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1 Introduction 

1.1 Context 

The world is increasingly concerned about climate change and high carbon dioxide emissions, resulting 

from the use of fossil fuels and the increasing degradation of the natural environment (IPCC, 2018). 

The energy system is particularly important and has contributed significantly to global warming (IPCC, 

2018), as global emissions of greenhouse gases from the sector increased by 90% between 1970 and 

2011, mostly because of providing electricity and heat by means of fossil fuels based power stations 

(IPCC, 2018; United States Environmental Protection Agency, 2017). In European Union, energy sector 

is responsible for 77.9% of all greenhouse gases emissions (European Environment Agency, 2019). 

Although the amount of carbon dioxide and other gases emitted by European Union is decreasing year 

by year with 24.4 % reduction in 2014 compared to 1990 (EEA, 2016), the pace of this change is not 

fast enough to prevent the unequivocal warming of the climate (IPCC, 2018). There is a growing 

urgency to address the pressing challenges. To decarbonize the energy system various measures have 

been adopted, including: an increased use of renewable energy generation techniques, the application 

of clean fuel alternatives, carbon capture and storage, the development of smart grids and ICT-based 

solutions (Burke & Stephens, 2018; Koirala, Araghi, et al., 2018). 

Since twentieth century, the energy system has operated in a centralized way and has been dominated 

by large energy companies selling the electricity in long-term contracts (Verbong & Geels, 2007). By 

planning far in advance, the energy companies were able to adjust the supply to the demand of the large 

industrial users. The difference in long-term plans and the actual demand for the electricity was 

balanced by means of producing power from fossil fuels and inflexible or expensive nuclear energy 

produced by the big energy companies. The high market concentration in the hands of a few market 

players did not allow for perfect competition, did not prevent the incumbents from transferring the costs 

of these activities to the end consumers, and continuously put the global climate at risk (Burke & 

Stephens, 2018; REScoop.eu, 2019). 

Increasingly however, many countries have pledged to end fossil fuel based electricity generation and 

rapidly implement wind and solar photovoltaics technologies (EU, 2018). The energy transition has 

received increasing public attention and has begun to contribute to increased awareness among the 

general population (Frederiks, Stenner, & Hobman, 2015; Rogers, Simmons, Convery, & Weatherall, 

2012). Additionally, because of decreasing costs of renewables (D·ci, Vasileiadou, & Petersen, 2015) 

growing number of citizens are able to invest in the renewable generation and participate in the fight 

against climate change (Holstenkamp & Kahla, 2016; Middlemiss & Parrish, 2010; Van Der Schoor & 

Scholtens, 2015; Van Summeren, Wieczorek, & Verbong, 2019). More and more citizens purchase 

renewable energy generation equipment, mainly photovoltaics, or purchase systems facilitating flexible 

use of energy in their houses such as heat pumps, electric vehicles, and batteries with the aim to get 

actively involved in the energy transition (Sajjad, Chicco, & Aziz, 2014; Sossan, Kosek, Martinenas, 

Marinelli, & Bindner, 2013; van der Klauw, 2017). 

The use of renewable energy is thus on the raise (Eurostat, 2019; Hamelink & Opdenakker, 2019; Ilieva, 

Wang, & Rajasekharan, 2018; Koirala, Koliou, Friege, Hakvoort, & Herder, 2016; Mengelkamp et al., 

2018; Rogers et al., 2012) but is not without its flaws. Some renewable energy sources are intermittent, 

with the yield varying throughout the day and year (Bosc§n & Poudineh, 2016; Di Somma, Graditi, & 

Siano, 2019; Hamelink & Opdenakker, 2019). Additionally, the current state of technology does not 

allow the storage of energy at the desired scale (van der Klauw, 2017). For these reasons, it is impossible 

to assure the sufficiency of their supply at any moment of time in a way that meets the demand (Boait, 

Snape, Morris, Hamilton, & Darby, 2019). It is also difficult  to balance the supply and demand at any 

given point in time. As a result, the supply of energy becomes less controllable, endangering the stability 

of the energy system and the reliable supply of electricity to consumers (Essakiappan, Shoubaki, 

Koerner, Rees, & Enslin, 2017; G. Hoogsteen, 2017). The most critical element to the stability of the 

electrical system is the aging transmission and distribution grid infrastructure that is currently under 

increasing strain from intermittent renewable energy and increasing electricity consumption. These 

https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/less-carbon-means-more-flexibility-recognizing-the-rise-of-new-resources-in-the-electricity-mix
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trends are worsening bottlenecks and congestion points in the energy delivery system, resulting in 

higher costs and threatening to increase local power outages (McKinsey&Company, 2019). Preventing 

oversizing of grids as well as rising costs of investments in storage infrastructure requires the 

modification of the demand patterns for electricity among consumers (Bremdal, Mathisen, & Degefa, 

2018; Davarzani, Pisica, & Taylor, 2018; Goulden, Bedwell, Rennick-egglestone, Rodden, & Spence, 

2014). This creates a growing need for flexibility  in the use of energy (Bremdal, Olivella-Rosell, 

Rajasekharan, & Ilieva, 2017; Lynch et al., 2016; Skytte, Bergaentzle, Soysal, & Olsen, 2017). 

Prosumers, who can both produce electricity with renewable technologies and store it, provide 

flexibility  utilities and network operators. Certain technologies take advantage of coordinated steering 

of flexible devices and increase the flexibility  potential in the grid. One such example is the Virtual 

Power Plant. Virtual Power Plants aggregate the distributed generations, storage facilities and 

dispatchable loads, enabling large scale energy trading and leveraging the potential of decentralised 

energy resources (Peik-Herfeh, Seifi, & Sheikh-El-Eslami, 2013). A Virtual Power Plant (VPP) is 

defined as: ñA portfolio of distributed energy resources, which are connected by a control system based 

on information and communication technology (ICT). The VPP acts as a single visible entity in the 

power system, is always grid-tied and can be either static or dynamic.ò (Plancke, De Vos, Belmans, & 

Delnooz, 2015). On the other hand (Gui & MacGill, 2018) define it as ñThe aggregation of a fleet of 

controllable generation units, storage units, and loads, that are operated to behave like a (synthetic) 

single large power plant.ò (Gui & MacGill, 2018). VPPs are especially beneficial for corporations, 

districts, neighborhoods, villages and municipalities, due to the fact that it enables them to operate 

independently from the external market and cover important part (if  not complete) of the electricity 

demand by themselves. Additionally, VPPs operate on a low voltage network, which as a result 

significantly decreases the investment and maintenance costs of the grid (Rogers et al., 2012). The 

incumbents use flexibility  of devices in households for the sake of grid use optimization, saving the 

operational costs and reaching high revenues from the sale of the balancing services (Gui & MacGill, 

2018; LoÇner, Bºttger, & Bruckner, 2017; Nosratabadi, Hooshmand, & Gholipour, 2017; Okpako, 

Adamu, Rajamani, & Pillai, 2017; Okpako, Rajamani, Pillai, & Anuebunwa, 2016). 

However, citizens start noticing the potential of their participation in balancing their demand to the 

supply of energy and criticize the lack of possibilities to participate in the bigger market (FLEXCoop 

et al., 2020). Acting alone however, individual prosumers are not able to make a significant change. 

Therefore, they try to join forces to achieve sufficient critical mass to bring about a larger change 

(Koirala, van Oost, & van der Windt, 2018; Lynch et al., 2016; Seyfang, Hielscher, Hargreaves, 

Martiskainen, & Smith, 2014). Some citizens come together to be able to jointly invest in renewable 

energy installations (Holstenkamp & Kahla, 2016), improve the efficiency of their energy use as well 

as increase their autonomy from the centralized energy system, increase local renewable energy self-

sufficiency or provide the flexibility  needed to balance the supply and demand of the energy (Helms, 

Loock, & Bohnsack, 2016; McKenna, 2018; Mengelkamp et al., 2018; Petersen, 2018). 

