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PREFACE

This thesis is the result of a research on prosumer communities as a potential for the sustainable
transformation of the built environment. With this thesis, | complete the Masters of Science program
Construction Management and Engineering (CME) at thghBiren University of Technology. The aim of

the research was to investigate the willingness of Dutch citizens to participate in a prosumer community.
Furthermore, the research focusses on the technical needs and financial feasibility to provide a complete
overview of developing a prosumer community in the Netherlands. This research was conducted in
collaboration with Sweco Nederland, a consultancy company that is specialized on designing and
developing the societies and cities of the future.

Today, energ 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 gosistainable transformation in the built
environment is essential. Because thisblemwould be of major importance for the next decadethihk

this graduation is an opportunity to enrich myself on this topic pieparation for my professional career
Therefore, | was motivated to gain more insight in prosumer communities as a potential solution for the
energy transition issue in the built environment.

During the previous five months, | have benefited from valuable guidance and helpful commengs of m
supervisors. First of all, | am especially grateful to the support and guidance of dr. Gamze Dane, who
helped me from the start of my graduation project. | also want to thank ir. Aloys Borgers, for your detailed
comments on my literature review and foelping me with the preparation and execution of my research
approach and analysis. Thanks ir. Wiet Mazairac, for your insights and advices regarding the different
technical topics of my research. In particular, | would like to thank ir. Benny Roelsaifdaegbnical and
financial insights and for the opportunity to conduct my research at Sweco Nederland. | also want to thank
my family and friends for their unconditional support during the difficult path of completing the MSc
program.

Luc de Vet,
Eindhoven, August2018






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 achievehis 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 onourth of the primary energy demand. Therefore, thailt 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 systiemvhich there are

new opportunities for lochenergy 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 becoteirigcgy producer
O2yadzYSNEY WLINR&adzYSNARAQ® ! LINRP&adzyYSNJ Oy 6S RSTAYSR
consume energy, but also produce energy by renewable energy resources and share the excess energy
generated with the grid and/orwitB G KSNJ O2y addzYSN&E Ay | O2YYdzyAlieed Ly
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 literatuie K S ¢ 2 NJ -iel&ed prEbje@s\zBn@ot 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 ted#sshifted

towards a more efficient and sustainable direction. Still little research is conducted on the decisive
Y2UAQFGA2Yy 1t FILOG2NAR (GKFdG AyFfdzSyOS LIS2L) SQad RSOA
the objective of this thesis iotgain insight in the decisive factors of Dutch citizens to participate in a
prosumer communityaking into consideratiosocicdemographic characteristics. Next to examining the
behavioral aspects, this research also focusses on the individual andivellectnical needs to realize

a prosumer community anedstimating the financial consequences.

As stated in thditerature, prosumer communigéscan contribute to the total share of renewable energy
by producing energy and sharing the excess of energyergéed with the grid and/or with other
consumers in a communitin 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 fidlectric powered.Theobjective of a prosumer community

is to maintain the energy generated as much as possible in the commWtign there is an excess of
energy, prosumers can sell their enetgythe decentralizedyrid or main energy gridThis system can be
combined withstorage devices, in which it becomes possible to store ensugglus This reduceshe

need forimporting energy from the main energy grifio estimate the financial consequencef a
prosumer communitya financial analysis is conductétbwever,from thisanalysiscan be concluded that

the introducedprosumer community is financially unprofitableloreover, te financial feasibilityf a
prosumer community is dependent on tlyas priceisings, the decrease in initial investment costs of a
borehole thernal energy storage system andhome batteries, and the encouragement of the Dutch
government by subsidies to invest in high energetic efficiency implementations.



In this research, a stated choice experiment is exectaadeasure the preferences andahbe behavior
of citizens to participate in a prosumer communitythis research, two alternatives are presented to the
respondents: own initiative and outsourcitng energy efficient implementationgour attributeswere
selected fromthe literatureto define the alternativesfinancial consequences, community involvement,
control of appliances and organizational participation. daxh ofthese attributes, three levels are
assignedNext to the choice experimengnvironmental statements were questied to the respondents
to gain insight in peop® environmental conscious attitudé\s a result of the data collection, 184
respondents are obtained who finalized the complete survey.

Based on the socidemographic characteristics, the sample was nopresentative 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 ouel was to identify clusters of individuals who share the same choice
behavior. It is important to find out whether these cluster share similar sdeimographic characteristics

and environmental conscious attitude. According to the results of the lafeass 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 bandrawn. First, for the
alternative own initiative and alternative outsourcing, it can be concluded that people prefer the financial
conseqguences of implementing only solar panels instead of the financial consequences of implementing
solar panels, borehelthermal energy storage (BTES) system arttbine battery. Secondlyfor 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 d¢ pefer 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 peent 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 fratchlZitizens to
generate their own energy and adopt a more enesgying behavior. However, the extent of willingness

to participate in a prosumer community is significantly dependent on the financial consequences of
implementing energy efficient measures 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 stemographic charderistics and
environmental conscious attitud&kegarding the socidemographic 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 majyrcan 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 providelingwd 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 communitill in all, the extent of Dutch citizens to participate in a
prosumer community is depemtit on various factors; under favorable conditions, prosumer
communities may be feasibl@o encourage Dutch citizens for participating in a prosumer community,
the first step would therefore be to take aw#ye financial barrierA built environment witta 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 ereatgrobleem. @n de energietransitie zoveel
mogelijk te controlererstreeft deNederlandse overheid ernaam de uitstoot van broeikasgassen tegen
2050 tot nul terug te brengen en het aandeel van hernieuwbare energiebronnen te vergfnerdit

doel te beeiken, 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 energievra@gor dit gegevekan de gbouwde omgeving positief bijdragen

aan het doel van veel steden om in 2050 energieneutraal te wordan steden wordt verwacldat ze
nieuwe kansen bieden om lokale energieconcepten in praktijk te bremyede overgang naar een
gedecentraliseerd toekomstig energiesysteemEen mogelijke oplossing om het aandeel van
hernieuwbare energiebronnen in steden te vergroten, is de aanmoediging van burgers om
energieproducent te worden. Burgemillen danveranderen van passieve elektriciteitsverbruikers in
actieve elektriciteitsverbruikers door elektriciteitsproducent te worddht INR & &2\SINIRR 3 ldzY S NI
worden gedefinieerd als: éen person die, of een huishouden daiet alleen energieverbruikt, maar

ook energie produceert op basis van hernieuwbarenergiebronnen enwaarbij het overtollige
energieverbruik dat wordt opgewekivordt gedeeldnet hetenergieneten / of met andere consumenten

/ producentenin eencommunity’. In een prosumecommunitywordt een groot deel van de elektriciteit
warmte en kceling decentraal opgewekt, waarbij de vraag en het aanbod worden gecompenseerd door
flexibiliteit in het energienetwerk

In eerder wetenschappelijk onderzoek is aangetoonddgatereldwijdeenergiegerelateerde problemen

niet opgelostkunnen wordendoor enkeltechnologische vooruitgang, maeat het veranderen van het
energiegedrag van de mens hiervoor essentie®iienergiggedragvan de mens zoverschovermoeten
wordennaar een efficiéntee en duurzame richtingOm deze verschuiving te bewerkstgdn, is hevan
belang inzicht te krijgen ide doorslaggevende factoren van Nederlandse burgers om deel te nemen aan
een prosumer community Naast het onderzoeken van dmorslaggevendgedragsaspecten, richt dit
onderzoek zich ook op de individuele enlectieve duurzame energietechniekeam een prosurar
communityte realiseren ewat de financiéle consequenties hiervan zijn.

Volgens de literatuur kunneprosume commurties bijdragen aan het totale aandeel van hernieuwbare
energie door energie te produceren en hmterschotaan energide delen met hetenergie neten / of

met andere consumenten in eenijk. In dit onderzoek wordt een nieuw concept van een prosume
community geintroduceerd als aanvulling op de huidige literatuur. In dit con@iptde duurzame
energietechniekenbepaald op basis vanhoge energetische efficiéntie, algemene geschiktheid en
toekomstpotentieel. Bovendien zijn, op basis van de ambitie van de Nedise overheid om meer
onafhankelijk van het gas te worden, daurzame energietechniekevolledig elektrisch aangedreven.
Het doel van een prosumecommunity is om de gegenereerde energie zo veel mogelijk in de
gemeenschap te houden. Wanneertech eenoverschotaan energie is, kunngorosumershun energie
verkopen aan het gedecentraliseergmsumer netwerlof het hoofdenergienet. Dit systeem kan worden
gecombineerd methuisbatterijen waarin het mogelijk wordt om energieoverschotten op te slaan. Dit
vermindert de noodzaak om energie uit het hoofdenergienet te importeren. Om de financiéle
consequenties van een prosumsymmunityin te schattenjseen financiéle analyse uitgevoetdit deze
financiéle analyse is gebleken dat een prosumer community fisahaiet rendabel isDe financiéle
haalbaarheidis namelijk afhankelijk van de stijging van de gasprijzen, de daling van de initiéle
investeringskosten en de aanmoediging van de Nederlandse overheid om te investatearaame
energietechniekemet eenhoogenergetischrendement.
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Om inzicht te krijgen inde doorslaggevendgedragsaspecten om deel te hemen aan een prosumer
community, is er indit onderzoek een keuzexperimentopgesteld en verspreid in de vorm van een
enquéte In ditkeuze experimentijn twee alternatieven gepresenteerd aan de respondenten: eigen
initiatief en uitbestedenvanduurzame energietechniekeivoor beide alternatieven zijn viattributen

uit de literatuur geselecteerd: financiéle consequentideglnamevan decommunity, bestuiing van
huishoudelijke apparatean organissorische betrokkenheidAan elk van dezstributen zijn drie niveaus
toegewezen. Naast het keusxperiment zijn er stellingen voorgelegdm inzicht te krijgen in de
milieubewuste houdingande 184respondenten.

