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PREFACE 
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developing the societies and cities of the future.  

 

Today, energy transition is becoming a more urgent issue in the Netherlands. The Dutch government is 

aware that a change is essential to achieve the set goals of reducing the greenhouse gases and increase 

the share of renewable energy sources. To achieve these goals, a sustainable transformation in the built 

environment is essential. Because this problem would be of major importance for the next decades, I think 

this graduation is an opportunity to enrich myself on this topic as a preparation for my professional career. 

Therefore, I was motivated to gain more insight in prosumer communities as a potential solution for the 

energy transition issue in the built environment.  
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technical topics of my research. In particular, I would like to thank ir. Benny Roelse for your technical and 
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my family and friends for their unconditional support during the difficult path of completing the MSc 

program. 

 

Luc de Vet, 

Eindhoven, August 2018 
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SUMMARY 
 

Energy transition is becoming an urgent issue in the Netherlands. Therefore, the Dutch government aims 
to reduce greenhouse gas emissions to zero by 2050 and increase the share of renewable energy sources. 
In order to achieve this goal, the inadequate share of renewable energy sources should be expanded. 
When looking at the total energy distribution of the Netherlands, the residential built environment 
accounts for almost one-fourth of the primary energy demand. Therefore, the built environment can 
positively contribute to the aim of many cities to become energy neutral in 2050. Cities are expected to 
become more important in transitioning towards decentralized future energy systems, in which there are 
new opportunities for local energy concepts. A potential solution to increase the share of renewable 
energy sources in cities is the encouragement of citizens to become energy producers. Citizens need to 
change from being passive electricity consumers into active ones by becoming electricity producer-
ŎƻƴǎǳƳŜǊǎΥ ΨǇǊƻǎǳƳŜǊǎΩΦ ! ǇǊƻǎǳƳŜǊ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎΥ άŀƴ ƛƴŘƛǾƛŘǳŀƭ ƻǊ ŀ ƘƻǳǎŜƘƻƭŘ ǘƘŀǘ ǿƛƭƭ ƴƻǘ ƻƴƭȅ 
consume energy, but also produce energy by renewable energy resources and share the excess energy 
generated with the grid and/or with ƻǘƘŜǊ ŎƻƴǎǳƳŜǊǎ ƛƴ ŀ ŎƻƳƳǳƴƛǘȅέΦ Lƴ ŀ ǇǊƻǎǳƳŜǊ ŎƻƳƳǳƴƛǘȅΣ ŀ ƭŀǊƎŜ 
share of the electricity and heat is generated decentral, in which the demand and supply is matched by 
flexibility in the energy grid.  
 
However, by looking at the scientific literature, ǘƘŜ ǿƻǊƭŘΩǎ ŜƴŜǊƎȅ-related problems cannot only be solved 
by technological advances, but changes in human behavior are essential. The problem occurs by the little 
attention that is paid to energy behavior of individuals. This behavior of individuals needs to be shifted 
towards a more efficient and sustainable direction. Still little research is conducted on the decisive 
ƳƻǘƛǾŀǘƛƻƴŀƭ ŦŀŎǘƻǊǎ ǘƘŀǘ ƛƴŦƭǳŜƴŎŜ ǇŜƻǇƭŜΩǎ ŘŜŎƛǎƛƻƴ ǘƻ ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ ŀ ƭƻŎŀƭ ŜƴŜǊƎȅ ǎȅǎǘŜƳΦ ¢ƘŜǊŜŦƻǊŜΣ 
the objective of this thesis is to gain insight in the decisive factors of Dutch citizens to participate in a 
prosumer community taking into consideration socio-demographic characteristics. Next to examining the 
behavioral aspects, this research also focusses on the individual and collective technical needs to realize 
a prosumer community and estimating the financial consequences.  
 
As stated in the literature, prosumer communities can contribute to the total share of renewable energy 
by producing energy and sharing the excess of energy generated with the grid and/or with other 
consumers in a community. In this research, a new concept of a prosumer community is introduced as an 
addition to the current literature. In this concept, the energy efficient implementations are determined 
by their high energetic efficiency, general suitability and future potential. Furthermore, based on the 
ambition of the Dutch government to become more independent from the gas, the implementations in 
the introduced prosumer community are full-electric powered. The objective of a prosumer community 
is to maintain the energy generated as much as possible in the community. When there is an excess of 
energy, prosumers can sell their energy to the decentralized grid or main energy grid. This system can be 
combined with storage devices, in which it becomes possible to store energy surplus. This reduces the 
need for importing energy from the main energy grid. To estimate the financial consequences of a 
prosumer community, a financial analysis is conducted. However, from this analysis can be concluded that 
the introduced prosumer community is financially unprofitable. Moreover, the financial feasibility of a 
prosumer community is dependent on the gas price risings, the decrease in initial investment costs of a 
borehole thermal energy storage system and in-home batteries, and the encouragement of the Dutch 
government by subsidies to invest in high energetic efficiency implementations.  
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In this research, a stated choice experiment is executed to measure the preferences and choice behavior 
of citizens to participate in a prosumer community. In this research, two alternatives are presented to the 
respondents: own initiative and outsourcing of energy efficient implementations. Four attributes were 
selected from the literature to define the alternatives: financial consequences, community involvement, 
control of appliances and organizational participation. To each of these attributes, three levels are 
assigned. Next to the choice experiment, environmental statements were questioned to the respondents 
to gain insight in peopleΩs environmental conscious attitude. As a result of the data collection, 184 
respondents are obtained who finalized the complete survey.  
 
Based on the socio-demographic characteristics, the sample was not representative to the Dutch 
population, except for gender. The choice data was analyzed by estimating a multinomial logit model. 
Furthermore, a latent class model was estimated to discover classes in the sample. The objective of 
estimating the latent class model was to identify clusters of individuals who share the same choice 
behavior. It is important to find out whether these cluster share similar socio-demographic characteristics 
and environmental conscious attitude. According to the results of the latent class model, two classes were 
generated in which in class 1 can be identified as enthusiasts and class 2 can be identified as conservatives 
to participate in a prosumer community.  
 
From the results of the multinomial logit model, multiple conclusions can be drawn. First, for the 
alternative own initiative and alternative outsourcing, it can be concluded that people prefer the financial 
consequences of implementing only solar panels instead of the financial consequences of implementing 
solar panels, borehole thermal energy storage (BTES) system and in-home battery. Secondly, for both 
alternatives, it can be concluded that there is a significant preference for own control of appliances 
instead of automatic control. Thirdly, for both alternatives, people do not prefer to be involved in 
organizational activities of a prosumer community. Finally, for the alternative outsourcing, it can be 
concluded that people are less prepared to participate in a prosumer community and outsource their 
investment when only 25 percent of the neighborhood is being involved. However, for both alternatives, 
there is a preference for 75% community involvement when participating in a prosumer community. 
 
According to the estimated models, it can be concluded that there is support from Dutch citizens to 
generate their own energy and adopt a more energy-saving behavior. However, the extent of willingness 
to participate in a prosumer community is significantly dependent on the financial consequences of 
implementing energy efficient measures, a large share of the community that is involved, own control of 
appliances instead of automatically by a system and less involvement in organizational activities. 
Furthermore, it is of importance to focus on people based on their socio-demographic characteristics and 
environmental conscious attitude. Regarding the socio-demographic characteristics, people between 21 
and 40 years that are higher educated, who own a dwelling and assign their self on average more as 
innovators, early adopters or early majority can be identified as enthusiastic to participate in a prosumer 
community. Moreover, based on the environmental statements, people that are willing to pay more for 
environmental friendly measures, prefer to be independent from large energy providers, willing to adopt 
a more environmental friendly lifestyle and prefer to be seen with solar panels on the dwelling are more 
willing to participate in a prosumer community. All in all, the extent of Dutch citizens to participate in a 
prosumer community is dependent on various factors; under favorable conditions, prosumer 
communities may be feasible. To encourage Dutch citizens for participating in a prosumer community, 
the first step would therefore be to take away the financial barrier. A built environment with a large share 
of prosumer communities can positively contribute to energy neutral cities by reducing the greenhouse 
gas emissions and increasing the share of renewable energy sources.   
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SAMENVATTING 
 

In Nederland is energietransitie is een toenemend en urgent probleem. Om de energietransitie zoveel 
mogelijk te controleren streeft de Nederlandse overheid ernaar om de uitstoot van broeikasgassen tegen 
2050 tot nul terug te brengen en het aandeel van hernieuwbare energiebronnen te vergroten. Om dit 
doel te bereiken, moet het ontoereikende aandeel van hernieuwbare energiebronnen worden uitgebreid. 
Als we naar de totale energieverdeling van Nederland kijken, is de gebouwde omgeving goed voor bijna 
een vierde van de primaire energievraag. Door dit gegeven kan de gebouwde omgeving positief bijdragen 
aan het doel van veel steden om in 2050 energieneutraal te worden. Van steden wordt verwacht dat ze 
nieuwe kansen bieden om lokale energieconcepten in praktijk te brengen in de overgang naar een 
gedecentraliseerd toekomstig energiesysteem. Een mogelijke oplossing om het aandeel van 
hernieuwbare energiebronnen in steden te vergroten, is de aanmoediging van burgers om 
energieproducent te worden. Burgers zullen dan veranderen van passieve elektriciteitsverbruikers in 
actieve elektriciteitsverbruikers door elektriciteitsproducent te worden: ΨǇǊƻǎǳƳŜǊΩ. Een ΨǇǊƻǎǳƳŜǊΩ kan 
worden gedefinieerd als: " een persoon die, of een huishouden dat niet alleen energie verbruikt, maar 
ook energie produceert op basis van hernieuwbare energiebronnen en waarbij het overtollige 
energieverbruik dat wordt opgewekt, wordt gedeeld met het energienet en / of met andere consumenten 
/ producenten in een community". In een prosumer community wordt een groot deel van de elektriciteit, 
warmte en koeling decentraal opgewekt, waarbij de vraag en het aanbod worden gecompenseerd door 
flexibiliteit in het energienetwerk.  
 
In eerder wetenschappelijk onderzoek is aangetoond dat de wereldwijde energie gerelateerde problemen 
niet opgelost kunnen worden door enkel technologische vooruitgang, maar dat het veranderen van het 
energiegedrag van de mens hiervoor essentieel is. Dit energiegedrag van de mens zou verschoven moeten 
worden naar een efficiëntere en duurzame richting. Om deze verschuiving te bewerkstelligen, is het van 
belang inzicht te krijgen in de doorslaggevende factoren van Nederlandse burgers om deel te nemen aan 
een prosumer community. Naast het onderzoeken van de doorslaggevende gedragsaspecten, richt dit 
onderzoek zich ook op de individuele en collectieve duurzame energietechnieken om een prosumer 
community te realiseren en wat de financiële consequenties hiervan zijn.  
 
Volgens de literatuur kunnen prosumer communties bijdragen aan het totale aandeel van hernieuwbare 
energie door energie te produceren en het overschot aan energie te delen met het energie net en / of 
met andere consumenten in een wijk. In dit onderzoek wordt een nieuw concept van een prosumer 
community geïntroduceerd als aanvulling op de huidige literatuur. In dit concept zijn de duurzame 
energietechnieken bepaald op basis van hoge energetische efficiëntie, algemene geschiktheid en 
toekomstpotentieel. Bovendien zijn, op basis van de ambitie van de Nederlandse overheid om meer 
onafhankelijk van het gas te worden, de duurzame energietechnieken volledig elektrisch aangedreven. 
Het doel van een prosumer community is om de gegenereerde energie zo veel mogelijk in de 
gemeenschap te houden. Wanneer er toch een overschot aan energie is, kunnen prosumers hun energie 
verkopen aan het gedecentraliseerde prosumer netwerk of het hoofdenergienet. Dit systeem kan worden 
gecombineerd met thuisbatterijen, waarin het mogelijk wordt om energieoverschotten op te slaan. Dit 
vermindert de noodzaak om energie uit het hoofdenergienet te importeren. Om de financiële 
consequenties van een prosumer community in te schatten, is een financiële analyse uitgevoerd. Uit deze 
financiële analyse is gebleken dat een prosumer community financieel niet rendabel is. De financiële 
haalbaarheid is namelijk afhankelijk van de stijging van de gasprijzen, de daling van de initiële 
investeringskosten en de aanmoediging van de Nederlandse overheid om te investeren in duurzame 
energietechnieken met een hoog energetisch rendement. 
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Om inzicht te krijgen in de doorslaggevende gedragsaspecten om deel te nemen aan een prosumer 
community, is er in dit onderzoek een keuze-experiment opgesteld en verspreid in de vorm van een 
enquête. In dit keuze experiment zijn twee alternatieven gepresenteerd aan de respondenten: eigen 
initiatief en uitbesteden van duurzame energietechnieken. Voor beide alternatieven zijn vier attributen 
uit de literatuur geselecteerd: financiële consequenties, deelname van de community, besturing van 
huishoudelijke apparaten en organisatorische betrokkenheid. Aan elk van deze attributen zijn drie niveaus 
toegewezen. Naast het keuze-experiment zijn er stellingen voorgelegd om inzicht te krijgen in de 
milieubewuste houding van de 184 respondenten.  
 
Uit de data is gebleken dat behalve voor het kenmerk geslacht,  de steekproef op basis van de sociaal-
demografische kenmerken niet representatief is voor de Nederlandse bevolking. De data van dit keuze 
experiment is geanalyseerd door een multinomial logit model te schatten. Als aanvulling is er een latent 
class model analyse uitgevoerd om clusters van individuen te identificeren die hetzelfde keuzegedrag 
delen. Als resultaat zijn hier twee clusters uit voortgekomen waarbij cluster 1 kan worden geïdentificeerd 
als enthousiastelingen en cluster 2 kan worden geïdentificeerd als conservatieven om deel te nemen aan 
een prosumer community op basis van sociaal-demografische kenmerken en een milieubewuste houding.  
 
Uit de resultaten van het multinomial logit methode kunnen meerdere conclusies worden getrokken. Ten 
eerste kan voor zowel het alternatief eigen initiatief als uitbesteden worden geconcludeerd dat mensen 
een voorkeur hebben voor de financiële consequenties van het installeren van alleen zonnepanelen in 
plaats van de financiële consequenties van een warmte-koude opslag en een thuisaccu. Daarnaast, kan 
voor beide alternatieven worden geconcludeerd dat er een duidelijke voorkeur bestaat voor het zelf 
bepalen wanneer huishoudelijke apparaten gebruikt worden, in plaats van een automatische besturing. 
Tevens zijn voor beide alternatieven mensen liever niet betrokken bij organisatorische activiteiten voor 
het opzetten en uitwerken van een prosumer community. Ten slotte kan voor het alternatief uitbesteding 
worden geconcludeerd dat mensen minder bereid zijn om deel te nemen aan een prosumer community 
wanneer slechts 25 procent van de community deelneemt. Voor beide alternatieven is er een voorkeur 
voor 75 procent deelname van de wijk bij deelname aan een prosumer community. 
 
Volgens de geschatte modellen kan worden geconcludeerd dat er steun is van Nederlandse burgers om 
hun eigen energie te op te wekken en energiebesparend gedrag aan te nemen. De mate van bereidheid 
om deel te nemen aan een prosumer community is echter in grote mate afhankelijk van de financiële 
consequenties, een aanzienlijke deelname van de community, het zelf willen bepalen wanneer  
huishoudelijke apparaten gebruikt worden in plaats van automatisch door een systeem, en een passieve 
betrokkenheid bij de organisatorische activiteiten. Verder is het van belang om te focussen op de sociaal-
demografische kenmerken en milieubewuste houding van individuen. Wat de sociaal-demografische 
kenmerken betreft, mensen tussen 21 en 40 jaar, die hoger opgeleid zijn, hun huis bezitten en zichzelf 
onderkennen als innovators, pioniers of voorlopers, worden aangemerkt als enthousiastelingen om deel 
te nemen aan een prosumer community. Bovendien, op basis van de stellingen, geven mensen die bereid 
zijn meer te betalen voor milieuvriendelijke maatregelen, de voorkeur onafhankelijk te zijn van grote 
energieleveranciers, bereid zijn om een milieuvriendelijkere levensstijl aan te nemen en liever gezien te 
worden met zonnepanelen op de woning meer bereid te zijn om deel te nemen aan een prosumer 
community. Al met al is de mate waarin Nederlandse burgers deelnemen aan een prosumer community 
afhankelijk van verschillende factoren; onder gunstige omstandigheden kan een  prosumer community 
haalbaar zijn. Om Nederlandse burgers aan te moedigen om deel te nemen aan een prosumer community, 
is het advies om de financiële barrière weg te nemen. Een gebouwde omgeving met een groot aantal 
prosumer communities kan een positieve bijdrage leveren aan energie neutrale steden door de uitstoot 
van broeikasgassen te verminderen en het aandeel van hernieuwbare energiebronnen te vergroten. 
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ABSTRACT 
 

Energy transition is becoming an urgent issue in the Netherlands. Cities are expected to become more 

important in transitioning towards decentralized future energy systems, in which there are new 

opportunities for local energy concepts. A potential solution to increase the share of renewable energy 

sources in cities is the encouragement of citizens to become energy producersΥ ΨǇǊƻǎǳƳŜǊǎΩΦ Lƴ ŀ ǇǊƻǎǳƳŜǊ 

community, energy is generated decentralized by renewable energy resources and the excess of energy 

is shared with the grid and/or with other prosumer/consumers in a community. However, ǘƘŜ ǿƻǊƭŘΩǎ 

energy-related problems cannot only be solved by technological advances, but changes in human 

behavior are essential. Therefore, the objective of this thesis is to gain insight in the decisive factors of 

Dutch citizens to participate in a prosumer community taking into consideration socio-demographic 

characteristics. In addition, a new concept of a prosumer community is introduced to the current 

literature in which energy efficient implementations are determined by their high energetic efficiency, 

general suitability and future potential. In this research, a stated choice experiment is applied in which 

data of 184 respondents is collected in the Netherlands. The estimated models show that the extent of 

willingness to participate in a prosumer community is significantly dependent on the financial 

consequences of implementing energy efficient measures, a large share of the community that is involved, 

own control of appliances instead of automatically by a system and less involvement in organizational 

activities. Furthermore, the results have proven that it is of importance to focus on people based on their 

socio-demographic characteristics and environmental conscious attitude. All in all, the extent of Dutch 

citizens to participate in a prosumer community is dependent on various factors; under favorable 

conditions, prosumer communities may be feasible. To encourage Dutch citizens for participating in a 

prosumer community, the first step would therefore be to take away the financial barrier. In conclusion, 

a built environment with a large share of prosumer communities can positively contribute to energy 

neutral cities by reducing the greenhouse gas emissions and increasing the share of renewable energy 

sources.  
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1 INTRODUCTION 
 

This chapter introduces the topic of the graduation thesis by defining the research problem, formulating 

the research questions, presenting the research model, explaining the scientific and societal relevance, 

and finally providing a reading guide for the report.   

 

1.1 CURRENT SITUATION 
Global climate control has emerged as an important international issue. Therefore, 195 countries agreed 

on the Paris Climate Agreement in 2015 which contains two main targets of 30% CO2 reduction in 2030 

and 80-95% CO2 reduction in 2050 (UNFCCC. Conference of the Parties (COP), 2015). As partner of the 

international community, the Netherlands is also required to achieve this goal. According to the Energy 

Agreement for Sustainable Growth (Sociaal-Economische Raad, 2013), the Dutch central government aims 

to reduce greenhouse gas emissions to zero by 2050. According to this agreement, the Dutch government 

ensures that the share of renewable energy sources will be 14% by 2020. In order to achieve this goal, the 

inadequate share of renewable energy sources should be expanded. This expansion is essential, because 

by comparing the current situation of the Netherlands with other European countries, it can be concluded 

that the Netherlands together with France are the farthest away from their national targets 

(Europadecentraal, 2017). By looking at this trend, it seems highly unlikely that they will achieve this goal. 

At the same time, the demand for energy in the world is continually rising. In combination with the 

expected population growth of 10 to 14 billion people by 2100, the global energy demand will almost 

double by 2050 (United Nations, 2004). This increase of demand is currently met by nonrenewable energy 

sources. However, society is facing the shrinking supply of scarce nonrenewable energy sources, which 

will not be able to meet the growing demand in the future. Alternative sources of renewable energy are 

required to meet the growing energy demand (Kesting & Bliek, 2013).  

 

1.2 PROBLEM DEFINITIION 
At present, the total share of renewable energy sources in the Netherlands is as little as 5.9 percent. 

According to the Central Bureau of Statistics, the share of renewable energy sources is increased in 2016 

by 5 percent, but the energy usage has also increased by 4 percent in 2016 (CBS, 2017). Due to the increase 

in energy usage, the share of renewable energy sources is suppressed. The increase in energy usage can 

be attributed to larger demand in comfort of citizens (Udalov et al.,2017). When looking at the total 

energy distribution of the Netherlands, the residential built environment accounts for almost one-fourth 

of the primary energy demand (ING Economisch Bureau, 2013). Therefore, the built environment can 

positively contribute to the aim of many cities to become energy neutral in 2050. In this context, cities are 

expected to become more important in transitioning towards a more diverse, low-carbon, co-operative 

and decentralized future energy system (Koirala, 2017) According to Koirala (2017, p. 224), in this future 

energy system, άlocal energy systems can potentially contribute to the efficient overall energy production 

and distribution and also help meeting climate objectives by helping reversal of energy consumption and 

emissions trendsέΦ By looking at the current energy policy for the built environment, the aim is to realize 

in 2020 only nearly zero-energy buildings. Therefore, integration of local generation, energy efficiency 

and demand side management are becoming increasingly important in the local energy landscape. In this 

local energy landscape, centralized coordinated power systems are transformed towards bottom-up 

decentralized low-carbon systems (Koirala, 2017). These developments contribute to new opportunities 
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for local energy concepts to provide smarter, flexible and integrated systems. Therefore, in this thesis, the 

focus is on mainly on residential consumers and the encouragement of collective bottom-up energy 

initiatives. 
 

A potential solution to increase the share of renewable energy sources in cities is the encouragement of 

citizens to become energy producers. Citizens need to change from being passive electricity consumers 

into active ones by becoming electricity producer-ŎƻƴǎǳƳŜǊǎΥ ΨǇǊƻǎǳƳŜǊǎΩ (Pal, Chelmis, Frincu, & 

Prasanna, 2016).  According to Zafar et al. (2017, p. 1) and many other researchers (Kesting et al., 2013; 

Prakashet al., 2015; Rathnayaka et al., 2014)Σ ǘƘŜ ǘŜǊƳ ƻŦ ǇǊƻǎǳƳŜǊ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎΥ άŀƴ ƛƴŘƛǾƛŘǳŀƭ ƻǊ ŀ 

household that will not only consume energy, but also produce energy by renewable energy resources 

ŀƴŘ ǎƘŀǊŜ ǘƘŜ ŜȄŎŜǎǎ ŜƴŜǊƎȅ ƎŜƴŜǊŀǘŜŘ ǿƛǘƘ ǘƘŜ ƎǊƛŘ ŀƴŘκƻǊ ǿƛǘƘ ƻǘƘŜǊ ŎƻƴǎǳƳŜǊǎ ƛƴ ŀ ŎƻƳƳǳƴƛǘȅέ. In a 

prosumer community, a large share of the electricity and heat is generated decentral, in which the 

demand and supply is matched by flexibility in the energy grid. The decentralized energy generated arises 

from the integration of renewable energy into buildings, which involves several technologies and 

infrastructures. These energy efficient implementations includes solar heating and cooling, low-energy or 

άǇŀǎǎƛǾŜέ ōǳƛƭŘƛƴƎǎΣ ŘƛǎǘǊƛŎǘ ƘŜŀǘƛƴƎ ŀƴŘ ŎƻƻƭƛƴƎΣ άōǳƛƭŘƛƴƎ-ƛƴǘŜƎǊŀǘŜŘέ ǎƻƭŀǊ t±Σ ŀƴŘ ǘƘŜǊƳŀƭ Ŝƴergy 

storage (Ren21, 2013). According to the renewables global futures report (2013), the decentralized 

renewable energy generated emerges in the future as a complex combination of on-site, mini-grid, and 

energy storage at all levels. 

 

However,  on a global scale, researchers and policy makers are looking extensively for new cost-effective 

solutions and new technology to increase household efficiency and conservation (Frederiks et al., 2015). 

However, according to Frederiks et al. (2015), these energy efficient implementations are required to 

reduce the extensive emissions of greenhouse gases, yet their net benefits have been overestimated. The 

ǿƻǊƭŘΩǎ ŜƴŜǊƎȅ-related problems cannot only be solved by technological advances, but changes in human 

behavior are essential. However, the problem occurs by the little attention that is paid to energy behavior 

of individuals. This behavior of individuals needs to be shifted towards more efficient and sustainable 

direction. In addition, Schweizer-Reis (2008) underlined that energy efficient technologies are developed 

to solve the problem, but finally the end-ǳǎŜǊǎ άŘŜŎƛŘŜέ ǿƘŜǘƘŜǊ ǘƘŜȅ ŀŘƻǇǘ ŀƴ energy-saving behavior 

and decrease their energy consumption.  

 

In the context of this thesis, local prosumer communities can be well-placed to identify local energy needs, 

establish and support of initiatives and bring people together to achieve a common goal (Koirala, 2017). 

However, still little research is conducted on the decisive motivational factors that influence peopleΩs 

decision to participate in a local energy system. Therefore, the objective of this thesis is to gain insight in 

the decisive factors of Dutch citizens to participate in a prosumer community. As a result, bottom-up 

initiatives can be encouraged with an area-based approach based on socio-demographic characteristics.  
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1.3 RESEARCH QUESTIONS  
Prosumer communities provide new opportunities for decentralized energy generation and new roles for 

citizens and communities. These local energy initiatives are essential for cities to become energy neutral 

and positively contribute to the renewable energy share of the Netherlands. This is in line with urgency 

for the Dutch government to achieve their renewable energy targets that are suppressed by the growing 

energy demand. Besides all technological opportunities and elaborations, the behavioral aspects are 

important to consider. As discussed, little research is conducted on the psychological aspects in 

combination with the socio-demographic characteristics. These factors might have a major influence on 

peopleΩs decision to participate in a local energy system as a prosumer community. For this thesis 

research, the following main question is examined:  

 

To what extent are Dutch citizens willing to participate in a prosumer community? 

 

The main question will be answered by the following sub-questions in Table 1: 

 
Table 1 Sub questions 

 

 

 

 

 

 

 

 

 Question: Methodology: 

   

SQ1. What are the technological needs to realize a prosumer community at the 

individual and community level? 

Literature review,  

interviews with experts 

of Sweco 

 

SQ2. To what extent can a prosumer community be financially optimized? 

 

Literature review, 

interviews with experts 

of Sweco 

 

SQ3. What are the decisive motivational factors for people to participate in a 

prosumer community? 

 

Stated choice 

experiment, literature 

review 

 

SQ4. To what extent is the willingness of Dutch citizens to participate in a prosumer 

community influenced by decisive motivational factors? 

Stated choice 

experiment 
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1.4 RESEARCH DESIGN 
In Figure 1, the research model of the graduation project is presented. As can be seen, the model is divided 

in three sub-divisions starting with the literature review. For a sufficient financial analysis, first research 

on the technical level is considered to gain insight in which energy efficient implementations are necessary 

at the individual and community level. For the research on both technical and financial aspects, the 

expertise of Sweco Nederland is considered. To finalize the literature review, research is elaborated on 

ǇŜƻǇƭŜΩǎ ŜƴŜǊƎȅ ŎǳǊǘŀƛƭƳŜƴǘ ŀƴŘ ƛƴǾŜǎǘƳŜƴǘ behavior. When the literature review is finished, the 

researched subjects are considered in designing the stated choice experiment. For the elaboration of the 

stated choice experiment, an online survey is developed and distributed. To analyze these results, a 

Multinomial Logit Model and Latent Class Model are estimated. Finally, when the complete research is 

conducted, scientific and societal conclusion are drawn to finalize the graduation project. 

  

 
Figure 1 Research model graduation project 
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1.5 SOCIETAL AND SCIENTIFIC RELEVANCE 

1.5.1 Societal relevance 
Today, the Dutch government is sharpening their policy to increase the share of renewable energy in the 

Netherlands. In their policy, goals are established to obtain energy neutral cities in 2050 and to become 

less dependent on the national gas resources. Because the built environment accounts for almost one-

third of the primary energy demand (RVO, 2015), a reduction is essential. Therefore, the government has 

already approved on restrictions on new developments from 2020 to meet the Nearly Energy Neutral 

Buildings (also called in Dutch: Bijna Energy Neutraal Gebouw BENG) requirements. These requirements 

can only be met when energy efficient implementations are applied in buildings. However, new residential 

development is a fraction of the total built environment and will not rapidly contribute towards energy 

neutral cities. To encourage this process, changes in the existing residential built environment are 

essential. To realize more energy efficient implementations in existing neighborhoods, citizens play an 

important role. Especially, when citizens not only implement for example solar panels by their own, but 

work together in a collective with their neighborhood. As can be imagined, people might be more willing 

to invest in energy efficient implementations when other neighbors are also participating. However, since 

today, no research is conducted on measuring the willingness of citizens to participate in a prosumer 

community in the context of the Dutch situation. Therefore, this research will give insight in ǇŜƻǇƭŜΩǎ 

decisive motivations to participate in a prosumer community is obtained.  

 

1.5.2 Scientific relevance 
As discussed, tƘŜ ǿƻǊƭŘΩǎ ŜƴŜǊƎȅ-related problems cannot only be solved by technological advances, but 

changes in human behavior are essential as well. However, relative little attention has been paid to energy 

behavior of individuals in the literature. This behavior of individuals needs to be shifted towards more 

efficient and sustainable direction (Frederiks et al., 2015). In the current literature, most research is 

conducted on energy-saving behavior and investment behavior in energy efficient implementations (Han 

et al, 2013; Yue et al., 2013). Additionally, research focuses more on individual motivations and 

considerations and less on how people can be encouraged to collectively set up an initiative as a prosumer 

community. A prosumer community is considered in the current literature as a solution for increasing the 

share of renewable energy and to achieve energy neutral cities (Kesting et al, 2013; Prakash et al., 2015; 

Rathnayaka et al., 2014; Zafar et al., 2017). Furthermore, the results of this thesis can also contribute to 

the research on financial optimization models, to examine how a prosumer community can be financially 

optimized. This is of importance because investing in energy efficient implementations is dependent on 

ǇŜƻǇƭŜΩǎ main motivation: financial consequences (Das et al., 2018; Frederiks et al., 2015; Wang et al., 

2011). In the literature, financial benefits are assigned as the most important decisive motivation of 

people to invest in energy efficient implementations. However, less research is conducted on how people 

act when there is an initiative in their neighborhood and which organizational role they prefer by 

participating. Therefore, future research in this field should focus more on behavioral aspects by 

encouraging energy efficient implementations. Therefore, the objective of this thesis is to gain insight in 

the decisive motivations of Dutch citizens and to encourage bottom-up initiatives with an area-based 

approach based on socio-demographic characteristics.  
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1.6 THESIS OUTLINE 

This thesis consist of seven chapters in which different topics are discussed and elaborated. The first 

chapter includes the problem statement and research objective that results in the research question. This 

chapter further discusses the scientific and societal relevance is of this research. Chapter 2 presents the 

scientific and relevant topics to define a prosumer community based on the current literature. 