Up till  now, there have been many ways for citizens to cooperate with regards to renewable energy 

generation and use. In scientific literature these cooperation types have many names and definitions, all 

of them referring to slightly different arrangements. One of the most popular forms of self-organizing 

is the Local Energy Community, widely discussed in the European Union in connection with the 

adoption of the ñClean Energy Package for all Europeansò (European Commission, 2017). Participants 

of Local Energy Communities as well as other energy community projects also wish to participate in 

the energy market, but they are mainly motivated by a different logic than the utilities (Foxon, 2013; 

Van Summeren et al., 2019). They are driven by a different set of values rather than just monetary gains. 

Increasingly, they highlight the need for autonomy from the centralized energy system, concerns about 

the environment, and the willingness to achieve social cohesion in a village or a community (Okkonen 

& Lehtonen, 2016; R. W. Saunders, Gross, & Wade, 2012; Seyfang, Park, & Smith, 2013; S¿sser, 

Dºring, & Ratter, 2017). They operate in a way different to the well-established and strong firms present 

in the current energy system, on a completely different scale and are motivated by different values. 

Therefore, the communities are searching for an alternative business model that would allow them to 

satisfy the needs of their members and cooperate with external stakeholders. By focusing on values 

other than financial profit, the energy communities offer a different way of organizing the energy system 
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(Hicks & Ison, 2018; Holstenkamp & Kahla, 2016). They exert a pressure on the incumbents and 

advocate for radical change of the energy sector, coupled with a rapid increase of renewable energy as 

well as societal changes (A. J. Wieczorek & Berkhout, 2009). The energy communities offer new 

emerging alternatives important to provide locations for learning processes and stimulate creation of 

social networks supporting innovations (Geels, 2002). 

Being rather un-professional and ideologically driven initiatives, even though they carry a promise of a 

more democratic energy system, they are still nascent and require support for development and making 

their ways to the existing regime (Schot & Geels, 2008). Such socio-technical developments are 

analysed by transition studies that help to understand these dynamics from the perspective of observing 

the interactions between an incumbency and alternatives. The incumbent system is highly organized 

and supported by established regulatory frameworks, networks of actors and infrastructure. In line with 

the transition studies, it is advantageous to keep their power and block alternative solutions endangering 

their secure position in the energy system. The solutions they propose are reinforcing technological and 

institutional lock-in (Farla, Markard, Raven, & Coenen, 2012) and any transformative processes 

towards sustainability tend to be path-dependent and last many decades in spite of the fact that the 

energy transition requires rapid and radical actions (Farla et al., 2012) . For this reason, citizens are 

concerned with climate change and dissatisfied by incumbents slowing down the energy transition and 

are increasingly interested in the alternative solutions that are becoming attractive promise to not only 

contribute to sustainifying the energy system, but also to radically transform it according to the 

sustainability requirements.  

These examples of citizen participation in climate mitigation action are prominent in rural areas, where 

for many years the citizens have been installing renewable energy generation equipment (Kalkbrenner 

& Roosen, 2016; Shamsuzzoha, Grant, & Clarke, 2012; Yadoo & Cruickshank, 2010). On the other 

hand, these actions have been rather limited in urban areas, because their members interact in a different 

context. The urban communities are characterized by less strong ties between the citizens and tend to 

be less collectively organized and cohesive than their rural counterparts (Walker, 2008). However, the 

energy transition in urban areas is becoming more and more important because an increasing number 

of the world population lives in the cities and the urbanization process is long-term and very intensive 

(Cheshire, 1995), especially in Europe. Currently, urban communities account for over 70% of global 

energy-related CO2 emissions (IPCC, 2018). Specifically, in the European Union buildings are 

responsible for approximately 40% of energy consumption and 36% of CO2 emissions, making them 

the single largest energy consumer in Europe (European Commission, 2018). This impact can be 

influenced by municipal governments who have the power to affect energy demand and emissions 

reductions through local scale, long-term energy systems planning and policies (IPCC, 2018). Many 

cities are putting together ambitious visions about how to achieve 100% sustainable energy, energy 

neutrality, zero carbon emission or zero-impact of their communities. They gather people willing to 

contribute to the transition to sustainable energy (Van Der Schoor & Scholtens, 2015) by a 

transformation of communities and neighbourhoods. This bottom-up movement can have a significant 

impact on the total energy usage as the residential sector makes up 31.3% of the global energy 

consumption (IEA, 2017). In the European Union this potential is lower, but still quite significant. 

According to a report by Directorate-General for Climate Action, greenhouse gas emissions from the 

residential and commercial building sectors in the year 2016 accounted for about 11% of all emissions 

from EU-28 countries (European Commission, 2018) with no significant decrease since 1990. 

1.2 Problem Statement 

It is assumed that Local Energy Communities are contributors to the change in the energy system, but 

there is no agreement to what extent and in which way they should be involved. On the other hand, it 

is certain that to really count and make a large impact on the energy market, citizen energy initiatives 

must not only aggregate and organise themselves but also be in a position to contend with incumbent 

players. They need to offer their members the possibility to satisfy their diverse, often ideologically 

driven, values such as prevention of climate change, tackling fuel poverty or autonomy from incumbent 

energy firms on the one hand. But on the other, they also have to be bankable projects. This means that 
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the economic value of the energy communities should offer a financially viable value proposition to let 

the communities to stand a chance with large incumbents. 

The variety of values by which the energy initiatives are motivated are not well explored, and we do 

not have a good understanding of which need to be prioritized in the operation of the Local Energy 

Communities. The economic value is often not the first priority that the community considers, as 

aggregation mostly occurs to create a sense of social cohesion, or to become energy independent. 

However, there is no agreement on how to calculate the economic value of the Local Energy 

Communities, which means that these organisations struggle to prove their financial viability. 

Furthermore, being a very recent phenomenon, energy community is not defined. Some definitions in 

literature are very loose and encompass a plethora of different characteristics, others more strictly 

describe what types of projects can be called Local Energy Communities. This lack of agreement makes 

it difficult  to decide which organisations and setups qualify to be called Local Energy Communities.  

Following this, the Local Energy Communitiesô role in the energy system is not very clear, as there is 

no strategy or agreement on what types of activities they should perform and what services they should 

offer internally to their members as well as externally to the surrounding actors in the energy system in 

order to set solid organizational and business models. Various pilot projects have attempted to propose 

attractive business models; however they have been mostly based on mechanisms not replicable on a 

large scale or restricted by current regulation in the European Union. Confusion and institutional 

barriers prevent them from establishing a replicable business and organisational model offering a 

financially attractive alternative to the current way of organizing the energy system. Despite a harsh 

environment full  of disabling incumbents, energy communities aim to avoid becoming that which they 

fight, instead choosing to keep their values whilst becoming financially sustainable and bankable. They 

are trying to find solutions which enable them to become an attractive partner for cooperation to other 

actors without whose support and effective cooperation, the energy communities cannot succeed to 

make a lasting radical change in the energy system. 

1.3 Research objective and research questions 

This Master Thesis attempts to address certain gaps in the literature on the energy communities by 

exploring the values motivating their existence and prioritizing them, by clarifying the definition of 

Local Energy Community as well as by suggesting appropriate organizational models able to satisfy 

their needs. In particular, this research aims to quantify the economic value of the flexibility  in 

residential energy use offered by the communities operating in an urban context. This Master Thesis 

will  verify if  aggregation of flexible devices under an energy community yields substantial economic 

benefits or savings on electricity compared to the setup in which households do not cooperate together 

in a community. The main research question that this thesis aims to address is: 

How can values of Local Energy Communities be maximized in the ongoing energy transition? 

1. How can Local Energy Community be defined? 

2. What values drive Local Energy Communities? What are the most important values driving 

Local Energy Communities in Portugal? 

3. What economic value can Local Energy Community create to its members and other actors in 

residential sector? 

4. What suitable organizational models for the operation of the Local Energy Communities can 

help realize the values and needs of Local Energy Communities? 

1.4 Scientific and societal relevance 

As far as the scientific relevance is concerned, this research is particularly relevant for transition studies. 