Uit de data is gebleken daebhalve vooret kenmerkgeslacht de steekproefop basis van de saat
demografische kenmerken niet representatisivoor de Nederlandse bevolkinBe data van dit keuze
experiment isgeanalyseerd door een ritinomial logitmodel te schattenAls aanvullings ereen latent
classmodel analyse uitgevoer@m clusters van individuen te identificeren die hetzelfde keuzegedrag
delen.Als resultaat zijn hier twee clusters uit voortgekomen waarbij clustan woren geidentificeerd

als enthousiastelingen esluster2 kan worden geidentificeerd als conservatieven om deel te nemen aan
een prosumecommunity op basis vasocaaldemografische kenmerken en een milieubewuste houding

Uit de resultaten van het multinoral logitmethodekunnen meerdere conclusies worden getrokken. Ten
eerste kan voorzowelhet alternatief eigen initiatiefals uitbestedenworden geconcludeerd dat mensen
een voorkeur hebben vodate financiéleconsequenties van het installeren valileenzonnepanelen in
plaats van de financiéleonsequentiesyan een warmtekoude opslag en een thuisaccu. Daarnakat
voor beide alternatieven worden geconcludeerd dat er ekndelijke voorkeur bestaatvoor het zelf
bepalen wanneehuishoudelijke apparaten ¢euikt worden,in plaats vareenautomatische besturing.
Tevens zijn voobeide alternatieven mensen liever niet betrokken bij organisatorische activit@iben
het opzetten en uitwerken vaeen prosume community. Ten slotte kan vodret alternatief uitbesteding
worden geconcludeerd dat mensen minder bereid zijn om deel te nemen aan een prosommunity
wanneer slechts 25 procent van demmunitydeelneemt.VVoor beide alternatieven is er een voorkeur
voor 75procentdeelnamevan de wijkbij deelname aaren prosumeccommunity.

Volgens de geschatte modellen kan worden geconcludeerd dat er steun is van Nederlandse burgers om
hun eigen energie tep te wekkenen energiebesparend gedrag aan te nemen. De mate van bereidheid
om deel te nemen aan een prosumeommunityis echter in grote mate afhankelijk van de financiéle
consequenties een aanzienlijkedeelname van de community het zelf willen bepalen wanneer
huishoudelijkeapparatengebruikt wordenin plaats van automatisch door een systeesm een passiee
betrokkenheid bij de organisatischeactiviteiten.Verder is het van belang om te focussgnde sociaal
demografische kenmerken en milieubewudteuding van individuen Wat de so@aldemografische
kenmerken betreftmensentussen2l en40 jaar, die lbger opgeleid zijnhun huis bezitten en zichzelf
onderkennen als innovators, pioniers of voorlopavsrden aangemerkt als enthousiatihgenom deel

te nemen aan een prosumeommunity Bovendien, op basis van dellingen geven mensen die bereid

zijn meer te betalen voor milieuvriendelijke maatregelen, de voorkeur onafhankelijk te zijn van grote
energieleveranciers, beremjn om een milieuvriendelijkere levensstijl aan te nemen en liever gezien te
worden met zonnepanelen op de woning meer berédzjn om deel te nemen aan een prosume
community. Al met al is de mate waarin Nederlandse burgers deelnemen aan een prosomenunity
afhankelijk van verschillende factoreander gunstige omstandigheden kaen prosumercommunity
haalbaar zijnOm Nederlandse burgers aan te moedigemdeel te nemen aan een prosumeommunity

is het adviesom de financiéle barriéere weg te nemen. Een gebouwde omgeving met een groot aantal
prosume communitieskan een positieve bijdrage leveren aan energie neatsdéden 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 Netherldbidies are expected to become more
important in transitionng towards decentralized future energy sys&nin which there are new
opportunities for local energy concepta.potential solution to increase the share of renewable energy
sources in cities is the encouragement of citizens to become energy pro¥udd¢®&lX dzY SNE Qd Ly | L.
community,energyis generated decentralizeloly renewable energy resourcasd the excessf energy

is sharedwith the grid and/or with othemprosumertonsumers in a communitHowever,i KS 62 NX RQ4&
energyrelated problems cannot dp be solved by technological advances, but changes in human
behavior are essentialhereforethe objective of this thesis is to gain insight in the decisive factors of
Dutch citizens to participate in a prosumer commurti#king into consideratiorsocicdemographic
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 potentialn 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 thencfala
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 haveopen that it is of importance to focus on people based on their
sociodemographic characteristics and environmental conscious attitude. All in all, the extent of Dutch
citizens to participate in a prosumer community is dependent on various factors; Uaderable
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 shard 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 introducethe topic of the graduation thesis by defining the research problem, formulating
the research questions, presenting the research model, explainingdieatificand societalrelevance,
and finally providing aeadingguide for the report.

1.1 CURRENT SITUAN

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 3p%dniCtion in 2030

and 8095% C@reduction in 205QUNFCCC. Conference of the Parl€OP), 2015As partner of the
international community, the Netherlands is also required to achieve this goal. According to the Energy
Agreement for Sustainable GrowtBociaaEconomische Raad, 2018)e 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 202@efrt@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 Netherland together with France are the farthest away from their national targets
(Europadecentraal, 2017By looking at this trend, it seems highly unlikely that they will achieve this goal.

At the same time, the demand for energy time 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 205@United Nations, 2004)rhis 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 met the growing demand in the future. Alternative sources of renewable energy are
required to meet the growing energy demafidesting & Bliek, 201.3)

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 étsoeased byt percentin 2016(CBS, 2017Pue tathe increase

in energy usage, the share of renewable energy sources is suppréssehcrease in energy usage can
be attributed to larger demand in comfort @itizens(Udalov et al.,2017)When looking at the total
energy distribution of the Netherlands, the residential built environment accounts for almostoomth

of the primary energy deman@iNG Economisch Bureau, 201Bherefore, the built environment can
positively contribute to the aim of many cities to become energy neutral in 2850is context, citieare
expected to become more important in transitioning towards a more diverseclmvon, ceoperative

and deentralized future energy stem (Koirala, 2017According to Koiralé2017, p. 224)in this future
energy systendlocal energy systentan potentially contribute tdhe efficient overall energy production

and distribution andalso help meeting climate objectives by helping reversal of energy consumption and
emissions trends By looking at the current energy policy for the built environment, the aim is to realize
in 2020 only nearly zerenergy buildings. Therefore, integratiaf local generation, energy efficiency
and demand side management are becoming increasingly important in the local enedggdpaln this

local energy landscape, centralized coordinated power systems are transformed towards {ugttom
decentralized lowcarbon systemsgKoirala, 2017)These developmentontribute to new opportunities
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for local energy concepts to provide smarterxflde and integrated system$herefore, in this thesis, the
focus is on mainly on residential consumers and the encouragement of collective bogtagnergy
initiatives.

A potentialsolution to increase the share of renewable energy souic&s#tiesisthe encouragement of

citizens to become energy producefsitizens need to change frobeingpassive electricity consumers

into active ones by becoming electricity produg@® y & dzY S NA Y (PHILISIERIRiszFiEblLE &
Prasanna, 2016)According to Zafar et 4R017, p. ) and many ther researchergKestinget al, 2013;

Prakaskt al, 2015; Rathnayaket al, 2014F (G KS GSNXY 2F LINRP&AdzYSNJ OFy 6S R
household that will not only consume energy, but also produce energy by renewable energy resources
YR &KINB (KS SEOS&aa SySNBHeée 3ISySNIGSR sAaAiGKalKS 3N
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 ghe. decentralized energy generated arises

from the integration of renewable energy mtbuilding, which involves several technologies and
infrastructures. These energy efficiedniplementationsncludes solar heating and cooling, l@rergy or

GLI 3aADPSé O0dZAf RAYIAS RAAGNAWGHEHNKIISREY B 21 ¥Ry O2Ft Ay
storage (Ren21, 2013)According to the renewables global futures rep¢2013) the decentralized
renewableenergy generate@mergesin the future as a complex combinan of onsite, minigrid, and

energy storage at all levels

However, on a global scalaesearchers and policy makers are looking extensively for newetfestive

solutions and new technolggto increase household efficiency and conservaflerederiks et al., 2015)

However, acording to Frederiks et a2015) these energy efficienimplementationsare required to

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

g 2 NI R Q &elatey pohl@Eris 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 behaviaf individuals needs to be shifted towards more efficient and sustainable
direction.In addition, SchweizeReis(2008)underlined that energy efficient technologies are developed

to solve the problem, but finally the erdzZi SNE G RSOA RS ¢ g én&rgysalingbelintids & | R 2 L.
and decrease their energy consumption.

In the context of this thesis, local prosumer commii@si can be welplaced to identify local energy needs,
establishand support of initiatives and bring people together to achieve a common(goalala, 2017)
However, still little research is conducted the decisive motivationdhctors that influence peopl@
decision to participate in a local energy systétherefore, the objective of this thesis is to gain insight in
the decisve factors of Dutch citizens to participate in a prosumer commu#itya result, bottorrup
initiativescan be encouragedith an areabased approach based on sociemographiacharacteristics
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1.3 RESEARCH QUESTIONS

Prosumer communities provide new opgunities for decentralized energy generatiand 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 Netherlahlis. isin line with urgency

for the Dutch government to achieve their renewable energy targets thasappressedy the growing
energy demandBesides all technological opportunities and elaborations, the behavioral aspests
important to consider. As discuss, little research is conducted on the psychological aspects in
combination with the socimlemographiacharacteristics These factors might have a major influence on
peoplel decision to participate in a local energy system as a prosumer community. iBoth#sis
research, the following main question is examined:

To what extentire Dutchcitizenswilling to participate in a prosumer commuriity

The main question will be answered by the following-gulestionsin Table 1

Tablel Sub questions

Question: Methodology:

SQ1. What are the technological needs to realize a prosumer community af Literature review,

individual and community level? interviews with experts
of Sweco
SQ2. To what extent can a prosumer community firancially optimized? Literature review,
interviews with experts
of Sweco

SQ3. What are the decisive motivational factors for people to participate i| Stated choice
prosumer community? experimentliterature
review

SQ4. To what extent is the willingness Blitchcitizens to participate in a prosumq Stated toice
community influenced by decisive motivational factors? experiment
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1.4 RESEARCH DESIGN

InFigure 1the research model of the graduatigmojectis presentedAs can be seenhé model is divided

in three subdivisions starting with the literature reviewror a sufficient financial analysis, first research
onthetechnical leveilsconsidered to gaimsightin whichenergy efficient implementationare necesary

at the individual and community level. For the research on both technical and financial agpects,
expertiseof Sweco Nederlan consideredTo finalize the literature review, research is elaborated on
LJIS2 L) SQa SySNHeé OdzNbehakidr. YWheh the hitefdRure reyi@nSis inigheg, dhe
researched subjects are considered in designing the stated choice experiment. For the elaboration of the
stated choice experiment, an online survey is developed and distribdtedanalyze these results, a
Multinomial Logit Model and Latent Class Model are estimatédally, when the complete research is
conducted, scientific and societal conclusion are drawn to finalize the graduation project.