Furthermore, the energy efficient implementations that are necessary at the collective and individual level 

are described and a new concept of a prosumer community is introduced. This chapter also describes the 

current policy of the Netherlands towards the encouragement of energy efficient implementations. When 

the technological needs are determined, the financial consequences need to be calculated. Therefore, 

chapter 3 discusses the price expectations for the future, investment strategies and provide a financial 

model to determine the financial consequences for three scenarios. To gain insight in the energy behavior 

of people, chapter 4 reviewed the current literature on decisive motivational factors and the influence of 

socio-demographic characteristics on the curtailment and investment behavior of people.  

 

Furthermore, in chapter 5 the research approach is explained for executing a stated choice experiment. 

The aim of this research approach is to provide information on why the choice experiment is selected and 

how it is set-up according to the methodology of Hensher et al. (2005). Based on the output of the 

questionnaire that is developed for the stated choice experiment, different statistical analyzes are 

conducted in chapter 6. In this chapter, results are analyzed by estimating a Multinomial Logit and Latent 

Class model to the stated choice behavior of respondents. Finally, the scientific and societal relevant 

conclusions are drawn in chapter 7. This chapter also discusses recommendations, based on the 

limitations of this project.  
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2 THEORETICAL FRAMEWORK 
 

This chapter presents the relevant and scientific subjects on prosumer communities based on the current 

literature. The chapter provides multiple definitions of developments and solutions that are proposed 

regarding to the concept of a prosumer community. Furthermore, the ambition towards energy neutral 

buildings of the Dutch government is described. Finally, the individual and collective energy efficient 

implementations are determined by their high energetic efficiency, general suitability and their future 

potential that are essential in realizing a prosumer community. By determining these implementations, a 

new concept of a prosumer community can be added to the existing literature.  

 

2.1 A PROSUMER COMMUNITY: THE DEFINITION 
In the last decades, the major paradigm shift in the energy grid concept is the change of electricity 

consumers from being passive consumers to become active ones by becoming electricity producer-

ŎƻƴǎǳƳŜǊǎΥ ΨǇǊƻǎǳƳŜǊǎΩ (Pal et al., 2016). According to Zafar et al. (2017, p. 1) and many other researchers 

(Kesting et al., 2013; Prakashet al., 2015; Rathnayaka et al., 2014), the term of prosumer can be defined 

ŀǎΥ άŀƴ ƛƴŘƛǾƛŘǳŀƭ ƻǊ ŀ ƘƻǳǎŜƘƻƭd that will not only consume energy, but also produce energy by renewable 

energy resources and share the excess of energy generated with the grid and/or with other consumers in 

ŀ ŎƻƳƳǳƴƛǘȅέΦ ! ǇǊƻǎǳƳŜǊ ǇǊƻŘǳŎŜǎΣ ǇǳǊŎƘŀǎŜǎ ŀƴŘ ŎƻƴǎǳƳŜǎ ŜƴŜǊƎȅ ǘƘŀǘ ƛǎ ŘŜǊƛǾŜd from renewable 

sources such as wind, solar or residual heat from biomass. By generating sustainable energy from 

renewable energy sources, prosumers can interact with the energy market because they want to sell / 

share their surplus with other consumers in the community, but can also be completely independent and 

self-serving by local storage devices. The concept of a prosumer is summarized in Figure 2.  

 Today, most prosumers are individually connected to the utility grid. A major disadvantage is the 

exclusion of individual prosumers to the wholesale energy market of ENDEX, APX and IMBAL that is caused 

by their perceived inefficiency and unreliability. The exclusion can be attributed to the unpredictable 

supply of renewable energy sources by uncertain weather conditions to compete with non-renewable 

power generators. Secondly, to speed up the process of realizing more energy neutral cities and achieving 

the renewable energy goals by the Dutch government, more people need to be encouraged to become a 

prosumer.  Rathanayaka et al. (2014) propose a prosumer 

community group (PCG) as a possible solution. The term in their 

ǊŜǎŜŀǊŎƘ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άŀ ƴŜǘǿƻǊƪ ƻŦ ǇǊƻǎǳƳŜǊǎΣ ƘŀǾƛƴƎ 

relatively similar energy sharing behaviors, who endeavor to 

pursue a mutual goal and jointly compete in the energy 

marƪŜǘέΦ .ŜŎŀǳǎŜ ƻŦ ǘƘŜ ŀŎŎǳƳǳƭŀǘŜŘ ǉǳŀƴǘƛǘȅ ƻŦ ǇǊƻǎǳƳŜǊǎΣ 

the share of the renewable energy generation increases and 

people in the community can manage their own demand and 

supply. In addition, the negotiation power of prosumers results 

in the elimination of the exclusion from the energy market.  

 

  

Figure 2 Prosumer concept 
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2.2 SMART ENERGY GRID 
 

2.2.1 Smart grid for prosumers 
To realize a reliable bi-directional flow in the energy grid for prosumers, a different approach in the energy 

grid is essential. Originally, the energy in the electricity grid flows from the central power plant to the 

consumers, in which reliability is ensured by preserving surplus capacity. However, this one directional 

flow within the grid is an incompetent system that a foremost emitter of greenhouse gases, consumer of 

fossil fuels and not well suited for renewable energy sources (Ali, 2013). In addition, the power grid is 

facing new challenges by sustaining the higher demands and reliability concerns. In recent years, there 

has been a major paradigm shift in the way electricity is generated, transmitted and consumed by the use 

of more renewable energy sources. By facing all challenges and future developments, the grid needed to 

be transformed into a more efficient, reliable and communication-rich system (Ali, 2013). To realize a bi-

directional energy flow between the energy users and the utility grid, the concept of smart grid has been 

proposed (Rathnayaka et al., 2014). According to many researchers (Ali, 2013; Rathnayaka, Potdar et al., 

2014; Zafar et al., 2017), the concept of Smart Grid is a potential system to address all the above 

challenges. Zafar et al. (2017) ŘŜŦƛƴŜǎ ŀ ǎƳŀǊǘ ƎǊƛŘ ŀǎ άŀƴ ŀŘǾŀƴŎŜŘ ǇƻǿŜǊ ǎȅǎǘŜƳ ǿƛǘƘ ƛƴǘŜƎǊŀǘŜŘ 

communication infrastructure to enable bi-ŘƛǊŜŎǘƛƻƴŀƭ Ŧƭƻǿ ƻŦ ŜƴŜǊƎȅ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴέΦ ¢ƘŜ ōƛ-directional 

flow ensures that electricity and information can be exchanged between the utility and the customer. 

Furthermore, the system can be managed at both the demand and supply side. The smart grid system can 

also monitor energy behavior and actions of all users connected in order to deliver sustainable balance in 

supply and demand (Rathnayaka et al., 2014). According to Ali (2013) in his book Smart Grids: 

Opportunities, Developments, and Trends, smart grid is an opportunity to use new information and 

communication technologies (ICTs) which offers a greater monitoring and control. This concept increases 

the electricity efficiency and provides more insight in the energy usage, by increasing the awareness for 

consumers about their usage (Rodríguez-Molina et al., 2014). Table 2 shows the significant changes that 

are expected by implementing smart grid compared to the traditional grid.  

 
Table 2 Smart grid compared  (Rodríguez-Molina et al., 2014) 

Environment Without Smart Grid With Smart Grid 

Data Offline,  scarce data 

One-way stream 
 

Online, abundant data (big data) 

Two-way interchange 

Business models Producers and consumers 

Static business models 
 

Prosumers 

Dynamic business models 

Energy Focus on fossil-based 

Non-renewable energies 

Centralized energy production 
 

Focus on renewable energies 

Distributed energy production 

 

Information and 

communication 

technologies 

Weak preventive mechanisms 

Little use of information and 

communication technologies 

Infrastructure with scarce intelligence 

Strong preventive mechanisms 

Widespread use of information and 

communication technologies 

Information inference and decision making 

features 
 

Agents Reduced amount of participating agents Potentially huge amount of participating 

agents 
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2.2.2 Virtual power plants or micro-grids? 
As described, the power network is based on radial topology in which one generator is attached to many 

consumers by large high-voltage and long-distance transmission networks (Platt et al., 2012). This 

traditional network is not appropriate for prosumer community groups, because of the one-directional 

flow. In literature two energy sharing processes in electrical infrastructure solutions are proposed to 

connect prosumer community groups by smart grids: Virtual Power Plants or Micro-Grids. In literature a 

Virtual Power Plant is identified as a group of distributed energy recourses with an aggregated capacity. 

The major advantage of a VPP in contrast to an individual prosumer is that VPPs can communicate with 

the balance responsible party and even negotiate with different distributed energy sources. There are two 

types of VPP management infrastructures, namely: centralized architecture and decentralized 

architecture. First, centralized architecture in which grid-connected prosumers are controlled by a 

centralized controller. This centralized controller is responsible for capturing and analyzing power flow 

information and compose decisions accordingly to the control of the prosumer.  In contrast, decentralized 

architecture is independent from a central controller and empowers participating prosumers to 

autonomously perform certain communications and decision making tasks (Rathnayaka, 2014). The 

second energy sharing electrical infrastructure of prosumer community groups is a micro-grid. A micro-

grid can be identified as a localized connection of distributed energy resources by a committed 

infrastructure. Despite the similar concept of the micro-grid and VPP, there is a difference. Micro-grids 

are more concerned with locality because of their smaller size, while VPPs can vary from small to large 

sizes and are more focused on large scale energy sharing. However, in the concept of micro-grids 

compared to VPPs, transaction costs are lower which can be contributed to the lesser number of 

intermediary parties. Furthermore, a major shortcoming in both concepts of prosumer community groups 

is in the dedicated technical infrastructure. This is caused by the fixed architecture that results in 

inflexibility by removing or adding a prosumer to the grid (Rathnayaka et al., 2014).  

 

2.2.3 Controlling demand and supply of energy 
By implementing a smart grid bi-directional flow of information, prosumers can gain detailed insight into 

their energy production and consumption by information communication technologies (ICT). These ICT 

ǎƻƭǳǘƛƻƴǎ ŀǊŜ ŎŀƭƭŜŘ ΨǎƳŀǊǘ ƳŜǘŜǊƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΩ. According to Leiva et al. (2016) smart metering 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ό{aLύ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎ άŀƴ ŜƭŜŎǘǊƻƴƛŎ ǎȅǎǘŜƳ ǘƘŀǘ ƛǎ ŎŀǇŀōƭŜ ƻŦ ƳŜŀǎǳǊƛƴƎ ŜƴŜǊƎȅ 

consumption while providing more information than a conventional meter and that can transmit and 

receive data using a form of electǊƻƴƛŎ ŎƻƳƳǳƴƛŎŀǘƛƻƴέΦ  According to Leiva et al. smart metering 

infrastructure allows gaining information of energy consumption in an objective and transparent manner.  

By gaining detailed information, people can evaluate their energy consumption and production profiles 

as prosumers. The monitored data can for example be visualized by in-home wall displays, smart phone 

apps or computers. By actively using the visualized data, end-users can easily access their consumption 

and production data which lead to an average energy ǎŀǾƛƴƎ ƻŦ о҈ ōȅ ŎƘŀƴƎŜǎ ƛƴ ǇŜƻǇƭŜΩǎ ŜƴŜǊƎȅ behavior 

(Vringer & Dassen, 2016). According to Kesting and Bliek (Kesting & Bliek, 2013), the detailed energy 

information can also be shared with other users ƛƴ ǘƘŜ ƴŜƛƎƘōƻǊƘƻƻŘΦ .ȅ ŎƻƳǇŀǊƛƴƎ ǇŜƻǇƭŜΩǎ ŜƴŜǊƎȅ 

consumption with the average of, for example, the whole prosumer community, consumers can be 

enticed to reduce their own energy consumption.  
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Next to the energy-saving potential, there is a large potential for smart metering infrastructure on the 

technical aspect. A smart meter replaces the traditional gas and electricity meters and also registers a 

possible energy supply. The network operator can automatically and remotely read the meter data using 

ICT and can better control demand and supply (Vringer & Dassen, 2016). When looking at the household 

level of Dutch households, almost 3 million smart meters are already installed, which is almost 40% of the 

total households. This development can be contributed to the decision of the Dutch government to install 

a smart meter in all 7.8 million households. In 2020 all households should have a smart meter, which was 

intended to lead to an average saving of 3.5%. However, in November 2016 the planning agency for the 

living environment concluded that the energy saving of installing smart meters is hardly 1%. Still, the 

Dutch government continues with the implementation and considers the in-home displays as a more 

potential solution. According to the research of Vringer and Dassen (2016), the progress of in-home 

displays should be expanded, because of their major potential savings. The savings when all Dutch 

households would install an in-home display, is estimated to a saving of 1.500.000.000 kWh per year. In 

addition, Vringer and Dassen (2016) examined that in-home displays can level the unpredictability of solar 

and wind energy.    

 

When prosumers reduce their energy consumption by Smart Metering Infrastruture solutions, there 

might arise an energy surplus. This energy surplus can be distributed to the energy grid, in which 

prosumers can sell their energy to people who prefer sustainable energy. The mechanism of selling the 

surplus is arranged by demand side management. According to (Razzaq et al., 2016, p. 2), demand side 

ƳŀƴŀƎŜƳŜƴǘ ό5{aύ ƛǎ άŀ ŘŜǾŜƭƻǇŜŘ ǘƻƻƭ ŦƻǊ ƭƻŀŘ ǎƘƛŦǘƛƴƎ ǘƻ ƻŦŦ-peak hours in order to fulfill the energy 

ŘŜƳŀƴŘ ŀǎ ǿŜƭƭ ŀǎ ƳƛƴƛƳƛȊŜ ǘƘŜ ŜƴŜǊƎȅ ŎƻǎǘΣ ǿƘƛŎƘ ǊŜǎǳƭǘǎ ƛƴ ŀ ōŀƭŀƴŎŜŘ ǇƻǿŜǊ ǇǊƻŘǳŎǘƛƻƴ ŎǳǊǾŜέΦ !ƭƛ 

(2013) states that with the expected increase in PV panels, the supply power may fluctuate by changes in 

the weather characteristics. This imbalance between demand and supply leads to fluctuations in the 

system frequency and may negatively affect user appliances and power outage. This issue can be solved 

by the second major element of DSM, which are demand-supply control technologies and storage devices. 

Because the energy from peak hours is stored, the need for energy from the main energy grid is reduced. 

DSM can be implemented by introducing price dependent time slots and reduced energy consumption 

during peak hours (Razzaq et al., 2016). According to Behrangrad (2015) the activities of DSM can be 

ŎƭŀǎǎƛŦƛŜŘ ƛƴǘƻ ά9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ ό99ύέ ŀƴŘ ά5ŜƳŀƴŘ wŜǎǇƻƴǎŜ ό5wύέΦ 9ƴŜǊƎȅ ŜŦficiency reduces the energy 

required for the provision of services or products and Demand Response changes peopleΩs energy 

consumption patterns in response to changes in energy prices over time, or by incentive payments 

designed to persuade people lower electricity use at times of high wholesale market prices (Behrangrad, 

2015). As an example of DR, a consumer can reduce their non-critical energy loads when they know that 

the electricity price will be considerable higher. This system increases the financial attractiveness for 

people to become prosumer, especially when the nonrenewable energy prices will rise.  

 

2.3 AMBITION DUTCH GOVERNMENT 
Next to the current developments in technology that are explained in the literature, the Dutch 

government has also ambitions regarding energy transition. These ambitions result in new proposed 

regulations for the next coming decades. The Dutch government aims to decrease the primary fossil 

energy usage and to encourage the implementation of the energy efficient installations. In their policy, 

dwellings built from 2020 are obliged to meet the nearly Zero Energy Buildings (nZEB) requirements, also 



27 
 

ƪƴƻǿƴ ƛƴ 5ǳǘŎƘ ŀǎ ά.ƛƧƴŀ 9ƴŜǊƎƛŜ bŜǳǘǊŀŀƭ DŜōƻǳǿ ό.9bDύέΦ Lƴ нлмрΣ ŀƴ ƛƳǇƻǊǘŀƴǘ ƛƴǘŜǊƳŜŘƛŀǘŜ ǎǘŜǇ ƛǎ 

established in which the energy performance coefficient (EPC) for homes is adjusted from 0.6 to 0.4. This 

objective applies to building-related energy use, including: heating, domestic hot water, ventilation, 

cooling and lighting (RVO, 2014). For all new buildings after 1 January 2020, the permit applications must 

comply with the requirements for almost zero-energy buildings (BENG). In BENG, the energy performance 

of a building is measured by three indicators: the energy needs of a building, the primary fossil energy use 

and the share of renewable energy. Individual requirements are determined for these indicators in which 

they will replace the requirements of the current EPC. In Table 3 the requirements for the BENG indicators 

are defined. The requirements of BENG are the result of the Energy Agreement for sustainable growth 

and the European directive EPBD and are only focused on building-related energy flows (Bouwens, 2017).  

 

Besides the EPC and the BENG at the building level, there is an energy performance coefficient for districts: 

NVN 7125 - EMG. The energy performance coefficient for energy efficient implementations at the district 

level (EMG) is since 2012 the standard for collective energy efficient solutions. Dwellings in a district can 

achieve a lower EPC when there are energy efficient implementations at the district level. However, to 

prevent that building with a collective energy supply incorrectly meet the EPC-requirements, for example 

in the case of insufficient insulation, the EPC of a building may maximally increase by one third. 

 
Table 3  Requirements per BENG indicator 

 Indicator Definition Requirements Achieve requirements by: 

BENG 1 

 
 

Energy needs Need for energy for heating 
and cooling. 
Note: due to the risk of overheating, 
becomes a fictitious surcharge 
calculated for 'summer comfort'. 

Up to 25 
kWh / m2 
per year 
thermal 

Urban design, orientation, compact 
design, shell insulation, 
airtightness, summer night 
ventilation, ventilation system, 
sun protection 

 

BENG 2 

 
 

Primary fossil 
energy use 

The amount of fossil fuel used for 
heating, cooling, hot water and 
installations. 
 

Up to 25 
kWh/m2  
per year 
primary fossil 

Efficient installations, heat output 
at low temperature, 
hot water with short pipes and heat 
recovery, application renewable 
energy (also BENG 3). 
 

BENG 3 

 

Share of 
renewable 
energy 

The amount of renewable 
energy divided by the total 
primary energy use (fossil + 
renewable). 

At least 50% Application of PV, solar water 
heater, soil energy, ambient heat, 
biomass, external heat supply (if 
renewable). 

 

The second important ambition of the Dutch government is the abolition of the obligation to connect to 

the gas network for new residential dwellings. Recently, the house of representatives has passed the law 

progress energy transition (also called in Dutch: Wet Voortgang Energietransitie (VET) ), in which the legal 

obligation for network operators for the connection of gas (obligation to connect) is abolished with this 

law. When the Dutch Senate also decides to pass the law proposal, there will be no new residential 

dwellings connected to the gas network. In the VET, households have the right to an alternative energy 

supply, such as connection to a heating network or a heavier electricity grid.  The abolition is of importance 

because today, seven million households, companies and institutions are connected to the approximately 

130,000 kilometers of gas pipeline that distributes Groningen gas over the Netherlands. For the coming 

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwib84bxvLTZAhWG66QKHTqaDBkQjRwIBw&url=http://infographics.rvo.nl/beng/&psig=AOvVaw2M6ipxLUt1kpaz7N406avq&ust=1519215422821100
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years, the construction of more than 40,000 new homes is planned each year. Last year Nature and 

Environment calculated that if 230,000 homes are built gas-free in the next five years, this amounts to an 

annual saving of 230 million cubic meters of natural gas (Graaf, 2018). For this research, it is assumed that 

prosumer communities have no connection to the gas network. Therefore, all gas powered systems, for 

example combined heat and power (CHP) systems, are not elaborated.  

 

2.4 ELABORATION OF A PROSUMER COMMUNITY 
In the previous sections, the theoretical background on prosumer communities and the ambition of the 

Dutch government is explained. In so farΣ {vмΥ άWhat are the technological needs to realize a prosumer 

community at the individual and community level?έ need to be answered. Therefore, the objective of this 

section is to present how a prosumer community can be realized in the Netherlands based on the Dutch 

ambitions and regulations. Furthermore, this section focusses on energy efficient implementations that 

are selected on their high energetic efficiency and their potential regarding future developments as an 

addition to examples in the current literature. Finally, the aim of this section is to increase the 

understandability of prosumer community into a practical case.  

 

2.4.1 Energy efficient implementations district and individual level 
When the architectural and urban design of a building or district cannot be designed more efficient, 

renewable energy sources can be implemented. In this section, energy efficient implementations are 

determined that can be applied to new dwellings. The objective is to gain insight in the most energy 

efficient implementations at the individual and community level to minimize the heating, cooling and 

electricity demand of dwellings. The implementations are discussed on their high energetic efficiency, 

their general suitability and future expectations to be implemented in a prosumer community. 

Furthermore, the aim is that a prosumer community is full-electric powered, which means that there is 

no gas demand. This section starts with overcoming the heating and cooling demand in which an 

underground thermal energy storage is proposed. In comparison with other energy efficient 

implementations, this system have a high energetic efficiency for the heating and cooling demand. The 

energetic efficiency is a ratio between the outgoing useful energy and the energy that goes into it, in 

which 100% thermal efficiency is the base. When for example calculating the heating demand, the 

underground thermal energy storage system has an energetic efficiency of 450%. This means that per 

kWh that goes into it, 4.5 kWh can be obtained. In contrast, by calculating the space heating demand for 

a gas boiler, the thermal efficiency is 90%. This means that per m3 gas that goes into it, 0.9 m3 gas can be 

obtained, which indicates that more m3 gas is necessary to meet the heating demand of the dwelling. To 

power this system by electricity and meet the energy consumption demand of households, solar panels 

are proposed. Finally, in-home batteries are recommended for storing the residual electricity during the 

daily fluctuations of PV panels and selling the residual electricity to other prosumers in the grid. These 

implementations are discussed in this section. However, it is assumed that the decentralized generation 

of energy in prosumer community cannot be 100 percent self-providing. Therefore, it is assumed that at 

least 20 percent of the energy is imported from the energy grid.  

 

Underground Thermal Energy Storage 
To overcome the heat demand of a prosumer community, an underground thermal energy storage (UTES) 

system can be implemented. UTES is a high energetic efficiency system that uses natural underground 

sites for storing thermal energy for seasonal purposes. The ground and groundwater are suitable for 
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extracting heat during the winter and cold during the summer. The ground below 10-15 meter is not 

influenced and equals to the annual mean air temperature (K. S. Lee, 2013). According to Kun Sang (2013), 

the difference between the outside air and the ground can be applied as preheating in winter and 

precooling in summer by using a ground heat exchanger. In winter, this heat exchanger is of high efficiency 

and pumps the heat into the conditioned space. In summer, the process is reversed in which the heat 

pump extract heat from the conditioned space and pumps it by a heat exchanger into the relative cool 

ground. Because this system has a substantial impact when implemented in existing dwellings, it is 

assumed that this system is only realized in new built dwellings. Furthermore, this system is in line with 

the assumption of this research by having a higher energetic performance and efficiency. Especially, 

because the UTES system is the only suitable system that can overcome the cooling demand more efficient 

by comparing it to the alternatives, for example an air-water heat pump. The UTES includes the following 

two systems: Aquifer Thermal Energy Storage (ATES) for collective usage and Borehole Thermal Energy 

Storage (BTES) for individual usage.  

 

Based on the energy performance, a subsidy for a heat pump can be claimed between 1.000 and 2.500 

euro. This subsidy is provided by the investment subsidy for sustainable energy (ISDE) financed by the 

Dutch government. However, for both Aquifer Thermal Energy Storage (ATES) as Borehole Thermal Energy 

Storage (BTES) no subsidy can be claimed. The two systems are explained below.  

 

Aquifer Thermal Energy Storage (ATES) 

Aquifer Thermal Energy Storage (ATES) is an open-loop collective system that extract groundwater from 

aquifers using a water well for energy storage (Figure 3). In this system, the heated and cooled 

groundwater is stored in the ground to enhance heating and cooling mode cycles (K. S. Lee, 2013). The 

ATES system works as follows: the natural cold of the winter that is stored in aquifers, can be used in 

summer for cooling purposes. The system requires a warm well and a cold well to store the thermal energy 

seasonally. When there is a cooling demand, cold water is extracted from the cold well and is then 

returned to the warm well at a higher temperature. When there is a heating demand, water is extracted 

from the warm well and is elevated in temperature by a heat pump. After the heating load is provided, 

water returns to the lower temperature cold well (Nordell et al., 2015). The ATES system can be designed 

for individual installation at large building, for example apartments and large buildings and collective 

installation of neighborhoods. However, the municipality or an individual company need to provide land 

to exploit the aquifers and being the owner. In addition, the ATES system is barely realized individually in 

dwellings because of high initial 

investment and maintenance costs. 

Therefore, as a rule of thumb, the 

electric power for an ATES system is at 

least 70 kW. The ATES system is mainly 

used in neighborhoods with at least 120 

dwellings. For a collective installation, 

groundwater from a collective aquifer is 

supplied to multiple dwellings in which 

central heat is generated and distributed 

via one network to the users.  

 
Figure 3 Aquifer thermal energy storage (ATES) system 
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Borehole Thermal Energy Storage (BTES) 

The second system that can be considered when it is not possible to exploit an aquifer, is a Borehole 

Thermal Energy Storage (BTES) system (Figure 4). In this system, vertical ground heat exchangers are 

inserted into the underground, in which thermal energy is transferred toward the ground (K. S. Lee, 2013). 

In a closed loop, a mixture of water and antifreeze is pumped through the borehole heat exchangers. The 

system provides a seasonal process to meet the heating and cooling demand. In summer, the cold water 

is extracted from the soil and distributed through a heat pump, which meets the cooling demand in the 

building (Mangold & Deschaintre, 2015). The cold water from the aquifer is warmed by the heat of the 

dwelling and is subsequently drained through the same closed-loop. The residual summer heat is 

distributed by a heat pump and is drained to the soil, which is warmed-up. In the winter, the heat from 

the soil is extracted, heated by a heat pump and is released to the dwelling. This process is the same when 

there is a demand for warm tap water, for example showering. This warm water is saved in a boiler barrel 

for direct usage. The residual winter cold is distributed 

through the same closed-loop and is drained to the soil. 

The soil is therefore cooled and will be used in the summer 

for the cooling of the dwelling. The BTES closed-loop 

system is more suitable for individual installation at 

dwellings, in which the energy power is below 70 kW. 

Sharing of a closed-loop with neighbors is not possible 

because of property-ownership implications of the land. 

Furthermore, due to a larger energy demand, the source is 

more rapidly depreciated and it is unknown which dwelling 

demanded the most energy. In comparison to an ATES 

system, the initial cost of a BTES system are lower and the 

closed-loop needs no maintenance.  

 

Photovoltaic panels  

To provide electricity for the heat pump and the daily energy consumption of households, photovoltaic 

(PV) panels are a potential solution for the generation of energy. The major benefit of PV panels is that 

the sunlight can be directly converted into electricity. With a radiation efficiency of 22%, PV panels are 

highly suitable for households (Sharma et al., 2015). At present, 600.000 dwellings have solar panels 

installed, which accounts for 5 percent of the nine million dwellings in the Netherlands. This number is 

limited because it contributes for slightly 2 percent of the total energy demand of the Netherlands. Solar 

panels can both be applied at the individual and district level. The most common use of PV panels is at 

the individual household level, in which people install panels on their roof. For consumers, solar panels 

are financially attractive because of their short payback period of 6 to 8 years and a tax rebate can be 

claimed on the investment. According to the RVO (2018), if a private individual purchases solar panels, 

the VAT from the Tax and Customs Administration on purchase and installation (21 percent) can be 

reclaimed. Despite all the advantages, this energy has a few limitations. First, PV panels are dependent on 

sunlight and will therefore daily fluctuate in intensity and radiant energy. The intensity and radiation are 

also influenced by the season or by the position of the dwelling (Sharma et al., 2015). Secondly, the 

ƛƴǾŜǎǘƳŜƴǘ ƛƴ t± ǇŀƴŜƭǎ ƛǎ ǊŜŀǎƻƴŀōƭŜ ƘƛƎƘ ŘŜǎǇƛǘŜ ǘƘŜ ǎƘƻǊǘ ǇŀȅōŀŎƪ ǇŜǊƛƻŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ΨǎŀƭŘŜǊŜƴΩ 

policy. By this regulation, the generated energy by solar panels is subtracted to the amount of energy a 

Figure 4 Borehole thermal energy storage (BTES) 
system 



31 
 

household uses that year at the same rate. 

For example: if a household consumes 

3,500 kWh and their solar panels 

generated 1.250 kWh, the annual account 

is for 2,250 (3,500 ς 1,250). However, this 

regulation seems to be abolished by the 

government in the near future and 

changed to a feed-in fee per generated 

kWh. Because the generation and use of 

energy differs over time (see Figure 5), a 

potential solution is the storage of energy 

to re-use it at a different time.  

  

In-home batteries 

To store the residual electricity during the daily fluctuations of PV panels, in-home batteries are a potential 

solution. Ranjan Pal et al. (2016) propose energy storage devices as a possible solution to accompany 

renewable energy sources (such as the Powerwall battery for residences recently introduced by Tesla). 

These devices are environment friendly and a cost effective way to tackle this challenge. In addition, the 

capability of a storage can be exploited to shift energy across times. The increase in control during 

fluctuation in renewable energy generation lead to a power balance in the Smart Grid. Wurtz et al. (2017) 

provide at the level of micro-grid of the building an extra component in which the storage energy can be 

used for mobility by recharging batteries of electrical vehicles connected to home and dwellings. In a 

prosumer comm unity, storage devices can be implemented at the individual and collective level. 

However, individual in-home batteries are reasonable expensive, have a long payback time of 16 years 

and no subsidy can be claimed. Therefore, in-home batteries are still not financially attractive to invest in. 

The investment can be reduced by purchasing a large storage device by collective consumers for multiple 

dwellings or for the whole neighborhood. Today, these devices are not financially interesting, but there 

are factors in the future that will positively change the payback period. These factors are for example:  

rising energy prices, falling prices of in-ƘƻƳŜ ōŀǘǘŜǊƛŜǎΣ ŀōƻƭƛǘƛƻƴ ƻŦ ǘƘŜ ΨǎŀƭŘŜǊŜƴΩ ǇƻƭƛŎȅ ŀŦǘŜǊ нлнл ŀƴŘ 

the increase in feeling independent from large energy suppliers.  