There is already a lot known on sustainable technologies (i.e. solar photovoltaics and clean vehicle 

technologies) (Geels, 2002; Schot & Geels, 2008; Verbong & Geels, 2007). However, organizational 

and business models allowing for the adoption of the sustainable technologies by broad society remain 
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relatively unexplored. The theory of ñNew Business Modelsò proposed by Jonker (Jonker, 2012) is not 

widely used by organisations and corporates to build business models and therefore its use is a novelty 

in the field of energy. This research therefore adds to existing transition studies by defining the 

organizational and business models that combine the ótypical green technologiesô with social 

motivations and values powering the willingness to participate in the energy transition. 

As for the societal relevance of this study, it aims to contribute to the currently debated concept of 

energy communities. The Thesis will  suggest an organizational model for communities that strive to 

establish themselves and find the way to survive and be financially viable in a context favourable to 

large incumbents. The Thesis can also be used as a basis for further research aiming to define how the 

community based energy provision could facilitate a system which is able to cope with the current 

transitions, from grey to green, and from central to decentral. This would benefit society since these 

transitions are hoped to greatly contribute to a more sustainable energy system. 

1.5 Research design 

This research adopts mixed methods, combining qualitative with quantitative research. To unpack such 

an emerging concept as Local Energy Communities and their operating principles, there is a need for 

certain flexibility  in the research. Due to the fact that there is not much historical data on implementation 

of Local Energy Communities in urban setting and the organizational models are generally not publicly 

available, the research is qualitative in nature with a part of quantitative analysis. To build 

understanding of Local Energy Communities, this thesis adopts an exploratory research approach. It 

relies on reviewing available literature on the topic of Local Energy Communities and other energy 

community initiatives and the values motivating their activities. Next, it adopts the quantitative 

approach using data on the patterns of energy use in the residential sector (collected by other 

researchers) to calculate the economic value of community energy projects using the flexibility  of 

residential loads. Additionally, it incorporates formal qualitative approaches (Shields & Rangarajan, 

2013) by using semi-structured qualitative interviews and surveys with experts on energy communities, 

as well as gathering the opinions of members of a particular community, Coop®rnico, to prioritize the 

values within the community. Because of the novelty of the topic and the dynamic environment of the 

operation of energy communities, this Master Thesis is exploratory in nature and does not aim to be 

exhaustive (M. Saunders, 1997). Basing on the current state of knowledge on the energy community 

projects, this Master Thesis attempts to draw a set of possible strategies for Local Energy Communities 

that can be adopted by them in current energy system. Figure 1 below is a visual representation of 

research design.  
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Figure 1 A visualization presenting the research design overview. 

The main research question and the following sub-questions SQ1, SQ2, SQ3 and SQ4 are a subject to 

the comprehensive literature review, which is the main data collection method. Scientific and non-

scientific sources were analysed for selected keywords and codified. 

The insights drawn from the literature review for the SQ2 were complemented with the qualitative semi-

structured interviews with the community leaders as well as with survey conducted among the 

community members. The surveys were analysed to prioritize the values within studied community and 

find out the aspects discouraging the members from participation. The interviews were analysed for 

selected keywords and codified. The outcome of the research was prioritization of values within the 

Local Energy Community. 

In the SQ3, the data collected form the literature review, analysed community, the results of the 

flexibility  tool and the data on the electricity prices in Portugal were fed into the tool for economic 

value quantification of the available flexibility  to evaluate the bankability of Local Energy Community 

projects. 

The SQ4 is a subject to thematic content analysis. The answer to SQ4, based on data harvested from 

the qualitative semi-structured interviews with the community leaders and surveys with community 

members as well as the literature review. The analysis and the economic and technical potential of extra 

(energy) offerings to the stakeholders resulted in the formulation of suitable cases for organizational 

models possible to adopt by Local Energy Communities in urban environment. The organizational 

models are represented with use of the New Business Model concept elaborated by Jonker (Jonker, 

2012). 
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2 Methods 

2.1 Research Question 1: How can Local Energy 
Community be defined? 

Data collection: 

The first research question will  we answered with an in-depth literature study. The aim is to gather all 

existing knowledge on the Local Energy Communities and other community energy projects, as well 

as to explain how they have been seen until now. Both scientific and grey literature will  be reviewed. 

For scientific papers, Scopus is used as the main source. Relevant scientific papers were found in the 

domain of social sciences and energy generation. . The main research trends in local energy system are 

identified through a keyword analysis in Scopus1 for 2010 to 2019 (Scopus, 2019).  The exact search 

of term ñlocal energy communityò in Scopus resulted in 17 documents being published from 2014 

onwards. Due to the fact, that the scientific literature did not suffice in clarifying the definition of the 

Local Energy Communities, the outcomes of the research in the scientific literature was further 

complemented with the review of grey literature, the reports of organizations representing the 

incumbents (Eurelectric, 2018), European federation for renewable energy cooperatives REScoop.eu 

(REScoop, 2018) as well as legislative texts of the European Union (European Commission, 2017; 

European Parliament, 2019). In order to compare Local Energy Communities to other energy 

community schemes, the scientific and grey literature was used. The search terms used were 'renewable 

energy cooperative OR local communityô and ócommunity virtual power plantsô were used separately 

to gather the knowledge on these terms in the areas of ñEnergyò and òBusiness, Management and 

Accountingò in the scientific literature and have yielded 1085, 520 and 20 publications for analysis 

respectively. Additionally, the focus literature was later expended with the technique of snowballing 

that was used to find more relevant papers (Wohlin, 2014). In this technique, the bibliography list of 

the selected paper is used to identify additional papers of interest.  

Data analysis: 

The exact definitions of Local Energy Communities were very different from each other and the text 

analysis did not allow to find a common definition. The codes helpful to identify the similarities 

between definitions of Local Energy Communities and find their most important characteristics were 

taken from the analysis of all scientific texts about energy community projects chosen in the research. 

Using the NVIVO software, the literature was analysed with the aim to identify the 1000 most 

frequently occurring words from the scientific literature in order to pin point the elements that were 

most important according to previous studies. The program identified exact matches of words occurring 

in the scientific texts. In the next step, the words that were singular and plural form of the same word 

(e.g. community, communities) or they had a very similar meaning (e.g. sustainable, sustainability) 

were grouped into nodes and assigned a code in the text. The codes were listed in the order of their 

occurrence in the literature (Table 18 Codes of 1000 most common words in literature on energy 

communities). The most occurring codes were used to analyse the definitions of Local Energy 

Communities as well as similar community energy schemes. The correlations between them was 

calculated with use of the Pearson correlation coefficient and were confirmed by calculating Jaccard 

coefficient. Pearson correlation coefficient was used to measure the strength of linear association 

between two variables (in this case: nodes) (Sedgwick, 2012). Jaccard coefficient measures the 

probability that an element of at least one of two sets is an element of both, and thus is a reasonable 

measure of similarity or ñoverlapò between the two (Levandovski & Winter, 1971). In this case, 

indicated the probability with which one scientific paper contains both of the codes. By choosing pairs 

of codes with Pearson correlation coefficient over 0,5 (gathered in Table 19) and Jaccard coefficient 

over 0,9 (gathered in Table 21), the attributes of community energy projects were created. In the next 

step they were compared against the definitions. The attributes that are explicitly mentioned in the text 

                                                           

1 Being the largest abstract and citation database of peer-reviewed literature, Scopus delivers a comprehensive overview of research output in various fields. 

https://www.scopus.com/results/results.uri?sort=plf-f&src=s&sid=3c6e67b9feadd845bc6f24e3e2f31e1f&sot=a&sdt=a&cluster=scosubjabbr%252c%2522ENER%2522%252ct&sl=24&s=%2522local+energy+communit*%2522&origin=searchadvanced&editSaveSearch=&txGid=c568d426fce37d56ee549c3cfeed747e
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of the definition or are described in the texts completing the definitions, are marked with symbol X. 

Afterwards, their occurrence was summarized and counted which attributes are present in 50% or more 

definitions. The goal of the analysis was to identify the factors differentiating Local Energy 

Communities from other types of organisations and propose the definition for Local Energy 

Communities.  

2.2 Research Question 2:  What values drive Local Energy 
Communities? What are the most important values 
driving Local Energy Communities in Portugal? 