Research on financial Research on technical Research on energy
consequences feasibility behavior and motivations

Literature review

Qualitative Interviews with experts Design choice experiment

research

Data
collection

Analysis of

. . Stated choice
questionnaire data

experiment

Draw scientific and societal
relevant conclusions

Finish

Figurel Research modgraduationproject
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1.5 SOMWTA AND SCIENTIFIC RELEVANCE

1.5.1 Societakelevance

Todaythe 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
lessdependent o the nationalgasresources Becausehe built environment accounts for almost one

third of the primary energy demah(RvO, 2015)a reduction isessential. Therefore, the governmentsa
already approved on restrictions on new developnefiom 2020 to meetthe Nearly Energy Neutral
Buildings(also called in Dutch: Bijna Energy Neutraal Gebouw BEN§Gjements.Theserequirements

can only banet when energy efficieritnplementationsare appliedn buildings However, newesidential
development is a fraction of the total built environment and will not rapidly contribute towards energy
neutral cities.To encourage thiprocess,changes in the existing residential built environment are
essential. To realize more energy efficiégmplementationsin existing neighborhoodsitizens play an
important role.Especially, whertitizens not only implement for example solar pargystheir own, but

work together in a collective with their neighborhood. As can be imagined, people might be more willing
to invest in energy efficienmplementationsvhen other neighbors are also participatirfpwever since

today, no research is condted on measuring the willingness of citizens to participate in a prosumer
community in the context of the Dutch situation. Therefotieis researchwill giveinsight inLJS 2 LJ S Q&
decisive motivation$o participate in a prosumer community is obtained.

1.5.2 Sgaentific relevance

As discussedktS ¢ 2 NI Ré€laied SgbBmERa@nnot only be solved by technological advances, but
changes in human behavior are esserdmivell Howeverrelativelittle attention has beerpaid to energy
behavior of individual#n the literature. This behavior of individuals needs to be shifted towards more
efficient and sustainable directio(Frederiks et al., 2015)n the current literature, most research is
conducted on energgaving behavior and investment behavior in energy effidimplementations(Han

et al 2013; Yueet al, 2013) Additionally, research focuses more on individual motivations and
considerations and lesm how people can be encouraged to collectively set up an initiative as a prosumer
community.A prosumer community isonsideredn the current literature as a sdion for increasing the
share of renewable energy and to achieve energy neutral ciesting et al, 2013; Prakash et al., 2015;
Rathnayaka et al., 2014; Zafar et al., 20Efythermore, the results of this thesis can also contribute to
the research on financial optimization modédls.examine how a prosumeommunity can be financially
optimized.This is of importance because investing in energy effiéraptementationsis dependent on
LJS 2 Ldhath @nativation: financial consequencéas et al., 2018; Frederiks et al., 2015; Wang et al.,
2011) In the literature, financial benefits are assigned as the most important decisive motivafion o
people to invest in energy efficieimhplementations However, less research is conducted on how people
act when there is an initiative in their neighborho@hd which organizational role they prefer by
participating. Therefore, future research in thieldl should focus more on behavioral aspeby
encouraging energy efficieimplementations Therefore, the objective of thikesis is to gain insight in
the decisive motivations of Dutch citizens andetacourage bottorrup initiativeswith an areabased
approach based on soeemographiacharacteristics
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1.6 THESIS OUTLINE

This thesis consist afevenchapters in which different topics are discussed and elaborated. The first
chapter includes the problem statement and research objective that results in the research quéktin.
chapter further discusse$e scientific and soetal relevance isf thisresearch Chapter 2 presents the
scientific and relevant topicso define a prosumer communit based on the current literature.
Furthermore the energy efficient implementatiorthat are necessary at the collective and individual level
are describedind anew concept of a prosumer community is introduceétiis chapter also describes the
current policy of the Netherlands towards the encouragement of energy efficient implementations. When
the technological needs are determined, the financial consequenced tebe calculated. Therefore,
chapter3 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, chater 4 reviewed the current literature on decisive motivational factors and the influence of
sociodemographic characteristics on the curtailment and investment behavior of people.

Furthermore, in chapteb the research approach is explained for execgtinstated choice experiment.

The aim of this research approach is to provide information on why the choice experiment is selected and
how it is setup according to the methodology d¢iensheret al. 005) Based on the output of the
guestionnaire that is developed for the stated choice experimetifferent statistical analyzesre
conducted in chapte®. In thischapter, results areanalyzedoy estimatinga Multinomial Logit and latent

Jass modelo the statedchoice behavior ofespondents Finally, the scientific angocietalrelevant
conclusions are drawn in chaptét This chapter also discusseecommendations, based on the
limitations of this project.

22



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 communiurthermore, 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 APROSUMER COMMUNITY: THE DEFINITION

In the last decades, the major paligm shift in the energy grid concept is the change of electricity
consumers from being passive consumers to become active ones by becoming electricity producer

O2 y adzY S NE Y (P& eI 201B)NcEoiEngXo Zafar et 2017, p. 1and many other researchers

(Kesting et al., 2013; Prakashet al., 2015; Rathnayaka et al., 2084@rm of prosumer can be defined

FAaY aly Ay RA cdkhatoll fot odlWNdorisurié endrgySbkit2l§o produce energy by renewable
energy resources and share the excefsnergy generated with the grid and/or with other consumers in

I O2YYdzyAileédad | LINP&adZYSNJ LINPRdAzOS &> dfdehiedewadl&a | YR
sources such as wind, solar or residual heat from biomass. By generating sustainable feorargy
renewable energy sources, prosumers can interact with the energy market because they want to sell /
share their surplus with other consumersthe community, but can also be complténdependent and

seltserving by local storage devices. The conceptgybsumer is summarized ingere 2

Today, most prosumers are individually connectedthe 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 unpredictabl
supply of renewable energy sources by uncertain weather conditions to compete withenewable

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

the renewable energy goals by the Dutch governmendre people need to be encouragé become a

prosumer. Rathanayaka et gR014) propose a prosumer
co[nmupity grqup (PCG)asa PoAssibIe so[utjon. The termint Cs::;g:ﬂ
NEaSIINOK Aa RSTAYSR Fa atl

relatively similar energy sharing behaviors, who endeavor
pursue a mutual goal and jointly compete in the ener
marl SGé¢d . SOFdzaS 2F GKS | OO0«
the share of the renewable energy generation increases ¢
people in the community can manage their own demand a
supply. In addition, the negotiation power of prosumers resu
in the elimination otthe exclusion from the energy market =~ Figure2 Prosumer concept

4 dzy SNA |

Energy

Prosumer
Producer

2T LI\

Energy Seller
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2.2 SMARENERG®RID

2.2.1 Smart grid for prosumers

To realize a reliable fdlirectional flow in the energy grid for prosumers, a different approach in the energy
grid is essential. Originally, the energy in the eledyrigrid 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 o
fossil fuels and not well suited for renewable energy soul@dis 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 shiftthe 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 communicatim 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., 2014According to many researchegpli, 2013; Rathnayaka, Potdar et al.,
2014; Zafar et al.,, 201,7}he concept of Smart Grid is a potential system to address all the above
challerges. Zafar et al(2017)RSFAYy Sa | &Yl NI 3INARR +a daly | R@AIyOS
communication infrastructure to enable-BBA NS OG A2y It Ft2¢ 2F Sor&tcHa | YR A
flow ensues that electricity and information can be exchanged between the utility and the customer.
Furthermore, the system can be managed at both the demanttsapply side. The smart grid system can

also monitor energy behavior and actions of all users conndatedder to deliver sustainable balance in
supply and demandRathnayaka et al., 2014According 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 efficiesy and provides more insight in the energy usdgencreasng the awareness for
consumers about their usad®odrigueaVolina et al., 2014)Table2 shows the significant changes that

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

Table2 Snart grid compared (RodrigueaViolina et al., 2014)

Environment Without Smart Grid With Smart Grid

Data Offline, scarce data Online, abundant data (big data)
Oneway stream Twoway interchange

Business models Producers and consumers Prosumers
Static business models Dynamic business models

Energy Focus on fosshased Focus on renewablenergies
Non-renewable energies Distributed energy production

Centralized energy production

Information and  Weak preventive mechanisms Strong preventive mechanisms
communication Little use of information and Widespread use ahformation and
technologies communication technologies communication technologies
Infrastructure with scarce intelligence 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 micrgrids?