 

2.4.2 A SMART PROSUMER COMMUNITY  
For the energy efficient implementations at the technical level, assumptions will be made regarding a 

prosumer community, both at the individual and collective level. At the collective level, the heating and 

cooling demand of a dwelling can be generated by an aquifer thermal energy storage system. However, 

in this research, it is not assumed that there is an operator that exploits land for a collective aquifer for 

elaborating a prosumer community. Therefore, it is assumed that each dwelling in a prosumer community 

has an individual closed-loop borehole thermal energy storage system for its own heating and cooling 

demand. In the individual closed-loop system, the heat and cooling is extracted by a heat pump. The 

electricity demand for the heat pump and the household consumption is mainly generated by solar panels 

that are implemented at each dwelling. Due to the imbalance during the day, the electricity of the solar 

panels is distributed to an in-home battery. The aim of the in-home battery is to provide energy to the 

community during non-peak hours.  

 

Figure 5 Energy balance at sunny day 
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In Figure 6, the concept of a prosumer community is visualized. As can be seen, dwellings are connected 

to the energy grid. This decentralized energy grid is used as a SMART energy grid in which dwellings 

exchange energy to each other, which is in line with the aim to keep the produced energy within the 

community. To improve the current energy net to a smart grid, SMART demand side software is installed 

to control the production and consumption of energy. This software controls the energy that is generated 

by solar panels and the current charge status of the batteries. When for example, the battery of dwelling 

A is charged by the solar panels of dwelling A, the system transports the remaining energy to the battery 

of dwelling B, which is for example not completely charged. In this way, dwelling A purchases its energy 

to dwelling B. The financial savings can be obtained by selling the energy in the community for at least 

20% lower than the current energy prices. The assumption is that energy is only imported from the main 

energy grid by the community when all batteries are depleted and the energy generated by the solar 

panels cannot meet the energy demand. Especially, during winter periods, energy need to be imported 

from the main grid. In the figure, the energy connection to the main energy grid outside the decentralized 

community is visualized. The aim is to import as less energy as possible to avoid purchasing of more energy 

from the main energy grid. In this thesis, the ethical aspects and legal regulations of the consumer and 

market authority and energy network operator are not included, the focus is only on the technical 

feasibility at the individual and community level.  In a prosumer community it is not mandatory to include 

all energy efficient implementations. However, it is required that households contribute to the community 

by supplying energy to the decentralized SMART grid. Still, an equally divided community with in-home 

batteries is essential to prevent too much importing of energy to the decentralized SMART grid. 

Households which do not apply all energy efficient measures, have lower initial investment costs, but are 

compulsory to purchase more energy from the grid.  

 

By comparing this concept of a prosumer community with the existing literature, this concept broadly 

corresponds, but distinguishes itself in being full-electric powered. First, by focusing on how the heating 

and cooling demand is elaborated, dwellings in the PowerMatching City (Kesting & Bliek, 2013) include a 

small-scale combined heat and power(˃CHP) unit that is powered by gas and in the Prosumer Community 

Denmark (Hansen & Hauge, 2017) bio-mass 

is used for heating and the cooling demand 

is met by an airco unit. In comparison to the 

borehole thermal energy storage system, 

the energetic efficiency of the BTES system 

is higher, no extra system need to be 

installed to overcome the cooling demand 

and no external sources (gas, biomass) have 

to be used. Furthermore, by focusing on the 

electricity generation, all concepts state 

that solar panels are the most suitable 

solution and need to be installed at the 

dwellings in the community. Moreover, 

storage devices are also included in the 

PowerMatching city to maintain the 

generated energy as much as possible 

within in the community. In both examples, Figure 6 Prosumer community concept 
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demand side management software is installed in the community to manage the supply and demand of 

the energy. However, both examples also state that being complete independent from the main energy 

grid is not possible because of seasonal fluctuations that have a negative effect on the energy generated. 

All in all, the concept of a prosumer community described in this research adds a new elaboration to the 

existing literature in being full-electric powered to overcome the heating, cooling and electricity demand.  

 

2.5 CONCLUSION 
As stated in the literature, a prosumer community can contribute to the total share of renewable energy 

by producing energy and sharing the excess of energy generated with the grid and/or with other 

consumers in a community. By looking at the technical infrastructure of a prosumer community, the 

concept of smart grid is explained in the literature as a suitable solution. Smart grid is an advanced power 

system with integrated communication infrastructure to enable bi-directional flow of energy and 

ƛƴŦƻǊƳŀǘƛƻƴΣ ǿƘƛŎƘ ƻŦŦŜǊǎ ŀ ƎǊŜŀǘŜǊ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ŎƻƴǘǊƻƭ ƻŦ ǇŜƻǇƭŜΩǎ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΦ ¢ƘŜ ŘŜǘŀƛƭŜŘ 

information can be obtained by smart metering infrastructure solutions. This system is capable of 

measuring energy consumption while providing more information than a conventional meter and that can 

transmit and receive data using a form of electronic communication. By gaining detailed information, 

people can evaluate their energy consumption and production profiles as prosumers. Due to these 

insights, consumers can be enticed to reduce their own energy consumption. Next to the energy-saving 

potential, there is a large potential for smart metering infrastructure. Additionally, the network operator 

can better control the supply and demand by using the detailed information of energy consumption and 

production. The objective of a prosumer community is to maintain the energy generated as much as 

possible in the community. By implementing demand side management software in a prosumer 

community, the production and consumption of energy in the neighborhood can be managed. When 

there is an excess of energy, prosumers can sell their energy to people who prefer sustainable energy. 

This system can be combined with storage devices, in which it becomes possible to store energy surplus. 

This reduces the need for importing energy from the main energy grid. Finally, a new concept of a 

prosumer community is introduced as an addition to the current literature. In this concept, the energy 

efficient implementations are determined by their high energetic efficiency, general suitability and future 

potential. Furthermore, based on the ambition of the Dutch government to become more independent 

from the gas, the implementations in the introduced prosumer community are full-electric powered. As 

can be concluded from the literature, prosumer communities are a potential solution to implement in 

future neighborhoods and can contribute to a new technical energy infrastructure.   
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3 FINANCIAL CONSEQUENCES 
 

In the previous sections, knowledge has been gained regarding the technical potential of prosumer 

communities. In addition, multiple energy efficient implementations are proposed based on their high 

energetic efficiency and future potential. However, the financial consequences of these implementations 

are not considered. Therefore, this chapter provides the financial consequences and optimizations of a 

prosumer community, starting with the energy price expectations of the future. Next, the two investment 

scenarios which are investment by individuals or investment by an energy service company are analyzed 

according to their pros and cons. Finally, a financial analysis is conducted to compare the financial 

consequences of three scenarios: prosumer, BENG and EPC 0.4. 

 

3.1 FUTURE ENERGY PRICE EXPECTATIONS  
Table 4 shows the national energy exploration (NEV) of Dutch government in 2017 (Energieonderzoek 

Centrum Nederland (ECN), 2017). As can be seen, the prices of nonrenewable energy sources, such as gas, 

oil and coal, will rise in the future. Besides this rise, there is a fall in the gas extraction and the demand for 

gas in the next decades. The NEV expects that the Netherlands will switch from gas exporter to gas 

importer in 2025, due to the limited available gas. Furthermore, the fossil energy price will remain low to 

2020, but after 2020 it is expected the prices will rise, because of the expected rising fuel prices in the 

future. The third remarkable fact is that the share of renewable energy sources is expected to 

exponentially increase in the next 20 years. Based on the intended policy, half of the installed electricity 

power in the Netherlands is generated by solar panels and wind turbines by 2023. In addition, it is also 

expected that the target of 2020 will not be accomplished, but the target of 2023 will be achieved. Finally, 

the results of the NEV shows that due to national policies, companies and households, the effort of 

energy-saving activities increases. This positive development will lead to a four percent in 2020 decrease 

compared to 2016 and almost 8 percent difference in the period of 2016 and 2030. In conclusion, rising 

energy prices for non-ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ ǿƛƭƭ ǇƻǎƛǘƛǾŜƭȅ ŀŦŦŜŎǘ ǇŜƻǇƭŜΩǎ ŘŜŎƛǎƛƻƴ ǘƻ ƛƴǾŜǎǘ ƛƴ ŜƴŜǊƎȅ 

efficient implementations.  
 

Table 4 Results National Energy Exploration 2017  (ECN, 2017) 
 2000 2010 2017 2020 2030 2035 

Bbp (index 2016=100) 83 94 100 108 128 137 

Oil price (US$ per barrel) 41 88 44 53 111 118 

Gas price (eurocent per m3) 16 20 15 17 31 33 

Coal price (euro per ton) 45 76 46 52 67 68 

CO2 price (euro/ton) - 15 5 7 16 25 

Wholesale electricity price (euro per megawatt hour) 58 53 34 32 44 48 

       

Gross final energy consumption (petajoule) 2141 2352 2090 2000 1933 1871 

Renewable energy (petajoule) (calculation method 

EU directive) 

35 92 125 248 462 517 

Share of renewable energy (percent) (calculation 

method EU directive) 

1,6 3,9 6,0 12,4 23,9 27,6 

Share of renewable energy (percent) (calculation 

ƳŜǘƘƻŘ Ψ!Ŏǘǳŀƭ ǇǊƻŘǳŎǘƛƻƴϥύ 

- - - 13,0 - - 

Energy-saving rate (percent per year) - 1,1 - 1,7 0,9 - 

Gas production (billion m3) 69 84 48 43 17 14 

Gas demand (billion m3) 48 49 38 32 25 24 
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3.2 FINANCIAL INVESTMENT SCENARIOS  
The realization of energy efficient prosumer communities is dependent on investments by households. 

The high initial costs are a decisive factor and constrain their decision. Therefore, two scenarios are 

provided with potential financial solutions to lower the threshold of people to invest.   

 

3.2.1 Scenario A: investment by individuals 
In the first scenario, the investment of the energy efficient implementations is realized by the local 

residents. Due to the expectations of rising energy prices, energy efficient implementations will be more 

financially attractive in the future for households. However, according to Frederiks et al. (2015), the 

immediate high financial costs for people to invest in energy-efficient house improvements (e.g. installing 

solar panels, insulation, low-energy appliances) may constrain peopleΩs decision. Therefore, the financial 

threshold of people to realize the investment on their own, needs to be as little as possible. First, by 

realizing an investment collective as a community, scale benefits can be achieved. When people are aware 

of the scale benefits for their collective investment, they can positively influence their neighbors. By the 

increase of the collective tender, people gain more negotiation power, which is beneficial for the total 

investment. Secondly, people can also contract a loan focused for sustainable investments. For 2018, 100 

percent is established as the maximum loan to value (LTV) for mortgage lending. However, when 

households invest in energy efficient implementations, a maximum of 106% LTV can be borrowed. The 

difference between this is called the Energy Savings Budget. This is the amount that someone can borrow 

extra, on condition that the budget is fully spent on energy efficient implementations (NHG, 2018). For 

households that will apply energy efficient implementations to their existing home there is an Energy 

Saving Loan (ESL). Homeowners can finance energy efficient implementations with this loan, such as 

better insulation or a new HE boiler or solar water heater. Solar panels can also be paid from the loan, but 

for a maximum of 75%  (RVO, 2018). These arrangements supported by the Dutch governments lower the 

threshold for households to invest, because the high initial investment can be spread out over a longer 

period. In conclusion, energy efficient implementations improve the quality of the dwellings and will 

therefore positively affect the real estate value. For the rental corporations and institutional investors, 

the value of the housing stock maintains or is improved. Besides the advantage of the lower energy costs, 

energy efficient implementations contribute to a higher living comfort (Sweco, 2017). 

 

3.2.2 Scenario B: Outsourcing of collective energy supply 
To overcome the complexity of implementing energy efficient implementations at the district level, 

prosumer communities can outsource their activities by Energy Service Companies (ESCOs). According to 

Marino et al. (2010, p. 7)Σ 9{/hǎ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎΥ άŀ ƴŀǘǳǊŀƭ ƻǊ ƭŜƎŀƭ ǇŜǊǎƻƴ ǘƘat delivers energy services 

and/or other energy efficiency improvement implementations ƛƴ ŀ ǳǎŜǊΩǎ ŦŀŎƛƭƛǘȅ ƻǊ ǇǊŜƳƛǎŜǎΣ ŀƴŘ ŀŎŎŜǇǘǎ 

some degree of financial risk in so doingέ. The payment for the services delivered is based (either wholly 

or in part) on the achievement of energy efficiency improvements and on the meeting of the other agreed 

ǇŜǊŦƻǊƳŀƴŎŜ ŎǊƛǘŜǊƛŀέΦ !ŎŎƻǊŘƛƴƎ ǘƻ Bertoldi et al. (2006), ESCOs can overcome the following barriers for 

energy efficiency and microgeneration: 

Å Lack of understanding of the saving opportunity; 

Å Lack of time to address energy, since energy forms a small portion of overall expenditure; 

Å Lack of capital, or a high cost associated with borrowing capital; 
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Å A lack of capacity to install implementations; 

Å /ƻƴǎǳƳŜǊǎΩ ŀƴŘ ŦƛƴŀƴŎƛŀƭ ƛƴǎǘƛǘǳǘƛƻƴǎΩ ŀǾŜǊǎƛƻƴ ǘƻ Ǌƛǎƪ ŀƴŘ ǘƻ new technologies and service 

delivery routes; 

Å Issues associated with installation such as connection, metering, notification to network 

operators 

Å Difficulties in securing top-up and back up sources of electricity and heat (when demand is greater 

than output) and sale of surplus electricity to other customers (when output is greater than 

demand) 

ESCOs can address these barriers by providing information, finance, installation, operation and 

maintenance under a long-term contract. An important motivation to cooperate with ESCO, is they can 

claim tax rebates (EIA/Vamil) and sustainable financing, in which an investment advantage of 

approximately 10% can be achieved (Sweco, 2017). Therefore, ESCOs are a potential supplier for prosumer 

communities when there is a need for technical execution and financial support. 

 

3.3 CASE: FINANCIAL FEASIBILITY PROSUMER COMMUNITY 
In this section, a financial analysis is conducted to compare the financial consequences of three scenarios: 

prosumer, BENG and EPC 0.4. Therefore, a mixture of energy efficient implementations related to each 

scenario is elaborated. In this analysis, a semi-detached dwelling of 150m2 is assumed. For this dwelling, 

the thermal efficiency and financial feasibility for energy efficient implementations are determined, not 

the architectural costs. Furthermore, only the investment by individuals is considered instead of financial 

optimizations by energy service companies (ESCO). The detailed structure of the financial analysis is based 

on assumptions retrieved from experts of Sweco and can be found in Appendix I: Financial analysis. This 

section starts with describing the structure of the model and the different assumptions followed by the 

elaboration of the three scenarios. 

 

3.3.1 9ƴŜǊƎȅ ŘŜƳŀƴŘ {ŎŜƴŀǊƛƻΩǎ 
To start with the financial analysis, it is of importance to gain insight in the energy demand of a semi-

detached dwelling of 150 m2. In Table 5, the energy demand for heating, cooling and not building related 

energy consumption is presented, based on the Uniform Benchmark for Built Environment (UMGO) for 

the heat supply of buildings (Nuiten et al., 2017). According to this benchmark, the energy demand of an 

EPC 0.4 and BENG dwelling are identical for a semi-detached dwelling. It is assumed that the energy 

demand for a prosumer dwelling corresponds to the BENG requirements, because the BENG requirements 

represent the latest architectural requirements for a dwelling. For the calculations in the financial model, 

the heating and cooling are converted from kWh to Gigajoules, because by using this unit a distinction 

between m3 and kWh can be converted for the different scenarios.   
Table 5 Energy demand semi-detached dwelling 

Energy demand   Value Unit Total Unit 

Space heating  0.08  [GJ/m2]  11.29  [GJ/year] 

Hot Tap water  0.05  [GJ/m2]  7.29  [GJ/year] 

Cooling / summer comfort  0.01  [GJ/m2]  1.13  [GJ/year] 

Auxiliary energy - fan, pump, 
parasitic lighting 

 3.90  [kWh/m2]  585.00  [kWh/year] 

Equipment - electrically not building-
related 

 19.90  [kWh/m2]  2,985.00  [kWh/year] 



38 
 

3.3.2 Parameters heat and cooling implementations for generation 
The next step in determining the actual energy demand for the heating, cooling and electricity, the 

thermal efficiency per implementation needs to be calculated. The energetic efficiency is a ratio between 

the outgoing useful energy and the energy that goes into it, in which 100% thermal efficiency is the base.  

In Table 6, the assumptions for the thermal efficiency values per implementation are listed. As can be 

seen, there is a large difference in the thermal efficiency of the heating and cooling between the gas boiler 

and the borehole thermal energy storage system. With these units, the gas per m3 and electricity per kWh 

demand can be calculated for the heating and cooling demand. When for example calculating the space 

heating demand, the borehole thermal energy storage system has a energetic efficiency of 450%. This 

means that per kWh that goes into it, 4.5 kWh can be obtained. In contrast, by calculating the space 

heating demand for a gas boiler, the thermal efficiency is 90%. This means that per m3 gas that goes into 

it, 0.9 m3 gas can be obtained, which indicates that more m3 gas is necessary to meet the heating demand 

of the dwelling. Furthermore, the thermal efficiency of solar panels is presented including the efficiency 

decrease after 10 and 20 years. Finally, it is worthwhile to note that the electric efficiency of an in-home 

battery is 93%, because this implementation needs extra energy to charge and discharge. These thermal 

efficiency values are used to calculate the heating, cooling and electricity supply and demand in the three 

scenarios.   

 
Table 6 Thermal efficiency heating, cooling and electricity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

3.3.3 Financial parameters purchasing and selling of energy 
When the energy demand for heating, cooling and not building related energy is determined, these 

amounts can be multiplied by the different energy prices. By focusing on the energy from the main energy 

grid, the energy price is divided in three categories: bare energy costs, energy tax and sustainable energy 

storage costs. In Table 7, the energy prices and their relative increase compared to the previous year are 

presented. The energy price expectations to 2050 are obtained from the input Excel model of Sweco, 

which can be found in Appendix I: Financial analysis. Per year, the energy that is demanded is multiplied 

by the energy price of gas (m3) and electricity (kWh). Furthermore, for scenario 3: Prosumer, it is assumed 

that the energy price purchased within the community is 20% lower than the actual energy prices to 

stimulate participating in a prosumer community by benefiting from lower energy prices.    
 

Thermal Efficiency  Efficiency 
( )  

Value 

Implementations heating   

Space heating (Heat pump BTES system)  thermal  450% 

Hot Tap water (Heat pump BTES system)  thermal  250% 

Space heating (gas boiler)  thermal  90% 

Hot Tap water (gas boiler)  thermal  80%  

Implementations cooling   

Cooling / summer comfort (CKM)  thermal  300%  

Borehole thermal energy storage  thermal 2000% 

Implementations electricity   

PV panels  thermal 100% 
90% (after 10 years) 
80% (after 20 years) 

In-home battery  electricity 93% 
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Table 7 Energy price structure  
Unit [Euro/kWh] 

2018 

[Euro/kWh] 

2019 

[Euro/m3] 

2018 

[Euro/m3] 

2019 

Bare energy costs [Euro]  ϵ лΦмтло  ϵ лΦмтрр  ϵ лΦнрсо  ϵ лΦнснт   
[% increase relative 

to previous year]  

2.00% 3.00% 2.50% 2.50% 

Energy tax [Euro] ϵ лΦлрнт  ϵ лΦлрпо  ϵ лΦнслл  ϵ лΦнтрс   
[% increase relative 

to previous year] 

8.00% 3.00% 3.00% 6.00% 

Sustainable energy storage [Euro]  ϵ лΦлмул  ϵ лΦлнлт  ϵ лΦлнур  ϵ лΦломс   
[% increase relative 

to previous year] 

46.00% 15.00% 79.25% 11.00% 

Total [Euro]  ϵ лΦнпмм  ϵ лΦнрлр  ϵ лΦрппу  ϵ лΦртлл   
[% increase relative 

to previous year] 

6% 4% 5.1% 5% 

 

Lƴ ŀƭƭ ǎŎŜƴŀǊƛƻΩǎΣ ǘƘŜ ŎŀƭŎǳƭŀǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŎǳǊǊŜƴǘ ΨǎŀƭŘŜǊŜƴΩ ǇƻƭƛŎȅ ǳǇ ǘƻ нлнл ŀƴŘ ǘƘŜ ŜȄǇŜŎǘŜŘ 

feed-ƛƴ ŦŜŜ ǿƘŜƴ ǘƘŜ ΨǎŀƭŘŜǊŜƴΩ ǇƻƭƛŎȅ ƛǎ ŀōƻƭƛǎƘŜŘΦ Lƴ ǘƘŜ ƴŜǿ ǇƻƭƛŎȅΣ ƻƴƭȅ ǘƘŜ ŘƛǊŜŎǘ ŜƴŜǊƎȅ ǘƘŀǘ ƛǎ ǳǎŜŘ 

ŦǊƻƳ ǎƻƭŀǊ ǇŀƴŜƭǎ Ŏŀƴ ōŜ ŘŜŘǳŎǘŜŘ ōȅ ǘƘŜ ΨǎŀƭŘŜǊŜƴΩ ǇƻƭƛŎȅΦ CƻǊ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ƛƴŘƛǊŜŎǘ ŜƴŜǊƎȅ ǘƘŀǘ ƛǎ 

exported to the energy grid, a feed-in fee can be obtained. In the financial model, it is assumed that 30 

percent of the energy of the solar panels is directly used and for the remaining 70 percent, a feed-in fee 

can be obtained. According to the announcement of the Minister for Economic Affairs and Climate (2018), 

the aim for the feed-in fee policy after 2020 is to maintain a seven years payback period for solar panels. 

In this research, an assumption is made regarding this statement. It can be expected that in this case, the 

feed-in fee will probably be 0.1525 euro per kWh. This assumption is based on the following calculations, 

in which the numbers are retrieved from experts of Sweco:   

 

Investment 16 solar panels (incl. inverter and montage):  4,680 euro 

kWh generation solar panels:      3,740 kWh 

Payback period:       7 years 

 

Energy used direct:  kWh generation * percentage direct    

3,740 * 30% = 1,122 kWh per year 

Energy used indirect: kWh generation * percentage direct   

3,740 * 70% = 2,618 kWh per year 

 

Total financial savings:  Investment costs / payback period 

   ϵ пΣсул κ т Ґ ϵ ссуΦрт ǇŜǊ ȅŜŀǊ 

Financial savings direct:  Energy used direct * energy price 

   мΣмнн ƪ²Ƙ ϝ ϵ лΦн4 Ґ ϵ н69,28 per year 

 

Remaining savings:  Total financial savings - financial savings direct    

   ϵ ссуΦрт - ϵ н69.28 Ґ ϵ 399.29 per year 

Feed-in fee:   Remaining savings per year / energy used indirect 

   ϵ 399.29 / 2,618 kWh = ϵ л.1525 per kWh 
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CƛƴŀƭƭȅΣ ŀƭƭ ǎŎŜƴŀǊƛƻΩǎ ƛƴŎƭǳŘŜ ǘƘŜ Ǝŀǎ ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅ ƴŜǘǿƻǊƪ ƻǇŜǊŀǘƻǊ ŎƻǎǘǎΣ ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊƛŎŜǎ ƻŦ ¢ŜƴƴŜǘ  

(Stedin, 2018). The gas network operator costs are ϵ млтΦпс per year and the electricity network operator 

costs are ϵ мфрΦуо. The gas network operator costs expire in scenario 2 and 3, because these scenarios 

are full electric. 
 

3.3.4 Investment and maintenance costs 
In Table 8, the investment and the maintenance costs per energy efficient implementation are presented. 

The inǾŜǎǘƳŜƴǘ Ŏƻǎǘǎ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǎŎŜƴŀǊƛƻΩǎ ƛƴ ǿƘƛŎƘ ƛƴ ŜŀŎƘ ǎŎŜƴŀǊƛƻ ŀ ŘƛŦŦŜǊŜƴǘ 

combination of implementations is used. As can be seen, the reinvestment costs for some 

implementations are included in the lead time of 25 years. Furthermore, the calculations for the financial 

analysis are based on a price index of 2% increase per year, except the costs for a heat pump, individual 

borehole and in-home battery. For these implementations, it is expected that these become less 

expensive in the coming years because of technological developments. Furthermore, the investment costs 

for demand side management ICT software is based on an assumption, because there is still no software 

package available. 

 
Table 8 Investment and maintenance costs per implementation 

Implementations Initial 
LƴǾŜǎǘƳŜƴǘ όϵύ 

In year Depreciation Reinvestment 
in year 

Maintenance 
όϵύ 

Frequency 
in years 

Gas boiler  ϵ оΣмрл  2018 15 2033 ϵ 130 1 

Heat pump  ϵ рΣрлл  2018 15 2033 ϵ 140 1 

Individual 
borehole 

 ϵ мнΣллл  2018 30 2048 - 1 

CKM.  ϵ мΣнрл  2018 15 2033 ϵ 150 1 

Inverter  ϵ сул  2018 15 2033 - 1 

PV panels  ϵ пΣллл 2018 25 2043 ϵ 50 1 

In-home battery  ϵ рΣрлл  2018 15 2033 - - 

ICT software ϵ мΣллл 2018 - - - - 

 

3.3.5 Financial scenario analysis 
In this section, a financial scenario analysis is conducted to gain insight in the financial consequences of 

an EPC 0.4 dwelling, BENG dwelling and a prosumer dwelling. The objective of this analysis is to compare 

the investment and exploitation costs of the current requirements (EPC 0.4), the requirements from 2020 

(BENG) and the prosumer scenario. This results in a financial overview of the different scenarios to decide 

which scenario is the most financially suitable. The exploitation period in all scenarios is 25 year, which is 

based on the depreciation of the solar panels. In Appendix I: Financial analysis, the detailed structure of 

ǘƘŜ ŦƛƴŀƴŎƛŀƭ ƳƻŘŜƭ ƛǎ ǇǊƻǾƛŘŜŘ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ǘƘŜ ŜȄǇŜŎǘŜŘ ǘǿƻ ȅŜŀǊǎ ǊŜƳŀƛƴƛƴƎ ΨǎŀƭŘŜǊŜƴΩ 

policy and how the feed-in fee can be elaborated. In addition, the complete cashflow calculation and 

financial differences between each scenario can be found in Appendix I: Financial analysis.    

 

Scenario 1: EPC 0.4 

In the first scenario, the financial consequences for an EPC 0.4 dwelling are elaborated. According to the 

Uniform Benchmark for Built Environment (UMGO) (Nuiten et al., 2017), the EPC 0.4 requirements are 

the requirements for dwellings which have been built between 2015 and 2020. In these requirements, 

the following energy efficient implementations are prescribed: gas boiler, cooling machine and 16 solar 
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panels. The financial consequences of this scenario are provided in Table 9. As can be seen, the abolition 

ƻŦ ǘƘŜ ΨǎŀƭŘŜǊŜƴΩ ǇƻƭƛŎȅ Ƙŀǎ ŀ ǎǳōǎǘŀƴǘƛŀƭ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǘƻǘŀƭ ŜƴŜǊƎȅ ǇǳǊŎƘŀǎƛƴƎ Ŏƻsts, but from this point 

revenues by the feed-in fee can be obtained. It is worthwhile to note that the decrease of the feed-in fee 

can be explained by the decrease in efficiency of solar panels as described in section 4.3.2. Furthermore, 

the total energy purchasing costs increase over the years because of the expected gas price increase of 

200%. By focusing on the investment, the first investment is realized in year 0 and the re-investment of 

the gas-boiler, CKM and the inverter of the solar panels is realized at the start of year 16. The details of 

the financial analysis structure and the complete cashflow can be found in Appendix I: Financial analysis.  

 
Table 9 Financial consequences scenario EPC 0.4 

 Year 0 Year 1 
 

 Year 2  
 

Year 3 
 

Year 14  
 

Year 15 
 

Year 16 
 

Year 23 
 

Year 24 
 

Year 25 
 

  2018 2019 2020 2031 2032 2033 2040 2041 2042 
Total energy 
purchasing 

 ϵ -423  ϵ -443 ϵ -1,144   ϵ -1,575   ϵ -1,601   ϵ -1,619   ϵ -1,607   ϵ -1,595   ϵ- 1,590  

Total 
revenues 

  ϵ -     ϵ -     ϵ пмл   ϵ осф   ϵ осф   ϵ осф   ϵ ону   ϵ ону   ϵ ону  

Gross margin   ϵ -423   ϵ -443   ϵ -734   ϵ -1,206   ϵ -1,232   ϵ -1,250   ϵ -1,279  ϵ -1,267  ϵ -1,262  

Operational 
expenses 

  ϵ -542   ϵ -554   ϵ -564   ϵ -702   ϵ -716   ϵ -731   ϵ -839   ϵ -856   ϵ -873  

EBITA                          ϵ -966  ϵ -996  ϵ -1,299   ϵ -1,908   ϵ -1,948   ϵ -1,980  ϵ -2,118  ϵ -2,123   ϵ -2,135  

Total 
investment 

ϵ-9,080 
   

   ϵ -6,837    

Cashflow ϵ-9,080  ϵ-966  ϵ -996  ϵ -1,299   ϵ -1,908   ϵ -1,948   ϵ -8,818   ϵ -2,118   ϵ -2,123   ϵ -2,135  

 

 

Scenario 2: BENG 

In the second scenario, a financial analysis is conducted for a dwelling based on the BENG requirements. 