Data collection: 

The second research question was answered based on the semi-structured qualitative interviews and 

survey among members of energy community. The knowledge base needed for construction of the 

interviews and survey was built with the use of scientific literature as well as grey literature. For 

scientific papers, Scopus was used as the main source. Relevant scientific papers were found in the 

domain of social sciences and energy generation. The keywords searched for during the research are: 

ñvalue propositionò, ñvaluesò. Special attention was paid to the classification of values according to 

FIETS model prepared by cVPP project (A. Wieczorek, 2018). This classification of the values was 

used to conduct social research among an existing energy community. 

The chosen researched group were members of Coop®rnico, a Citizen Energy Community connecting 

ten Local Energy Communities operating in Portugal. Their aim is to be a cooperative of renewable 

energies with a social focus that operates to support projects promoting solidarity, education or 

environmental protection. It was founded by 16 citizens coming from diverse background and 

professional experiences but sharing a common concern for sustainable development. The chosen group 

of respondents was considered appropriate for the research due to the fact that they have already been 

consciously involved in the community activities supporting implementation of renewable energy. 

Their vision is to foster a fair and responsible energy model based on renewables, contributing to a 

social, environmental and energy sustainable future. They aim to involve citizens and companies in the 

creation of a new energy paradigm - renewable and decentralized - for the benefit of society and the 

environment (Coop®rnico, 2019). Specifically, they aim to conduct projects to generate economic 

benefits, from the sale of the produced electricity, as well as environmental benefits with the production 

of clean electricity (without emissions of carbon dioxide and other pollutants). The electricity produced 

is integrated into the electricity grid and serves to supply families and businesses. To support their local 

community, the foundation of the operation is to distribute the benefits generated by society, investors 

and the environment.  

After the literature review, semi-structured interviews with two representatives and survey among 

members and representatives of a local energy community were conducted. The aim of the qualitative 

interviews and the survey was twofold: 

¶ to contribute to a deeper understanding of the values and needs of local energy community 

members 

¶ to prioritize the values present in given community 

The qualitative interviews were considered an appropriate method for this goal, because it allows the 

discovering of meaning and is an inductive bottom-up approach is the qualitative interview (Weiss, 

1994; Cresswell, 2009). For this purpose, two face-to-face, semi-structured interviews were conducted 

in order for indicative themes to emerge. The interview was partially structured, though the researcher 

was ready to adapt the questions to the direction of the conversation. The questions are collected in 

APPENDIX: Interview protocol ï Simon Pannett and APPENDIX: Interview protocol ï Ana Rita 

Naz§rio Marouo. Additionally, there are verbatim transcripts attached to each interview. The 

interviews were coded with codes from the classification of values presented on Figure 10 Community 

values FIETS representation in order to analyse them and compare them with the results of the survey. 

Because of the friendly attitude of the interviewees in the correspondence prior to the moment of the 
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interview, the conversational tone was chosen in order to create more natural environment. They were 

recorded on an audio-recorder and transcribed afterwards with ensuring the consent of the interviewee. 

The form of survey was with open and multiple choice questions. The survey was distributed in two 

forms: printable version and the online version done with Google Forms and attached to the 

communication newsletter of the Coop®rnico. The survey was prepared in two language versions to 

adapt to the respondents. The original English version can be found in APPENDIX: Community 

member survey (English) and the version translated to Portuguese with help of the coordinator of the 

Coop®rnico can be found in APPENDIX: Community member survey (Portuguese)  

First of all, the members were asked to rank the factors motivating them to participate in Coop®rnico 

on a scale from 0 to 5 (0 ï not important at all, 1 ï a bit important, 2 - somewhat important, 3 ï quite 

important, 4 ï very important, 5 ï my top priority). Thanks to this division, the participants were able 

to indicate the aspects of the energy community that play the biggest role for them as well as the ones 

they consider not crucial. In the following question, the participants of the survey were asked to indicate 

factors that would discourage them from participation in the energy community. This multiple choice 

questions was not aiming at choosing one most discouraging barrier, rather than finding out which 

aspects would be the least desired by the most participants of the survey. The first and third question 

asked about similar aspects of operation of energy community in a slightly different way in order to 

check if  the respondents understand the questions and give honest answers. 

Data analysis: 

The literature review technique used in this part was a secondary data analysis, meaning that it analysed 

data collected by other researchers (in this case, mostly cVPP project (A. Wieczorek, 2018)). This 

technique uses secondary data to provide detail and context to a sociological analysis, which avoids 

unnecessary data duplication, saving time and research effort (Cheng & Phillips, 2014). The data was 

used to synthetize the existing knowledge on the values of the energy communities as well as the 

motivations of individuals joining them. The answers from members of Coop®rnico were summarised 

with use of Excel. The answers were counted and the average scores as well as standard deviations were 

calculated. This simple technique allowed prioritization of values. The answers from first and third 

question were compared to check the understanding of the questions and honesty of the respondents.  

The interviews with the representatives of Coop®rnico were coded with the lenses derived from the 

FIETS classification of values using the program NVivo according to the coding procedure based on 

the work of Saldana (Saldana, 2009). They were compared with the answers to the survey. The outcome 

of the social study was one of the inputs of the analysis of flexibility potential in the analysed 

neighbourhood representing Local Energy Community. 

2.3 Research Question 3: What economic value can Local 

Energy Community create to its members and other actors in 
residential sector? 

2.3.1 Economic aspect 

Data collection: 

The economic data was obtained from current tariffs applied by electricity retailers with the biggest 

consumer base in Portugal, from the Portuguese Regulatory Entity for Energy Services and from the 

database of wholesale electricity prices for the year 2018. 

Data analysis: 

The information on the current tariff structure among electricity retailers was coupled with the output 

data from the tools used for quantification of available flexibility  - ALPG tool and DEMkit platform. 

In this way, the constructed economic tool was used to assess the economic value possible to derive 

from the community energy compared to the Business-as-Usual scenario. The value obtained was used 
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to prove the bankability of Local Energy Communities. The tool was done in programming language 

Python with an add-on in Excel. The details of analysed case study are in subchapter 2.3.3 Case Study. 

2.3.2 Technical realization 

Data collection: 

In order to quantify the economic value in the Local Energy Communities and verify their economic 

profitability in the urban context, first the model provided by the University of Twente on ñGeneration 

of Flexible Domestic Load Profiles to Evaluate Demand Side Management Approachesò (Gerwin 

Hoogsteen, Molderink, Hurink, & Smit, 2016) was used. 

Artificial  Load Profile Generator (ALPG) 

This tool explicitly generates the available flexibility  offered by the devices in households (G. 

Hoogsteen, 2017). This tool was chosen due to the quality and outstanding accuracy compared to other 

open source tools. The validity and accuracy of the tool was tested in the Dutch town of Lochem and 

has proved to be accurate when comparing simulation results with the measurement data. Basing on the 

demographic data and the information about the devices in the household, it simulated the occupancy 

profiles of individual inhabitants and the flexibility  information of devices depending on these 

occupancy profiles. In this way, it allowed a convenient creation of realistic simulation use-cases to 

evaluate the performance of decentralized energy management approaches in residential areas (G. 