As described, the power network is based on radial topology in which one generator is attached to many
consumers by large higloltage and longlistance transmission network@latt et al., 2012) This
traditional network is not appropriate for prosumer communityogps, because of the ondirectional

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-Mrws. In literature a
Virtual Powe 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 diffiédistributed energy sources. There are two
types of VPP management infrastructures, namely: centralized architecture and decentralized
architecture. First, centralized architecture in which grahnected prosumers are controlled by a
centralized contrder. 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 emposv participating prosumers to
autonomously perform certain communications and decision making téRkthnayaka, 2014)The
second energy sharing electrical infrastructure of prosumer community groups is agnitré\ micre

grid can be identified as a localized connection of distributed energy resources by a committed
infragructure. Despite the similar concept of the miegad and VPP, there is a difference. Migrids

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 energyirghaHowever, in the concept of micgrids
compared to VPPs, transaction costs are lowich can be contributed to the lesser number of
intermediary parties. Furthermore, a major shortcoming in both concepts of prosumer community groups
is in the dediated technical infrastructure. This is caused by the fixed architecture that results in
inflexibility by removing or adding a prosumer to the diRhthnayaka et al., 2014)

2.2.3 Controlling demand and supply of energy

By implementing a smart grid-firectional flow of information, prosumers can gain detailed insight into

their energy production and consumption by information communication technologies (ICT). These ICT
azftdziazya INBE OF ff SR @AcaokdiNgito Déeigaied A0N6)Bmalt yhatdvihga { NJzO G
AYFNF &0NHzZOGdzNE 6{aL0 OFy o0S RSTAYSR la aly SftSOi
consumption while providing more information than a conventional meter and that can transmit and

receive data using a form of el®¢R y A O 02 Y Y dwtdrding ibhe®a/ et &l. smart metering
infrastructureallowsgaining informatiorof energy consumption in an objective and transparent manner.

By gaining detailed information, people can evaluate their energy consumption andgiiadprofiles

as prosumersThe monitored data an for example be visualized byhiome wall displays, smart phone

apps orcomputers By actively using the visualized dagmdusers can easily access their consumption

and production data which lead tmaverageenergyd Ay 3 2F o2 08& OKoehAdBA Ay L
(Vringer & Dassen, 2016)ccording to Kesting and Bli¢Kesting & Bliek, 2013}he detailed energy

information can also be shared with other useksy G KS Yy SAIKo2NK22R® . & 02VYL
consumption with the average of, for exple, the whole prosumer communityconsumers can be

enticed to reduce their own energy consumption.
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Next to theenergysavingpotential, there is a large potential for smart metering infrastructure on the
technical aspectA smart meter replaces theaditional gas and electricity meteend also registers a
possible energy supply. The network operator can automatically and remotealytmeaneter data using

ICT and can better control demand and supsinger & Dassen, 2018)/hen looking at the household
level of Dutch households, almost 3 million smart meters are already installed, which is almost 40% of the
total households. Thidevelopment can be contributed thie decision of the Dutch government to install

a smart meter in all 7.8 million households. In 2020 all households should have a smart metewagich
intended to lead to an average saving of 3.5%. However, in Novendliérthe planning agency for the
living envirmment concluded that the energyaving of installing smart meters is hardly 1%. Still, the
Dutch government continues with the implementation and considers thieome displays as a more
potential solution. Accaling to the research of Vringer and Dasg@016) the progress of inome
displays should be expanded, daeise of their major potential savings. The savings when all Dutch
households would install an-mome display, is estimated to a saving of 1.500.000.000 kWh per year. In
addition, Vringer and Dass€2016)examined that icnome displays can level the unpredictability of solar
and wind energy.

When prosumers reduce their energy consumption loya8 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 arraged by demand side management. AccordingRazzaq et gl2016, p. 2)demand side
YIEYylF3aSYSyid o5{av A& dal RS JHdakhoisRn ofder poffulfilftiedefgy? | R & K
RSYFYR a ¢Sttt Ia YAYAYAT S (G(4KS SySNHe O02ai3zx o6KAOF
(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 tedtuctuations in the

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

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

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

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

during peak hourgRazzaq et al., 2016According toBehrangrad (2015)he activities of DSM can be

Of  aaAFASR Ayl2 a9y SNHe& 97FTFAOASyfidéncydedas thednsfdy G5 S Y
required for the provision of services or products and Demand Response changes@eamaey
consumption patterns in response to changes in energy prices over time, or by incentive payments
designed to persuade people loweeetricity use at times of high wholesale market priéBehrangrad,

2015) As an example of DR, a consumer can reduce theicritical 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 DUTGBOVERNMENT

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 decadeélhe Dutch gvernment 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
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established in which the energy performance coefficient (EPC) for homes is adjusted from 0.6 to 0.4. This
objective applies to buildingelated energy useincluding: heating, domestic hot water, ventilation,

cooling and lightingRVO, 2014 )or all new buildings after 1 January 2020, the permit egiitins must

comply with the requirements for almost zeemergy 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 engrgndividual 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 Agreémenistainable growth

and the European directive EPBD and are only focused on buiatgd energy flowgBouwens, 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 cli@ént 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 distett However, to
prevent that building with a collective energy supply incorrectly meet therég@rements, for example

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

Table3 Requirements per BENG indicator

4

Indicator Definition Requirements  Achieve requirements by:
BENG 1 Energy needs Need for energy for heating Up to 25 Urban design, orientationcompact
and cooling. kWh / m2 design, shell insulation,
Note: due to the risk of overheating, per year airtightness, summer night
becomes a fictitious surcharge thermal ventilation, ventilation system,
calculated for 'summecomfort'. sun protection
BENG 2 Primary fossil The amount of fossil fuel used f¢ Upto 25 Efficient installations, heat output
energy use heating, cooling, hot water and kwh/m2 at low temperature,
installations. per year hot water with short pipes and hea

L4
13

primary fossil recovery, application renewable
energy (also BENG 3).

BENG 3  Share of The amount of renewable At least 50%  Application of PV, solar water

renewable energy divided by the total heater, soil energy, ambient heat,
4:} energy primary energy use (fossil + biomass, external heat supply (if
renewable). renewable).

The second importarambition 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 VoortganggiEtensitie (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
dwellingsconnected 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, compaamnekinstitutions are connected to the approximately
130,000 kilometers of gas pipeline that distributes Groningen gas over the Netherlands. For the coming
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years, the construction of more than 40,000 new homes is planned each year. Last year Nature and
Envionment calculated that if 230,000 homes are built-ff@= in the next five years, this amounts to an
annual saving of 230 million cubic meters of natural(@xsaf, 2018)For this research, it is assumed that
prosumer commauities 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, thiaeoretical backgroundn prosumer communitieand the ambition of the

Dutch government is explaineth so faE  { WhaYarecthe technological needs to realize a prosumer
community at the individual and community levélteed tobe answered. Thereforehé objective othis
sectionis to present how a prosumer community can be realized in the Netherlands based on the Dutch
ambitions and regulations. Furthermore, thgsctionfocusses on energy efficient implementations that
are selected on their high energetidficiencyand their potential regarding future developments as an
addition to examples in the current literature. Finally, the aim of thkéxtionis to increase the
understandability of prosumer community into a practical case.

2.4.1 Energy efficient implementations disttiand individualevel

When the architectural and urban design of a building or district cannot be designed more efficient,
renewable energy sources can be implemented. In this sectinargy efficient implementations are
determined that can be appliedbtnew dwellingsThe 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 dwellingsThe implementations are discussed on their high eagcgefficiency

their general suitability and future expectations to be implemented in a prosumer community.
Furthermore, the aim is that a prosumer community is-&lfictric powered which means that there is

no gas demand. This section starts with overcoming the heating and cooling demamiich an
underground thermal energy storagés proposed. In comparison with other energy efficient
implementations, this system have a high egetic efficiency for the heating and cooling demand. The
energetic efficiency is a ratio between tloeitgoing useful energy and the energy that goes intarit
which 100% thermal efficiency is the bas®hen for example calculating the heating demande th
underground thermal energy storage system has an energetic efficiency of 450%. This means that per
kWh that goes into it, 4.5 kwWh can be obtained. In contrast, by calculating the space heating demand for
a gas boiler, the thermal efficiency is 90%. Tiésins 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.
power this system by electricity and meet the energy consumption demand of households, audds p

are proposed. Finally, inome batteries are recommended for storing the residual electricity during the
daily fluctuations of PV panels and selling the residual electricity to other prosumers in thé lyrick
implementationsare discussed in thisection.However, it is assumed that the decentralized generation
of energy in prosumer community cannot be 100 percentgadtiding. Therefore, it is assumed that at
least 20 percent of the energy is imported from the energy grid.

Underground ThermaEnergy Storage

To overcome the heat demand of a prosumer community, an underground thermal energy storage (UTES)
system can be implemented. UTES ligh energetic efficiencgystem that uses natural underground

sites for storing thermal energy for seasdrpurposes. The ground and groundwater are suitable for
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extracting heat during the winter and cold during the summer. The ground bele®b Ifieter is not
influenced and equals to the annual mean air temperaiili€eS. Lee, 2013According tdun Sang (2013)

the difference between the outside air and the ground can be applied as preheating in winter and
precooling in summer by ugj 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 exehantp 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 thisasearch 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 amaater heat pump. Ta UTES includes the following

two systems: Aquifer Thermal Energy Storage (ATESDllective usagand Borehole Thermal Energy
Storage (BTE®)r individual usage.

Based on the energy performance, a subsidy for a heat pump can be claimed betweearidd®600

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 claiifieel two systems are explained below.

Aquifer Thermal Energy Storage (ATES)

Aquifer Thermal Energy Storage (ATES) is an-lopg@ncollective system that extract groundwateom
aquifers using a water well for energy storageég(re 3). In this system, the heated and cooled
groundwater is stored in the ground to enhance heating and cooling mode ycl& Lee, 2013Jhe

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 welladrstdhermal 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 elevatdd temperature by a heat pump. After the heating load is provided,
water returns to the lower temperature cold wéMordell et al., 2015)The ATES system can be designed

for individual installation at large building, for example apartments and large buildinysatective
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 iriti
investment and maintenance costs
Therefore, as a rule of thumb, the ™™™
electric power for an ATES system is
least 70kW. The ATES system is main
used in neighborhoods with at least 12
dwellings. For a collective installatior
groundwater from a codctive aquifer is
supplied to multiple dwellings in whick

central heat is generated and dlstrlbute«— —

via one network to the users.