Compared to scenario EPC 0.4, this scenario has no connection to the gas network and the energy efficient 

implementations are full-electric. To meet the heating and cooling demand, an individual borehole 

thermal energy storage system is realized instead of the gas boiler and cooling machine. Furthermore, 

this scenario also includes 16 solar panels for electricity generation. In Table 10, the financial 

consequences of a BENG dwelling are presented. As can be seen, there are multiple changes compared to 

the EPC 0.4 scenario. First, the energy purchasing costs are lower than the EPC 0.4, because it is expected 

that the electricity prices be more stable than the gas prices. Secondly, the operational expenses of this 

scenario are lower than the EPC 0.4, because of lower maintenance costs and no network operator costs 

for gas. However, the investment costs are reasonably higher than the EPC 0.4 dwelling, which mainly can 

be attributed to the expensive realization of the individual borehole and the investment costs of a heat 

pump. The re-investment of this scenario includes a new heat pump and inverter for the solar panels and 

are indexed to the year 2034. The calculation details of the financial analysis regarding the BENG 

requirements can be found in Appendix I: Financial analysis. 
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Table 10 Financial consequences scenario BENG 
 Year 0 Year 1 

 
 Year 2  
 

Year 3 
 

Year 14  
 

Year 15 
 

Year 16 
 

Year 23 
 

Year 24 
 

Year 25 
 

  2018 2019 2020 2031 2032 2033 2040 2041 2042 
Total 
purchasing 

  ϵ -335   ϵ -349   ϵ -1,045   ϵ -1,391   ϵ -1,409   ϵ -1,418   ϵ -1,283   ϵ -1,254   ϵ -1,235  

Total 
revenues 

  ϵ -     ϵ -     ϵ пм1   ϵ осф   ϵ осф   ϵ осф   ϵ ону  ϵ ону  ϵ ону  

Gross margin   ϵ -335   ϵ -349   ϵ -634   ϵ -1,022   ϵ -1,040   ϵ -1,048   ϵ -954   ϵ -925   ϵ -906  
Operational 
expenses 

  ϵ -315   ϵ -321   ϵ -327   ϵ -407   ϵ -415   ϵ -424   ϵ -486   ϵ -496   ϵ -506  

EBITA   ϵ -651   ϵ -670   ϵ -962   ϵ -1,429   ϵ -1,455   ϵ -1,472   ϵ -1,441   ϵ -1,422   ϵ -1,413  
Total 
investment 

ϵ -22,180 
   

   ϵ -6,415    

Cashflow ϵ -22,180  ϵ -651   ϵ -670   ϵ -962   ϵ -1,429   ϵ -1,455   ϵ -7,887   ϵ -1,441   ϵ -1,422   ϵ -1,413  

 

 

Scenario 3: Prosumer 

Finally, the financial analysis for the third scenario: prosumer is conducted. In this scenario, three energy 

efficient implementations are realized: solar panels, borehole thermal energy storage system and an in-

home battery. This results again in a full electric alternative in which there is no gas demand. The main 

difference of thƛǎ ǎŎŜƴŀǊƛƻ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ƻǘƘŜǊ ǎŎŜƴŀǊƛƻΩǎ ƛǎ ǘƘŀǘ ǘƘƛǎ ǎŎŜƴŀǊƛƻ ƛƴŎƭǳŘŜǎ ŀƴ ƛƴ-home 

battery for the storage of energy and a demand side management ICT software to control energy demand 

and supply in the prosumer community. As described in section 3.3.3 individual storage device, in-home 

batteries can overcome daily fluctuations of PV panels, by storing the residual electricity during the day. 

This means that less energy from the grid needs to be imported. Furthermore, when the battery is loaded, 

the remaining energy can be transported to other batteries in the community. By using this system, the 

generated energy is maintained into the prosumer community, which becomes more self-providing. In 

the financial model, it is assumed that 30 percent (1,122 kWh) of the solar panels is directly used and the 

remaining 70 percent (2,618 kWh) is used for the in-home battery. From this 70 percent (2,618 kWh), 80  

percent (2,094 kWh) is used for own consumption and 20 percent (524 kWh) of the energy is purchased 

to other dwellings in the prosumer community, because it is assumed that not all dwellings in a prosumer 

community have installed an in-home battery. In addition, it is assumed that the energy consumption per 

household will differ because of different household compositions. Furthermore, the efficiency of an in-

home battery is 93 percent, which means that an additional 183 kWh of energy need to be extra 

generated. Because the prosumer scenario is more complex, the assumptions and the structure of the 

energy demand can be found in Table 11.  
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Table 11 Energy demand prosumer 

ENERGY DEMAND  Unit Total energy 
demand 

Gas m3 space heating [m3/year]  -    

Gas m3 hot tap water [m3/year]  -    

Total gas demand  [m3/year]  -       

Electricity space heating [kWh/year]  696.67  

Electricity hot tap water [kWh/year]  810.00  

Electricity cooling / summer comfort [kWh/year]  56.70  

Auxiliary energy - fan, pump, parasitic lighting [kWh/year]  585.00  

Equipment - electrically not building-related [kWh/year]  2,985.00  

   

PV installation total [kWh/year]  -3,740.00  

PV installation ς own usage (direct: 30%) [kWh/year]  -1,122.00  

PV installation ς in-home battery (indirect: 70%) [kWh/year]  -2,618.00  

   

In-home battery electricity usage [kWh/year]  183.26  

In-home battery ς own usage (80%) [kWh/year]  -2,094.40  

In-home battery ς purchase community (20%) [kWh/year]  -523.60  

Total electricity demand [kWh/year]  2,100  

  

The financial consequences of a prosumer dwelling can be found in Table 12. Compared to the EPC 0.4 

and BENG scenario, the total energy purchasing costs are reasonably lower. Furthermore, the total 

revenues consist of the purchasing of the stored energy to other dwellings in the community instead of 

exporting the remaining energy to the grid and obtaining a feed-in fee. To stimulate participating in a 

prosumer community, the energy is purchased for 80 percent of the actual energy prices. This results in a 

financial saving for other people in the community of 20%, which is for the purchaser more than the feed-

in fee of 0.1525 euro per kWh. Moreover, the operational expenses of a prosumer dwelling are the same 

as the BENG scenario, because an in-home battery needs no maintenance. However, the investment costs 

for a prosumer are higher compared to the other scenarios as well as the re-investment costs. The detailed 

calculations of the prosumer scenario can be found in Appendix I: Financial analysis.  

 
Table 12 Financial consequences prosumer scenario 

 Year 0 Year 1 
 

 Year 2  
 

Year 3 
 

Year 14  
 

Year 15 
 

Year 16 
 

Year 23 
 

Year 24 
 

Year 25 
 

  2018 2019 2020 2031 2032 2033 2040 2041 2042 
Total 
purchasing 

  ϵ -506  ϵ -526   ϵ -547   ϵ -811   ϵ -821   ϵ -826   ϵ -820   ϵ -802   ϵ -789  

Total 
revenues 

  ϵ мл1   ϵ мл5   ϵ млф   ϵ мнт   ϵ мн9   ϵ м30   ϵ ону  ϵ ону  ϵ ону  

Gross margin   ϵ -405   ϵ -421   ϵ -438   ϵ -684   ϵ -693   ϵ -697   ϵ -719   ϵ -702  ϵ -691  
Operational 
expenses 

  ϵ -315   ϵ -321   ϵ -327   ϵ -407   ϵ -415   ϵ -424   ϵ -486   ϵ -496   ϵ -506  

EBITA   ϵ -720   ϵ -742   ϵ -765   ϵ  -1,091   ϵ -1,108   ϵ -1,120   ϵ -1,205   ϵ -1,199   ϵ -1,198  
Total 
investment 

ϵ -28,180 
   

  ϵ -11,415    

Cashflow  ϵ -28,180   ϵ -720   ϵ -742   ϵ -765   ϵ -1,091   ϵ -1,108   ϵ -12,535   ϵ -1,205   ϵ -1,199   ϵ -1,198  
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3.3.6 Cashflow scenario comparison  
In Table 14, the cashflows of the three scenarios are compared in which the extra initial investment, direct 

savings per year, and the payback period are presented. In addition, the Table 13 shows the internal rate 

of return over 25 year. First, by focusing on the BENG dwelling compared to the EPC 0.4 dwelling, the 

average savings per year are ϵ486 excluding the investment and re-investment costs. However, when 

including the extra-investment of the energy efficient implementations, the internal rate of return is 

negative: -0.27%.  Despite the substantial savings per year, the payback period is expected to be in year 

26. However, in this year the solar panels need to be replaced in which a re-investment is necessary. It 

can be concluded, that a BENG dwelling including a borehole thermal energy storage system is not 

financial feasible. The complete cashflow comparison can be found in Appendix I: Financial analysis. 

 

Subsequently, the prosumer scenario is compared to the EPC 0.4 scenario. As can be seen, higher financial 

savings per year can be obtained, which are on average ϵ744 excluding the investment and re-investment 

costs. However, the large initial investment and the interim re-investment results in a negative internal 

rate of -2.06%. Furthermore, after an exploitation period of 25 years, the payback period of the prosumer 

scenario is not achieved.  
Table 13 Internal rate of return (IRR) scenarios 

Scenario IRR 

BENG ς EPC 0.4 -0.27% 

Prosumer ς EPC 0.4 -2.06% 

Prosumer ς BENG -8.60% 

 

Finally, by comparing the prosumer scenario to the BENG scenario, an average financial saving per year of 

ϵ257 excluding the investment and re-investment costs can be obtained. This results in an internal rate of 

return of -8.06%, which means that the prosumer cannot be made financial feasible compared to the 

BENG scenario.  

 
Table 14 Scenario comparison 

Scenario 
comparison 

Year 0 Year 1 
 

 Year 2  
 

Year 3 
 

Year 14  
 

Year 15 
 

Year 16 
 

Year 23 
 

Year 24 
 

Year 25 
 

  2018 2019 2020 2031 2032 2033 2040 2041 2042 
BENG ς  
EPC 0.4 

 ϵ -13,100  ϵ омр ϵ онс  ϵ оот  ϵ птф   ϵ пфо  ϵ фо1  ϵ ст7   ϵ тл1   ϵ тнн  

BENG ς  
EPC 0.4 cum. 

 ϵ -13,100  ϵ -12,784  ϵ -12,457  ϵ -12,120  ϵ -7,567   ϵ -7,074  ϵ -6,144   ϵ -1,945   ϵ -1,245   ϵ -522  

Prosumer ς 
EPC 0.4 

 ϵ -19,100  ϵ нпс ϵ нрп ϵ роо ϵ умт   ϵ упл  ϵ -3,718   ϵ фмо   ϵ фнп   ϵ фот  

Prosumer ς 
EPC 0.4 cum. 

 ϵ -19,100  ϵ -18,853  ϵ -18,599  ϵ -18,066  ϵ -10,357   ϵ -9,516  ϵ -13,234   ϵ -6,940   ϵ -6,015  ϵ -5,078  

Prosumer ς 
BENG  

 ϵ -6,000 ϵ -69 ϵ -72 ϵ мфс ϵ ооу   ϵ опт   ϵ -4,649  ϵ нос   ϵ нно   ϵ нм5  

Prosumer ς 
BENG cum. 

 ϵ -6,000  ϵ -6,069  ϵ -6,142  ϵ -5,945 ϵ -2,789   ϵ -2,442   ϵ -7,090   ϵ -4,994  ϵ -4,770   ϵ -4,556  

 

  



45 
 

The results of the cashflow comparison of the three scenario over 25 years are visualized in Figure 7. In 

this figure, the bars present the investment costs and direct savings per year and the lines presents the 

cumulative payback period with year 0 as a starting point. As can be seen, none of the scenarios reach the 

break-even point in 25 year mainly because of the large initial investment and re-investment costs. 

According to these comparisons, it can be concluded that a prosumer dwelling is not financial feasible 

compared to the current EPC 0.4 and BENG requirements.  

 

 

Figure 7 Cashflow scenario comparison 

 

3.4 CONCLUSION 
The objective of this chapter was to gain insight in the financial consequences pertaining a prosumer 

community. At first, it can be concluded that according to the energy price expectations, the gas price and 

the fossil energy price will rise in the future. Due to these rising prices, investing in energy efficient 

implementations becomes more financial attractive on a long term. To overcome the high initial 

investment costs, it can be concluded that there are two approaches: investment by individuals or 

outsourcing by an ESCO. Collective investments by individuals result in more financial savings and 

negotiation power. When people do not have the financial resources or knowledge to realize energy 

efficient implementations at their dwelling, ESCO outsourcing can be a potential solution. By applying this 

approach, the ESCO company takes the financial risk and people can be satisfied by generating their own 

renewable energy. However, the financial consequences of an ESCO are not considered in this research. 

In order to provide a complete substantiated overview of the financial consequences, a financial analysis 

has been executed for an EPC 0.4 dwelling, a BENG dwelling and a prosumer dwelling. The BENG and 

prosumer scenarios have been compared to the current EPC 0.4 requirements. As can be concluded from 

the financial analysis, reasonable financial savings can be obtained in the BENG and prosumer scenario by 

implementing a borehole thermal energy storage system. However, because of the high initial investment 

and re-investment costs, these scenarios are not becoming financial feasible compared to a dwelling 
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based on the current EPC 0.4 requirements. This indicates that a dwelling in the future scenario by having 

an alternative for gas, is still not financial feasible because of current gas prices. The financial feasibility of 

participating in a prosumer community is dependent on the exponential rising of gas prices, the decrease 

in initial investment costs of a borehole thermal energy storage system and in-home battery, and the 

encouragement of the Dutch government by subsidies to invest in high thermal efficiency 

implementations. All in all, when deciding to invest in high thermal efficiency implementations for future 

dwellings, the pro-environmental attitude and the willingness to generate renewable energy should be 

more a decisive motivation for individuals to participate in a prosumer community than looking at the 

financial feasibility.  
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4 INDIVIDUAL ENERGY BEHAVIOR 
 

As discussed, generated non-renewable energy sources are responsible for most greenhouse gas 

emissions that causes climate change. Therefore, on a global scale, researchers and policy makers are 

looking extensively for new cost-effective solutions and new technology to increase household efficiency 

and conservation (Frederiks et al., 2015). These energy efficient implementations are required to reduce 

the extensive emissions of ƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎΣ ȅŜǘ ǘƘŜƛǊ ƴŜǘ ōŜƴŜŦƛǘǎ ƘŀǾŜ ōŜŜƴ ƻǾŜǊŜǎǘƛƳŀǘŜŘΦ ¢ƘŜ ǿƻǊƭŘΩǎ 

energy-related problems cannot only been solved by technological advances, but changes in human 

energy behavior are essential. However, only little attention is paid to energy behavior of individuals. This 

behavior of individuals needs to be shifted towards a more efficient and sustainable direction. Therefore, 

it is necessary to understand peopleΩs energy consumption and decisive motivations in order to provide 

insights in how these behaviors can be altered in a more energy efficient way.  

 

This chapter begins with an overview of theoretical perspectives from the literature that describes the 

integrated key insights of individualsΩ energy behavior. According to Han et al. (2013) and Yue et al. (2013), 

energy-saving behavior can be divided to two categories: investment behavior and curtailment behavior. 

Investment behavior is the behavior of investing in technical equipment to reduce energy usage and 

increase the quality of the dwelling in terms of energy efficiency. Investment behavior involves a one-time 

purchase decision in which the financial feasibility by monetary savings is considered (Han et al., 2013). In 

addition, consumers are willing to invest more in appliances with energy efficiency labels (Yue et al, 2013). 

The second behavior that is considered is the curtailment behavior. According to Han et al. (2013), 

curtailment behavior entails with routines and habitual behavior of people.  In order to achieve energy 

ǎŀǾƛƴƎǎ ǿƛǘƘ ŎǳǊǘŀƛƭƳŜƴǘ ōŜƘŀǾƛƻǊΣ ǇŜƻǇƭŜ Ŏŀƴ ǊŜŘǳŎŜ ǘƘŜ ǳǎŀƎŜ ƻŦ ŜȄƛǎǘƛƴƎ ŜǉǳƛǇƳŜƴǘΩǎ ƻǊ ŀǇǇƭƛŀƴŎŜǎ ōȅ 

behavior changes, such as shortening shower duration, switching of light, lowering thermostat setting, 

etc. Such changes in energy consumption behavior requires alteration of lifestyle in which people mostly 

choose to decrease their comfort.  However, there is a limitation in considering both behaviors. When 

people apply an investment behavior, it is more likely that people think this investment will result in lower 

energy consumption. Therefore, people can be less careful about their energy consumption. This 

phenomenon is called rebound effect (Gillingham et al., 2016). To avoid this phenomenon, awareness in 

ǇŜƻǇƭŜΩǎ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ǎƘƻǳƭŘ ōŜ ƳƻƴƛǘƻǊŜŘΦ 

 

According to the literature (Abrahamse et al., 2009; Frederiks et al., 2015; Wang et al., 2011; Yue et al., 

2013), there are three categories of variables that can be identified as essential for explaining the 

variability in energy behavior of individuals: socio-demographic characteristics (e.g. income, education, 

household size and home-ownership), psychological factors (e.g. beliefs and attitudes, motives and 

intentions, perceived behavioral control and cost- benefit appraisals) and contextual forces (e.g. 

government regulations). These variables can be assigned as the most influential variables on peopleΩs 

energy behavior. 
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4.1 SOCIO-DEMOGRAPHIC CHARACTERISTICS 
The first category of energy behavior that needs to be considered is about the socio-demographic factors 

of individuals. Literature suggests that socio-demographic characteristics either at individual level or 

household level are influential on energy-related behavior. In general, socio-demographic factors set 

opportunities and constraints for peƻǇƭŜΩǎ ōŜƘŀǾƛƻǊΦ Lƴ ǘŜǊƳǎ ƻŦ ŜƴŜǊƎȅ ōŜƘŀǾƛƻǊΣ ǘƘŜǎŜ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀƴŘ 

constrains may have an influence on the amount, frequency and duration of peopleΩs energy use.  

 

4.1.1 Socio-demographic characteristics 
According to the research examined, the following effects from socio-demographic characteristics on 

energy behavior can be provided. 

 

Å Gender 

From the findings of Frederiks et al. (2015), it seems that the effect of gender differences on energy 

consumption is inconsistent or minimal. Furthermore, some research indicate that women have a more 

pro-environmental behavior than men, while other research find no significant relationship (Frederiks et 

al., 2015)  .  

 

Å Age 

According to the results of Yue et al. (2013), people between 31 and 45 years old are the most willing to 

adopt an investment behavior. This is caused by their ability to pay for energy-efficient implementations 

and awareness of their advantages. In addition, it seems that younger people seems to have a more 

curtailment energy-saving behavior because of their limited monetary sources. Finally, it seems that older 

people are less likely to invest in energy efficient implementations, which might be caused by negative 

perceptions of cost/benefit ratio and return on investment. Furthermore, by looking of the life cycle of 

households, mid-life households have more energy requirements than younger and older households. 

This can be contributed that both households tend to live smaller with higher energy consumption per 

capita (Frederiks et al., 2015). 

 

Å Household income 

Poruschi and Ambrey (2016) stated that household income has a positive potential on the energy 

preserving behavior of people. The amount of income can create opportunities to invest in substantial 

energy efficiency implementations (e.g. installation of solar electricity and/or solar hot water systems). 

The economic feasibility by applying energy efficient implementations and daily saving behavior will lead 

to savings on the energy bill.  Frederiks et al. (2015) underlined the statement that household net income 

has a significant effect on investments in products and improvements that increase energy efficiency. In 

addition, Frederiks et al. (2015) stated that household income tends to be positively related to residential 

energy consumption, which means that increase in income causes more energy consumption.  Finally, 

according to the research of Yue et al. (2013), people who have a low income are more willing to adopt 

energy curtailment behavior, while people with a high income are more willing to adopt energy 

investment behavior.  

 

Å Education 

According to Frederiks et al. (2015), education seems to be associated with increased knowledge, 

awareness and concern regarding environmental issues. However, higher levels of education does not 
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significantly lead to a more pro-environmentally behavior. Yue et al. (2013) underlined the above 

statement by concluding in overall, the current level of education does not produce a significant positive 

effect on energy saving. However, Das et al. (2018) stated that the effect of a university level of education 

on energy-saving technology adoption is larger than the effect of people who have high school or 

vocational level of education. In addition, Sardianou and Genoudi (2013) examined the willingness of 

people to implement energy efficient measures is higher by more educated individuals than by less 

educated individuals.  

 

Å Household size and composition 

The variable household size can also be described as the number of people per residence. Frederiks et al. 

(2015) stated that household size is contributed to be positively associated with energy consumption, in 

which larger families does consume on average more energy. This is caused by the increase in frequency 

of activities over the week (e.g. washing, tumble drying and refrigeration) (Han et al., 2013). However, by 

looking at the energy usage per capita, it appears to be lower in larger households, presumably due to the 

energy sharing among multiple residents. By focusing on household composition, Yue et al. (2013) stated 

that households consisting of couples and children are more willing to adopt an energy curtailment 

behavior because of higher living and energy expenses.  

 

Å Home-ownership 

According to the research of Frederiks et al. (2015 and Poruschi et al. (2016), most researchers conclude 

that homeowners are more willing to realize a larger investment in energy efficient implementations (e.g. 

household improvements to reduce energy usage, purchase of new technology and energy-saving 

devices) than people who are living in rental housing. This is caused by property rights for both permit 

and incentivize households to engage in more significant, longer term energy-saving behaviors (e.g. solar 

electricity).  

 

Å Family life cycle stage 

Stage of family life cycle influences levels and patterns of household energy consumption and appears to 

be an important variable in explaining the household energy use. It seems that the energy consumption 

is peaking during child-rearing years, this is caused by the increase in household work (e.g. cleaning, 

cooking, laundry), childcare and family recreation (e.g. in-home entertainment, recreation) (Frederiks et 

al., 2015). This phenomena might change over time when for example a child is leaving home.  

 

4.2 PSYCHOLOGICAL FACTORS 
Despite the importance of socio-demographic characteristics on the energy-saving behavior of people, 

psychological factors have also a powerful effect. Therefore, in this review, three main psychological 

factors are considered: environmental awareness, decisive motivations and subjective norm.  

 

4.2.1 Attitude and awareness  
According to Wang et al. (2011)Σ ŀǘǘƛǘǳŘŜ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ǇŜƻǇƭŜΩǎ ǇǊƻ-environmental awareness 

of performing sustainable behavior. This behavior contributes to energy curtailment or/and energy 

investment behavior of people. Barreto et al. (2014) underlined this statement and added that it has been 

shown that most people are concerned about future generations access to renewable sources, which 

influences their attitude. In addition, Frederiks et al. (2015) describes that has been shown that people 
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with a greater knowledge, awareness and understanding of the environmental issues tend to have a more 

pro-environmental attitude. This perspective has also been supported by Zografakis et al. (2010), who 

stated that people are more willing to invest in energy efficiency implementations and participate in 

energy-saving activities when they have a stronger awareness of the global climate change.  Lin (2015) 

describes the more an individual has an intention to engage in a certain behavior, the more likely this 

behavior will occur. However, Frederiks et al. (2015) argues that environmental attitude might lead to 

positive intentions towards an energy-saving behavior, but intentions can be obstructed from being 

realized into actual behavior. Intervening factors are for example: lack of knowledge, social norms, 

perceived personal responsibility, cost-benefit trade-offs, situational and institutional factors. This 

ǇƘŜƴƻƳŜƴŀ ƭŜŀŘ ǘƻ ŀƴ άŀǘǘƛǘǳŘŜ-ŀŎǘƛƻƴ ƎŀǇέ in which people are aware of the climate change problem, 

but fail to translate this attitude into practical actions to limit household energy use (Frederiks et al., 

2015). To gain more insight in the decisive factors that creates a gap between the attitude and action, 

willingness of people to behave in a certain way need to be considered. Silvia et al. (2008) adopted in their 

ǊŜǎŜŀǊŎƘ ŀ ŎƘƻƛŎŜ ŜȄǇŜǊƛƳŜƴǘ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ŎƻƴǎǳƳŜǊǎΩ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ Ǉŀȅ ŦƻǊ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ 

implementations (WTP). The results show that the WTP is on average higher than the costs of 

implementing energy efficient implementations. However, there are still some barriers that hold people 

from it. These barriers are for example legal, structural or socio-economic barriers. Silvia et al. (2008) 

assumed that these barriers are caused by a lack of information regarding the advantages and the 

methods to implement energy efficient implementations. Therefore, providing sufficient information to 

people increases their awareness and may decrease the attitude-action gap.  

 

4.2.2 Decisive motivations 
As defined by Frederiks et al. (2015, p. 16)Σ ƳƻǘƛǾŀǘƛƻƴǎ ŀǊŜ άǘƘŜ ŘǊƛǾƛƴƎ ŦƻǊŎŜǎ ƻǊ ƛƳǇǳƭǎŜ ǘƘŀǘ ƛƴƛǘƛŀǘŜΣ 

guide and maintain goal-directed behavior; that is, the specific reasons why a person acts in a certain way 

ŀǘ ŀƴȅ ƎƛǾŜƴ ǘƛƳŜέΦ aƻǘƛǾŀǘƛƻƴǎ ŀǊŜ ŘǊƛǾŜƴ ōȅ ƛƴǘŜƴǎƛǘȅΣ ŘƛǊŜŎǘƛƻƴ ŀƴŘ ǇŜǊǎƛǎǘŜƴŎŜ of effort that a person 

allocates towards achieving a specific goal. The process of performing a specific behavior largely depends 

on the degree of perceived behavioral control in which the costs and benefits are weighted (Wang et al., 

2011). In general, according to Frederiks et al. (2015), people are less likely to behave pro-environmental 

ǿƘƛŎƘ ƛǎ ƛƴŜŦŦƛŎŀŎƛƻǳǎ ŀƴŘ άŘƻŜǎ ƴƻǘ ƳŀƪŜ ŀ ŘƛŦŦŜǊŜƴŎŜέΦ ¢ƘŜǊŜŦƻǊŜΣ ŀŘƻǇǘƛƴƎ ŀ ǇǊƻ-environmental 

behavior must be effective in yielding valued outcomes. By yielding the valued outcomes, people are more 

motivated by self-interest and engaging in energy-saving behavior resulting in the highest benefits and 

the lowest costs. The cost-benefit tradeoffs include also valued resources as: time, effort, social 

status/acceptance, convenience and comfort (Frederiks et al., 2015). By looking at the evidence in 

literature, the most decisive motivations are monetary incentives and increase in personal comfort.  

 

First, according to Frederiks et al. (2015), the immediate high financial costs for people to invest in energy-

efficient house improvements (e.g. installing solar panels, insulation, low-energy appliances) may 

constrain ǇŜƻǇƭŜΩǎ decision. Therefore, the long-term monetary payoffs play an important role in this 

process. However, energy usage costs have a reasonable impact on the energy bill of homeowners and 

might therefore be more motivated to reduce their energy consumption. In addition, Wang et al. (2011) 

underlined that financial benefits have a significant influence on energy-saving behavior. To stimulate this 

behavior, Frederiks et al. (2015) suggest that an increase in energy prices may have a positive impact on 

consumers to invest in energy efficient implementations that will yield energy savings. However, 

monetary incentives by government programs can also have a positive influence on peopleΩs investment 
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behavior. Das et al. (2018) examined that the driving force for people of implementing energy efficient 

implementations in their dwelling may not rise from income, but from monetary incentives provisioned. 

The researchers therefore recommend to encourage the adoption of energy efficient implementations by 

offering monetary incentives. There are two types of monetary incentives that can be provisioned to 

customers. Sardianou and Genoudi (2013) found that tax reduction is slightly more effective for people 

than an energy subsidy as an effective financial incentive for people to adopt energy efficient 

implementations. Still, both incentives are preferred by people and governments should encourage them.  

 

The second decisive motivation for people is the need for personal comfort (e.g. thermal comfort, air 

quality and noise protection) (Barreto et al., 2014; Frederiks et al., 2015; Wang et al., 2011). The essence 

to maintain a comfortable house is for many people decisive. Especially, the perceived loss of comfort 

that is imposed by a particular energy efficient measure has a sizable impact on household energy 

activities (Frederiks et al., 2015). Barreto et al. (2014) ŜȄǇƭŀƛƴ ǘƘƛǎ ǿƛǘƘ ŀƴ ŜȄŀƳǇƭŜΥ άCŀƳƛƭƛŜǎ ǿƘƻ ǊŜŦŜǊǊŜŘ 

to this motivation, wanted, for instance, to control the thermostat to be able to maintain comfortable 

ǘŜƳǇŜǊŀǘǳǊŜ ŀǘ ŀƭƭ ǘƛƳŜǎέΦ In the literature, people in general less willing to apply curtailment behavior 

because it requires more effort (decrease in comfort). However, according to Barr et al. (2005)  less than 

a quarter of non-environmentalists is willing to sacrifice some comfort to save energy, whilst over 60% of 

committed environmentalists is willing to do so. Furthermore, Frederiks et al. (2015) found that comfort 

is related to energy consumption in both summer and winter seasons and that comfort accounts for 30% 

of the variability of households energy consumption.     

  

4.2.3 Subjective norm 
Subjective norm is defined by Lin (2015, p. 4) ŀǎΥ άǇŜǊŎŜƛǾŜŘ ǎƻŎƛŀƭ ǇǊŜǎǎǳǊŜ ŀƴŘ ƛǎ ōŀǎŜŘ ƻƴ ŀƴ ƛƴŘƛǾƛŘǳŀƭǎΩ 

ǇŜǊŎŜǇǘƛƻƴ ƻŦ ǿƘŜǘƘŜǊ ƻǘƘŜǊ ƛƳǇƻǊǘŀƴǘ ǇŜƻǇƭŜ ƛƴ ǘƘŜƛǊ ƭƛŦŜ ǿƻǳƭŘ ǿŀƴǘ ǘƘŜƳ ǘƻ ǇŜǊŦƻǊƳ ŀ ōŜƘŀǾƛƻǊέΦ 

Therefore, subjective norm can influence an individual to perform an energy-saving behavior or even to 

invest in energy efficient implementations. According to Yue et al. (2013), group-level feedback and peer 

education can modify ǇŜƻǇƭŜΩǎ energy behavior even without receiving an economic reward. Barreto et 

al. (2014) examined that people are more willing to modify their behavior when the impact becomes 

visible to their social network. This expression is in line with social influences, such as peer pressure, public 

accountability and competition.  Frederiks et al. (2015) added that intrapersonal sources of information 

appears to  be more influential to people than media appeals in eliciting and sustaining reductions in 

energy use. In addition, even a personal opinion or actions from a friend on energy choices is more 

influential than being adviced by an expert, which is better informed.  

 

4.3 CONTEXTUAL FORCES 
Individual behavior can also be influenced by contextual forces, such as government regulations or public 

policies. Frederiks et al. (2015) describes that these macro-level factors place constraints on policymakers, 

who will have to compose relatively fixed societal and institutional boundaries in their public policy 

decisions for the energy industry and consumers. According to Kuh (2012), law and policy can be used to 

change how individuals impact their environment through their behaviors and lifestyles. Therefore, 

environmental law and policy is required to balance government privilege with individual liberty. Kuh 

(2012) distinguished direct and indirect regulated behavior with the following examplesΥ ά! ǎǳōǎƛŘȅ ŦƻǊ 

hybrid vehicles is a regulation of the market that indirectly regulates the harms imposed by individual 

driving behavior. Smart-growth zoning, designed to reduce car travel, is a direct regulation of architecture 
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that indirectly regulates ƛƴŘƛǾƛŘǳŀƭ ŘǊƛǾƛƴƎ ōŜƘŀǾƛƻǊέ (Kuh, 2012, p. 6). It can be concluded that policy and 

regulations are required to influence individual energy curtailment and investment behavior and will 

therefore encourage people to change their lifestyle. Policy and regulations might also positively influence 

peopleΩǎ decision to become prosumers and participate in a prosumer community. 