Hoogsteen, 2017). Additionally, the tool accounts for the weather data, real solar irradiation and 

temperature data and is easily customized when it comes to changing the location and time zone as well 

as the demographic data of the inhabitants of the simulated community. The system, given the 

demographic information as an input, simulates the households in the network together with the 

inhabitants and the devices in the household. For persons, an occupancy profile and behaviour patterns 

are being generated basing on the information such as age category, employment and customs like wake 

up times and arrival times from work. As the next step, the randomization is performed in order to 

account for spontaneous behavioural changes such as a day off or a visit of a family, sporting days, 

washing days, home working days (Gerwin Hoogsteen et al., 2016). Additionally, the simulation of 

persons accounts for differences between weekend days and workdays. Afterwards, the static load 

profile or flexibility  information of the devices are being simulated. This order is very important due to 

the fact that the tool assumes low or no penetration of the smart automated devices and no interruption 

of the behavioural patterns of the users to respect the preference for no comfort violation of the members 

of the energy community. Therefore, it is stated that behaviour of the inhabitants of the household 

influences the interactions with devices, meaning static load devices (such as electronics) can only be 

used when the inhabitants are at home and the timeshiftable devices (for example a washing machine) 

can only be turned on while the inhabitants are at home, but can continue operating while the inhabitants 

leave the house. The ALPG tool explicitly generates the available household flexibility offered by 

devices. It means that it uses classification of the household devices provided by (Flexiblepower 

Alliance Network (FAN), 2017) called Energy Flexibility Interface (EFI). It divides the appliances into 

four generic flexibility  classes and focuses on the flexibility  of a control action offered by the device 

rather than the technical capabilities of a device (G. Hoogsteen, 2017). The logic behind this division 

is presented on the Figure 16. 
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Figure 2 Classification of household devices adopted from (Flexiblepower Alliance Network (FAN), 2017) 

The researchers of University of Twente have specified the types of the devices in a more detailed way 

while maintaining the connection with the EFI equivalents in the following manner: 

¶ The equivalent class in EF-Pi of the Uncontrolled: 

o Uncontrollable devices are the devices that do not offer any energy flexibility.  This 

means that they must execute their actions right after being triggered to start. In 

households, such devices can be computers, TV, ñwhite goodsò, stand-by usage and 

electronics, lighting, inductive devices and fridges.  

o Curtailable  devices are characterized by a fixed consumption or production profile 

and the amount of power that can be curtailed. An example of such devices is PV. 

¶ The equivalent class in EF-Pi of the Timeshifter: 

o Timeshiftable are the devices that can only consume the electricity with a static 

consumption profile, this means that their ñjobò is not possible to modify, but only to 

shift in the time. The information about their job is specific for the device and 

additionally, it contains the information on the arrival time and deadline for the work 

to be done. This means that the device should be finished before the deadline specified 

and cannot be started before the arrival time of each job. The example of such devices 

are washing machines, dryers and dishwashers. 

¶ The equivalent class in EF-Pi of the Buffer:  

o Buffer-Timeshiftable are the devices for which the flexibility  is specified by jobs with 

a start time, deadline (both given in seconds) and required energy demand in watt-

hours. These devices have a fixed maximum power consumption in watts and buffer 

capacity in watt-hours. The example of such device is an electric vehicle with a battery. 

o Buffer  is a type of the device that has a specified power consumption or production 

level in watts and capacity in watt-hours. Example of such devices can be home battery 

or hot water buffer (storage tank for hot water). 

For the purpose of this Master Thesis, the ALPG tool was adapted to needs of the case study and some 

modifications according to insights from Thermovault were introduced. The output data from ALPG 

tool was connected with the DEMkit tool developed by University of Twente. 

Simulation and demonstration platform  - DEMKit  

Once the ALPG tool generated high quality ñhistoricalò data on the electricity demand in the 

households, its output was used in the simulation and demonstration platform, named DEMKit, which 

implements the components, performs the energy management in the neighbourhood and performs 
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control and finally provides a complete model of the smart grid. DEMKit  implemented the components 

provided by ALPG tool, performed the energy management in the neighbourhood and provided a 

complete model of the smart grid. The energy management system was optimized according to 

requirements of the analysis. It simulated energy flows from, to and within neighbourhood. In one case 

the goal was to prevent the infrastructure problems by limiting the capacity on the connection point 

between the neighbourhood and the distribution grid. In the other case, it optimized energy consumption 

to minimize the costs of the electricity for the community. The tool was used to perform energy 

management on a simulated neighbourhood representing a Local Energy Community and verify 

technical possibility of implementing and executing strategies leading to lowering costs on the 

electricity provision as well as increasing the revenue from generation and sale of renewable electricity 

and balancing services. 

In all optimization cases, DEMkit  follows the Triana approach. It starts with the prediction of the 

electricity demand. The prediction step is done on a household level for each of the relevant parameters, 

e.g. uncontrollable load, available flexibility,  and generation from renewables. These parameters serve 

as input for the next step of the Triana approach - planning which is done on the neighbourhood level. 

In this step, the plan of the operation of the devices is done with respect to physical constraints 

(limitation of the cable capacity) as well as with consideration of the costs of electricity at any given 

moment. The scheduling problem is solved by iteratively. Given the input data such as the price 

electricity, the state of charge of the device, the historical data and the needed state of charge in the next 

time step, each devices schedules the use of their flexibility  and communicates the scheduled profile to 

the household level. The scheduled profile of the devices are then aggregated and the household demand 

electricity profile is obtained. Next, the profiles that best fit  the price signal are being selected and 

compiled in the neighbourhood profile. This is how the second step of Triana methodology is fulfilled. 

This approach has proven to be fairly accurate and efficient in performing the energy management 

between the simulated households and optimizing the usage of the distribution grid between the 

households in the way that it balances consumption of electricity with locally produces renewable 

energy from PV in the neighbourhood and satisfies network requirements and capacity constraints (G. 

Hoogsteen, 2017). However, it also has some disadvantages. The main one is that it assumes that the 

distribution grid present in the neighbourhood behaves like ñcopperplateò, which means that the 

electricity flow within this part of the grid (between the houses in the Community of Place) is not limited 

and the electricity can move freely between the houses. In case of this research, it means that the only 

limitation is the operational bounds of the transformer at the connection point between this 

neighbourhood and the rest of the grid. Therefore, the individual consumption patterns of the houses 

are not able to provoke problems elsewhere in the network (van der Klauw, 2017). However, this 

approach might turn problematic if  the communities choose to optimize their energy use basing on 

dynamic wholesale electricity prices, for example the Communities of Interest who are not oriented on 

solving the infrastructure problems. In their case, the devices will  be choosing between either 

consuming as much energy as possible at the moments of low price or will  not be consuming any 

energy, once the price is too high. This means that the energy management system oriented on the cost 

minimization and steered only basing on price signals might not only keep the current infrastructure 

problems but even amplify them by creating new peaks in the electricity demand (van der Klauw, 2017). 

Price signals cause the devices to choose between either consuming as much energy as possible, if  the 

price is low enough, or not consuming any energy, if  the price is too high. As a consequence the devices 

never operate using a state that consumes a moderate amount of energy (e.g. an EV will  never charge 

less than maximal power). While the grid constraints can be taken into account during the planning 

phase (Gerwin Hoogsteen, Molderink, Hurink, & Smit, 2014), the scheduled profiles still show 

significant fluctuations on a local level due to the price signals. 

Once the second step (planning) is accomplished, the system simulates the ñreal timeò behaviour of the 

devices mimicking the real grid and performs the control in order to ensure proper functioning. 
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Data analysis: 

The output data was visualized with another software tool, Grafana2, that provides a convenient user 

interface to aggregate data from multiple time series, calculate mean values or display the profiles of 

demand for electricity and other commodities in time. The focus of the analysis was potential for the 

optimization of electricity exchange on the connection point between the neighbourhood (community) 

grid and the main grid. This value shows the electricity used by all houses in all analysed scenarios. 

This case study was interested in the amount of electricity exchanged in the direction from the houses 

and to the houses in each 15-minute interval during whole year. It was visualized as sum of smart meters 

of the households. Practically, this means that any electricity generated from the photovoltaic 

installation in the community was shared among the houses within the community and this electricity 

exchange was not visible at the connection point between the community grid and the grid of the DSO. 

Only in the moments when none of the houses used this electricity, it was exported out of the 

community. Therefore, aggregating the electricity consumption in each timeframe from all households 

resulted in the net power import/export by the community towards the external grid. 

2.3.3 Case Study 

This subchapter describes the steps that were taken to calculate the economic value of the Local Energy 

Community understood as the Community of Place, in the urban environment. 

Case community 

The calculation of economic value was based on an example of Local Energy Community, resembling 

the local group of Coop®rnico ï community in Tavira, Portugal. The production of electricity is based 

on their installation in the city centre with installed power (kW peak) of 76.4 kW and annual production 

of 130 507 kWh (Coop®rnico, 2019; Q Antum, 2019). The members of community are 50 households, 

as indicated in the description of the installation (Coop®rnico, 2019). The households in case study are 

in close proximity and are under one connection transformer connecting them to the distribution grid. 