Figure3 Aquifer thermal energy storage (ATES) system

29



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) systeéigufed). In this system, vertical ground heat exchangers are
inserted into the underground, in which thermal eneigyransferred toward the groun¢(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 heatimjcooling 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)he cold water from the aquifer is warmed by the heat of the
dwelling and is subsequently drained through the same cldsed. The residual summer heat is
distributed by a heat pump and @ained to the soil, which is warmagp. 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 wgatawed in a boiler barrel

for direct usage. The residual winter cold is distributed _

through the same closelbop and is drained to the soil.

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

for the cooling of the dwelling. The BTES cldseqh
system is more suitable for individual installation at
dwellings, in which the energy power is below 70 kW.
Sharing of a closeldop with neighbors is not possible
because of propertpwnership implications of the land.
Furthermore, due to a larger energgmand, 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 *»~

] Figure 4 Borehole thermal energy storage (B
closedloop needs no maintenance. system

Photovoltaic panels

To provde 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 electricityith a radiation efficiency of 22%, PV panels are
highly suitable for household&Sharma et al., 20154t 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 Netherl@aolis.

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 ofelin short payback period of 6 to 8 years and a tax rebate can be
claimed on the investment. According to the R{2018) if a private individual purchases solar panels,

the VAT from the Tax and Customs Administrationpanchase 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 cedéat

also influenced by the season or by the position of the dwellBigarma et al., 20155econdly, the
Ay@SaiaySyid Ay tz+ LIhySta Aa NBFaz2yrotS KAIK RSaLAG
policy. By this regulation, the generated energy by solar |zisesubtracted to the amount of energy a



household uses that year at the same rat~ ,,
For example: if a household consume
3,500 kwh and their solar panel
generated 1.250 kWh, the annual accoul
is for 2,250 (3,50@ 1,250). However, this
regulation seems to be abolished by th
government in the par future and
changed to a feedh fee per generated
kwWh. Because the generation and use
energy differs over time (see Figubg a o
potential tsolutlon. is the s.torage of energjFigureS Energy balance at sunny day
to re-use it at a different time.

In-home batteries

To store the residualectricity during the daily fluctuations of PV panelshime batteries are a potential
solution. Ranjan Pal et a{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 geallaraddition, 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. Wurt26etLa))

provide at the level of micrgrid of the building an extra component in which the storage energy can be
used for mobility by recharging batteries of electrical vehicles camdeto home and dwellings. In a
prosumer comm unity, storage devices can be implemented at the individual and collective level.
However, individual Hhome batteries are reasonable expensive, have a long payback time of 16 years
and no subsidy can be cladah Therefore, ihome 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 ardimemcially 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 ofkr2 YS o+ GGSNASaz Fo2fAGA2y 2F (KS
the increase in feeling independent from large energy suppliers.

2.4.2 A SMART PROSUMER COMMUNITY

For theenergy efficient implerantations at the technical levedssumptionswill be made regarding a
prosumer community, both at the individual and collective le¥¢lthe collective level, the heating and
cooling demand of a dwelling can be generated by an aquifer thermal energy storage system. However,
in this researchit 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 closedop borehole thermal energy storage system for its own heating and cooling
demand.In the individual closetbop system, the heatral 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
pands is distributed to an imome battery. The aim of the fhome battery is to provide energy to the
community during norpeak hours.
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In Figureb, the concept of a prosumer community is visualized. As can be seen, dwellings are connected
to the energy gd. 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 ntside 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 bthe 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 bingdhe 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 canot 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 lessgnas possible to avoid purchasing of more energy
from the main energy gridn this thesis, the ethical aspects and legal regulations otdmsumer and
market authorityand energy network operator are not included, the focus is only on the technical
feasibility at the individual and community levéh a prosumer community it is not mandatory to include

all energy efficientimplementations. However, itis required thatiseholds contribute to the community

by supplying energy to the decentralized SMART grid. Still, an equally divided community-tveithein
batteries is essential to prevent too much importing of energy to the decentralized SMART grid.
Households which doot 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 communityhvifie existing literature, this concept broadly
corresponds, but distinguishes itself in being-&l#éctricpowered First, by focusing on how the heating
and cooling demand is elaborated, dwellings in the PowerMatchingKGassting & Bliek, 201®)cludea
smallscale combined heat and powef{HP) unit that is powered by gas and in the Prosumer Community
Denmark(Hansen 8Hauge, 2017hio-mass

is used for heating and the cooling demand : -

is met by an airco unit. In comparison to the/y >
borehole thermal energy storage system,
the energetic efficiency of the BTES syste
is higher, no extra system need to b
installed to overcora 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/A
dwellings in the commuity. Moreover, ﬁ
storage devices are also included in the
PowerMatching city to maintain the
generated energy as much as possible

within in the community. In both examplesFigure6 Prosumer community concept

SMART ENERGY GRID

t
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demand side management software is installed in the community to manage the sugpbteamand 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 prosumeommunity described in this research adds a new elaboration to the
existing literature in being fultlectricpoweredto overcome the heating, cooling and electricity demand.

2.5 CONCLUSION

Asstated in the literature a prosumer community can contribute tioe 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 isxplainedin the literature as &uitablesolution. Smart grid is an advanced power
system with integrated communication infrastructure to enabledisectional flow of energy and
AYF2NXYIFOGA2YY 6KAOK 2FFSNE | INBFGIGSNI Y2YAUG2NAY 3
information @n 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 communicationgdying 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 énehgysaving
potential, there is a largpotential 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 engemerated as much as
possible in the communityBy implementing demand side managemesdftware in a prosumer
community, theproduction and consumptionof energy in the neighborhood can lmanaged. Ven

there is an excess of energy, prosumers can seit #rergy to people who prefer sustainable energy.
This system can be combined with storage devices, in which it becomes possible to storeserngigy

This reduceghe need forimporting energy from the main energy grifinally, 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 efficiegeyneral suitabilitand future
potential. Furthermore, based on the ambition tife Dutch government to become more independent
from the gas, the implementations in the introduced prosumer community areefadtric 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 FINANCIACONSEQUENCES

In the previoussectiors, knowledge has been gained regarding teehnical potential of prosumer
communities. Inaddition, multiple energyefficient implementations are proposed based on their high
energetic efficiency and future potential. However, the financial consequences of these implementations
are not considered. Thereforehis chapter provides the financial consequences and optimoizatof a
prosumer community, starting with the energy price expectations of the future. Nextwihénvestment
scenariosvhich areinvestment by individals orinvestmentby an energy service company are analyzed
according totheir pros and consFinally,a financial analysis is conducted ¢ompare the financial
consequences of three scenarios: prosumer, BENG and EPC 0.4.

3.1 FUTURE ENERGY PRICE EXPECTATIONS

Table4 shows the national energy exploration (NEV) of Dutch government in g&igrgieonderzoek
Centrum Nederland (ECN), 20143 can be seen, the prices of nonrenewable energy sources, such as gas,
oil and coal, will ge 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. Furthermaie fossil energy price will remain low to
2020, but after 2020 it is expected the prices will rise, becausheoéxpected rising fuel prices in the
future. The third remarkable fact is that the share of renewable energy sources is expected to
exponentally 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 accplished, 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
energysavingactivities increases. This positive development will lead to a four percent ind2@26ase
compared to 2016 and almost 8 percent difference in the period of 2016 and 2030. In conclusion, rising
energy pricesornonNBy Sgl 6t S SySNHe& a2dz2NDOSa gAff LRAaAIGAODSE @
efficientimplementations

Table4 ResultdNational Energy Exploration 20XECN, 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 perdn 16 20 15 17 31 33
Coalprice (euro per ton) 45 76 46 52 67 68
CQ price (euro/ton) - 15 5 7 16 25
Wholesale electricity price (euro peregawatt hour) 58 53 34 32 44 48
Gross final energy consumption (petajoule) 2141 2352 2090 2000 1933 1871
Renewable energgpetajoule) (calculation method 35 92 125 248 462 517
EU directive)

Share of renewable energy (percent) (calculati 1,6 3,9 6,0 12,4 23,9 27,6
method EU directive)

Share of renewable energy (percent) (calculati - - - 13,0

YSGK2R W! OldzZ £ LINBRdzOU A

Energysavingrate (percent per year) - 11 - 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 FINANCIAINVESTMENT SCENARIOS

The realization of energy efficient prosumer communities is dependent on investments by households.
The high initial costs ara decisive factor and constrain their decision. Therefore, two scenarios are
provided with potential financial solutions to lowtre threshold of people to invest.

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

residents. Due to the expectations of rising energy prices, energy effioiptementationswill be more
financialy attractive in the future for households. Howeveagcording toFrederiks et al. (2015)Yhe
immediate high financial costs for people to invest in eneztiicient house improvements (e.g. installing
solar panels, insulation, lcenergy appliances) may constrain pedpldecisionTherefore, thefinancial
threshold of peopleo realize the investmenon their own, needs to be as little as possible. First, by
realizing an investment collective as a community, scale benefits cachiieved. 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 establisheds the maximum loan to value (LY) for mortgage lendingHowever, when
households invest in energy efficieimplementations a maximum 0fL06% 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 energy efficienimplementations(NHG, 2018 For
households that will apply energy efficieimplementationsto their existing home there is an Energy
Saving Loan (ESBHomeownerscan finance energyefficient implementationswith this loan, such as
better insulation or a new HE boiler or aplvater 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 initiaé#tment can be spread out over a longer
period. In conclusion, energy efficieplementationsimprove 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 efficienimplementationscontribute to a higher living comfo{Sweco, 2017)

3.2.2 Scenario BOutsourcing of collective energy supply
To overcome the complexity of implementing energy efficianplementationsat the district level,

prosumer communities caoutsource their activities by Energy Service Companies (ESCOs). According to
Marinoetal.(201Qp.2Z 9{/ ha OFy 06S RSTAY SR atldelivérs énergygdrvicegNI f 2 |
and/or other energy efficiency improvemeimplementationsh y I dza SNRa FlF OAft Ade 2N
some degree of financial risk in so dainfhe payment for the services delivered is based (either wholly
or in part) on he achievement of energy efficiency improvements and on the meeting of the other agreed
LISNF 2 NI yOS O N ReSoNPet af(2006) BSOS KWaR dvgreome tBe following barriers for
energy efficiency and microgeneration