 

4.4 ADOPTION OF INNOVATION 
The definition and elaboration of a prosumer community can be seen as innovative within the residential 

sector. Because the success or failure of this innovative product depends on the responses of potential 

customers in the marketplace, it is important to gain insight in the adoption and diffusion of people 

towards innovations. Rogers (1995) developed the technology adoption cycle and diffusion theory to 

define how markets develop for innovations, based on socio-demographic and psychological 

characteristics. As can be seen in Figure 8, the bell-shaped curve divided the whole market into five 

category of potential customers, starting with the innovators. The innovators are technology enthusiastic, 

are open to change and intrigued by the technology and its opportunities (Nijssen, 2017). Innovators 

constitute the smallest percentage of risk-immune, but are the most willing to change their behavior. The 

next category consist of the early adopters that are more willing to adopt new innovations faster than the 

majority, but do not behave on the front lines of innovation. The customers from the first two categories 

can be identified as the most potential group to participate in a prosumer community. However, these 

groups are as little as 16 percent of the total population according to this model. The third and fourth 

categories represents the majority of potential customers in the market and consist of the largest 

population percentage. The early and late majority have an average risk propensity and moderate 

attitude, and thus an average willingness to change (Nijssen, 2017). The early majority consist of people 

that are more pragmatic and wait before the technology has proven itself. In contrast, people in the late 

majority only implement the technology when they have to. The final category on the right side are the 

most skeptical people that represents the laggards. The laggards are hesitant to change and prefer to 

avoid the adoption of new technology or innovations as long as possible (Nijssen, 2017). For this research, 

the investment behavior of people in 

energy efficient innovations as the 

adoption of a more energy curtailment 

behavior based on socio-demographic 

characteristics, can be classified in this 

model. For example, by looking at the 

innovativeness of a prosumer community, 

the enthusiasts and visionaries seems to be 

the main target group. When it turns out 

that this new concept is beneficial and 

useful, the large group of pragmatists can 

be convinced. To persuade the late 

majority, policy makers might have an 

important role to speed up this process by 

tighter regulations on non-renewable 

energy usage and encouraging renewable 

energy developments.  

 

Figure 8 Technology adoption life cycle (Nijssen, 2017) 
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4.5 CONCLUSION 
It can be realized that the world energy-related problem cannot only be solved by technological advances, 

but changes in human energy behavior are essential. By focusing on the energy behavior of people, two 

categories can be considered as important: curtailment behavior and investment behavior. The 

curtailment behavior focusses more on the energy saving by reducing the usage of existing equipment 

and appliances. In contrast, investment behavior focusses on investing in technical equipment to reduce 

energy usage and increase the quality of the dwelling in terms of energy efficiency. Both behaviors can 

lead to the phenomenon rebound effect in which an increase in energy efficiency may lead to less energy 

savings than would be expected by simply multiplying the change in energy efficiency by the energy use 

prior to the change (Gillingham et al., 2016). To avoid that, monitoring and measuring should be 

integrated to such behavior as well. 

 

According to the literature, three factors can be identified in explaining the variabƛƭƛǘȅ ƻŦ ǇŜƻǇƭŜΩǎ ŜƴŜǊƎȅ 

behavior. First, the socio-demographic characteristics of individuals are influential on their energy 

behavior. In the literature, there is a lot of support on the following socio-demographic characteristics: 

gender, age, income, education, household size, home-ownership and family life cycle stage. To complete 

the objective of this research, these factors are explained and need to be implemented in the choice 

experiment design. Secondly, the psychological characteristics including environmental attitude and 

awareness, decisive motivations and subjective norm can be considered as the most influential factors on 

ƛƴŘƛǾƛŘǳŀƭǎΩ investment and curtailment behavior. Concerns about climate change and future generations 

positively lead to a more pro-environmental attitude. Additionally, the level of knowledge on the climate 

problem and energy efficient implementations plays an important role. When looking at the decisive 

motivations, it can be concluded that adopting an investment or curtailment behavior must be effective 

in yielding valued outcomes. According to this conclusion, people are more motivated by self-interest and 

engaging in energy-saving behavior resulting in the highest benefits and the lowest costs. In the literature, 

the cost-ōŜƴŜŦƛǘ ǘǊŀŘŜƻŦŦ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƳǇŀŎǘǎ ǇŜƻǇƭŜΩǎ ŘŜŎƛǎƛƻƴ ƛƴ ŀŘƻǇǘƛƴƎ ŀ ƳƻǊŜ ǎǳǎǘŀƛƴŀōƭŜ ōŜƘŀǾƛƻǊ 

or investing in energy efficient implementations. Furthermore, social pressure and social identity appears 

to be of importance for people to participate in a collective energy initiative. If insights in these 

psychological aspects can be obtained, it becomes more clear what motivates people to participate in a 

prosumer community and to what extent are they willing to adopt an energy curtailment of investment 

behavior. Finally, individual behavior can also be influenced by contextual forces, such as government 

regulations or public policies. Therefore, the government can play a major role in encouraging people to 

use less energy by for example financial incentives.  

 

In line with the objective of this research, a prosumer community can be seen as an innovative concept, 

which needs to be adopted to achieve energy-neutral neighborhoods and cities. The willingness of people 

to adopt this concept will be investigated in the next chapters.  
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5 RESEARCH APPROACH 
 

In this chapter, the research approach is explained for executing a stated choice experiment. The aim of 

this research approach is to provide information on why this method is selected and how it is set-up. 

Furthermore, it is explained how the questionnaire is structured and how it is distributed. Finally, the 

multinomial logit model and latent class model are described to provide background information about 

the statistical models.  

 

5.1 INTRODUCTION 
In the current research, the aim is to gain insight in the decisive motivational factors of Dutch citizens to 

participate in a prosumer community. To find out which motivational factors are decisive in people 

ŘŜŎƛǎƛƻƴΣ ǇŜƻǇƭŜΩǎ ǇǊŜŦŜǊŜƴŎŜǎ ƴŜŜŘ ǘƻ ōŜ ŜȄŀƳƛƴŜŘΦ CƻǊ ǘƘƛǎΣ ŘŜŎƛǎƛƻƴ-making can be considered by 

presenting choices among different alternatives to individuals. Due to the complexity of this objective, it 

is of importance to find the right research approach that will result in a valuable outcome. According to 

Kemperman (2000), a choice experiment approach is a well-established multivariate technique for 

measuring individuals preference and choice behavior for new, not yet existing alternatives. 

 

¢ƻ ŜǎǘƛƳŀǘŜ ǇŜƻǇƭŜΩǎ ǇǊŜŦŜǊŜƴŎŜǎΣ ǘƘŜǊŜ are two broad approaches: revealed preferences and stated 

preferences. According to Hensher et al. (2005) stated preference data represents choice made or stated 

given hypothetical situations, in which people state their choice in a given circumstance. On the other 

hand, revealed preference data represents data collected on choices that are made in an actual market. 

The collection of RP data represents the collection of data on real life choices. Because the concept of a 

prosumer community is new and barely applied, the context of this research is a hypothetical scenario. 

According to Hensher et al. (2005), a hypothetical situation may lead to situations in which personal 

constraints are not considered as constraints at the time of choice. To overcome these constraints, it is 

essential that the choice experiment is as realistic as possible with use of actual numbers or applied 

techniques. For the execution of the stated choice approach, various individuals will be invited to 

participate into a choice experiment in which they will have to choose between a specific set of 

hypothetical scenarios.  

 

To compose a stated choice experiment, the theory of Hensher et al. (2005) is considered in this thesis. 

This book focusses more on the practical aspect of an experimental design by concentrating on the 

subjects that matter related to the choice modeling. An experimental design is the foundation for any 

stated choice experiment and Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ƻōǎŜǊǾŀǘƛƻƴ ƻŦ ǘƘŜ ŜŦŦŜŎǘ ǳǇƻƴ ƻƴŜ ǾŀǊƛŀōƭŜΣ ŀ 

ǊŜǎǇƻƴǎŜ ǾŀǊƛŀōƭŜΣ ƎƛǾŜƴ ǘƘŜ ƳŀƴƛǇǳƭŀǘƛƻƴ ƻŦ ǘƘŜ ƭŜǾŜƭǎ ƻŦ ƻƴŜ ƻǊ ƳƻǊŜ ƻǘƘŜǊ ƻŎŎǳǊǊŜŘ ōȅ ǘƘŜ ŘŜǎƛƎƴέ 

(Hensher et al., 2005, p. 100). The manipulation can be termed as attributes which can be combined with 

each unique levels in treatment combinations. These treatment combinations describe the profile of the 

alternative within the choice set.  

 

In Figure 9, the process of Hensher et al. (2005) to generate stated preference experiments is summarized 

in an experimental design process scheme, starting with the refinement of the problem. In this stage, the 

research problem should be clarified and the objectives of the research must be well-defined. The aim of 

this research approach is to answer SQ4: To what extent are local citizens willing to change their behavior 
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to participate in a prosumer community? And to what extent is their willingness influenced by decisive 

motivational factors? In so far, the theoretical background (Chapter 5) has provided an answer to the 

decisive motivational factors on individual energy behavior (research question 3). The objective is to find 

ƻǳǘ ƛŦ ǘƘŜ ŦƛƴŘƛƴƎǎ ƻŦ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ƛƴŦƭǳŜƴŎŜ ǇŜƻǇƭŜΩǎ ōŜƘŀǾƛƻǊ ƛƴ ŀ ƴŜǿ ŎƻƴǘŜȄǘΦ   

 

When the problem is well understood by the researcher, the stimuli must be refined and identified to be 

used in the experiment. In this stage, the various alternatives, attributes and attribute levels need to be 

identified. According to Hensher et al. (2005)Σ ǘƘŜ ƭƛǎǘ ƻŦ ŀƭǘŜǊƴŀǘƛǾŜǎ ǎƘƻǳƭŘ ōŜ άǳƴƛǾŜǊǎŀƭέ ōǳǘ άŦƛƴƛǘŜέΣ 

which means that all alternatives are presented to the respondents that falls within the context of the 

study. However, to avoid too many alternatives, the alternatives should be culled from the list in order to 

reach a manageable size. way to reduce the alternatives is to excludŜ άƛƴǎƛƎƴƛŦƛŎŀƴǘέ ŀƭǘŜǊƴŀǘƛǾŜǎΦ Lƴ 

making this decision, the researcher is placing more weight on practical, as opposed to theoretical, 

considerations.  

 

When the alternatives to be studied are identified, the next step in the stimuli refinement is to define the 

attributes and attribute levels. In this stage, the relevant attributes and attribute levels are assigned to 

ŜŀŎƘ ŀƭǘŜǊƴŀǘƛǾŜΦ ¢Ƙƛǎ ƛǎ ŀ ŎŀǊŜŦǳƭƭȅ ǇǊƻŎŜǎǎ ǘƻ ǇǊŜǾŜƴǘ άƛƴǘŜǊ-ŀǘǘǊƛōǳǘŜ ŎƻǊǊŜƭŀǘƛƻƴέΣ ǿƘƛŎƘ ǊŜŦŜǊǎ ǘƻ ǘƘŜ 

cognitive perceptions decision makers bind to the attribute descriptions provided. Therefore, the 

attributes should be independently estimated in the generated experimental design. The next step in this 

stage is to derive the attribute levels. According to Hensher et al. (2005, p. 107), the attribute levels are 

ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ƭŜǾŜƭǎ ŀǎǎƛƎƴŜŘ ǘƻ ŀƴ ŀǘǘǊƛōǳǘŜ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŜǎƛƎƴ ǇǊƻŎŜǎǎέΦ ¢Ƙƛǎ ƛǎ ƴƻǘ ŀƴ 

easy task, which can be attributed to several important decisions to be made by the researcher. The first 

concern is to decide how many attribute levels need to be assigned to each attribute, noting that not all 

attributes have the same attribute levels. Furthermore, the attribute levels should compromise the 

extreme ranges of the attribute. Therefore, the researcher should identify the attribute level extremes by 

examining the experiences related to that attribute of the decision makers being studied.  

 

Once the stimuli refinement is finished, considerations regarding the experimental design need to be 

examined. In this stage, the type of design is chosen and the model is specified by the researcher and 

takes the decision whether a full factorial design or a fractional factorial design is used and whether the 

numbers of levels of the attributes should be reduced or not. According to Hensher et al. (2005), the main 

difference between these designs is that a full factorial design tests all possible treatment combinations 

and a fraction factorial design only tests a subset of the treatment combinations. Because a full factorial 

design is too comprehensive, a fraction factorial design is commonly applied.  

 

The fourth and fifth stage occur simultaneously and refer to the generation of the experimental design. 

In these stages, the design strategy is adopted and the attribute levels are coded by allocating the 

attributes to the design columns. For the coding structure, the attribute levels can be dummy coded or 

effect coded. The difference between these coding structures is that the utility in the last level of the 

coded variable is -1 instead of 0. For this research, it is decided to assign the effect coding structure to the 

experimental design. By using dummy coding, the data is perfectly confounded at the last level of the 

variable with the grand mean (Hensher et al., 2005). The main advantage of using effect coding at the last 

level is that the utility is not perfectly confounded and have a unique value instead of 0.  
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In stage 6, the choice sets are generated by different treatment combinations of attribute levels. Hensher 

et al. (2005, p. 166) ŘŜŦƛƴŜǎ ŀ ŎƘƻƛŎŜ ǎŜǘ ŀǎ άŀ ƳŜŎƘŀƴƛǎƳ ƻŦ ŎƻƴǾŜȅƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ ŘŜŎƛǎƛƻƴ ƳŀƪŜǊǎ 

about the alternatives, attributes and attribute levels that exist within the hypothetical scenarios of a 

ǎǘǳŘȅέΦ .ŀǎƛŎŀƭƭȅΣ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ stage, the various alternatives are already coded. In the generation of 

choice sets, it is essential that each attribute level is unique within the stated choice experiment. It is up 

to the researcher to replace the design codes by the attribute levels, because there is no standard 

approach.  

 

Subsequently, in stage 7, the choice sets are randomized in order to present a random selection to the 

ǊŜǎǇƻƴŘŜƴǘǎΦ ¢ƘŜ ǊŀƴŘƻƳƛȊŀǘƛƻƴ Ŏŀƴ ōŜ ŜȄŜŎǳǘŜŘ ƛƴ aƛŎǊƻǎƻŦǘ 9ȄŎŜƭΣ ōȅ ǳǎƛƴƎ ǘƘŜ ŦǳƴŎǘƛƻƴ άҐ!{9[9/¢όύέΦ 

When all stages are completed, the researcher can start with constructing the survey. In this survey, the 

researchers questions respondents to express their preference for each choice set. The purpose of the 

survey is to clarify the alternatives, attributes and attribute levels to the respondents so that they 

completely understand the choice experiment. Once the survey is completed, it can be distributed among 

the target group. The experimental design process of Hensher et al. (2005) is a suitable guideline for the 

researcher by presenting the sequence of stages in order to result in a valuable outcome.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.2 STIMULI REFINEMENT 

5.2.1 Refining the list of alternatives 
Because the problem refinement is already extensively discussed in the previous chapters, the process 

starts with the stimuli refinement. In this stage the list of alternatives, attributes and attribute levels need 

to be identified, beginning with providing the list of alternatives for this research. In this thesis, two 

alternatives are considered that are related to the main decisive motivation of people to invest, namely: 

financial consequences. As discussed in chapter 4: Financial Optimizations, the investment can be realized 

Figure 9 Experimental design process (Hensher et al., 2005) 
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in two ways: own initiative or outsourcing by an Energy Service Company. In the case of realizing the 

investment by own initiative, people realize the initial investment by their own, but this lead to substantial 

financial benefits each year. On the other hand, people can also decide to outsource the investment by 

an Energy Service Company and gain small financial benefits each year. However, in the second 

alternative, people conclude a contract for multiple years and after this period, the energy efficient 

implementations are theirs including the financial benefits. In the stated choice experiment design, these 

alternatives are presented to the respondents. 

 

5.2.2 Refining the list of attributes and attribute levels 
Having identified the alternatives for this research, the attributes including the attributes levels need to 

be determined for those alternatives. In this stage of the process, it is of importance that each alternative 

may incorporate a mix of common as well as different attributes. The objective is to identify local citizensΩ 

attitude, satisfaction, motivation and self-efficacy towards participating in a prosumer community. 

Therefore, insight in energy behavior characteristics are essential by defining the attributes for this 

research. These insight in combination with socio-demographic characteristics are interesting to 

determine what type of local citizens are suitable to live in a collective energy initiative as a prosumer 

community. In this thesis, four attributes are defined according to the literature review and interviews 

with experts of Sweco Nederland. The selection of the four attributes are included in the stated choice 

experiment based on the most important features. For the experimental design, it is decided to apply 

three levels per attribute. This is efficient to estimate the model. To understand the listed assumptions in 

Table 15, all attributes and their levels are explained in this section. 

 

Financial consequence 
According to the many researchers (Das et al., 2018; Frederiks et al., 2015; Wang et al., 2011), the 

immediate high initial cost for people to invest in energy-efficient house improvements may constrain 

ǇŜƻǇƭŜΩǎ ŘŜŎƛǎƛƻƴǎΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ researchers recommend to encourage the adoption of energy efficient 

implementations by offering monetary incentives. The financial consequence attribute includes a 

subdivision of type of implementations to participate (Solar panels, BTES system, and In-home batteries), 

the investment costs, the financial benefits per year and payback period / contract period. There is a 

difference in levels between the alternative own initiative and outsourcing. By looking at the financial 

consequences for both alternatives, there is a large difference. The main difference can be contributed to 

the fact that people can invest or outsource the investment in energy efficient implementations to 

participate in a prosumer community. However, it is their decision to what extent they prefer substantial 

financial benefits each year and their level of dependency to an extern company. For the outsourcing 

attribute levels, it is assumed that the contract is one year longer than the payback time. In addition, the 

financial savings for the alternative outsourcing are based on an assumption and provide a financial 

ƛƴŎŜƴǘƛǾŜΦ Lƴ ŎƻƴŎƭǳǎƛƻƴΣ ǘƘŜ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘƛǎ ŀǘǘǊƛōǳǘŜ ƛǎ ǘƻ ƳŜŀǎǳǊŜ ǇŜƻǇƭŜΩǎ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ǘƻ ǿƘŀǘ ŜȄǘŜƴǘ 

they prefer to invest and gain financial benefits each year. This attribute is supported in the stated choice 

experiment by an additional question in which respondents are questioned if their decision is based on 

the implementation, financial savings or payback time / contract duration.   
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Community participation 
The amount of local citizens that are involved in the prosumer community project can have an effect on 

other citizens in the neighborhood. According to Lin (2015) and Yue et al. (2013) perceived social pressure 

and peer education can modify ǇŜƻǇƭŜΩǎ energy behavior even without receiving an economic reward. 

The objective of this attribute is to consider whether people are influenced when a large or low share of 

citizens in the neighborhood participate in a prosumer community project. Therefore, three scenarios are 

proposed to the respondents. The scenarios are based on three levels, which are 25, 50 and 75 percent 

participation of neighbors in the neighborhood.  

 

Control of appliances 
In a prosumer community, electricity is generated decentral and is dependent on the weather conditions. 

Because a balanced system is required to reduce the import of electricity, a demand side management 

software is installed to manage the production and consumption of energy. In this system, energy 

consumption patterns can be changed in which large consuming appliances (such as dishwasher, washing 

machine and dryer) are used during the energy peak moments (between 11 am and 3 pm). The objective 

of this attribute is to gain insight in to what extend people prefer flexibility over financial savings or vice 

versa. There are three scenarios presented to the respondents that differ in flexibility. In the first level, 

people control their appliances by their own preference, which gives a lot of flexibility. However, financial 

savings are still dependent on ǇŜƻǇƭŜΩǎ energy consumption pattern change. In the second level, the 

appliances are semi-automatic controlled. Semi-automatic means in the context of this research that 

appliances can be programmed to turn on when the production of electricity is highest. People have the 

option to indicate an end time for when the appliance must be finished. This level leads to less flexibility 

for users, but they gain some financial benefits. In the final level, appliances are automatic controlled in 

which they are programmed to turn on when the production of electricity is the highest. In contrast to 

the second level, users cannot specify an end time and are dependent on the energy production. This 

leads to a limited flexibility, but people gain larger financial benefits. In conclusion, the aim of the three 

levels in this attribute is ǘƻ ƳŜŀǎǳǊŜ ǇŜƻǇƭŜΩǎ ǇǊŜŦŜǊŜƴŎŜ ƻŦ ŎƘŀƴƎƛƴƎ ǘƘŜƛǊ ŜƴŜǊƎȅ ƭƛŦŜǎǘȅƭŜ ƛƴ ƻǊŘŜǊ ǘƻ Ǝŀƛƴ 

a balanced system. 

 

Organizational participation 
The collaboration of local citizens in a prosumer community project is also dependent on the level of 

people prefer acting as a community and take an organizational role. The realization of a prosumer 

community is especially in the beginning dependent on peopleΩs initiative, effort and financial support. 

The objective of examining this attribute is to gain insight in the organizational role people prefer at the 

community level based on socio-demographic characteristics. According to Koirala (2017), there are three 

levels of organizational responsibility, starting with an active role in which people are willing to participate 

with substantial responsibility of steering the prosumer community project, such as member of the board. 

In the second level, people are willing to participate with a minor responsibility, such as attending member 

meeting. In the last level, people are willing to participate, but without organizational responsibility.  

These levels are presented to the respondents and provide a full overview of the different organizational 

roles. 
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Table 15 Attributes 

Attribute Alternative 1: Own initiative Alternative 2: Outsourcing   

 
 
 
 
 
 

Financial consequence 

Solar panels 
ϵ 4.500 investment 
ϵ 800 decrease annual energy costs 
6 years payback period 
 
Solar panels and BTES system 
ϵ 18.500 investment 
ϵ 1.200 decrease annual energy costs 
13 years payback period 
 
Solar panels, BTES system, battery 
ϵ 24.500 investment 
ϵ 1.350 decrease annual energy costs 
19 years payback period 

Solar panels 
Investment by ESCO 
ϵ 100 decrease annual energy costs 
7 years contract 
 
Solar panels and BTES system 
Investment by ESCO 
ϵ 200 decrease annual energy costs 
14 years contract 
 
Solar panels, BTES system, battery 
Investment by ESCO 
ϵ 250 decrease annual energy costs 
20 years contract 

 
Community involvement  

 

25 percent participation 
50 percent participation 
75 percent participation 

25 percent participation 
50 percent participation 
75 percent participation 

 
Control of appliances 

Own control 
Semi-Automatic controlled 
Automatic controlled 

Own control 
Semi-Automatic controlled 
Automatic controlled 

 
Organizational 
participation 

Active role (4 hours / month) 
Minor participation (2 hours / month) 
Passive role (0-1 hours / month) 

Active role (4 hours / month) 
Minor participation (2 hours / month) 
Passive role (0-1 hours / month) 

 

 

5.3 EXPERIMENTAL DESIGN CONSIDERATIONS 
When the alternatives, attributes and attribute levels are determined, an appropriate experimental design 

must be selected. In this experimental design, the total number of attributes that is included in the 

questionnaire is 8 (4 attributes for 2 alternatives) and each attribute involves 3 levels. This means that a 

3^8th design is needed. The full factorial design contains 6.561 treatment combinations. This would enable 

the estimation of all possible main and interaction effects, but it cannot be easily handled by the 

respondents (Hensher et al., 2005). Therefore a fractional factorial design is preferred with 27 profiles. 

Each of the 27 profiles defines ǘƘŜ ŀǘǘǊƛōǳǘŜ ƭŜǾŜƭǎ ƻŦ ǘƘŜ Ψƻǿƴ ƛƴƛǘƛŀǘƛǾŜΩ ŀƴŘ ǘƘŜ ΨƻǳǘǎƻǳǊŎƛƴƎΩ ŀƭǘŜǊƴŀǘƛǾŜΦ 

The 27 profiles were equally and randomly distributed over 3 respondents. As a result, 9 profiles were 

presented to each respondent, which was randomly repeated for many respondents. This third alternative 

is ŘŜŦƛƴŜŘ ŀǎ ΨƴƻƴŜ ƻŦ ǘƘŜǎŜΩ ŀƴŘ ƛǎ added to not oblige respondents to answer if they might not accept 

the presented alternatives. For the distribution of the choice sets, it is required to gain at least 150 

completely filled in questionnaires.  

 

In the experimental design, the attribute-levels (0,1,2) are replaced by a coding scheme in order to allow 

for arithmetic operations. The attribute levels can be dummy coded or effect coded. An example of effect 

coding is presented in Table 16. In the case of dummy coding, the third level will be coded 0 0. For this 

research, it is decided to use effect coding. By using dummy coding, the data is perfectly confounded at 

the last level of the variable with the grand mean (Hensher et al., 2005). The main advantage of using 

effect coding is that the utility is not perfectly confounded and has a unique value instead of 0. The 3 level 

variable is recoded into a 2 variables, in which the third level is the reference category. This category is 
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not considered in the output of the analysis, but can be determined by assigning the negative sum of the 

two other levels. The calculation is as follows: X1c = -(X1a+X1b) in which it is required that the sum of the 

3 levels is 0. The complete effect coding for the entire design can be found in Appendix III.  

 
Table 16 Effect coding structure 

Attribute:  Level 
no 

Levels Coding 
X1a 

Coding 
X1b 

Control of appliances 1 Own control 1 0 

 2 Semi-Automatic controlled 0 1 

 3 Automatic controlled -1 -1 

 
 

5.4 QUESTIONNAIRE DESIGN 
In order to conduct the aforementioned choice experiment, a questionnaire is composed. The 

ǉǳŜǎǘƛƻƴƴŀƛǊŜ ƛǎ ŘŜǎƛƎƴŜŘ ƛƴ ǘƘŜ Ψ.ŜǊƎ 9ƴǉǳşǘŜ {ȅǎǘŜƳΩΣ ǿƘƛŎƘ ƛǎ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ 9ƛƴŘƘƻǾŜƴ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 

Technology. This system is a well-established online tool for students of the department of Built 

Environment to construct a survey by their own. For this research, the survey is divided in three parts: 

socio-demographic characteristics questions, the choice experiment and a list of statements to gain 

insight in peopleΩǎ environmental conscious attitude. Each of these parts have a different purpose of 

collecting data. Since the context of this research focusses on the Dutch situation, the questionnaire is 

only provided in Dutch. The questionnaire can be found Appendix II: Questionnaire. 

 

As discussed, the questionnaire contains three main parts, starting with questions regarding the socio-

demographic status of the respondents. Next to collecting this specific data, these questions are also a 

warm-up for the respondent before starting the choice experiment. The socio-demographic questions 

focuses on ǇŜƻǇƭŜΩǎ: gender, age, education, household situation, income, neighborhood level, type of 

dwelling, property ownership. According to the literature provided in section 5.6.1, these are the aspects 

that are examined in previous studies and can provide information about the socio-demographic 

characteristics of respondents.  

 

In the second part of the questionnaire, the choice experiment is conducted, starting with a context 

description. In this description, an introduction of the choice experiment is given and both alternatives 

are explained. When this is clear for the respondent, the next page shows an example of a choice set that 

can be expected. For the readability of the survey, first the example is presented and hereafter the 

attributes of the choice sets are explained. This might prevent respondents from early quitting. In this 

explanation, misunderstandings must be avoided by providing a detailed description of the attributes and 

attribute levels. Next, the respondents are invited to evaluate nine choice situations. The respondent can 

choose between three alternatives: own initiative, outsourcing and none of these. Each choice sets is 

supported by an additional question that can be found below the choice task. The aim of this question is 

to gain insight in the decisive financial aspects ǿƘŜǊŜ ǇŜƻǇƭŜΩǎ ŎƘƻƛŎŜ ƛǎ ōŀǎŜŘ ƻƴΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘƛǎ ǉǳŜǎǘƛƻƴ 

provides the possibility to tick for multiple choices. When the nine choice sets including the additional 

question are finished by the respondent, the choice experiment part is completed.   
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The third and last part of the questionnaire consist of multiple statements in which ǇŜƻǇƭŜΩǎ 

environmental attitude can be measured. These statements are considered to find out if people who 

identify themselves as having an environmental attitude have a different choice behavior than people 

who identify themselves as having a less environmental attitude. The statements are based on previous 

literature and are presented to the respondents as a five-point Likert scale. The reason for placing these 

statements on the last page of the survey is because fatigue in an earlier stage should be avoided. 

Therefore, these questions, which are easily to respond, are questioned at the end. The following 

statements are presented to the respondents. 

 

Å I am worried about global warming. 
This statement is based on the environmental awareness of people, which is frequently reported by 

different researchers. According to Wang et al. (2011)Σ ŀǘǘƛǘǳŘŜ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ǇŜƻǇƭŜΩǎ ǇǊƻ-

environmental awareness of performing sustainable behavior. This behavior contributes to energy 

curtailment or/and energy investment behavior of people. Barreto et al. (2014) underlined this statement 

and added that it has been shown that most people are concerned about future generations access to 

renewable sources, which influence their environmental awareness.  

 

Å The majority of the population is not acting environmentally conscious. 
According to Berendsen et al. (2010), there is a gap between environmental conscious and acting 

environmental conscious. This gap can be contributed to the tragedy of common hypothesis, which 

assume that people prefer to gain economic benefits by the lowest possible costs in the choice of a 

behavior in a social dilemma. The statement gives insight in the behavior of respondents and their 

environmental awareness.  

 

Å I am prepared to pay more for environmentally friendly implementations. 
In the literature review on individualsΩ energy behavior, the financial consequence is one of the main 

considerations of people. However, Yue et al. (2013) states that consumers are willing to invest more in 

appliances with an higher energy efficiency label.  

 

Å The government should conduct more action to tackle the climate problem. 
The edition of the citizens perspective questionnaire conducted by the Dutch government (Dekker et al., 

2016)  focusses on the energy transition of the Netherlands. According to the results, 55% of the Dutch 

citizens have almost no confident in the government related to the energy transition and the approach 

against the climate change problem. However, citizens expects that the government will come up with 

solutions, but preferably not with implementations that affects the individual.  

 
 

ά²ƘƛŎƘ ƻŦ ǘƘŜ ŀǎǇŜŎǘǎ ƻŦ ŦƛƴŀƴŎƛŀƭ ŎƻƴǎŜǉǳŜƴŎŜǎ ǿŜǊŜ ƛƴŦƭǳŜƴǘƛŀƭ ƛƴ ȅƻǳǊ ŎƘƻƛŎŜΚέ όƳǳƭǘƛǇƭŜ ŎƘƻƛŎŜǎ 

are possible): 

  Investment implementations (solar panels, BTES system, in-home battery) 

  Financial savings per year 

  Payback/contracting period 

  bƻƴŜ ƻŦ ǘƘŜǎŜέ 
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Å I would like to be more independent of large energy providers. 
According to the citizens perspective questionnaire (Dekker et al., 2016) , 57% of the Dutch citizens have 

almost no confident in the large energy providers. Dutch citizens also concern the links and dependency 

on countries as Russia because of their gas supply. These developments lead to more initiatives (such as 

power peers), in which people generate their own energy and become more independent of large energy 

providers.  