Flexible devices in the community 

In general, for provision of flexibility  services, the devices are needed that can operate within the scale 

of minutes of hours (van der Klauw, 2017), meaning be able to store energy within days or between 

days. Such devices are stand-alone residential batteries, batteries in electric vehicles and heat buffers 

on residential scale. When it comes to electrical storage, batteries were expected to assist scheduling of 

renewable energy systems by storing the electricity, maintaining a fixed voltage during the electrical 

load supply, and distributing the stored power with high efficiency (Bagheri, Hamid, Pakzadmanesh, & 

Kennedy, 2019). Although, the capital cost of batteries has significantly dropped owing to progressive 

technological improvements (Bagheri et al., 2019), the high investment costs and risks, e.g., uncertainty 

about the lifetime of the system (Kalkbrenner, 2019) pose still barriers to the consumers. A solution to 

this problem can be community-owned storage system supporting the efficient use of community-

owned photovoltaic system (Kalkbrenner, 2019). Additionally, an advantage of the community 

ownership is that the batteries can be located outside end-users' homes and therefore diminish safety 

concerns (Kalkbrenner, 2019). Another promise of the energy storage is the wide diffusion of the 

electric vehicles. Charging of electric vehicles directly from home- or community-owned photovoltaics 

is interesting solution to increase the self-consumption (Luthander, Lingfors, Munkhammar, & Wid®n, 

2015). However, this potential is treated by scientists as limited, especially on a household scale, due 

to mismatch between solar irradiance and electric vehicle charging patterns (Luthander et al., 2015). 

Additionally, in most of the cases there is no bi-directional flow of electricity between the grid and the 

electric vehicle, meaning the vehicles can only be charged, i.e. they cannot be used to store electricity 

for later consumption in the household. The concept of electric vehicles cooperating on a big scale with 

the electrical grid (vehicle-to- grid (V2G)) is not yet widespread. Additionally, scientists do not expect 

a rapid uptake of this practice because in V2G scenarios the battery lifetime is significantly reduced 

(Brennenstuhl, Pietruschka, Eicker, & Yadack, 2016). For this reason, the users are not expected to 

                                                           

2 Grafana Labs. Grafana - the open platform for analytics and monitoring. 



14 

agree to provide with their private electric vehicles the flexibility  services and enhancing system 

efficiency unless there are heavily compensated by the grid operators (Ilieva & Rajasekharan, 2018). 

However, there are several pilots testing the economic viability of DSOs owned car sharing electric 

vehicles providing this service  (Ilieva & Rajasekharan, 2018; innogy, 2019) which might mean that 

the communities will  follow with community owned vehicles. 

Another type of devices having potential to play an important role in the flexible use of the electricity 

and optimal use of the smart grids are not only devices offering pure electricity storage such as 

household batteries or batteries in electric vehicles, but also heat storage buffers connected to devices 

transforming electricity into heat that it later on used by the residents. Heating with use of electricity 

and heat storage are especially convenient in providing flexibility  of residential loads. In general, heat 

storage is less expensive and less influenced by ageing, as it is in case of batteries. Additionally, in the 

majority of member states of European Union, the biggest energy demand in residential sector is 

committed to keep the households within the comfortable temperatures and provide hot water that is 

expected by all end users to be available at any time. The additional buffer capacity can be provided by 

the thermal inertia of buildings. In this sense, the households can also be treated as heat storage that can 

be used in order to shift in time the use of electricity for heating (van der Klauw, 2017). 

The analysis done in the case study respected the need for not violating the comfort of the end-users 

while using the electricity. In this case, the potential for utilizing this self-generated electricity was 

calculated without the behavioural interventions motivating the end-users to change their customs and 

respond to the price or other signals from the electricity providers. Additionally, the case study assumed 

slow diffusion of the flexible devices. Among 50 simulated households, 5% of them possessed a battery. 

Additionally, 10% possessed an electric vehicle (EV) and 10% possessed plug-in hybrid electric 

vehicles (PHEVs). The vehicles have standard parameters of 4200 Wh battery capacity for EV and 

12000 Wh battery capacity for PHEV. The remaining devices were typical whitegoods present in 

households.   

Definition of the economic value 

In the scientific literature, the overall economic benefits of community energy systems is proposed to 

be calculated as the interplay between increasing electricity tariffs and decreasing up-front investment 

costs of local energy systems (Koirala et al., 2016). However, for simplicity, this Master Thesis aimed 

to verify the economic value of the flexibility  by focusing on the cost of the electricity provided to the 

households ï the variable operational cost of the energy provision. The economic value in this case 

study was therefore understood as the difference in monetary value of the cost of electricity between 

the two scenarios of urban environment: 

Table 1 Visualization of the case comparison 

Case With  optimization Wit hout optimization  

Many 

separate 

houses 

Not considered 

Scenario: business as usual  

Electricity exchanged is sum of electricity 

demand of the houses and the electricity 

supply from the PV installations. 

Houses 

cooperating 

as 

Community 

of place 

Scenario: Community of place - one global optimum 

Electricity exchanged on the connection point is sum of 

electricity demand of the houses and the electricity supply 

from the PV installations with applying the optimization of 

the usage of the devices. 

¶ peak shaving + price optimization, (retail prices, 

wholesale prices) 

Not considered 

Houses 

cooperating 

as 

Community 

of interest 

Scenario: Community of interest ï cost minimization 

Electricity exchanged on the virtual connection point is sum 

of electricity demand of the houses and the electricity supply 

from the PV installations with applying the optimization of 

the usage of the devices. 

¶ Only price optimization (wholesale prices) 

Not considered 
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Cost of electricity 

The cost of electricity in this case study was calculated twofold according to following assumptions: 

a. with consideration of the electricity prices in tariff for residential users from EDP Energias de 

Portugal, the biggest retailer in Portugal; providing electricity to the grid was: 

i. neither remunerated, nor charged for 

ii. remunerated at the rate of retail prices 

b. with the wholesale electricity prices for Portugal in the year 2018. This is a situation when 

communities can participate in wholesale market, currently blocked by DSOs in European 

Union; providing electricity to the grid was remunerated for wholesale prices. 

2.4 Research Question 4: What suitable organizational 
models for the operation of the Local Energy 
Communities can maximize the satisfaction of the 
values and needs of Local Energy Communities? 

Data collection: 

The knowledge base was built with the use of scientific literature as well as non-academic sources.  The 

keywords searched for during the research were: ñorganizational modelsò, ñbusiness modelsò. 

Additionally, the members of local energy community were asked for the input in semi-structured 

qualitative interviews and in the survey in order to: 

¶ pin-point the organizational and business model uncertainties and drivers in the local energy 

community 

¶ identify the major obstacles restricting the communities from working in the current energy 

system. 

The same interviews were used to as in the Research Question 2. 

In the second question of the survey the members of Coop®rnico were asked about their vision on the 

operation of the energy community. They were asked to mark the answers on scale from ñI strongly 

disagreeò, ñI disagreeò, ñI donôt have an opinionò, ñI agreeò, ñI strongly agreeò to the statements 

describing potential activities of the energy community. 

Data analysis: 

The literature review technique used in this part was a secondary data analysis as in the previous 

research question. The data obtained from scientific and grey literature was used to synthetize the 

existing knowledge on the organizational models of the local energy communities and the types of 

activities they perform. The input from literature review was complemented with the inputs from the 

interviews and surveys with the communityôs members. The interviews and surveys were coded with 

the lenses derived from new business models (Jonker, 2012) with the program NVivo according to the 

coding procedure based on the work of Saldana (Saldana, 2009). Basing on the data obtained from the 

literature review, the interviews and the surveys, a set of suitable business and organisational models 

was proposed with use of the new business models canvas (Jonker, 2012). 

