models. 

Therefore, institutional developments are concluded to be crucial for the development of 

community MGs and that informal institutional developments from communities are shaping 

the formal institutional developments in the sector.            
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Further research 

Related with the findings in both Papers I and II, informal institutional developments in 

different development stages of the transitioning sociotechnical system need further research. 

A limited number of interviews in a specific implementation as in Paper I is not sufficient to 

draw general conclusions over the role of informal institutions for growth of a niche. However, 

Paper I strongly point to the fact that these informal institutions are affecting niche growth 

processes. Given the earlier development stage in Paper II, a specific focus on informal 

institutions in this stage, compared with a more mature development stage, could provide 

knowledge about what emphasis is given to certain informal institutions in respective stages. 

This can have relevance when developing policy for the growth of a desirable niche at its correct 

development stage.  

 

Drivers for the installations of both solar PV and MGs are related to the institutional climate, 

yet when looking more closely as is the case with Paper I, change of previous drivers and 

desired benefits can occur after installations. This is not covered in Paper II, however some 

related aspects are mentioned where social values in the community are important when 

implementing community MGs. The more detailed effects of implementing MGs in 

communities could therefore be a case for further research, given that the learnings from Paper 

I indicate that altered informal institutions are affecting the experienced benefits of the 

implemented technology.  

 

As is clear in the results, utility companies stand out as an important actor in the development 

of a decentralized electricity system. However, no specific focus is given to this actor in either 

of the Papers and therefore the specific role of utility companies and how the transformation of 

the electricity system also potentially transforms the utility need further research to increase 

this understanding.  
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