 

Å I am willing to adopt a more environmental friendly lifestyle. 
According to Han et al. (2013) and Barreto et al. (2014), people can adopt a more curtailment behavior by 

for example ǊŜŘǳŎŜ ǘƘŜ ǳǎŀƎŜ ƻŦ ŜȄƛǎǘƛƴƎ ŜǉǳƛǇƳŜƴǘΩǎ ƻǊ ŀǇǇƭƛŀƴŎŜǎ ōȅ ōŜƘŀǾƛƻǊ ŎƘŀƴƎŜǎΣ ǎǳŎƘ ŀǎ 

shortening shower duration, switching of light, lowering thermostat setting, etc. Such changes in energy 

consumption behavior requires alteration of lifestyle in which people mostly choose to decrease their 

comfort.  Therefore, people should be more willing to modify their energy behavior and lifestyle to 

address environmental concerns. 

 

Å I would like to be seen with solar panels on my house. 
Social identity is a motivational factor for people to apply energy efficient implications. This statement is 

underlined by the research of Barreto et al. (2014), which states that people are more willing to modify 

their behavior when the impact becomes visible to their social network. This expression is in line with 

social influences, such as peer pressure, public accountability and competition.   

 

Å I am willing to participate in a prosumer community. 
When the respondents have completely filled in the questionnaire, the final question focusses on their 

willingness to participate in a prosumer community. It can be expected that respondents have a plenary 

idea of what a prosumer community includes. By questioning this statement, all important motivations 

can be considered and respondents can give their concluding answer.  

 

When the first version of the questionnaire was completed, it was tested among 10 respondents. The 

questionnaire was adjusted according to their feedback. The questionnaire will be distributed among 

consumers who own or rent a dwelling by means of a link to the online survey system (the BERG system, 

developed at TU/e). The goal is to collect data from at least 150 respondents, preferably representatively 

distributed across the main socio-demographic characteristics (such as: gender, age, income, education, 

etc.). This is of importance for the elaboration of the results and to formulate reliable conclusions. 

 

5.5 MULTINOMIAL LOGIT MODEL (MNL) 
When the choice data is obtained by the distribution of the questionnaire, it is subsequently analyzed by 

using a multinomial logit model (MNL). According to Davis et al. (1979), the multinomial logit model is άŀƴ 

appropriate multi-ŀǘǘǊƛōǳǘŜ ŀƴŀƭȅǎƛǎ ŦƻǊ ƳŜŀǎǳǊƛƴƎ ǘƘŜ ŎƘƻƛŎŜ ōŜƘŀǾƛƻǊ ƻŦ ƛƴŘƛǾƛŘǳŀƭǎέΦ The model is able 

ǘƻ ǇǊŜŘƛŎǘ ƛƴŘƛǾƛŘǳŀƭ ŘŜŎƛǎƛƻƴ ƳŀƪŜǊΩǎ ƻǾŜǊŀƭƭ ǇǊŜŦŜǊŜƴŎŜ ƻŦ ŀ ŎƘƻƛŎŜ ŀƭǘŜǊƴŀǘƛǾŜ and can overcome models 

that contains no complex relationships.  In addition, the model can predict an individual utility for an 

alternative by two components: based on expressed attitude towards that alternative and an unobserved 

random component. The utility factor of the different attributes can be calculated by the following 

equation (Davis et al., 1979). 
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Ὗ  ὠ ‐     (6.1) 

   

Where, Ὗ is the utility of the alternative to individual i, ὠ is the deterministic component, and ‐ is the 

random component, which is assumed to be independent and identically distributed across all individuals 

i.  According to Hensher et al. (2005), the functional relationship between the utility associated with an 

alternative and the variables can be assumed as: 

 

ὠ ‍ ‍Ὢὢ ‍Ὢὢ ‍Ὢὢ Ễ ‍ Ὢὢ   (6.2) 

 
In which ‍  is the weight (or parameter) of attribute ὢ  and alternative i and ‍  represents the 
alternative-specific constant, which represents on average the role of all the unobserved sources of utility 
and is not associated to the observed and measured attributes.  
 
To estimate the probability of an individual choosing alternative Ὥ out of the set of ὐ alternatives, equation 

(6.3) can be used. This equation states that the probability of an alternative is equal to the ratio of the 

exponential of the utility for alternative Ὥ to the sum of the exponentials of the utilities for all ὐ alternatives 

(Hensher et al., 2005). 

0
 

В
 Ƞ      Ὦ ρȟȣȟὭȟȣȟὐ      (6.3) 

 

To estimate the most likely value of each parameter in equation 6.2, the log-likelihood function can be 

used:  

 

 ὒὒ В В В ώ ÌÎ ὖ     (6.4) 

 

where ώ  is 1 if alternative j was chosen by respondent ὲ in choice situation s and 0 otherwise, ὖ  

represents the probability that respondent , and ÌÎ is the natural logarithm. Maximizing (6.4) yields the 

maximum likelihood estimator, ‍, of the specified choice model given a particular set of choice data. The 

function is retrieved from (Hensher et al., 2005). 

 

When the log-likelihood function is determined for the estimated parameters and the null model, the 

goodness-of-fit can be calculated. To determine the goodness of fit of the estimated ƳƻŘŜƭΣ aŎCŀŘŘŜƴΩǎ 

Rho-Square can be used for fitting the overall model. McFadden suggest p2 values of between 0.2 and 0.4 

should represent a very good fit of the model (D. Lee, 2013).  

 

 ὴ ρȢπ  ὒὒ‍ Ⱦ ὒὒπ       (6.5) 

     

In this formula, the ὒὒ‍ is the log-likelihood function using the estimated parameters and  ὒὒπ is the 

log-likelihood function using the null-model (all ‍ί being equal to 0) (Hensher et al., 2005).  
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5.6 LATENT CLASS MODEL (LCM) 
A latent class model is used in this research to estimate the parameters for a given number of classes (or 

clusters) of respondents which are determined by the model as well. By executing a latent class model 

analysis, clusters of individuals are obtained, which have a similar choice behavior. For each cluster, a set 

of parameters is estimated. The objective of this study is to investigate whether the respondents 

belonging to one cluster also share similar socio-demographic characteristics or have the same 

environmental conscious attitude.  

 

To identify the optimal number of classes for the latent class model, the Bayesian Information Criterion 

(BIC) is often used (Feng, Arentze & Timmermans., 2010). This calculation is based on the number of 

classes that are expected to be determined. This formula can be expressed as: 

 

ὄὍὅ ςὒὒςὑ     (6.6)  

 

In this formula, LL is the log likelihood and K is the number of parameters in the model. As a rule of thumb, 

the lowest BIC value contributes to the most reliable model. Besides the BIC, the total fit of the model can 

ŀƭǎƻ ōŜ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ aŎCŀŘŘŜƴΩǎ ǊƘƻ ǎǉǳŀǊŜΦ  

 

5.7 CONCLUSION 
In this chapter, the research approach is explained for executing a stated choice experiment. The aim of 

executing a stated choice experiment is to measure the preferences and choice behavior of citizens to 

participate in a prosumer community. The aim of the research approach is to answer SQ4: To what extent 

are local citizens willing to change their behavior to participate in a prosumer community? And to what 

extent is their willingness influenced by decisive motivational factors? For composing a stated choice 

experiment, the theory of Hensher et al. (2005) is considered, starting with the stimuli refinement. In the 

stimuli refinement, the alternatives, attributes and attribute levels are determined. In this research, two 

alternatives are presented to the respondents: own initiative and outsourcing. Per alternative, four 

attributes are questioned based on the literature: financial consequences, community involvement, 

control of appliances and organizational participation. To these attributes, three levels are assigned. A 

fractional factorial design is used with 27 profiles, in which 9 profiles are presented to each respondent. 

One profiles defines both alternatives. For the experimental design considerations, it is decided to use 

effect coding for the attribute levels. The 3 level variable is recoded into 2 variables; the third level is the 

reference category. When the experimental design and choice sets were generated, 9 randomly selected 

choice sets were presented to each respondent. Furthermore, the questionnaire was designed in the 

BERG Questionnaire system and included three main parts of different questions. In the first section, the 

socio-demographic characteristics were questioned to gain insight in the socio-demographic status of the 

respondents. In the second part, the choice experiment is conducted. The choice experiment part included 

a context description and the invitation to choose one alternative from each of to the 9 choice sets. In the 

last part of the questionnaire, environmental statements were questioned to the respondents to gain 

insight in peopleΩs environmental conscious attitude. Finally, the multinomial logit model and the latent 

class model were explained in this chapter. The multinomial logit model is executed in the analysis to 

assess ƛƴŘƛǾƛŘǳŀƭ ŘŜŎƛǎƛƻƴ ƳŀƪŜǊΩǎ ƻǾŜǊŀƭƭ ǇǊŜŦŜǊŜƴŎŜ ƻŦ ŎƘƻƛŎŜ ŀƭǘŜǊƴŀǘƛǾŜǎΦ CǳǊǘƘŜǊmore, the latent class 

model will be used to find homogeneous clusters of respondents.   
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6 RESULTS 
 

In this chapter, the output of the questionnaire is analyzed according to different statistical approaches. 

First, the sample is described and compared to the Dutch population. Next, the cross tab results between 

the socio-demographic characteristics and the environmental statements are explained. Subsequently, 

the Multinomial Logit Model is executed to analyze the choice behavior data based on the stated choice 

experiment. Finally, the Latent Class Model analysis is executed to discover classes based on similar choice 

behavior. 

 

6.1 DATA COLLECTION 
The data collection took place between May 2nd and May 16th 2018 by distributing the online 

questionnaire at two channels. First, in collaboration with the communication department of Sweco, an 

article about this research was prepared and shared at the official Sweco website. Hereafter, the 

communication department shared this article two times in two weeks at the Sweco LinkedIn Page (9.775 

followers), the Sweco Facebook Page (1.600 followers) and via a mail to the department of Energy. In the 

second channel, data were obtained by my own network using a call on Facebook, personally questioning 

LinkedIn contacts, and help from family and friends to share the questionnaire to whom they know. After 

two weeks of data collection, the questionnaire was opened 1189 times. From the 1189, 201 respondents 

filled in the questionnaire including the choice experiment. Finally, 184 respondents finished the 

questionnaire by completing all questions.  

 

6.2 SAMPLE DESCRIPTION 
In the first part of the questionnaire, respondents were questioned regarding their personal 

characteristics. These social-demographic characteristics help to provide a description of the data sample 

retrieved. In Table 17 and Table 18, the social-demographic characteristics are compared to the 

corresponding distribution of the Dutch population. To test the representativeness, the chi-square test is 

performed for each socio-demographic characteristic. In this chi-square test, the specific characteristic is 

tested to the expected values based on the percentage of The Netherlands for each level. If the result of 

the chi-square test is significant (p <0.05), then the sample is not representative on that characteristic. 

The data concerning the Dutch population is mainly retrieved from Statistics Netherlands. The overall 

descriptive analysis can be found in Appendix IV: Descriptive analysis. Furthermore, the chi-square tables 

to determine the representativeness are presented in Appendix V: Chi-square representativeness sample.  
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Table 17 Frequencies questionnaire (1) 

Characteristic Level Percent 
Questionnaire 

Percent  
The Netherlands 

Observed 
N 

Expected 
N 

Residual 

Gender 
(CBS, 2018) 
Chi-Square: 7.861  
Chi-Square sig: .006 

Male  
Female 

59.2% 
40.8% 

49.6% 
51.4% 

109 
75 

90 
94 

19 
-19 

Age 
(CBS, 2018) 
Chi-Square: 33.507 
Chi-Square sig: .000 

21 to 30 years 
31 to 50 years 
51 to 75 years 

32.6% 
39.1% 
28.3% 

18.1% 
36.5% 
45.3% 

60 
72 
52 

33 
67 
83 

27 
5 
-31 

Education (Ministry 
of Education, Culture 
and Science , 2017) 
Chi-Square:  85.322 
Chi-Square sig: .000 

Secondary 
vocational education  
Higher professional 
education  
Scientific education  

26.6% 
 
47.3% 
 
26.1% 

66.3% 
 
21.2% 
 
12.5% 

63 
 
73 
 
48 

122 
 
39 
 
23 

-59 
 
34 
 
25 

Income  
(CBS, 2014) 
Chi-Square:  38.936 
Chi-Square sig: .000 

0 to 25000 euro 
25001 to 45000 euro 
>45000 euro 

19.0% 
50.0% 
31.0% 

41,7% 
36,2% 
22,1 % 

35 
92 
57 

77 
67 
41 
 

-42 
25 
16 

 Total 100.0% 100.0% 184   

 

As can be seen in the first row of Table 17, the collected sample includes more males than females. When 

comparing this result with the percentage of the Dutch population, it can be noticed that the sample 

regarding gender is representative based on the chi-square test with a significance value of .006. In Figure 

10, the distribution of the age frequencies of the samples is presented. According to this distribution, 

three categories are created between 21 and 75 year. As can be noticed, the characteristic age is not 

representative to the Dutch population, especially by considering the deviation of the first and the last 

category. As expected, most respondents of the sample are high educated. This can be attributed to the 

distribution of the questionnaire in which a large quantity of respondents is obtained by the Sweco 

LinkedIn call. Due to the questionnaire distribution, the characteristic education is not representative to 

the Dutch population based on the chi-square test. Finally, the characteristic income deviates from the 

distribution of the Netherlands. As a result, this characteristic is not representative to the Dutch 

population based on the chi-square test.  
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Table 18 Frequencies questionnaire (2) 

Characteristic Level Percent 
Questionnaire 

Percent  
The Netherlands 

Observed N Expected N Residual 

Household 
composition 
(CBS, 2017) 
Chi-Square:  60.977 
Chi-Square sig: .000 

1-person household 
2-person household 
3-person household 
җ4-person household 

10.3% 
44.0% 
18.5% 
27.2% 

38.0% 
32.6% 
11.9% 
17.5% 

19 
81 
34 
50 

70 
60 
22 
32 
 

-51 
21 
12 
18 

Children 
(CBS, 2016) 
Chi-Square:  5.852 
Chi-Square sig: .016 

No children 
Children 

58.2% 
41.8% 

65.9% 
33.1% 

107 
77 
 

123 
62 

-16 
15 

Dwelling type 
(CBS, 2016) 
Chi-Square:  10.548 
Chi-Square sig: .014 

Detached house 
Semidetached house 
Terraced house 
Apartment / Gallery 
home 

10.9% 
35.9% 
36.4% 
16.8% 

23.0% 
19.6% 
42.5% 
15.0% 

20 
66 
67 
31 

38 
59 
59 
28 

-18 
7 
8 
3 

Property ownership 
(CBS, 2017) 
Chi-Square:  20.116 
Chi-Square sig: .000 

Property owner 
Property renter 

73.4% 
26.6% 

56.9% 
43.2% 

135 
49 

105 
79 

30 
-30 

 Total 100.0% 100.0% 184   

 

In Table 18, the frequencies concerning household composition, presence of children in the household, 

dwelling type and property ownership are presented. As can be seen, the sample includes more җ2-

persons households and less 1-person households compared to the Dutch population. Based on the 

results of the chi-square test, the characteristic household composition is not representative to the Dutch 

population. Secondly, in the characteristic presence of children, there is a slight deviation between the 

sample and the Dutch population. Still, this characteristic is not representative to the Dutch population. 

In the third row, the four levels of the characteristic type of dwelling are presented.  As can be noticed 

from the frequencies for dwelling type, most of the repondents lived in a semidetached house or in a 

terraced house. However, this characteristic is not 

representative to the Dutch population, which can be caused 

by the negative deviation of the level detached house. 

Furthermore, most respondents in the distributed sample 

own their property instead of renting their property. Due to 

this deviation, the chi-square indicates that this characteristic 

is not representative to the Dutch population. Finally, the 

respondent distribution in the Netherlands can be seen in 

Figure 11. As shown, the questionnaire is not equally 

distributed over the different provinces, which can be 

attributed to the data collection. In conclusion, only the 

characteristic gender is representative to the Dutch 

population. The remaining characteristics cannot considered 

to be representative.  

 
Figure 11 Distribution questionnaire over 
The Netherlands 
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6.3 ANALYSIS OF ENVIRONMENTAL STATEMENTS 
In this section, the results of the eight statements that have been questioned at the end of the 

questionnaire, are analyzed. To gain a more complete overview of the results, the answers of the 

statements are combined with the socio-demographic characteristics of the respondents. The socio-

demographic characteristics are: gender, age, education, income and presence of children. The 5-point 

Likert-scale has been reduced to a 3-point Likert-scale because the frequency of strongly agree and 

strongly disagree was too low. Furthermore, the cross tables are substantiated by the Pearson Chi-square 

test. The Crosstabs and test results can be found in Appendix VI: Crosstabs statements.  

 

6.3.1 Statement 1: I am worried about global warming 
In the first statement, respondents were questioned if they are worried about global warming. As can be 

seen in Figure 12, 76.6% agreed on this statement, 15.8% was neutral and 7.6% of the respondents 

disagreed. According to the chi-square results (Appendix VI: Crosstabs statements), for none of the 

characteristics significant different from the overall distribution were found, which means that there are 

no differences.  Based on the overall results, it can be concluded that on average the respondents are 

environmental conscious.  

 
Figure 12 Statement 1: I am worried about global warming 

6.3.2 Statement 2: The majority of the population is not acting environmental conscious 
From the results of Appendix VI: Crosstabs on statement 2 can be concluded that 82.1% agreed, 13.0% of 

the respondents were neutral and a slight percentage of 4.9% disagreed. According to the chi-square 

table, only age is significant. In Figure 13, the levels of the characteristic age are presented. As can be 

noticed, people between 21 years and 50 years agreed more than the overall distribution. However, 

people above 50 years agreed less than the average with 69.2%. All in all, it can be concluded that people 

agree with the statement that the majority of the population is not acting environmental consciously. 

 
Figure 13 Statement 2: The majority of the population is not acting environmental conscious 

7.6% 15.8% 76.6%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Overall

I am worried about global warming

Disagree Neutral Agree

9.6%

2.8%

3.3%

4.9%

21.2%

11.1%

8.3%

13.0%

69.2%

86.1%

88.3%

82.1%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Above 50 years

31 to 50 years

21 to 30 years

Overall

The majority of the population is not acting environmental conscious

Disagree Neutral Agree
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6.3.3 Statement 3: I am prepared to pay more for environmental friendly measures 
In the third statement, respondents were questioned if they are prepared to pay more for environmental 

friendly measures. On average, 52.2% of the respondents agreed, 32.6% had a neutral opinion and 15.2% 

disagreed (Appendix VI: Crosstabs statements). According to the chi-square results, the characteristics 

age, education and income significantly affect the scores. In Figure 14, the levels of the characteristics 

age, education and income are presented. First, looking at the characteristic age, mainly people from 31 

to 50 years agreed more than the average with 65.3%. This is in line with the results of  Yue et al. (2013), 

who states that people between 31 and 45 years old are more willing to adopt an investment behavior. 

This is caused by their ability to pay for energy-efficient implementations and awareness of the 

advantages. Secondly, as can be seen in the levels of the characteristic education, people with a higher 

education are more prepared to pay for environmental friendly measures. These results are in line with 

the research of Sardianou and Genoudi (2013), who conclude that higher educated individuals are more 

willing to invest in energy efficient implementations than lower educated individuals. Finally, there is a 

significant difference in the characteristic income. According to the results, people with a higher income 

are more willing to invest in energy efficient implementations than people with a lower income. These 

results are in line with the research of Yue et al. (2013), who states that people who have a low income 

are more willing to adopt energy curtailment behavior, while people with a high income are more willing 

to adopt energy investment behavior. 

 

 
Figure 14 Statement 3: I am prepared to pay more for environmental friendly measures 

 

 

14.0%

10.9%

28.6%

16.7%

8.2%

22.2%

15.4%

12.5%

18.3%

15.2%

26.3%

29.3%

51.4%

14.6%

34.2%

44.4%

46.2%

22.2%

33.3%

32.6%

59.6%

59.8%

20.0%

68.8%

57.5%

33.3%

38.5%

65.3%

48.3%

52.2%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

> 45000 euro

25000 and 45000 euro

0 to 25000 euro

Scientific education

Higher education

Secondary education

Above 50 years

31 to 50 years

21 to 30 years

Overall

I am prepared to pay more for environmental friendly measures 

Disagree Neutral Agree
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6.3.4 Statement 4: The government should take more action against the climate problem 
In statement 4, respondents were questioned if they think that the Dutch government should take more 

action against the climate problem. In total, 84.8% agreed on this statement, 12.5% were neutral and 

2.7% disagreed (Figure 15). These results are in line with the citizens perspective questionnaire (Dekker 

et al., 2016), in which 55.0% had almost no confident in the Dutch government towards the energy 

transition. According to the chi square table (Appendix VI: Crosstabs statements), none of the 

characteristics are significant different from the overall distribution. Based on the overall results, it can be 

stated that people strongly agree on this statement, which indicates their dissatisfaction to the current 

energy transition policy.   

 

 
Figure 15 Statement 4: The government should take more action against the climate problem 

6.3.5 Statement 5: I would like to be more independent of large energy providers 
In Figure 16, the results of statement 5 are presented. As can be seen, most people would like to be more 

independent of large energy providers. In total, 54.9% agreed on this statement, 27.7% were neutral and 

17.4% disagreed. This is in line with the results of the citizens perspective questionnaire (Dekker et al., 

2016)  that notifies that 57% of the Dutch citizens have almost no confident in the large energy providers. 

According to the chi-square table (Appendix VI: Crosstabs statements), there is a significant difference in 

the characteristics gender and age. As can be noticed, males prefer to be more independent from large 

energy providers than females. Furthermore, people from 21 to 30 years disagree more on this statement 

compared with the age levels 31 to 50 years and above 50 years. This result might be attributed to their 

short experience with energy providers.  

 

 
Figure 16 Statement 5: I would like to be more independent of large energy providers 
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6.3.6 Statement 6: I am willing to adopt a more environmental friendly lifestyle 
In statement 6, the respondents were questioned if they are willing to adopt a more environmental 

friendly lifestyle. According to the results, 78.8% of the respondents agreed on this statement, 19.0% were 

neutral and slightly 2.2% disagreed (Figure 17). On average this means that the sample is very willing to 

adopt a more environmental friendly lifestyle. According to the chi square results (Appendix VI: Crosstabs 

statements), none of the characteristics how significant differences.  

 

 
Figure 17 Statement 6: I am willing to adopt a more environmental friendly lifestyle 

6.3.7 Statement 7: I would like to be seen with solar panels on my dwelling 
The objective of statement 7 is to find out to what extend social identity is a motivational factor for people 

to modify their behavior when it becomes visible to their social network (Barreto et al., 2014). As can be 

seen in Figure 18, 48.9% agreed, 28.8% were neutral and 22.3% of the respondents disagreed on this 

statement. According to the overall results of the chi-square (Appendix VI: Crosstabs statements), there 

is a significant difference in the characteristics gender and education. It can be noticed from Figure 18 

that males prefer to be seen with solar panels on their dwelling compared to females. Furthermore, 

people with a lower education agreed less than the average with 30.2%. Moreover, it can be concluded 

that higher educated people would more like to be seen with solar panels on their house than lower 

educated people.  

 

 
Figure 18 Statement 7: I would like to be seen with solar panels on my dwelling 
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6.3.8 Statement 8: I would participate in a prosumer community 
The objective of statement 8 is to present a final question to gain insight to what extend people would 

like to participate in a prosumer community. It can be expected that respondents have a global idea of 

what a prosumer community includes after finalizing the questionnaire. According to the results of the 

overall distribution, 67.4% agreed, 22.8% had a neutral opinion and 9.8% is not willing to participate in a 

prosumer community (Appendix VI: Crosstabs statements). Looking at the chi-square of the 

characteristics, there is only a significant difference in gender and education. As can be seen in Figure 19, 

76.1% of the males would participate in a prosumer community compared to 54.6% of the females. 

Furthermore, people who are higher educated, are more willing to participate in a prosumer community 

than people who are lower educated. Scientific educated people agreed by 79.2% compared to 55.5% of 

secondary educated people.  

 

 
Figure 19 Statement 8: I would like to participate in a prosumer community 

 

6.3.9 Internal consistency reliability statements 
Regarding these eight different statements, the internal consistency reliability (/ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ) has 

been considered. According to Gliem and Gliem (2003), a coefficient of >.80 indicates a high reliability, 

coefficients <.50 indicate insufficient reliability and a scale with a coefficient of >.70 is considered as 

reliable. In Table 19, ǘƘŜ ƻǳǘǇǳǘ ƻŦ ǘƘŜ /ǊƻƴōŀŎƘΩǎ !ƭǇƘŀ ŎƻŜŦŦƛŎƛŜƴǘ ƛǎ ǇǊŜǎŜƴǘŜŘΦ !ǎ Ŏŀƴ ōŜ ǎŜŜƴΣ 

/ǊƻƴōŀŎƘΩǎ !ƭǇƘŀ is equal to 0.710, which means that 71 percent of the variability in a composite score 

by combining the eight statements, is considered as internal consistent reliable.  

 
Table 19 Cronbach's Alpha coefficient 

Reliability Statistics 

Cronbach's 

Alpha 

Cronbach's Alpha Based 

on Standardized Items N of Items 

.710 .708 8 
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6.4 MNL MODEL ANALYSIS 
In this section, the data analysis according to the Multinomial Logit Model is explained. The results of the 

analysis can be found in Table 20, which are also visualized in Figures 20 and 21. In these figures, the 

positive and negative coefficients are presented as well as their significance levels. Looking at the 

goodness of fit, the MNL model has a aŎCŀŘŘŜƴΩǎ rho-square of 0.095 and is moderate in explaining the 

model. The complete results and output of the NLogit analysis can be found in Appendix VIII: Data analysis.   

 

6.4.1 Results MNL model analysis 
Before explaining the results of each attribute for both alternatives, the constant needs to be explained. 

As can be seen in Table 20, the constant for both the alternative own initiative as for the alternative 

outsourcing is close to the zero. This means that people have no specific preference. However, before 

adopting this conclusion, the results of the latent class model need to be analyzed.  
 

Financial consequences 

According to the results of the MNL model (Table 20), different conclusions can be drawn for the financial 

consequences of the three alternatives. First, in the attribute financial consequences own initiative, both 

levels are significant at the 1% level. As can be seen, the coefficient for the first level is positive with a 

value of 1.130 that contributes to the investment in solar panels. However, the coefficient of the second 

level is -0.317 (solar panels, BTES system) and is significant for 1%. The negative value of the sum of both 

coefficient represents the utility of the third level, which is -0.813 level for the level financial consequences 

of investing in solar panels, BTES system and in-home battery. This coefficient represents the reference 

category and is very likely to be significant. The coefficients in this attribute indicates that people are more 

willing to invest in energy efficient implementations that have no high initial investment cost, have 

reasonable financial savings and have a short payback period. Furthermore, it can be noticed that most 

people do not prefer investing in energy efficient implementations that have a high initial investment, 

which lead to reasonable financial savings, but have a long payback period.  

 

Secondly, in the alternative outsourcing, the first level of the attribute financial consequence outsourcing 

is significant at 1% level. The positive coefficient of 0.267 shows that people prefer the financial 

outsourcing of solar panels, that lead to small savings in a short contract period. The second level has a 

slightly negative coefficient, but is not significant. Looking at the third level that represents the reference 

category, the coefficient is -0.243 and is very likely significant. This indicates a no preference for financial 

outsourcing of the energy efficient implementations of solar panels, BTES system and in-home battery, 

which results in moderate financial savings per year, but have a contract period of 19 years.  

 

Community involvement 

The first two levels of the attribute community involvement of 25 percent and 50 percent participation in 

the alternative own initiative are not significant. This means that there is no significant difference between 

the choice behavior of people and these attribute levels. However, the coefficient of the reference 

category (75 percent participation) is 0.128, in which there seems to be a slight preference for being 

involved by a participation of 75 percent.  

 

Looking at the attribute community involvement of the alternative financial outsourcing, the first level (25 

percent participation) has a negative coefficient of -0.199 and is significant at the 10 % level. According to 

this result, it can be concluded that people are less prepared to participate in a prosumer community and 
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outsource their investment when only 25 percent of the neighborhood is being involved. Furthermore, 

the coefficient for 50 percent participation is not significant, which means that there is almost no 

difference for this attribute level. The coefficient of the third level that represents the reference category 

is 0.169 and is probably significant. The preference for being involved by a community participation of 75 

percent corresponds with the alternative own initiative and seems to be important in peopleΩs decision.  

 

Control of appliances 

In the attribute control of appliances of the alternative own initiative, the coefficients of three levels are 

determined. First, the coefficient for the attribute level own control is 0.275 and is significant at the 1% 

level. In the second attribute level, it seems that there is a slight preference for semi-automatic control of 

appliances, but the coefficient of 0.104 is not significant. In the third level that represents the reference 

category, the negative coefficient of -0.379 is very likely significant and indicates that people do not prefer 

a complete automatic control of their appliances.  

 

Corresponding results can be found in the alternative outsourcing in which the first level (own control) is 

significant at the 10% level. The coefficient of this attribute level is positive with 0.215 and is in line with 

the results of the first level of the own initiative alternative. The coefficient for second level (semi-

automatic control) is 0.018 and is not significant. Furthermore, the reference category is negative with a 

coefficient of -0.232, which is likely to be significant. For both alternatives, it can be concluded that there 

is a significant preference for own control of appliances instead of automatic control.  

 

Organizational participation 

Giving the results of the MNL model, the attribute organizational participation for the alternative own 

initiative shows a negative coefficient of -0.246 with a significance at 1% level in the first level (active role). 

This means that people do not prefer to perform an active organizational role by for example being a 

member of the board of a prosumer community. The second level, which indicates a minor organizational 

role, has a slight positive coefficient of 0.172, but is not significant according to the MNL model. The 

coefficient of the reference category is 0.074 and is very likely to be not significant. This indicates the 

influence of performing a passive role in setting up a prosumer community is almost none. 