2.5 Research quality 

In order to minimize the researcherôs bias, the thesis was a subject to the process of triangulation. The 

evaluation of the results and formulation of conclusion was supported by the academic supervisor from 

Eindhoven University of Technology and by the industrial supervisor from Thermovault. Moreover, 

interviews were double coded to avoid subjectivity and to enhance the reliability and validity of the 

research (Saldana, 2009). 
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3 Analytical framework 

The scientific literature doesnôt clarify what the Local Energy Communities are and what their role is 

in the transition of the energy system. There currently is no agreement on the exact definition of Local 

Energy Communities and the distinctive features differentiating them from other community energy 

projects. By offering alternatives to the current system organization Local Energy Communities can be 

seen as experiments in a broader energy transition which is about a shift from fossil fuels to renewable 

energy (R. de Waal & Stremke, 2014) and is foreseen to be based on a more distributed, service-

orientated and customer centric system (Delta Energy&Environment, 2017). Transition is thoroughly 

discussed in transition studies (Geels, 2002) as a transformative change (system innovation), drawing 

on a co-evolutionary perspective. It assumes that technology and society mutually shape each other, 

instead of one more or less determining the other (Kemp, 2010). Other scholars define transition as ña 

fundamental changes in functional systems of provision and consumption such as for example 

transportation, communication, housing and feedingò (Geels, 2002). It is specifically useful to analyse 

the transition in the system of energy provision using the Multi -Level Perspective, a perspective that in 

case of the energy system helps understanding the complex dynamics of sociotechnical change (Geels, 

2002) that depends on the linkages between different social groups that reproduce and enact certain 

activities. These societal groups are the actors of the energy system. One of them, a novel type of actors 

emerging from niche projects, are the Local Energy Communities whose role in the transitioning energy 

system is still not clear. Generally, it is assumed that they are contributors to the change in the energy 

system, but there is no agreement to what extent and in which way they should be involved. To unpack 

this topic, the actorsô role analysis is particularly applicable. It divides the actors into categories of state 

(government), private sector (business), civil  society actors and the intermediaries that are crucially 

important in multi-actor transition processes (Fischer & Newig, 2016). Thanks to this theory, the role 

of Local Energy Communities in the changing energy system can be better understood and the strategies 

helping them move from the pilot project to the broad system can be defined.  

The multi-level perspective offers a broad system perspective of the socio-technical context and 

comprises the landscape, regime and the niche; the energy demand flexibility  analysis together with the 

economic analysis focus on the values, especially the economic value the Local Energy Communities 

might offer to their stakeholders and using it, exert pressure on the regime; lastly, the business model 

studies are focused on internal niche developments and the actors analysis on external niche dynamics. 

The theories in this Master Thesis are used to construct the conceptual analytical model. Here, the model 

connects the transition studies with actor analysis and business models studies helping to quantify the 

economic value of the Local Energy Communities and define their role in the new, decentralized energy 

system. Together, these research fields offer a comprehensive perspective to look at Local Energy 

Communities and their possible pathways to the regime. 

3.1 Transition studies 

The transition studies are at the core of analysis of the transformation of socio-technical systems that 

occur due to the sustainability challenges such as climate change or the depletion of resources. Due to 

the fact that the transition of the systems is characterized by a great complexity of intertwining concepts, 

there exists a vast range of theoretical approaches aimed at understanding them. The most remarkable 

and well known basis for transition studies are evolutionary economic theories (Nelson & Winter, 

1977), the social construction of technologies theory (Bijker, W. E., Hughes, T. P., & Pinch, 1987) , the 

role and variety of actors in managing sustainable innovations in society (Farla et al., 2012) as well as 

their activity in the protective spaces, niches that allow starting the process of the change (Kemp, Schot, 

& Hoogma, 2007). Among others, these approaches allowed for a systemic view on the transformation 

processes within the socio-technical systems. 

The concept socio-technical system highlights the fact that both the social and the technical phenomena 

are tightly interrelated and dependent on each other (Bijker, W. E., Hughes, T. P., & Pinch, 1987). For 

this reason, the scholars consider important the connections between the technical elements and the 

societal functions, the first being used to fulfil  the latter. An example of such societal function can be 
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provision of energy. This concept is further used in the transition studies to define the transitions as ñthe 

radical change from one socio-technical system to anotherò (Hardy & Grintals, 2017)(Grin et al. 2010). 

This and further concepts related to transition studies will  be further used as the foundation for this 

research. 

3.2 Multi-Level Perspective 

The multi-level perspective is used as a framework that can describe the dynamics and structure of 

socio-technical systems. This framework allows wider system view on the analysed concept and helps 

conceptualizing the sectors of the socio-technical system, which is required to understand the transition 

that could take place towards a system of democratic and decentralized energy provision. 

The framework elaborated by Geels (Geels, 2002) combines important element of transition studies 

such as neo-institutional theories, structuration theories, science and technology studies as well as 

evolutionary economics. It divides the socio-technical systems into interconnected levels: the macro-

level called the landscape, the meso-level called the regime and the micro-level called the niche. The 

representation of them can be found in Figure 3. Due to the fact that all elements are connected with 

each other and interdependent, they are set in ñnested hierarchyò (Geels, 2002). 

 

 

Figure 3 Multiple levels as a nested hierarchy (Geels, 2002) 

3.2.1 Macro-level: the landscape 

Landscape refers to aspects of the widest exogenous environment and the material aspect of society. It 

is the widest element of the socio-technical system, influencing the dynamics of the lower levels: regime 

and the niche. It primarily comprises of the major aspects of the socio-technical systems: climate 

change, loss of biodiversity, resource depletion, macro-economic patterns, geopolitical pressures, 

shared societal values and beliefs, demographical trends and political ideologies (Geels, 2011). In case 

of this Master Thesis, the landscape represents the growing concern about the climate change resulting 

from use of fossil fuels for the energy provision as well as the criticism on the centralized energy system 

dominated by big energy companies slowing the energy transition. 

3.2.2 Meso-level: the regime 

The socio-technical regime forms the ódeep structureô that accounts for the stability of an existing socio-

technical system (Geels, 2004). Regime comprises of set of rules, cognitive, normative, and regulative 

practices, that orient and coordinate the activities of the social groups that reproduce the various 
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elements of socio-technical systems. The rules are both enacted and modified by the actors, but also 

they restrict them and stabilize the constellation. Due to this fact, they are characterized by lock-in, an 

effect that prevents radial changes from happening. In the energy system it is represented by gradual 

adoption of renewable technologies for energy generation and slow investment in the new installations 

in solar or wind technologies caused by conservative approach towards improvements of the energy 

system. Because of this risk-avert behaviour of the incumbents, regime boundaries only allow 

incremental innovations, following stable trajectories in technological, cultural, political, market and 

industrial dimensions. 

3.2.3 Micro-level: the niche 

The areas where radical changes can occur and develop are niches ï the ñprotective spacesò such as 

research institutes, subsidized demonstration projects, pilots or special market settings where the users 

with special requirements drive the development of innovation. Good examples of innovations 

supported by the utilities were the clean energy technologies such as wind, biomass, solar PV, storage, 

as well as the technologies facilitating the decentralization of the energy system - EV, fuel cells, smart 

meters etc. They emerge as bottom-up alternative solutions developed to address the problems 

occurring in the landscape. By offering an alternative solution that is not well suited to just adapt to the 

existing rules and sustainify the current regime, they exert pressure on the rules and linkages between 

elements in the incumbent regime aiming to displace ólocked-inô technologies, institutions and interests 

(Geels & Schot, 2007; Mattes, Huber, & Koehrsen, 2015). 