A Lack of understanding of the saving opportunity;

A Lack of timed address energy, since energy forms a small portion of overall expenditure;

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

| 2yadzYSNAEQ YR FAYIlIYOALlf A e (iekhinalagids 2agdaservice @S NA A
deliveryroutes;

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

Difficulties in securing topp and back up sources of electricity and heat (when demand is greater
than outpu) 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 longrm contract. An important motivation to aperate with ESCO, is they can
claim tax rebates (EIA/Vamil) and sustainable financing, in which an investment advantage of
approximately 10% can be achie&iveco, 2017)Therefore, ESCOs are a potential supplier for prosumer
communities when there is a need for technical execution and financial support.

o o oI

3.3 CASE: FINANCIAL FEASIBILITY PROSUMER COMMUNITY

In this section, a financial analysis is condud¢tedompare the fiancial consequences of three scenarios:
prosumer, BENG and EPC THerefore, a mixture of energy efficient implementations related to each
scenario is elaborated. In this analysis, a sdetached dwelling of 150m2 is assumed. For this dwelling,
the thermal efficiency and financial feasibility for energy efficient implementatenmesdetermined,not

the architectural costs. Furthermore, only the investment by individuals is considered instead of financial
optimizations by energy service companies (EST®@)detailed structure of the financial analysis is based
on assumptions retrieved from experts of Sweco and can be found in ApgeRdnancial analysig his
section starts with describing the structure of the model and the different assumptalesved by the
elaboration of the three scenarios.

331 9y SNHE& RSYlIYR {OSYylI NAR2Qa

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 TaBlethe energy demand for heatingpaling and not building related
energy consumption is presented, based on tform Benchmarkfor Built Environment (UMGO) for

the heat supplyf buildings(Nuiten et al., 2017)According to this benchmark, the energy demand of an
EPC 0.4 and BENG dwelling are identical for a-detached dwellig. It is assumed that the energy
demand for a prosumer dwelling corresponds to the BENG requirements, because the BENG requirements
representthe latest architectural requirements for a dwelling. For the calculations in the financial model,
the heating andcooling are converted from kWh to Gigajoules, because by using this unit a distinction
between m3 and kWh can be converted for the different scenarios.

Table5 Energy demand serdietached dwelling

Energy demand ' Value | Unit Total Unit
Space heating 0.08 [GJ/m2] 11.29 [GJIyeaid
Hot Tap water 0.05 [GJ/m2] 7.29 [GJIyeaid
Cooling / summer comfort 0.01 [GJ/m2] 1.13 [GJIyeaid
Auxiliary energy - fan, pump,| 3.90 [kWh/m2] 585.00 | [kWh/yeaid
parasitic lighting

Equipment electrically not building| 19.90 [kWh/m2] 2,985.00 | [kWh/yeand
related
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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 efficiencyper implementation needto be calculated. Thenergeticefficiency is a ratio between

the outgoing useful energy and the energy that goes intaitvhich 100% thermal efficiency is the base.

In Table6, the assumptions for the thermal efficiency valymes 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 systesahenergeticefficiency of 450%. This
means that per kWh that goes into it, 4.5 kWh can béaoted. 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 paigf@esented including the efficiency
decrease after 10 and 20 years. Finally, it is worthwhile to note that the electric efficiency echamén

battery is 93%, because this implemetidé needs extra energy to charge and discharge. These thermal
efficiencyvaluesare used to calculate the heating, cooling and electricity supply and demand in the three
scenarios.

Table6 Thermal efficiency heating, cooling aeléctricity

Thermal Efficiency Efficiency @ Value
()
Implementations heating
Space heatingHeat pump BTES system) | ~thermal 450%
Hot Tap wate(Heat pump BTES system) | ~thermal 250%
Space heatinggas boiler) " thermal 90%
Hot Tap wateKgas boiler) * thermal 80%
Implementationscooling
Cooling / summer comfofCKM) " thermal 300%
Borehole thermal energy storage " thermal 2000%
Implementationselectricity
PV panels * thermal 100%
90% (after 10 years)
80% (after 20 years)
In-home battery " electricity | 93%

3.3.3 Financial parameters purchasing andisgllof 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 categorleare energy costs, energy tax and sustainable energy
storage costs. In Tabl the energy priceandtheir relative increase compared to the previous yaes
presented The energy price expectations to 2050 are obtaifredn the input Excelmodel of Sweo,

which can be found in Appendix I: Financial analyss 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 withthe community is 20% lower than the actual energy prices to
stimulate participating in a prosumer community by benefiting from lower energy prices.
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Table7 Energy price structure

Unit [Euro/kWh] [Euro/kWh]  [Euro/m3] @ [Euro/m3]
2018 2019 2018 2019

Bare energy costs [Euro] € nodmTe NndPmMT|e NDPHE N DHC
[% increase relative 2.00% 3.00% 2.50% 2.50%
to previousyeatr]

Energy tax [Euro] € ndnpge ndnple nNndPHJqe N DHT
[% increase relative 8.00% 3.00% 3.00% 6.00%
to previousyear]

Sustainable energy storage [Euro] € ndnmMe ndPnH|e ndanne ndn
[% increase relative 46.00% 15.00% 79.25% 11.00%
to previousyear]

Total [Euro] € nNnd®HNe nPHp|le ndpne ndpr1
[% increase relative 6% 1% 5.1% 5%
to previous year]

Ly Ftf aOSyFINAR2Qaz (GKS OFftOdZ I GA2y A& olFaSR 2y (i
feedAy FSS $gKSy GKS WwWalfRSNByQ LRftAOe Aa lo2fAaKSs
FNRY &2fI N LIySta OHWRSNEYRSREOKDR vo &2 0K E KA NBY!I
exported to the energy grid, a feed fee can be obtained. In the financial model, it is assumed3@at

percent of the energy of the solar panels is directly used and for the remaifipgrcent a feedin fee

can be obtained. According to the announcement of the Minister for Economic Affairs and GRS

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

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

feed-in fee will probably be 0.1% euro per kWh. This assumption is based on the following calculations

in which the numbers are retrieved from experts of Sweco

Investment 16 solar pane{scl. nverter 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 direc
3,740 * 70% = 2,618 kWh per year

Total financial savingstnvestment costs / payback period

€ nXcyn k T [ € ccydprt LISNI &SN
Financial savings direcEnergy used direct * energy price

MIMHH 1 24K B92&peryshH

Remaining savings: Total financial savingdinancial savings direct
€ C c-ed6@a8l' 30929 per year

Feedin fee: Remaining savings per year / energy used indirect
€ 399.29/ 2,618 kWh =__.1525 per kWh
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CAylLttes Fftf aO0SyFINRA2Qa AyOfdzRS GKS 3JlLa FyR StSOGl
(Stedin, 2018)The gas network operator costs &e m i1 perdyeacand the electricity network operator

costs aree M dhgheygas network operator costs expire in scenario 2 and 3, because these scenarios

are full electric.

3.3.4 Investment and maintenance costs

In TableB, the investment and the maintenance costs per energy efficient implementation are presented.

The i®SadGyYSyid O2ada O2NNBaLRyR (G2 (GKS RAFTFSNByd ao
combination of implementations is used. As can be seen, the reinvestment costs for some
implementations are included in the lead tinoé25years. Furthermore, thealculationdor the financial

analysis are based on a price index of 2% increase per year, except the costs for a heat pump, individual
borehole and irhome battery. For these implementations, it is expected that these bectess

expensive in the comingears 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.

Reinvestment Maintenance Frequency

in year 0€0 in years

Gas boiler € 0XZmpJ 2018 15 2033 €130 1
Heat pump € pZpnis2018 15 2033 €140 1
Individual € MHZXn 2018 30 2048 - 1
borehole

CKM. € MZXZHp 2018 15 2033 € 150 1
Inverter € cyn 2018 15 2033 - 1
PV panels € nxnnij 2018 25 2043 €50 1
In-home battery € pZXZpniJj2018 15 2033 - -
ICT software € MZXZnnn 2018 - - - -

3.3.5 Financiakcenario 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 expl@ation 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 finandiesuitable. The exploitation pd in all scenarios is 25 year, which is

based on the depreciation of the solar panelsAppendix I: Financial analysibe detailed structure of

GKS FTAYIFIYOAIf Y2RSt Aa LINRPOGARSR (2 SadAyrasS GKS
policy and how the feedh fee can be elaborated. In addition, the complete cashflow calculation and
financial differences between each scenario can be fourfpjmendix |: Financial analysis

Scenario 1: EPC 0.4

In the first scenario, the financial cortggences for an EPC 0.4 dwelling are elaborated. According to the
Uniform Benchmarkfor Built Environment (UMG{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 implenmgations are prescribed: gas boiler, cooling machine and 16 solar
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panels. The financial consequences of this scenario are provided in9T #sdean be seen, the abolition

2T GKS WalftRSNByQ LRtAOe KI & | & dzstg Huk fsérd this dointA Y LI O
revenues by the feeth fee can be obtained. It is worthwhile to note that the decrease of the-fadde

can beexplainedby the decrease in efficiency of solar panels as described in séc8chFurthermore,

the total energypurchasing costs increaseer the years because dhe expectedgas price increase of

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

the gasboiler, CKM and the inverter of the solar panels isizealat the start ofyear 16. The details of

the financial analysis structure and the complete cashflow can be fouAgpendix I: Financial analysis

Table9 Financial consequences scenario EPC 0.4

YearO0 Yearl Year 2 Year3 Yearld Yearl5 Yearl6 Year23 Year24 Year25
2018 2019 2020 2031 2032 2033 2040 2041 2042

Totalenergy € -423 € -443 €-1,144 €-1,575 €-1,601 €-1,619 €-1,607 €-1,595 €-1,590
purchasing
Total €- €- € nNMn € och € och € ocd € OHY € OHY € OHY
revenues
Gross margin € -423 € -443 €-734 €-1,206 €-1,232 €-1,250 €-1,279 €-1,267 €-1,262
Operational €-542 € -554 € -564 €-702 €-716 €-731 €-839 € -856 €-873
expenses
EBITA € -966 € -996 €-1,299 €-1,908 €-1,948 €-1,980 €-2,118 €-2,123 €-2,135
Total €-9,080 € -6,837
investment
Cashflow €-9,080 €-966 € -996 €-1,299 €-1,908 €-1,948 €-8,818 €-2,118 €-2,123 €-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 scenasmb@onnection to the gas network and the energy efficient
implementations are fulelectric. To meet the heating and cooling demand, an individual borehole
thermal energy storage system is realized instead of the gas boiler and cooling machine. Futhermor
this scenario also includes 16 solar panels for electricity generation. In T&bl¢he 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 purchasistg 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 networérayestst

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 renvestment of this scemn includesa 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 iAppendix I: Financial analysis.