 

Looking at the results of the alternative outsourcing, the first level (active role) has a negative coefficient 

of -0.196 and is significant at the 10% level. This indicates that people do not prefer to perform an active 

role by participating in a prosumer community. The second level contains a coefficient of 0.096 and is not 

significant. Finally, the reference category a positive coefficient of 0.10, in which there seems to be a slight 

preference for performing a passive role by participating in a prosumer community. For both alternatives, 

there is a pattern in which people do not prefer to be involved in organizational activities.  
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Table 20 Results MNL 

Attribute Coefficient MNL 
 

 
Constant 

 

Constant 1 0.006 

Constant 2 -0.061 
  

Alternative own initiative 
 

Solar panels 1.130***  

Solar panels and BTES system -0.317***  

Solar panels, BTES system, battery -0.813 

25 percent participation -0.089 

50 percent participation -0.039 

75 percent participation 0.128 

Own control 0.275***  

Semi-Automatic controlled 0.104 

Automatic controlled -0.379 

Active role (4 hours / month) -0.246***  

Minor participation (2 hours / month) 0.172 

Passive role (0-1 hours / month) 0.074 
  

Alternative outsourcing 
 

Solar panels 0.267***  

Solar panels and BTES system -0.024 

Solar panels, BTES system, battery -0.243 

25 percent participation -0.199* 

50 percent participation 0.030 

75 percent participation 0.169 

Own control 0.215* 

Semi-Automatic controlled 0.018 

Automatic controlled -0.233 

Active role (4 hours / month) -0.196* 

Minor participation (2 hours / month) 0.096 

Passive role (0-1 hours / month) 0.100 
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 1% significance level   10% significance level   Unknown (reference category)   
 5% significance level   Not significant 

 

 
Figure 20 MNL coefficients alternative: own initiative 

 
Figure 21 MNL coefficients alternative: outsourcing 
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6.5 LATENT CLASS MODEL ANALYSIS 
The latent class model analysis is estimated to discover classes of respondents. By executing a latent class 

model analysis, clusters of individuals are obtained, which have a similar choice behavior. The objective 

of this study is to investigate whether the respondents belonging to one cluster also share similar socio-

demographic characteristics or have the same environmental conscious attitude. The latent class model 

analysis is estimated in NLogit.  
 

6.5.1 Results 
In Table 21, the results of the latent class analysis are presented. As can be seen, two classes were 

generated that includes significant differences compared to the MNL model. First of all, it is worthwhile 

to note that the constant in the two classes deviates from the base model. In the conventional MNL model, 

the constants were not significant. However, the latent class model analysis shows that there are certain 

differences, which are both significant at the 1% level. As can be seen for class 1, the constant coefficient 

for the own initiative alternative is 1.876 and the constant coefficient for the outsourcing alternative is 

1.763. However, in class 2, the constant coefficient are both negative, in which the constant coefficient 

for the own initiative alternative is -2.181 and the constant coefficient for the outsourcing alternative is    

-1.856. This indicates that enthusiasts and conservatives to participate in a prosumer community on both 

alternatives can be identified. Furthermore, the likelihood of this model is -1338.895, which is much higher 

than the MNL model. This results in a rho-square value of 0.264. According to the goodness-of-fit rule, the 

two class model performs rather well.  

 

Results Class 1 

The results of enthusiasts of the alternative own initiative are shown in Table 21. As can be seen, the first 

attribute level of financial consequences is significant with a coefficient of 1.052. This means that people 

in class 1 are willing to invest in solar panels by participating in a prosumer community. The second level 

of the financial consequences attribute shows a slight negative coefficient, but is not significant. The 

coefficient of the reference category is negative by -0.923, which is very likely to be significant. 

Furthermore, for the attribute levels of the attribute community involvement no significant differences 

can be identified, in which there is no preference for each of the levels. Moreover, in class 1, the 

coefficient of own control of appliances is 0.254 and is significant at the 5% level. In addition, the 

coefficient of the second level is slightly positive, but is not significant. However, the coefficient of the 

automatic control of appliances is negative by -0.455 and very likely to be significant. Finally, looking at 

the organizational participation, all attribute levels are not significant, but is seems that people do not 

prefer to be involved in organizational activities.  

 

The coefficients for the alternative outsourcing of class 1 are also shown in Table 21. As can be seen, there 

are no significant attribute levels in the attributes financial consequences and community involvement, 

which means that the respondents have no preference for a particular level. Furthermore, the coefficient 

for own control of appliances is 0.332 and is significant at the 10% level. In addition, the automatic control 

level contains a negative coefficient of -0.375, which is very likely to be significant. There seems to be a 

pattern in which people prefer to control their appliances by their own instead of automatically. Finally, 

regarding the attribute organizational participations there is a slight preference for an active role in 

participating in a prosumer community, but this level is not significant. However, the coefficient of the 

third level, that contributes the reference category, is -0.294. This coefficient is probably significant and 

can be concluded that people in class 1 by outsourcing the activities do not prefer a passive role.  
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Results Class 2 

Table 21 shows the results of class 2 that consists of more conservative respondents, starting with the 

own initiative alternative. As can be seen, the coefficient of the first level (solar panels) is 2.221 and is 

significant at the 1% level. Furthermore, the coefficients of the second level is slightly negative, but is not 

significant. However, the third level that represents the reference category has a negative coefficient of    

-1.603 and is very likely to be significant. This means that individuals in class 2 prefer the financial 

consequences of implementing solar panels instead of implementing solar panels, BTES system and an in-

home battery by participating in a prosumer community. Secondly, the third level of the attribute 

community involvement represents the reference category; the coefficient is positive (0.572) and is very 

likely to be significant. The 25 and 50 percent participation levels are not significant. For the third attribute 

that concerns the control of appliances, the coefficient for the first level is positive (0.487) and significant 

at the 5% level. In addition, for the third level that represents the reference category, the coefficient is 

negative (-0.535) and is likely to be significant. This means people in class 2 prefer to control their 

appliances by their own instead of automatically by participating in a prosumer community. Finally, 

regarding the attribute own initiative, the coefficient of the minor participation level is 0.487 and 

significant at the 10% level. It can be concluded that people prefer to perform a minor participation role 

in participating in a prosumer community in the own initiative alternative.  

 

For the alternative outsourcing, multiple attribute levels are significant, starting with the attribute 

financial consequences. It is worthwhile to note that compared to the results of class 1, people in class 2 

strongly prefer the outsourcing alternative by implementing solar panels; the coefficient is equal to 1.137 

and significant at the 1% level. The second level is slightly negative, but not significant. Looking at the third 

category that represents the reference category, the coefficient is negative (-0.942) and very likely to be 

significant. In the second attribute that contributes the community involvement, the 25 percent and 50 

percent participation level are significant. The coefficient of the attribute level 25% participation is 

negative (-0.502) and for 50% participation it is positive (0.534).  Remarkable is that the coefficient of 75 

percent participation level is negative (-0.033). It was expected that when people strongly prefer 50 

percent participation also prefer the 75 percent participation level. Subsequently, the coefficients of the 

attribute control of appliances correspond to the outcomes in class 1. It can therefore be concluded that 

people in class 2 prefer to control their appliances by their own instead of automatically by participating 

in a prosumer community. Finally, people in class 2 prefer to adopt a minor participation role by 

outsourcing the activities by participating in a prosumer community. The coefficient for this level is 

positive (0.368) and is significant at the 10% level. Furthermore, the coefficient of the active role level is 

negative (-0.483) and significant at the 5% level. It can be concluded that performing an active role by 

outsourcing the activities is not preferred by people in class 2.  
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Table 21 Results LCM classes 

Attribute  Coefficients latent class 1 Coefficient latent class 2 
 (enthusiasts) (conservatives) 
 

  
N per class 109 75 

   

Constant 
 

 
Constant 1 1.876***  -2.181***  

Constant 2 1.763***  -1.856***    

 
Alternative own initiative 

 

 
Solar panels 1.052***  2.221***  

Solar panels and BTES system -0.129 -0.618 

Solar panels, BTES system, battery -0.923 -1.603 

25 percent participation -0.152 -0.358 

50 percent participation 0.131 -0.214 

75 percent participation 0.021 0.572 

Own control 0.254** 0.486** 

Semi-Automatic controlled 0.201 0.049 

Automatic controlled -0.455 -0.535 

Active role (4 hours / month) -0.164 -0.333 

Minor participation (2 hours / month) -0.005 0.487* 

Passive role (0-1 hours / month) 0.169 -0.154  

  
Alternative outsourcing   
Solar panels 0.007 1.137***  

Solar panels and BTES system -0.002 -0.195 

Solar panels, BTES system, battery -0.005 -0.942 

25 percent participation -0.231 -0.501** 

50 percent participation 0.072 0.534* 

75 percent participation 0.159 -0.033 

Own control 0.332* 0.409* 

Semi-Automatic controlled 0.043 -0.036 

Automatic controlled -0.375 -0.373 

Active role (4 hours / month) 0.217 -0.483** 

Minor participation (2 hours / month) 0.077 0.368* 

Passive role (0-1 hours / month) -0.294 0.115 
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6.5.2 Descriptive analysis two classes 
According to latent class analysis, two classes can be identified in showing similar choice behavior. For 

each respondent, NLogit provides the probability the respondent belongs to class 1 or class 2. The 

respondent can be assigned to the class with the highest probability. Subsequently, the class membership 

can be added to the database including the socio-demographic characteristics and environmental 

consciousness. As a result, 109 respondents are assigned to class 1 and 75 respondents are assigned to 

class 2. The next step is to gain more information of these classes based on their socio-demographic 

characteristics and environmental consciousness. The objective is to find out whether there is a relation 

between the variables and the cluster membership. To test whether these variables of the classes are 

independent of each other, cross tabs are obtained in SPSS. Given these crosstabs, the chi-square is 

determined to examine if the differences are significant. As a result, Table 22 and Table 23 presents the 

output of the cross tabs. The complete output of the cross tabs can be found in Appendix VII.  

 

Table 22 includes the crosstab output of the personal characteristics of the respondents in each class. As 

a result, the variables age, education, property ownership and innovation adaptation are significant 

different. Based on the significant variables, differences between the socio-demographic characteristics 

of the two classes can be considered and described as follows.  

 

Class 1 (enthusiasts) 

In class 1, the age category consist of most people that are between 21 and 40 years and are higher 

educated compared to class 2. Furthermore, people in class 1 on average own their dwelling, but the share 

of renters is higher compared to class 2. Finally, people assign their self on average more as innovators, 

early adopters or early majority. 

 

Class 2 (conservatives) 

In class 2, the age category consist of most people that are older than 40 years compared to the averages 

of the levels and are lower educated than class 1. Moreover, people in class 2 on average own their 

dwelling and the share of renters is lower compared to class 2. Finally, people assign their self on average 

more as late majority or laggards. 
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Table 22 Socio demographic characteristics of  LCM classes 

Attribute  Attribute level Frequency 

sample 

% 

sample 

Frequency 

Class 1 

% 

Class 1 

Frequency 

Class 2 

% 

Class 2 

Chi-

square  

Gender Male 109 59.2% 69 63.3% 40 53.3% .176 

Female 75 40.8% 40 36.7% 35 46.7%   

Age 21 to 30 years 60 32.6% 42 38.5% 18 24.0% .037**   

31 to 40 years 

41 to 50 years 

37 
35 

20.1% 
19.0% 

25 

18 

22.9% 

16.5% 

12 

17 

16.0% 

22.7% 

 

> 50 years 52 28.3% 24 22.1% 28 37.3%   

Education Secondary vocational 

education 

63 34.2% 30 27.5% 33 44.0% .046**  

Higher professional 

education 

73 39.7% 50 45.9% 23 30.7% 
 

Scientific education 48 26.1% 29 26.6% 19 25.3%   

Income 0 to 25000 euro 35 19.0% 18 16.5% 17 22.7% .246 

25001 to 45000 euro 92 50.0% 60 55.1% 32 42.7% 
 

> 45000 euro 57 31.0% 31 28.4% 26 34.7%   

Children No children 107 58.2% 66 60.6% 41 54.7% .427 

Children 77 41.8% 43 39.4% 34 45.3% 
 

Type of 

neighborhood 

City center 38 20.7% 24 22.0% 14 18.7% .576 

Outside center 54 29.3% 34 31.2% 20 26.7% 
 

Village 92 50.0% 51 46.8% 41 54.7%   

Property 

ownership 

Property owner 135 73.4% 75 68.8% 60 80.0% .091* 

Property renter 49 26.6% 34 31.2% 15 20.0%   

Innovation 

adaptation 

Innovators / early adopters 37 20.1% 27 24.8% 10 13.3% .020**  

Early majority 86 46.7% 54 49.5% 32 42.7% 
 

Late majority / laggards 61 33.2% 28 25.7% 33 44.0%   

Household 

composition 

1-person household 19 10.3% 12 11.0% 7 9.3% .942 

2-person household 81 44.0% 49 45.0% 32 42.7% 
 

3-person household 34 18.5% 20 18.3% 14 18.7% 
 

4-person household 50 27.2% 28 25.7% 22 29.3%   

 

In Table 23, the choice behavior of both classes regarding the environmental statements is presented. 

Looking at the chi-square, most statements are significant different from each other. According to the 

results, multiple conclusions can be drawn. First, in statement 3, there is a significant difference, in which 

it can be concluded that people in class 2 are less prepared to pay more for environmental friendly 

measures than people in class 1. Furthermore, it can be concluded that people in class 1 would like to be 

more independent of large energy providers than people in class 2. Subsequently, according to statement 

6, people in class 1 are more willing to adopt a more environmental friendly lifestyle than people in class 

2. When looking at the results of statement 7, it can be concluded that people in class 1 prefer to be seen 

with solar panels on their dwelling compared to people in class 2. Finally, people in class 1 strongly prefer 

to participate in a prosumer community compared to people in class 2. The statements that are not 

significant different are the statements 1, 2 and 4. According to these results, both classes agree and 

indicate that they are aware of the global climate issue. Overall, it can be concluded that people in class 

1 have a more environmental conscious attitude than people in class 2. Therefore, in line with the results 

of the latent class model output, people in class 1 can be identified as enthusiast and people in class 2 as 

conservatives.  
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Table 23 Environmental statements of LCM classes 

Statement Attribute 

level 

Frequency 

sample 

% 

sample 

Frequency 

Class 1 

% 

Class 1 

Frequency 

Class 2 

% 

Class 2 

Chi-

square  

Statement 1 

I am worried about global 

warming 

Agree 141 76.6% 82 75.2% 59 78.7% .753 

Neutral 29 15.8% 19 17.4% 10 13.3% 
 

Disagree 14 7.6% 8 7.3% 6 8.0%   

Statement 2 

The majority of the population is 

not acting environmental 

conscious 

Agree 151 82.1% 89 81.7% 62 82.7% .504 

Neutral 24 13.0% 16 14.7% 8 10.7% 
 

Disagree 9 4.9% 4 3.7% 5 6.7%   

Statement 3 

I am prepared to pay more for 

environmental friendly 

measures 

Agree 96 52.2% 65 59.6% 31 41.3% .019**  

Neutral 60 32.6% 33 30.3% 27 36.0% 
 

Disagree 28 15.2% 11 10.1% 17 22.7%   

Statement 4 

The government should take 

more action against the climate 

problem 

Agree 156 84.8% 94 86.2% 62 82.7% .636 

Neutral 23 12.5% 13 11.9% 10 13.3% 
 

Disagree 5 2.7% 2 1.8% 3 4.0%   

Statement 5 

I would like to be more 

independent of large energy 

providers 

Agree 101 54.9% 72 66.1% 29 38.7% .000***  

Neutral 51 27.7% 26 23.9% 25 33.3% 
 

Disagree 32 17.4% 11 10.1% 21 28.0%   

Statement 6 

I am willing to adopt a more 

environmental friendly lifestyle 

Agree 145 78.8% 97 89.0% 48 64.0% .000***  

Neutral 35 19.0% 11 10.1% 24 32.0% 
 

Disagree 4 2.2% 1 0.9% 3 4.0%   

Statement 7 

I would like to be seen with solar 

panels on my dwelling 

Agree 90 48.9% 68 62.4% 22 29.3% .000***   

Neutral 53 18.8% 33 30.3% 20 26.7% 
 

Disagree 41 22.3% 8 7.3% 33 44.0%   

Statement 8 

I would participate in a 

prosumer community 

Agree 124 67.4% 86 78.9% 38 42.6% .000***  

Neutral 42 22.8% 21 19.3% 21 28.0% 
 

Disagree 18 9.8% 2 1.8% 16 21.3%   
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6.6 ANALYSIS FINANCIAL CONSEQUENSES 
In this section, the additional question regarding the financial consequences per choice set is analyzed. 

The attribute financial consequences was describes by three aspects: initial investment, financial savings 

per year and payback time / contract time. By means of an additional question, insight was gained  which 

ŦƛƴŀƴŎƛŀƭ ŀǎǇŜŎǘǎ ǇŜƻǇƭŜΩǎ ŎƘƻƛŎŜs were based on. Respondents were allowed to select multiple aspects. 

The question was defined as follow: ά²ƘƛŎƘ ƻŦ ǘƘŜ ŀǎǇŜŎǘǎ ƻŦ ŦƛƴŀƴŎƛŀƭ ŎƻƴǎŜǉǳŜƴŎŜǎ ǿŜǊŜ ƛƴfluential in 

your choice? (multiple choices are possible): 

  Investment implementations (solar panels, BTES system, in-home battery) 

  Financial savings per year 

  Payback/contracting period 

  bƻƴŜ ƻŦ ǘƘŜǎŜέ 
 

To determine the important financial decisive motivational factors, the dataset was divided based on the 

three alternatives. Subsequently, per alternative the choice sets were selected that contains the same 

attribute level of the attribute financial consequences. In the choice experiment, three attribute level of 

the attribute financial consequences were presented to the respondents: solar panels (level 1), solar 

panels and BTES system (level 2), solar panels, BTES system and in-home battery (level 3). From these 

results, the frequencies in which people choose for investment implementations, financial savings per 

year etc. are considered. In Figure 22, the results of the multiple financial aspects for the alternative own 

initiative are presented. According to the results, multiple conclusions can be drawn. First, the lower 

investment costs of level 1 is more influential for the decision of respondents compared to levels 2 and 3. 

Furthermore, financial savings per year were found important for all attribute-levels. It can be concluded 

that this is the most important aspect ƛƴ ǇŜƻǇƭŜΩǎ decision. Moreover, the short payback period of level 1 

ǇƻǎƛǘƛǾŜƭȅ ƛƴŦƭǳŜƴŎŜŘ ǇŜƻǇƭŜΩǎ ŘŜŎƛǎƛƻƴΦ The long payback period of level 2 and 3 is less frequently 

mentioned. Finally, on average, for a small number of respondents, the Ωnone of theseΩ option was 

selected. This means that people considered a different decisive factor rather than the attribute levels.   
 

 
Figure 22 Financial consequence aspects own initiative 
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In Figure 23, the results of the attribute levels for the alternative outsourcing are presented. As can be 

seen, the outsourcing of the initial investment is for all attribute levels the most decisive aspect ƛƴ ǇŜƻǇƭŜΩǎ 

decision to choose for the alternative outsourcing. Furthermore, the small financial savings that are 

obtained do not have much ŜŦŦŜŎǘ ƻƴ ǇŜƻǇƭŜΩǎ ŘŜŎƛǎƛƻƴΦ aƻǊŜƻǾŜǊΣ ǘƘŜ ŎƻƴǘǊŀŎǘ ǇŜǊƛƻŘ ƻŦ ƭŜǾŜƭ м ƛǎ ƳƻǊŜ 

preferred than for level 2 and 3. This can be attributed to the short contract period in the case of level 1 

compared to the other levels. Finally, it can be concluded that the share of Ψno preferenceΩ for the financial 

consequences aspects in all levels is relatively small.  
 

 
Figure 23 Financial consequence aspects outsourcing 
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people considered a different decisive factor rather than the financial attribute levels.   
 

 
Figure 24 Financial consequence aspects none of these 
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6.7 CONCLUSION 
This chapter focused on the choice behavior of individuals to find out which attributes were decisive in 

ǇŜƻǇƭŜΩǎ ŘŜŎƛǎƛƻƴ ǘƻ ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ ŀ ǇǊƻǎǳƳŜǊ ŎƻƳƳǳƴƛǘȅΦ ¢ƘŜ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ǘƻƻƪ ǇƭŀŎŜ in May 2018. 

After two weeks of data collection, 184 respondents finished the questionnaire completely. In this 

chapter, the output of the questionnaire is analyzed according to different statistical approaches. First, 

the sample was described and compared to the Dutch population. Only the ǎŀƳǇƭŜΩǎ ƎŜƴder distribution 

appeared to be representative to the Dutch population.  

 

In the second part of the analysis, the results of the eight environmental statements were combined with 

the social-demographic characteristics of the respondents by means of crosstabs. On average, it can be 

concluded that the majority of the sample agreed on all statements, which means that the sample has an 

environmental conscious attitude. However, people between 31 and 50 years, who are higher educated, 

or have an income above 25.000 euro are more prepared to pay more for environmental friendly 

measures than their counterparts. Furthermore, it appears that higher educated people would more like 

to be seen with solar panels on their house and are more willing to participate in a prosumer community 

than lower educated people.  

 

In the third part of the analysis, the stated choice data was analyzed. The stated choice experiment 

ŦƻŎǳǎǎŜǎ ƻƴ ŎƘƻƛŎŜ ōŜƘŀǾƛƻǊ ƻŦ ƛƴŘƛǾƛŘǳŀƭǎ ǘƻ ŦƛƴŘ ƻǳǘ ǿƘƛŎƘ ŀǘǘǊƛōǳǘŜǎ ŀǊŜ ŘŜŎƛǎƛǾŜ ƛƴ ǇŜƻǇƭŜΩǎ ŘŜŎƛǎƛƻƴ ǘƻ 

participate in a prosumer community. First, the multinomial logit model was applied to the full sample. 

According to the results, multiple conclusions can be drawn. First, for the alternative own initiative and 

alternative outsourcing, it can be concluded that people prefer the financial consequences of 

implementing only solar panels instead of the financial consequences of implementing solar panels, BTES 

system and in-home battery. Secondly, for both alternatives, it can be concluded that there is a significant 

preference for own control of appliances instead of automatic control. Thirdly, for both alternatives, there 

is a pattern in which people do not prefer to be involved in organizational activities. Finally, for the 

alternative outsourcing, it can be concluded that people are less prepared to participate in a prosumer 

community and outsource their investment when only 25 percent of the neighborhood is being involved. 

However, for both alternatives, the 75 participation level is preferred.  

 

In the final part of the analysis, the latent class model is used to discover clusters of respondents in the 

sample. The clusters of individuals share similar choice behavior. According to this model, two classes 

could be found in which in class 1 (109 respondents) the constants for the two main alternatives are 

positive and in class 2 (75 respondents) the constants are negative. First, in both classes for the alternative 

own initiative, it can be concluded that people prefer the financial consequences of implementing only 

solar panels instead of the financial consequences of implementing solar panels, BTES system and in-home 

battery. However, class 2 significantly prefers implementing solar panels by outsourcing the activities. 

Furthermore, for both classes, it can be concluded that there is a significant preference for own control 

of appliances instead of automatic control. Focusing on the attribute organizational participation, it can 

be noticed that people in class 2 significantly prefer a minor participation role rather than performing an 

active role. Finally, people in class 2 significantly prefer a 50 percent community involvement when the 

activities of participating a prosumer community are outsourced.  

 



88 
 

Furthermore, to gain more insight in the two classes, the socio-demographic characteristics and ǇŜƻǇƭŜΩǎ 

choice behavior regarding the environmental statements are examined for both classes. To test whether 

two attributes of the classes are independent of each other, cross tabs are executed in SPSS. Given these 

crosstabs, the chi-square is determined to examine if the differences are significant. As a result, the socio-

demographic characteristics age, education, property ownership and innovation adaptation are 

significant different. For the environmental statements, the classes are significant different in five of the 

eight statements. According to these results, it seems that people in class 1 have a more environmental 

conscious attitude than class 2, which is in line with the results of the latent class analysis.   

 

Finally, from the analysis regarding the additional question concerning the financial consequences, 

ƳǳƭǘƛǇƭŜ ŎƻƴŎƭǳǎƛƻƴǎ Ŏŀƴ ōŜ ŘǊŀǿƴΦ CƛǊǎǘΣ ƛǘ Ŏŀƴ ōŜ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ƛƴ ǘƘŜ ŀƭǘŜǊƴŀǘƛǾŜ ƻǿƴ ƛƴƛǘƛŀǘƛǾŜΣ ǇŜƻǇƭŜΩǎ 

decision is mainly based on the financial savings per year. In addition, people prefer a lower initial 

investment and a short payback period. Secondly, when people choose for the alternative outsourcing, 

the ƻǳǘǎƻǳǊŎƛƴƎ ƻŦ ǘƘŜ ƛƴƛǘƛŀƭ ƛƴǾŜǎǘƳŜƴǘǎ ǎŜŜƳǎ ǘƻ ōŜ ŘŜŎƛǎƛǾŜ ƛƴ ǇŜƻǇƭŜΩǎ ŘŜŎƛǎƛƻƴΦ ¢ƘŜ ǎƳŀƭƭ ŦƛƴŀƴŎƛŀƭ 

savings that can be obtained per year appears to be not very influential. Furthermore, when people 

choose for the alternative none of these, their decision is mainly based on different decisive factors rather 

than the attribute levels.    
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7 CONCLUSION 
 

This thesis conceptualizes a prosumer community as a potential development in the changing energy 

landscape and pertains to the integration and community engagement of local citizens to participate in a 

prosumer community. The research focusses on the individual and collective technical needs, the financial 

feasibility and the main decisive motivations of individuals given socio-demographic characteristics. With 

this background, the scientific and social relevant conclusions can be drawn. For the scientific relevance, 

the four sub questions are explained that contribute to the main question. Furthermore, 

recommendations for future research and for stakeholders in this field are provided. Finally, the 

recommendations are discussed, based on the limitations of this project.  

 

7.1 SCIENTIFIC RELEVANCE 
This study mainly contributes to the knowledge of integration and community engagement in local energy 

initiatives as prosumer communities. The existing literature was reviewed to identify the most important 

factors that influences energy curtailment and investment behavior given socio-demographic 

characteristics. However, less research is conducted on how this knowledge can be applied in the Dutch 

situation and to what extend people are willing to participate in a prosumer community. Therefore, this 

research project adds knowledge about main decisive motivations of people to participate in a prosumer 

community to the existing literature and explains the technical and financial needs that are of importance 

for the integration of decentralized energy generation in the built environment.  

 

SQ1. What are the technological needs to realize a prosumer community at the individual and community 

level? 

In order to realize a prosumer community, multiple technologies need to be implemented at the individual 

and collective level. In line with the ambition of the Dutch government, the concept of a prosumer 

community include energy efficient implementations that are not powered by gas, but are full-electric to 

provide the heating, cooling and electricity demand. With these means, the usage of fossil energy is 

decreased and a larger share of renewable energy sources is obtained. For the energy efficient 

implementations at the technical level, assumptions are made regarding a prosumer community, both at 

the individual and collective level based on a high energetic performance, general suitability and future 

potential. At the collective level, the heating and cooling demand of a dwelling can be generated by an 

aquifer thermal energy storage system. When there is no operator that exploits land for a collective 

aquifer, an individual closed-loop borehole thermal energy storage system is proposed. The electricity 

demand for the heat pump and the household consumption is mainly generated by solar panels that are 

implemented at each dwelling. The objective of a prosumer community is to maintain the energy 

generated as much as possible in the community. By implementing demand side management software 

in a prosumer community, the production and consumption of energy in the neighborhood can be 

managed. When there is an excess of energy, prosumers can sell their energy to people who prefer 

sustainable energy. This system can be combined with storage devices, in which it becomes possible to 

store energy surplus. This reduces the need for importing energy from the main energy grid. However, a 

complete independency from the main energy grid is not achievable, because of seasonal fluctuations. In 

conclusion, the concept of a prosumer community described in this research adds a new elaboration to 

the existing literature in being full-electric powered to provide the heating, cooling and electricity demand 

that also meets the ambition of the Dutch government. 
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SQ2. To what extent can a prosumer community be financially optimized? 

To gain a complete overview of all aspects for realizing a prosumer community, is of importance to gain 

insight in the financial consequences. At first, it can be concluded that according to the energy price 

expectations, the gas price and the fossil energy price will rise in the future. Due to these rising prices, 

investing in energy efficient implementations becomes more financial attractive on a long term. To 

overcome the high initial investment costs, it can be concluded that there are two approaches: investment 

by collective individuals or outsourcing by an Energy Service Company. Collective investments by 

individuals results in more financial savings and negotiation power. When people do not have the financial 

resources or knowledge to realize energy efficient implementations at their dwelling, ESCO outsourcing 

can be a potential solution. By applying this approach, the ESCO company takes the financial risk and 

people can be satisfied by generating their own renewable energy. In order to provide a complete 

substantiated overview of the financial consequences, a financial analysis has been executed for an EPC 

0.4 dwelling, BENG dwelling and prosumer dwelling. In this analysis, the BENG and prosumer scenario 

have been compared to the current EPC 0.4 requirements. As can be concluded from the financial analysis, 

reasonable financial savings can be obtained in the BENG and prosumer scenario by implementing a 

borehole thermal energy storage system. However, because of the high initial investment and re-

investment costs, these scenarios are not becoming financially feasible compared to a dwelling based on 

the current EPC 0.4 requirements. All in all, when deciding to invest in high energetic efficiency 

implementations for future dwellings, the pro-environmental attitude and the willingness to generate 

renewable energy should be more a decisive motivation for individuals to participate in a prosumer 

community than looking at the financial feasibility. 

 

SQ3. What are the decisive motivational factors for people to participate in a prosumer community? 

According to the literŀǘǳǊŜ ǊŜǾƛŜǿΣ ŎƻƴǎǳƳŜǊǎΩ ōŜƘŀǾƛƻǊ ƛǎ ŘŜǇŜƴŘŜƴǘ ƻƴ ŀǘǘƛǘǳŘŜ ŀƴŘ ŀǿŀǊŜƴŜǎǎΣ ŦƛƴŀƴŎƛŀƭ 

consequences, peer pressure and social identity. In this research, a stated choice experiment is executed 

in which a questionnaire is distributed. In this questionnaire, two alternatives are repeatedly presented 

to the respondents: own initiative or outsourcing of the energy efficient implementations. According to 

the results, multiple conclusions regarding peopleΩs decisive motivational factors for participating in a 

prosumer community can be drawn. First, for both alternatives, it can be concluded that people prefer 

the financial consequences of a low initial investment, moderate financial savings per year and a short 

payback period / contract duration instead of a large initial investment that results in reasonable financial 

savings each year, but have a longer payback period / contract duration. Secondly, it can be concluded 

that there is a significant preference in both alternatives for own control of appliances instead of 

automatic control. According to this result, the level of comfort in controlling appliances is found to be an 

important decisive motivational factor. Thirdly, for both alternatives, there is a pattern in which people 

do not prefer to be involved in organizational activities when questioning the organizational participation. 