One example of experiments in niches gaining popularity all around the globe are the energy community 

projects, gathering the citizens willing to join the efforts of the energy transition and invest either 

individually or jointly in the renewable energy installations (Gui & MacGill, 2018; Holstenkamp & 

Kahla, 2016). The most affordable and widespread renewable energy generation method for households 

is installation of the PV systems enabling the owners to use parts of the energy generated in house and 

selling the remaining electricity to the grid. However, these dispersed individuals do not create 

sufficient critical mass to motivate a larger, radical change in the energy system. Therefore, they attempt 

to get together to exert a bigger pressure on the incumbents operating on the regime level and finally to 

try to replace them and become solid elements of the new regime. On all points of the trajectory from 

the protected space to the influence on the landscape, the innovation is a subject to pressures exerted in 

the regime as well as within itself. These pressures define the trajectories of the innovative ideas and 

shape their outcomes. Usually, they are even so strong that they prevent the ideas from breaking through 

to the regime due to the rigidity and lock in of the regime. An example of the pressures from the regime 

in the case of decentralized renewable energy generation done by the citizens are low or even no 

payment for exported PV generation. These obstacles have incentivized a number of prosumer groups 

to explore the new ways of electricity provision. It was observed that real impact could be made when 

multiple devices are linked together to form a sustainable decentralized network, also called Virtual 

Power Plant (VPP). For this reason, the neighbours try to establish VPP models or exchange the 

electricity produced by the renewables between themselves (peer to peer trading) to obtain more 

economic and social value from their investments. The values within each energy community projects 

share the trajectory of the niche movements and the final shape of the energy communities in the new 

regime. While some energy community initiatives are motivated by reducing their negative impact on 

the environment, other highlight the need for societal cohesion and yet another projects are aiming to 

achieve long-term vision and goals of local energy self-sufficiency and to build resilient infrastructure 

and community, independent from the incumbents. This is impacts the choice of the setup and 

technologies used in each case. Some communities focus mostly on installing renewable energy 

generation equipment while other might engage in energy storage, demand flexibility, energy trade in 

the wholesale market or putting a bigger effort on investment in smart infrastructure and local networks 

(Gui & MacGill, 2018). 
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Figure 4 A dynamic multi-level perspective (Geels, 2002) 

3.3 Actor analysis 

The Local Energy Communities are new types of actors working at the grassroots innovation for 

sustainability (E. C. van der Waal, van der Windt, & van Oost, 2018). They are trying to find their way 

to disrupt the energy system and fulfil  their goals and realise their values by upscaling, gaining strength 

and societal approval to consequently diffuse the new way of providing the energy to the society (E. C. 

van der Waal et al., 2018). It is crucial to understand the dynamic interaction of new actors with other 

actors of the energy system, frequently advocating for different interests (Farla et al., 2012). This will  

help identify the suitable roles for Local Energy Communities in the evolving energy system and will  

help creating strategies should they adopt to fulfil  their goals in the current circumstances (E. C. van 

der Waal et al., 2018). The actor analysis is therefore aimed at a better understanding of actorsô value, 

strategies and roles. 

3.3.1 Values of the actor ï Local Energy Community 

The scientific literature highlights that the creation of a new energy system (until now mainly analysed 

in the integration of renewable energy (Kirchhoff, Kebir, Neumann, Heller, & Strunz, 2016)) is not a 

clear and simple technological shift, but is closely connected to the ethics, morals and values of the 

citizens that consume and produce this energy (Sovacool & Dworkin, 2015). The citizens increasingly 

share concerns about the environmental impacts of energy provision or the ethics of certain business 

models (Herbes, Brummer, Rognli, Blazejewski, & Gericke, 2017). They criticize businesses that 

operate according to the tenets of neoclassical economic theory, where the primary obligation of 

corporations is to maximize profit for shareholders (Stormer, 2003). Currently, the societies advocate 

to move from ethic is to behave economically (Stormer, 2003) towards a sort of ñenvironmental ethicò 

encompassing a responsibility of business and societies to protect the natural environment and minimize 

the production of negative externalities, or energy-related social and environmental costs (Sovacool & 

Dworkin, 2015). 

What is clear from the scientific literature, is that the community energy initiatives adopt a different 

logic than the actors present in the incumbent regime. This is described as the community-logic (Van 

Summeren et al., 2019). The energy communities want to operate on different values than current 

regime and are driven not only by monetary or financial gains, but aim to satisfy broad spectrum of the 

needs of the community, falling into categories such as economic, social and environmental. 
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Figure 5 Differences between values of incumbents and energy communities 

These values can be satisfied by the activity of the local energy communities internally offering the 

services to their members and externally, offering the economic value for other actors in the energy 

system. There is a need for quantification of the economic values provided by the flexibility  offered by 

the LECs in order to prove they can be financially viable to survive in the harsh institutional 

environment that does not support them. Being a novel construct, the local energy communities, still 

need to find their role in the energy system in order to successfully setup and develop without the need 

to make any trade-offs between bankability and pursuing the radical change in energy provision. In 

order to avoid the scenario of becoming the new sustainified incumbents, they should refrain from 

sacrificing their values to become financially sustainable and bankable. 

3.3.2 Strategies and roles of the actor - New Business Models, 
USEF Framework 

Finally, local energy communities, in order to develop and gain strong position in the energy system, 

need to find a proper role, enabling them to satisfy the needs of their members and create value to other 

actors. As novel constructs, they are not able to radically change the energy system by themselves, but 

are expected to depend on and cooperate with other innovators in social and technical fields in order to 

break through from the pilot projects to the general energy system. It is expected that their strategy will  

be strongly linked with offering flexibility  derived from optimisation of use of the flexible devices in 

the households. Therefore, potential role of Community was identified with the use of USEF 

Framework which describes flexibility  as a new way of creating value in the energy system. The 

flexibility  offerings are linked strongly with the monetary value and economic aspect of Local Energy 

Communities, which is a key element enabling communities to signal their existence, break through 

from the niche experiments and start counting on the market. The USEF framework is based on a roles 

in the energy system which is a basis for uniform of responsibilities of each actor (USEF Foundation, 

2015). USEF Framework can be implemented in various ways according to the local market and 

business needs. USEF is developed, maintained and audited by the USEF Foundation, a non-profit 

partnership of seven organizations, active in all areas of the smart energy industry: ABB, Alliander, 

DNV GL, Essent, IBM, ICT Automation and Stedin ï the incumbent actors of the energy system in the 

Netherlands. 

Once the role of Local Energy Communities was defined, a suitable business and organisational model 

was developed. Business Models visualize the principles of operation of companies and justify their 

existence. They are a tool helpful to manifest how certain organizations plan to create, deliver and 

capture value (Osterwalder & Pigneur, 2010) . Business Models are the commercially implemented and 

practiced outcomes of innovation brought to the market by the new actors, in this case the Local Energy 

Communities. As proto-regimes they are still  in a process of shaping their role in the energy system and 

thereôs still a gap in the literature on the appropriate models that can help organize Local Energy 
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Communities in such a way that their needs (communal or of the individual members) are met. This 

must be done taking into account not only how to sustainify the current business models of the regime 

actors, but primarily how to establish radically different logic of the value creation (Jonker, 2012). In 

this Master Thesis, the organizational model and market context of the Local Energy Communities wil l 

be investigated. Traditionally, the most popular business model canvas, created by Alexander Osterwald 

and widely used nowadays, focuses on the value proposition offered uniquely towards the customers of 

the company, the profits gained from the operation as well as the resources involved directly in the 

creation and delivery of the value. Currently, in the world increasingly attentive to the sustainability 

issues, many scholars and decision makers claim that this approach might have an apocalyptic effect on 

the planet. In order to address these problems and draw the attention of the businesses to their impacts 

on broader society, Jan Jonker proposed a New Business Model (Jonker, 2012). The most important 

change proposed in this model is revolutionized vision of value creation. It is no longer only monetary, 

measurable benefit obtained by the organization and their customers, but also social and ecological 

values shared with the outer world, which is in line with the values of the energy communities.  This 

fresh look on how companies and organisations should build rationale about their activity in the new 

regimes addresses the problem of sustainability such as: 

¶ Multiple, shared, collective principles of business 

¶ Multifaceted value creation (monetary, social, environmental) 

¶ Variety of stakeholders in the community structure around the business 

¶ Environmental costs arising from the firmôs activities 

¶ Critical view on the availability of the resources 

The most important aspect of the theory is the new way of organizing and defining the value creation 

and delivery which implies the reframing of the way in which innovators shape transactions. For this 

reason, the model addresses the need of generating and providing not only economical but also other 

values to the customers as well as the whole eco-system of actors around the business. It is better 

equipped to value ñthe commonsò, properly treat the available resources and account the externalities 

into the operation of the model. New Business Models theory by Jonker (Jonker, 2012) and the report 

by SustainAbility (Clinton & Whisnant, 2014) to serve as basis to define the organizational and business 

models for the Local Energy Communities. 

 

Figure 6 Clover leaf New Business Model by Jan Jonker (Jonker, 2012) 




























































































































































































































