41



Tablel0Financial consequences scen@8BENG

Year 1 Year 2 Year 3 Yearld Yearl5 Yearl6 Year23 Year24 Year25
2018 2019 2020 2031 2032 2033 2040 2041 2042
Total € -335 € -349 €-1,045 €-1,391 €-1,409 €-1,418 €-1,283 € -1,254 €-1,23%
purchasing
Total € - €- € Ihm € ocCcC € occ € ocCcC € OHY € OHY € OHY
revenues
Gross margin € -335 € -349 €-634 €-1,022 €-1,040 €-1,048 € -954 € -925 € -906
Operational €-315 €-321 € -327 € -407 € -415 €-424 € -486 € -496 € -506
expenses
EBITA € -651 € -670 € -962 €-1,429 €-1,455 €-1,472 €-1,441 €-1,422 €-1,413
Total €-22,180 €-6,415
investment

Cashflow €-22,180 €-651 €-670 €-962 €-1429 €-1,455 €-7,887 €-1,441 €-1,422 €-1,413

Scenario 3: Prosumer

Finally, the financial analysis for th@rd scenario: prosumeis conductedIn 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 th & a4 OSYy I NA2 O2YLI NBR (2 (KS 20§ KSNhom®©Sy !l NR 2
battery for the storage of energy and a demand side management ICT software to control energy demand
and supply in the prosumer community. As describesction 3.3.3ndividual storage devicén-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 remaning 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 morprseifling. In

the financial model, it is assumed that 30 percent (1,122 kd¥k)e solar panels is directly used and the
remaining 70 percent (2,618 kWh) is used for théadme battery. From this 70 percent (2,618 kWh), 80
percent (2,094 kwh) is used for own consumption and 20 percent (524 kwWh) 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 an4mome battery. In addition, it is assumed that the energy consumption per
household will diffebecause of different householdmpositions. Furthermore, the efficiency of an in
home battery is 93 percent, which means that an additional 183 kWh of enezgg to be extra
generated Because the prosumer scenario is more complex, the assumptions and the structure of the
energy demandaan be found in Tabl&l.
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Tablel1l 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] -
Electricityspace 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 buildingelated [kWh/year] 2,985.00
PV installation total [kWh/year] -3,740.00
PV installatiorg, own usage (direct: 30%) [kWh/year] -1,122.00
PV installatiorg, in-home battery (indirect: 70%) [kWh/year] -2,618.00
In-home battery electricity usage [kWh/year] 183.26
In-home battery¢ own usage (80%) [kWh/year] -2,094.40
In-home batteryc purchase community (20%) [kWh/year] -523.60
Total electricity demand [kWh/year] 2,100

The financial consequences of a prosumer dwelling can be fouhdhlel2. 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 in§tead o
exporting the remaining energy to the grid and obtaining a faetke. 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 comnity of 20%, which is for the purchaser more than the feed

in fee of 0.125euro per kwWh. Moreover, the operational expenses of a prosumer dwelling are the same

as the BENG scenario, because amdame battery needno maintenance. However, the investmenutsts

for a prosumer are higher compared to the other scenarios as well as{hgastment costs. The detailed
calculations of the prosumer scenario can be foundppendix I: Financial analysis

Tablel2 Financial consequens@rosumer scenario

Year O Year 1 Year 2 Year 3 Yearl4d Yearl5
2018 2019 2020 2031 2032

Total € -506 €-526 € -547 €-811 €-821
purchasing
Total € Mn € Wn € MNCE€ MHTE€E MH
revenues
Gross margin € -405 €-421 € -438 € -684 € -693
Operational € -315 €-321 € -327 € -407 € -415
expenses
EBITA €-720 €-742 €-765 € -1,091 ¢€-1,108
Total € -28,180
investment
Cashflow €-28,180 €-720 €-742 € -765 €-1,091 €-1,108

Yearl6

2033
€ -826

€ 3n

€ -697
€-424

€-1,120
€-11,415

€-12,535

Year23 Year24 Year25
2040 2041 2042

€ -820 € -802 €-789

€ OHY € OHY € OHY
€-719 €-702 €-691

€ -486 € -496 € -506
€-1,205 €-1,199 €-1,198
€-1,205 €-1,199 €-1,198



3.3.6 Cashflowscenariocomparison

In Tablel4,the cashflows of thehree senarios are compared in which the extra initial investment, direct
savings per year, and the payback period are presented. In additierT;ablel3 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 a#d86 excluding the investment and-imevestment costs. However, when
including the extranvestment 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 replacedichva reinvestment 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 fouaddendix I: Financial analysis

Subsequently, thenpsumer scenario is compared to the EPC 0.4 scenario. As can be seen, higher financial
savings per year can be obtained, which are on aver@gdd excluding the investment and-ievestment
costs. However, the large initial investment and the interimme=stment results in a negative internal
rate of-2.06%. Furthermore, after an exploitation period of 25 years péngback period of therosumer
scenario is noachieved

Tablel3Internal rate of return (IRR) scenarios

Scenario IRR

BENG EPC 0.4 -0.27%
Prosumergc EPC 0.4 -2.06%
Prosumerg BENG -8.60%

Finally, by comparing the prosumer scenario to the BENG scenario, an average financial saving per year of
€257 excluding the investment and-nevestment 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.

Tablel4 Senario comparison

Scenario Year O Year 1 Year 2 Year 3 Yearld Yearl5 Yearl6 Year23 Year24 Year25
comparison

2018 2019 2020 2031 2032 2033 2040 2041 2042
BENG €-13,100 € oMpe OHCE O0OTe nTde ndoce o € TT1T € TTn € THE
EPC 0.4
BENG €-13,100 €-12,784 €-12,457 €-12,120 €-7,567 €-7,074 €-6,14 €-1,945 €-124%6 €-522
EPC 0.4 cum.
Prosumer ¢ €-19,100 ¢ HNCE€ HPNE pPoOO€E yYMT € ynyse-3,718 € dMCce GHT € ¢don
EPC 0.4
Prosumer ¢ €-19,100 €-18,853 €-18,599 €-18,06 €-10,357 €-9516 €-13234 €-6,40 €-6,015 ¢€-5,078
EPC 0.4 cum.
Prosumer ¢ €-6,000 ¢€-69 €-72 € Mdpce 0Oy € on1e€464 € HOCE HHCE HmMm
BENG
Prosumer ¢ €-6,000 €-6,069 ¢€-6,1& €-5,945 €-2,789 €-2,448 €-7,090 €-4994 €-4770 €-45%
BENG cum.
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The results of the cashflow comparison of the three scenario over 25 years are visualized i .Higure

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
breakeven point in 25 year mainly bagse of the large initial investment and-irvestment 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.

Cashflow scenario comparison
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Figure7 Cashflow scenario comparison

3.4 CONCLUSION

The objective of this chapteras 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 anlong 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 powe&. 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 peopbe catisfied by generating their own
renewable energyHowever, 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 recuted for an EPC 0.4 dwellimyBENG dwelling and prosumer dwellingThe BENG and
prosumer scenarighave been compared to the current EPC 0.4 requirements. As can be concluded from
the financial analysis, reasonable financial savings can be obtaitieel BENG and prosumer scenario by
implementing a borehole thermal energy storage system. However, because of the high initial investment
and reinvestment costs, these scenarios are not becoming financial feasible compared to a dwelling
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based on the cuent EPC 0.4 requirements. This indicates that a dwelling in the future scenario by having
an alternative for gas, is still not financial feasible becauseiwéntgas prices. The financial feasibility of
participating in a prosumer community is depentien the exponential rising of gas prices, the decrease

in initial investment costs of a borehole thermal energy storage system ahdne battery, and the
encouragement of the Dutch government by subsidies to invest in high thermal efficiency
implementaions. All in all, when deciding to invest in high thermal efficiency implementations for future
dwellings, the preenvironmental attitude and the willingness to generate renewable energy should be
more a decisive motivation for individuals to participatea prosumer community than looking at the
financial feasibility.
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4 INDIVIDUAL ENERGY BEHAVIOR

As discussed, generated noenewable energy sourcesare responsible for most greenhouse gas
emissions that causes climate change. Therefore, on a global seséarchers and policy makers are

looking extensively for new cosffective solutions and new technology to increase household efficiency

and conservatiorfFrederiks et al., 2015These energy efficiefplementationsare required to reduce

the extensive emissions @8NS Sy K2 dzaS I+ aSasx &SG GKSANI ySi o0SySTal
energyrelated problems cannot only been solved by technological advances, but changes in human
energybehavior are essential. Howevenlylittle attention is paid to energy b®&vior of individuals. This

behavior of individuals needs to be shifted towaedsore efficient and sustainable direction. Therefore,

it is necessary to understand peo@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 individu&nergy behavior. According kean et al. (2013nd Yue et a(2013)
energysaving behavior can be dildd 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 behiavalves a ondime

purchase decision in which the financial feasibility by monetary savings is condidaredt al., 2013)n

addition, consumers are willing to invest more in appliances with energy efficiabelgYue et al, 2013)

The second behavior that is considered is the curtailment behavior. Accordifgrioet al. (2013)
curtailment behavior entails with routines and habitual behavior of people. In order to achieve energy

Al gAy3a oAGK OdzNIFAfYSYyd o6SKIFI@GA2NE LIS2LX S OFy NBR
behavior changes, such as shortening showeation, 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 comfortHowever, there is a limitation in considering both behavid#hen

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
phenamenon is called rebound effe¢Gillingham et al.2016) To avoid this phenomenon, awareness in

LIS2 L SQ&d SySNHeée O2yadzvyLiAzy akKz2dzZ R 0SS Y2yAG2NBRO®

According to the literaturédAbrahamse 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 individisa sociedemographiccharacteristicqe.g. income, education,
household size and hormwnership), psychological factors (e.g. beliefs and attitudes, motives and
intentions, perceived behavioral control and codtenefit appraisals and contextual forcese(g.
government regulations). These variables can be assigned as the most influential variables of@ people
energy behavior.
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4.1 SOCIEDEMOGRAPHHARACTERISTICS

The first category of energy behavior that needs to be considered is about thed®umgrahic factors

of individuals. Literature suggests that sediemographic characteristics either at individual level or
household level are influential on energgiated behavior. In general, soeitemographic factors set
opportunities and constraints forgelLJt SQa o6SKIF GA2NXY» Ly GSN¥xa 2F SySNH@
constrains may have an influence on the amount, frequency and duration of @@plergy use.