By focusing on the levels, a passive or minor participation role is significantly preferred over performing 

an active role. Finally, for the alternative outsourcing, it can be concluded that people are less willing to 

participate in a prosumer community and outsource their investment when only 25 percent of the 

neighborhood is being involved. However, for both alternatives, the 75 participation level is preferred. 

Community involvement is therefore found as a decisive motivational factor.   
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SQ4. To what extent is the willingness of Dutch citizens to participate in a prosumer community influenced 

by decisive motivational factors? 

When considering the influence of decisive motivational factors on the overall willingness of people to 

participate in a prosumer community, few conclusions can be drawn. According to the constant in the 

overall model, no specific preference can be identified for the own initiative or outsourcing alternative. 

Therefore, it is decided to execute a latent class model analysis to discover clusters that have a 

corresponding choice behavior. As a result, two classes could be identified. In class 1, people are more 

willing to participate in a prosumer community and prefer to realize the investment by their own. On the 

other hand, significant evidence is found that people in class 2 are less willing to participate in a prosumer 

community, but if they do, they are equally divided in realizing the investment by their own or outsource 

the energy efficient implementations. Furthermore, people in class 2 are significantly less willing to 

perform an active role and prefer a minor participation role compared to people in class 1. In addition, 

people in class 2 prefer a 50 percent participation when the activities are outsourced. Moreover, both 

classes share the preference of controlling their appliances by their own instead of automatically by a 

system. It can be concluded that people in class 1 can be identified as enthusiasts and people in class 2 as 

more conservative. To answer SQ4, the willingness of local citizens that is influenced by decisive 

motivational factors is divided in two clusters that differ in terms of the socio-demographic characteristics 

and environmental conscious attitude of the individual. By examining the choice behavior of both classes 

on the environmental statements, it can be concluded that people in class 1 seems to have a more 

environmental conscious attitude than class 2, which is in line with the results of the latent class analysis 

output.  

 

MQ. To what extent are Dutch citizens willing to participate in a prosumer community? 

For answering the research question, the literature on energy curtailment and investment behavior is 

reviewed and a stated choice experiment is executed. According to the estimated models, it can be 

concluded that there is support from Dutch citizens to generate their own energy and adopt a more 

energy-saving behavior. However, the extent of willingness to participate in a prosumer community is 

significantly dependent on the financial consequences of implementing energy efficient measures, a large 

share of the community that is involved, own control of appliances instead of automatically by a system 

and less involvement in organizational activities. Furthermore, it is of importance to focus on people based 

on their socio-demographic characteristics and environmental conscious attitude. Regarding the socio-

demographic characteristics, people between 21 and 40 years that are higher educated, who own their 

dwelling and assign their self on average more as innovators, early adopters or early majority can be 

identified as enthusiastic to participate in a prosumer community. Moreover, based on the environmental 

statements, people that are willing to pay more for environmental friendly measures, prefer to be 

independent from large energy providers, willing to adopt a more environmental friendly lifestyle and 

prefer to be seen with solar panels on the dwelling are more willing to participate in a prosumer 

community. All in all, the extent of Dutch citizens to participate in a prosumer community is dependent 

on peopleΩs importance level of decisive motivational factors, socio-demographic characteristics and 

environmental conscious attitude.  

  



92 
 

7.2 SOCIETAL RELEVANCE 
By focusing on the current policy regarding the encouragement of energy efficient measures by individuals 

by the Dutch government, energy transition is becoming a more urgent issue. The Dutch government is 

aware that a change is essential to achieve the set goals of reducing the greenhouse gases and increase 

the share of renewable energy sources. As can be concluded, the integration of decentralized generation 

in the built environment like prosumer communities can be a potential solution for Dutch cities to become 

energy neutral. All in all, it seems that Dutch citizens have on average a pro-environmental attitude, which 

results in that they are willing to adopt a more environmental friendly behavior or are willing to pay more 

for environmental friendly measures. Furthermore, according to the results, there is support from 

individuals to participate in a prosumer community. With this background, it can be concluded that the 

energy transition in the Netherlands can be speed up. However, in this encouragement, it is of importance 

that the main decisive motivational factors based on socio-demographic characteristics are considered. 

Especially, in deciding to develop a prosumer community, identifying and attracting the right target group 

is essential. According to the results of this research, enthusiasts and conservatives can be divided based 

on socio-demographic characteristics. To conclude, for the realization of a prosumer community, 

enthusiasts need to be identified and encouraged as initiators in setting-up or participating in a prosumer 

community. Furthermore, the Dutch government should financially support more high energetic 

efficiency alternatives like borehole thermal energy storage systems and in-home batteries to overcome 

the high initial investment costs. As can be concluded, the high initial investment costs that results in a 

long payback period, avoid people to choose for alternatives without gas demand. Therefore, the general 

advice to increase the support of people to participate in a prosumer community, full-electric powered 

energy efficient implementations need to be encouraged by financial incentives. 

 

7.3 DISCUSSION AND RECOMMENDATIONS 
Finally, some recommendations can be formulated that emerge for related stakeholders of this topic and 

for possible future research, based on the limitations of this research. First, it is recommended to provide 

a more detailed technical elaboration of a prosumer community. This research only focusses on how 

different energy efficient implementations can be applied, but not how multiple households can be 

interconnected at the detailed technical level. Therefore, research should be conducted on how smart 

grids can be designed in which decentralized produced energy can be better distributed in the community. 

In addition, further research should be obtained regarding the technical execution of demand side 

management software that regulates the energy production and consumption. In the current literature, 

it is not clear what the effect is of demand side management software on households and what net 

benefits can be obtained by a prosumer community. Moreover, this research is limited on providing in-

depth research on the control of appliances and how these should be optimally arranged in combination 

with the energy generation of solar panels. Furthermore, no research is available on how in-home 

batteries can be implemented at multiple dwellings. Further research can be executed on the potential of 

in-home batteries in the Netherlands ǿƘŜƴ ǘƘŜ ΨǎŀƭŘŜǊŜƴΩ ǇƻƭƛŎȅ ƛǎ ŀōƻƭƛǎƘŜŘΦ  

 

Secondly, a more detailed research on the commercial benefits of realizing prosumer community should 

be conducted. In this thesis, a hypothetical situation for an individual dwelling is assumed. However, for 

a more elaborated business case, the technical elaboration should be more detailed at the community 

level. In this business case, scenarios should be sketched on the effect of energy price expectations, scale 

benefits of collective investments should be determined and commercial net benefits should be calculated 
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by energy selling to other dwellings in the grid. In addition, in future research the financial benefits 

regarding the attribute levels of control of appliances can be determined, which might have a positive 

ƛƴŦƭǳŜƴŎŜ ƻƴ ǇŜƻǇƭŜΩǎ ŎƘƻƛŎŜ ōŜƘŀǾƛƻǊ to choose for an automatic control. Furthermore, research can be 

conducted on the potential for Energy Service Companies to invest in these communities. These firms can 

overcome barriers like high initial investment costs, lack of knowledge that many individuals have 

regarding large energy efficient implementations and can take away the financial risk, which all have a 

negative influence on the decision behavior of individuals.  

 

Finally, recommendations can be provided according to the limitations of the stated choice experiment. 

The sample does not represent the Dutch population. Therefore, it is recommended that a larger and 

more representative sample is involved. Furthermore, according to the results, the attribute levels that 

contains a borehole thermal energy storage system and in-home battery have a negative influence on 

ǇŜƻǇƭŜΩǎ ŎƘƻƛŎŜ ōŜƘŀǾƛƻǊΦ ¢Ƙƛǎ ƴŜƎŀǘƛǾŜ ƛƴŦƭǳŜƴŎŜ ƳƛƎƘǘ not only be attributed to the financial 

consequences, but can arise from a lack of knowledge of potential benefits. Therefore, the research is 

limited on the question if lack of knowledge is a decisive motivational factor in ǇŜƻǇƭŜΩǎ decision. 

Moreover, further research on decisive motivational factors is necessary that focusses on people that 

already live in collective energy initiative. These results can be compared to the conclusions of this 

research in which it can be examined if the choice behavior outcomes and the socio-demographic 

characteristics correspond. Finally, a more in-depth research can be conducted on how conservatives and 

skeptics can be persuaded to participate in a prosumer community. In the aspiration of cities to achieve 

the goal of becoming energy neutral, the late majority and the laggards should also be included.  
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APPENDIX I: Financial analyses 
 

 

 

1.1 Energy price expectations 
 

 

 

Curve Electricity    Unit Start 
price 

         
    

  
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 

Bare energy costs  [euro]  ϵ 0.170  ϵ 0.175  ϵ лΦмум  ϵ лΦмут  ϵ лΦмфп  ϵ 0.199  ϵ лΦнлр  ϵ лΦнмм  ϵ лΦнмс  ϵ лΦннм  ϵ 0.227  ϵ 0.231  ϵ лΦнор  ϵ 0.238   
[Relative 
increase in %]  

2.00% 3.00% 3.00% 3.50% 3.50% 3.00% 3.00% 2.50% 2.50% 2.50% 2.50% 2.00% 1.50% 1.50% 

Energy tax [euro]  ϵ лΦлро   ϵ 0.054  ϵ лΦлрс  ϵ лΦлрт  ϵ лΦлру  ϵ лΦлрф  ϵ лΦлсм  ϵ 0.062  ϵ лΦлсо  ϵ лΦлсп  ϵ лΦлсс  ϵ лΦлст  ϵ лΦлсу  ϵ 0.070   
[Relative 
increase in %] 

8.00% 3.00% 3.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 

Sustainable 
energy storage 

[euro]  ϵ лΦлму  ϵ 0.021  ϵ лΦлнп  ϵ лΦлнп  ϵ лΦлнр  ϵ лΦлнр  ϵ лΦлнс  ϵ лΦлнс  ϵ лΦлнт  ϵ лΦлнт  ϵ лΦлну  ϵ лΦлну  ϵ лΦлнф  ϵ 0.030  

 
[Relative 
increase in %]  

46.00% 15.00% 15.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 

                                

Total [euro]  ϵ лΦнпм  ϵ лΦнрл  ϵ лΦнсл  ϵ  лΦнсу  ϵ лΦнтт  ϵ лΦнуп  ϵ лΦнфн  ϵ лΦнфф  ϵ лΦолс  ϵ лΦомо  ϵ лΦонл  ϵ лΦонт  ϵ лΦоон  ϵ лΦоот   
[Relative 
increase in %]  

6.00% 4.00% 4.00% 3.00% 3.00% 3.00% 3.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 

2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 

ϵ 0.241  ϵ 0.241  ϵ 0.236  ϵ 0.231  ϵ 0.224  ϵ 0.217  ϵ 0.207  ϵ 0.196  ϵ 0.184  ϵ 0.175  ϵ 0.168  ϵ 0.163  ϵ 0.158  ϵ 0.155  ϵ 0.154  ϵ 0.154  ϵ 0.154  

1.00% 0.00% -2.00% -2.00% -3.00% -3.00% -5.00% -5.00% -6.00% -5.00% -4.00% -3.00% -3.00% -2.00% -1.00% 0.00% 0.00% 

ϵ 0.071  ϵ 0.072  ϵ 0.074  ϵ 0.075  ϵ 0.077  ϵ 0.078  ϵ 0.080  ϵ 0.082  ϵ 0.083  ϵ 0.085  ϵ 0.087  ϵ 0.088  ϵ 0.090  ϵ 0.092  ϵ 0.094  ϵ 0.096  ϵ 0.097  

2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 

ϵ 0.030  ϵ 0.031  ϵ 0.031  ϵ 0.032  ϵ 0.033  ϵ 0.033  ϵ 0.034  ϵ 0.035  ϵ 0.035  ϵ 0.036  ϵ 0.037  ϵ 0.038  ϵ 0.038  ϵ 0.039  ϵ 0.040  ϵ 0.041  ϵ 0.041  

2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 

                                  

ϵ лΦопн  ϵ лΦопп  ϵ лΦопм  ϵ лΦооу  ϵ лΦооп  ϵ лΦонф  ϵ лΦонл  ϵ лΦомн  ϵ лΦоло  ϵ лΦнфс  ϵ лΦнфн  ϵ лΦнуф  ϵ лΦнут  ϵ лΦнус  ϵ лΦнут  ϵ лΦнфл  ϵ лΦнфн  

1.00% 1.00% -1.00% -1.00% -1.00% -1.00% -3.00% -3.00% -3.00% -2.00% -2.00% -1.00% -1.00% 0.00% 0.00% 1.00% 1.00% 
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Curve Gas   Unit Start 

price 

           
  

  
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 

Bare energy costs  [euro]  ϵ лΦнрс  ϵ лΦнсо  ϵ лΦнсф  ϵ лΦнум  ϵ лΦнфн  ϵ 0.305  ϵ лΦомт  ϵ лΦоом  ϵ лΦопр  ϵ лΦорф  ϵ лΦотп  ϵ лΦофл  ϵ лΦплс  ϵ лΦпмт   
[Relative 
increase in %]  

2.50% 2.50% 2.50% 4.20% 4.20% 4.20% 4.20% 4.20% 4.20% 4.20% 4.20% 4.20% 4.20% 2.50% 

Energy tax [euro]  ϵ лΦнсл  ϵ лΦнтс  ϵ лΦнфн  ϵ лΦолт  ϵ лΦомф  ϵ лΦонф  ϵ лΦооу  ϵ лΦопр  ϵ лΦорн  ϵ лΦорф  ϵ лΦосс  ϵ лΦотп  ϵ лΦоум  ϵ лΦоуф   
[Relative 
increase in %] 

3.00% 6.00% 6.00% 5.00% 4.00% 3.00% 3.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 

Sustainable 
energy storage 

[euro]  ϵ лΦлнф  ϵ лΦлон  ϵ лΦлор  ϵ лΦлот  ϵ лΦлоф  ϵ лΦлпл  ϵ лΦлпм  ϵ лΦлпн  ϵ лΦлпо  ϵ лΦлпп  ϵ лΦлпп  ϵ лΦлпр  ϵ лΦлпс  ϵ лΦлпт  

 
[Relative 
increase in %]  

79.25% 11.00% 11.00% 6.00% 5.00% 3.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 

                                

Total [euro]  ϵ лΦрпр  ϵ лΦртл  ϵ лΦрфт  ϵ лΦснр  ϵ лΦсрм  ϵ лΦстп  ϵ лΦсфт  ϵ лΦтму  ϵ лΦтпл  ϵ лΦтсн  ϵ лΦтур  ϵ лΦулф  ϵ лΦуоп  ϵ лΦурн   
[Relative 
increase in %]  

5.10% 5.00% 5.00% 5.00% 4.00% 4.00% 3.00% 3.00% 3.00% 3.00% 3.00% 3.00% 3.00% 2.00% 

 

 
2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 

ϵ лΦпнт  ϵ лΦпор  ϵ лΦппп  ϵ лΦпрм  ϵ лΦпру  ϵ лΦпсн  ϵ лΦпст  ϵ лΦптм  ϵ лΦптс  ϵ лΦптф  ϵ лΦпум  ϵ лΦпуо  ϵ лΦпус  ϵ лΦпус  ϵ лΦпус  ϵ лΦпус  ϵ лΦпус  

2.50% 2.00% 2.00% 1.50% 1.50% 1.00% 1.00% 1.00% 1.00% 0.50% 0.50% 0.50% 0.50% 0.00% 0.00% 0.00% 0.00% 

ϵ лΦофт  ϵ лΦплп  ϵ лΦпмо  ϵ лΦпнм  ϵ лΦпнф  ϵ лΦпоу  ϵ лΦппт  ϵ лΦпрс  ϵ лΦпср  ϵ лΦптп  ϵ лΦпуо  ϵ лΦпфо  ϵ лΦрло  ϵ лΦрмо  ϵ лΦрно  ϵ лΦроп  ϵ лΦрпп  

2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 

ϵ лΦлпу  ϵ лΦлпф  ϵ лΦлрл  ϵ лΦлрм  ϵ лΦлрн  ϵ лΦлро  ϵ лΦлрп  ϵ лΦлрр  ϵ лΦлрс  ϵ лΦлрт  ϵ лΦлрф  ϵ лΦлсл  ϵ лΦлсм  ϵ лΦлсн  ϵ лΦлсо  ϵ лΦлср  ϵ лΦлсс  

2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 

                                  

ϵ лΦутн  ϵ лΦууф  ϵ лΦфлт  ϵ лΦфно  ϵ лΦфоф  ϵ лΦфро  ϵ лΦфсу  ϵ лΦфун  ϵ лΦффт  ϵ мΦлмл  ϵ мΦлно  ϵ мΦлос  ϵ мΦлрл  ϵ мΦлсм  ϵ мΦлто  ϵ мΦлуп  ϵ мΦлфс  

2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 

 

 



Scenario 1: EPC 0.4 
 

Energy demand EPC 0.4 
1.A. ENERGY DEMAND  Unit 2018  

ΨǎŀƭŘŜǊŜƴΩ 
2020 
 ΨŦŜŜŘ-ƛƴ ŦŜŜΩ 

Gas m3 space heating [m3/year]  396.89   396.89  

Gas m3 hot tap water [m3/year]  288.41   288.41  

Total gas demand  [m3/year]  685.30   685.30    
   

Electricity space heating [kWh/year]  -     -    

Electricity hot tap water [kWh/year]  -     -    

Electricity cooling / summer comfort [kWh/year]  378.00   378.00  

Auxiliary energy - fan, pump, parasitic lighting [kWh/year]  585.00   585.00  

Equipment - electrically not building-related [kWh/year]  2,985.00   2,985.00  

PV installation total [kWh/year]  -3,740.00   -3,740.00  

PV installation indirect usage (feed-in fee) [kWh/year]  -     2,618.00  

Total electricity demand [kWh/year]  208   2,826  

 

Gross margin EPC 0.4 
1.B. ENERGY PURCHASE  Unit 2018  

ΨǎŀƭŘŜǊŜƴΩ 
2020 
 ΨŦŜŜŘ-ƛƴ ŦŜŜΩ 

Energy costs    

Bare energy costs (electricity) [euro/year]  ϵ орΦпо   ϵ рмлΦтл  

Energy tax (electricity) [euro/year]  ϵ млΦфт   ϵ мруΦмн  

Sustainable energy storage (electricity) [euro/year]  ϵ оΦтп   ϵ стΦнт  

Total electricity  [euro/year]  ϵ рлΦмп   ϵ тосΦлф  

 
 

  

Gas commodity [euro/year]  ϵ мтрΦсс   ϵ мупΦрс  

Energy tax (gas) [euro/year]  ϵ мтуΦмф   ϵ нллΦнм  

Sustainable energy storage (gas) [euro/year]  ϵ мфΦро   ϵ нпΦлс  

Total Gas [euro/year]  ϵ отоΦоу   ϵ плуΦуо  

Total purchasing costs [euro/year]   ϵ пноΦро ϵ мΣмппΦфн 

 
 

  

Revenues    

Feed-in fee 
 

[euro/year] -  ϵ пмлΦрл  

    

Gross margin [kWh/year]  ϵ -423.53  ϵ -734.42 

 

Operating expenses EPC 0.4 
1.C. OPERATING EXPENSES  Unit  2018 

Maintenance   

Gas boiler [euro/year]  ϵ мллΦлл  

Cooling machine [euro/year]  ϵ мнлΦлл  

Inverter [euro/year]  ϵ -    

PV panels [euro/year]  ϵ рлΦлл  

   

Network operator costs   

Electricity network  [euro/year]  ϵ мрпΦтм  
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Gas network  [euro/year]  ϵ ммуΦмп  

   

Total operating expenses [euro/year]  ϵ рпнΦур  

 

Investment costs EPC 0.4 
1.D. INVESTMENTS  Unit  2018 

Initial investment (gas boiler) [euro/year]  ϵ оΣмрлΦлл  

Initial investment (cooling machine) [euro/year]  ϵ мΣнрлΦлл  

Initial investment (inverter) [euro/year]  ϵ сулΦлл  

Initial investment (PV panels) [euro/year]  ϵ пΣлллΦлл  

Total initial investment [euro/year]  ϵ фΣлулΦлл 

 

 

Scenario 2: BENG 

Energy demand BENG 
1.A. ENERGY DEMAND  Unit 2018  

ΨǎŀƭŘŜǊŜƴΩ 
2020 
 ΨŦŜŜŘ-ƛƴ ŦŜŜΩ 

Gas m3 space heating [m3/year]  -     -    

Gas m3 hot tap water [m3/year]  -     -    

Total gas demand  [m3/year]  -     -       
 

Electricity space heating [kWh/year]  696.67   696.67  

Electricity hot tap water [kWh/year]  810.00   810.00  

Electricity cooling / summer comfort [kWh/year]  56.70   56.70  

Auxiliary energy - fan, pump, parasitic lighting [kWh/year]  585.00   585.00  

Equipment - electrically not building-related [kWh/year]  2,985.00   2,985.00  

PV installation total [kWh/year]  -3,740.00   -3,740.00  

PV installation indirect usage [kWh/year]  -     2,618.00  

Total electricity demand [kWh/year]  1,393   4,011  

 

Gross margin BENG 
1.B. ENERGY PURCHASE  Unit 2018  

ΨǎŀƭŘŜǊŜƴΩ 
2020 
 ΨŦŜŜŘ-ƛƴ ŦŜŜΩ 

Energy costs    

Bare energy costs (electricity) [euro/year]  ϵ нотΦор   ϵ тнпΦфм  

Energy tax (electricity) [euro/year]  ϵ тоΦпф   ϵ ннпΦпп  

Sustainable energy storage (electricity) [euro/year]  ϵ нрΦлу   ϵ фрΦпф  

Total electricity  [euro/year]  ϵ оорΦфм   ϵ мΣлппΦуп  

 
 

  

Gas commodity [euro/year]  ϵ -     ϵ -    

Energy tax (gas) [euro/year]  ϵ -     ϵ -    

Sustainable energy storage (gas) [euro/year]  ϵ -     ϵ -    

Total Gas [euro/year]  ϵ -     ϵ -    

Total purchasing costs [euro/year]  ϵ оорΦфм   ϵ мΣлппΦуп  

 
 

  

Revenues    

Feed-in fee 
 

[euro/year] -  ϵ пмлΦрл  
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Gross margin [kWh/year]  ϵ -335.91   ϵ -634.34  

 

Operating expenses BENG 
1.C. OPERATING EXPENSES  Unit  2018 

Maintenance   

Heat pump [euro/year]  ϵ ммлΦлл  

Individual borehole [euro/year]  -  

Inverter [euro/year]  -    

PV panels [euro/year]  ϵ рлΦлл  

   

Network operator costs   

Electricity network  [euro/year]  ϵ мрпΦтм  

Gas network  [euro/year]  - 

   

Total operating expenses [euro/year]  ϵ омпΦтм 

 

Investment costs BENG 
1.D. INVESTMENTS  Unit  2018 

Initial investment (heat pump) [euro/year]  ϵ рΣрллΦлл  

Initial investment (individual borehole) [euro/year]  ϵ мнΣлллΦлл  

Initial investment (inverter) [euro/year]  ϵ сулΦлл  

Initial investment (PV panels) [euro/year]  ϵ пΣлллΦлл  

Total initial investment [euro/year]  ϵ ннΣмулΦлл 
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Scenario 3: Prosumer 
 

Energy demand Prosumer 
1.A. ENERGY DEMAND  Unit 2018  

ΨǎŀƭŘŜǊŜƴΩ 
2020 
 ΨŦŜŜŘ-ƛƴ ŦŜŜΩ 

Gas m3 space heating [m3/year]  -     -    

Aardgas m3 hot tap water [m3/year]  -     -    

Total gas demand  [m3/year]  -     -       
 

Electricity space heating [kWh/year]  696.67   696.67  

Electricity hot tap water [kWh/year]  810.00   810.00  

Electricity cooling / summer comfort [kWh/year]  56.70   56.70  

Auxiliary energy - fan, pump, parasitic lighting [kWh/year]  585.00   585.00  

Equipment - electrically not building-related [kWh/year]  2,985.00   2,985.00  

    

PV installation total [kWh/year]  -3,740.00   -3,740.00  

PV installation ς own usage [kWh/year]  -1,122.00   -1,122.00  

PV installation ς in-home battery [kWh/year]  -2,618.00   -2,618.00  

    

In-home battery electricity usage [kWh/year]  183.26   183.26  

In-home battery ς own usage [kWh/year]  -2,094.40   -2,094.40  

In-home battery ς purchase community [kWh/year]  -523.60   -523.60  

Total electricity demand [kWh/year]  2,100   2,100  

 

Gross margin Prosumer 
1.B. ENERGY PURCHASE  Unit 2018  

ΨǎŀƭŘŜǊŜƴΩ 
2020 
 ΨŦŜŜŘ-ƛƴ ŦŜŜΩ 

Energy costs    

Bare energy costs (electricity) [euro/year]  ϵ ортΦтр   ϵ отфΦрп  

Energy tax (electricity) [euro/year]  ϵ ммлΦтт   ϵ ммтΦрм  

Sustainable energy storage (electricity) [euro/year]  ϵ отΦул   ϵ рлΦлл  

Total electricity  [euro/year]  ϵ рлсΦон   ϵ рптΦлр  

 
 

  

Gas commodity [euro/year]  ϵ -     ϵ -    

Energy tax (gas) [euro/year]  ϵ -     ϵ -    

Sustainable energy storage (gas) [euro/year]  ϵ -     ϵ -    

Total Gas [euro/year]  ϵ -     ϵ -    

Total purchasing costs [euro/year]  ϵ рлсΦон   ϵ рптΦлр  

 
 

  

Revenues    

Energy purchase community 
 

[euro/year]  ϵ мллΦфу   ϵ млфΦмм  

    

Gross margin [kWh/year]  ϵ -405.34   ϵ -437.94  
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Operating expenses Prosumer 
1.C. OPERATING EXPENSES  Unit  2018 

Maintenance   

Heat pump [euro/year]  ϵ ммлΦлл  

Individual borehole [euro/year]  -  

Inverter [euro/year]  -    

PV panels [euro/year]  ϵ рлΦлл  

In-home battery [euro/year] - 

   

Network operator costs   

Electricity network  [euro/year]  ϵ мрпΦтм  

Gas network  [euro/year]  - 

   

Total operating expenses [euro/year]  ϵ омпΦтм 

 

Investment costs Prosumer 
1.D. INVESTMENTS  Unit  2018 

Initial investment (heat pump) [euro/year]  ϵ рΣрллΦлл  

Initial investment (individual borehole) [euro/year]  ϵ мнΣлллΦлл  

Initial investment (inverter) [euro/year]  ϵ сулΦлл  

Initial investment (PV panels) [euro/year]  ϵ пΣлллΦлл  

Initial investment (in-home battery) [euro/year]  ϵ рΣлллΦлл  

Initial investment (ICT software) [euro/year]  ϵ мΣлллΦлл  

Total initial investment [euro/year]  ϵ нуΣмулΦлл 
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Cashflow scenarios 
CASHFLOW TOTAL 
SCENARIOS 

  Year 0 Year 1  Year 2  Year 3  Year 4  Year 5  Year 6  Year 7  Year 8  Year 9  Year 10  Year 11 

    0 1 2 3 4 5 6 7 8 9 10 11 

Scenarios    2018 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028               

EPC 0.4 
             

Cashflow [euro/year]   ϵ -9,080  ϵ -966  ϵ -996  ϵ -1,299  ϵ -1,352  ϵ -1,404  ϵ -1,453  ϵ -1,503  ϵ -1,549  ϵ -1,596  ϵ -1,644  ϵ -1,771 

Cashflow cum.  [euro/year]  ϵ -9,080  ϵ -8,114  ϵ -7,117  ϵ -5,818  ϵ -4,466  ϵ -3,061  ϵ -1,608  ϵ -106  ϵ -1,443   ϵ оΣлоф   ϵ пΣсуп   ϵ сΣпрп                

BENG   
            

Cashflow  [euro/year]  ϵ -22,180  ϵ -651  ϵ -670  ϵ -962  ϵ -1,000  ϵ -1,040  ϵ -1,076  ϵ -1,114  ϵ -1,149)  ϵ -1,184  ϵ -1,220  ϵ -1,334 

Cashflow cum.  [euro/year]   ϵ -22,180  ϵ -21,529  ϵ -20,859  ϵ -19,898  ϵ -18,898  ϵ -17,858  ϵ -16,782  ϵ -15,668  ϵ -14,519)  ϵ -13,335  ϵ -12,115  ϵ -10,780  
 

            

PROSUMER  
            

Cashflow  [euro/year]  ϵ -28,180  ϵ -720  ϵ -742  ϵ -765  ϵ -785  ϵ -806  ϵ -825  ϵ -845  ϵ -863)  ϵ -883  ϵ -902  ϵ -1,032 

Cashflow cum.  [euro/year]   ϵ -28,180  ϵ -27,460  ϵ -26,718  ϵ -25,952  ϵ -25,167  ϵ -24,362  ϵ -23,537  ϵ -22,692  ϵ -21,828)  ϵ -20,946  ϵ -20,044  ϵ -19,011  
 

            

SCENARIO 
COMPARISON 

 
            

BENG - EPC 0.4 [euro/year]  ϵ -13,100   ϵ омс   ϵ онс   ϵ оот   ϵ орн   ϵ оср   ϵ отт   ϵ оуф   ϵ плл   ϵ пмн   ϵ пнп   ϵ пот  

BENG - EPC 0.4 cum. [euro/year]   ϵ -13,100   ϵ -12,784   ϵ -12,458   ϵ -12,120   ϵ -11,768   ϵ -11,403   ϵ -11,027   ϵ -10,638   ϵ -10,238   ϵ -9,826   ϵ -9,402   ϵ -8,965                

Prosumer - EPC 0.4  [euro/year]   ϵ -19,100   ϵ нпс   ϵ нрп   ϵ роп   ϵ рст   ϵ рфф   ϵ сну   ϵ сру   ϵ сур   ϵ тмо   ϵ тпн   ϵ тоф  

Prosumer - EPC 0.4 cum. [euro/year]  ϵ -19,100   ϵ -18,854   ϵ -18,599   ϵ -18,066   ϵ -17,499   ϵ -16,900   ϵ -16,272   ϵ -15,614   ϵ -14,929   ϵ -14,215   ϵ -13,473   ϵ -12,734   

  
            

Prosumer - BENG [euro/year]  ϵ -6,000   ϵ -69   ϵ -72   ϵ мфс   ϵ нмр   ϵ ноп   ϵ нрм   ϵ нсф   ϵ нур   ϵ олн   ϵ ому   ϵ олн  

Prosumer - BENG cum. [euro/year]   ϵ -6,000   ϵ -6,069   ϵ -6,142   ϵ -5,945   ϵ -5,730   ϵ -5,496   ϵ -5,245   ϵ -4,976   ϵ -4,691   ϵ -4,389   ϵ -4,071   ϵ -3,769  

  


















































