4.1.1 Socio-demographiacharacteristics
According to the research examined, the following effcom sociedemographiccharacteristicson
energy behavior can be provided.

A Gender

From the findings ofFrederiks et al. (2015)t seems that the effect of gender differences on energy
consumption is inconsistent or minimal. Furthermore, some research indicate thaewdave a more
pro-environmental behavior than men, while other research find no significant relatioffEhialeriks et
al., 2015).

A Age

According to the results ofue et al. (2013people between 31 and 45 years old are the most willing to
adopt an investment behavior. This is caused by their ability to pay for eedfigientimplementations

and awareness of their advantages. In additiargdems that younger people seems to have a more
curtailment energysaving behavior because of their limited monetaoyrces. Finally, it seems that older
people are less likely to invest in energy efficianplementations which might be caused by negat
perceptions of cost/benefit ratio and return on investment. Furthermore, by looking of the life cycle of
households, midife households have more energy requirements than younger and older households.
This can be contributed that both households teiodive smaller with higher energy consumption per
capita(Frederiks et al., 2015)

A Household income

Poruschi and Ambrey2016) stated that household income has a positive potential on the energy
preserving behavior of people. The amount of income can create opportunities to invedistastial
energy efficiencymplementations(e.g. installation of solar electricity and/or solar hot water systems).
The economic feasibility by applying energy efficiemplementationsand daily saving behavior will lead

to savings on the energy bilkrederiks et al. (2Ib) underlined the statement that householtetincome

has a significant effect on investments in products and improvements that increase energy efficiency. In
addition, Frederiks et al. (2015}ated 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 ofue et al. (2013)people who have a low income are more willing to adopt
energy curtdment behavior, while people with a high income are more willing to adopt energy
investment behavior.

A Education
According toFrederiks et al. (2015)ducation seems to be associated with increased knowledge,

awareness and concern regarding environmental issues. Howhigdrer levels of education does not
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significantly lead to amore pro-environmentally behaviorYue et al. (2013underlined the above
statement by concluding in overall, the current level of education does rastyme a signitant positive
effect on energyaving. HowevebDas et al. (2018tated that the effect of a university level of education
on energysaving technology adoption is larger than the eff®f people who have high school or
vocationallevel of education. In additiorGardianou and Genoudi (2018xamined the willingness of
people to implementenergy efficientmeasures is higher by more educated indilials than by less
educated individuals.

A Household size and composition

The variable household size can also be described as the number of people per redideterks et al.
(2015)stated that household size is contributed to be positively associated with energymgrtion, 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 refrigeraftdai et al., 2013However, 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 compo¥itieret al. (2013jtated

that households consisting of couples and children m@re willing to adopt an energy curtailment
behavior because of higher living and energy expenses.

A Homeownership

According to the research éfrederiks et al. (2015 and Poruschi et al. (2p&®)st researchers conclude
that homeowners are more willing to realize a larger investment in energy effigigpiementations(e.g.
household improvements to reduce energy usage, purchase of new technology and -saeiy
devices) than people who are living in rental housing. This isedaog property rights for both permit
and incentivize households to engage in more significant, longer term esaxgyg behaviors (e.g. solar
electricity).

A Familylife cyclestage

Stage of family life cycle influences levels and patterns of househeld)g consumption and appears to

be an important variable in explaining the household energy use. It seems that the energy consumption
is peaking during chiltearing years, this is caused by the increase in household work (e.g. cleaning,
cooking, laundry)childcare and family recreation (e.g-bome entertainment, recreationjFrederiks 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 socidemographiccharacteristicon the energysaving behavior of people,
psychological factors have also a powerful effect. Therefore, in this review, three main psychological
factors are considered: environmentalvarenessdecisive motivations and subjective norm.

4.2.1 Attitude andawareness

According towang etal. (201%) | G G A GdzZRS NBTFSNA (-envirdnkhéntaRaBaleNdSS 2 T
of performing sustainable behavior. This behavior contributes to energy curtailment or/and energy
investment behavior of peopl Barreto et al(2014)underlined this steement 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. (201%)escribes that has been shown that people
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with a greater knowledge, awareneasd understanding of the environmental issues tend to have a more
pro-environmental attitude. This perspective has also been supporteddgyafakis et al. (2010ywho

stated that people are more willing to invest in energy efficiemplementationsand participatein
energysaving activities whethey have a stronger awareness of the global climate chahge.(2015)
describes the more an imddual has an intention to engage in a certain behavior, the more likely this
behavior will occur. HoweveFErederiks et al. (2013rgues that environmental attitude might lead to
positive intentions towards an energgaving behavior, but intentions can be obstredtfrom being
realized into actual behavior. Intervening factors are for example: lack of knowledge, social norms,
perceived personal responsibility, cdstnefit tradeoffs, situational and institutional factors. This
LIKSYy2YSyl S R Qid2h 2Hyiwrich hasple\ aliedziRaEe of the climate change problem,

but fail to translate this attitude into practical actions to limit household energy (&sederiks 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. Silvi2@0&8)adopted in their
NE&aSIHNDOK | OK2AO0S SELISNAYSydG G2 Sortdd dS GKS 02
implementations (WTP). The results show that the WTP is on average higher than the costs of
implementing energy efficiertnplementations However, here are still some barriers that hold people
from it. These barriers are for example legal, structural or secanomic 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 efficienmplementations Therefore, providing sufficient information to
people increases their awareness and may decrease the attdigtien gap.

4.2.2 Decisive motivations

As defined byFrederiks et al. (2015, p. ) Y2 U A @I GA2y&a | NB aGKS RNRARGAyY3
guide and maintain goalirected behavior; that is, the specific reasons why a person acts in a certain way

FO ye 3IABSY GAYSéd az2iA@lFGA2ya | NERffoRiING Dfergono & Ay
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 weiykitady et al.,

2011) In general, according terederiks et al.2015) people are less liketp behave preenvironmental

GKAOK A& AYySTFAOIFIOA2dzA YR aR2Sa y 2 énvivhniedal | RAT
behavior must be effective in yielding valued outcomes. By yielding the valued outcomes, peaplerar

motivated by seHinterest and engaging energysaving behavior restiitg in the highest benefits and

the lowest costs. The cobenefit tradeoffs include also valued resources as: time, effort, social
status/acceptance, convenience and comf@iRrederiks et al., @5) By looking at the evidence in

literature, the most decisive motivations are monetary incentives and increase in personal comfort.

First, according t&rederiks et al. (2015)he immediate high financial costs for people to invest in energy
efficient house impovements (e.g. installing solar panels, insulation, -ewergy appliances) may
constrainLJS 2 Lile8sd@d Therefore, the loAgrm monetary payoffs play an important role in this
process. However, energy usage costs have a reasonable impact on the leilesf§ijhromeowners and
might therefore be more motivated to reduce their energy consumption. In additidang et al. (2011)
underlined thatfinancialbenefits havea significantinfluence on energygaving behavior. To stimulate this
behavior,Frederiks et al. (201%uggest that an increase in energy prices may have a positive impact on
consumers to invest in energy efficiemhplementationsthat will yield energy savings. However,
monetary incatives by government programs can also have a positive influence on [@aplestment
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behavior.Das et al. (2018xamined that the driving force for people of implementing energy efficient
implementationsin their dwelling may not rise from income, but from monetary incentives provisioned.
The researchers therefore recommend to encourage the adoption of energy efficiplementationsby
offering monetary incentives. There are two types of monetary incentives that can be provisioned to
customers.Sardianou and Genoudi (201f8und that tax reduction is slightly more effective foeople

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 ig theed for personal comfort (e.g. thermal comfort, air
quality and noise protection(Barreto et al., 2014; Frederiks et al., 2015; Wang et al., 20hE) essece

to maintain a comfortable house is for many people decisive. Especially, the perceived loss of comfort
that is imposed by a particulagnergy efficientmeasure has a sizable impact on household energy
activities(Frederiks et al., 2015Barretoetal(2014)SE L)X | Ay GKA& 6AGK 'y SEI YLX S
to this motivation, wanted, for instance, to control the thermostat to be able to maintain comfortable

G S Y LIS NI (i dzNB In khé liteFafure, peoplari §eheratess willing to apply curtailment behavior
because it requires more effort (decrease in comfort). However, accordiBareet al. 005) less than

a gquarter of norenvironmentalists is willing to sacrifice some comfort to save enevgifst over 60% of
committed environmentalists is willing to do deurthermore,Frederiks et al. (201%pund 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 consuiop.

4.2.3 Subjective norm

Subjective norm is defined tyn (2015, p.H &Y G LISNDOFA AWNB am21MNBE yR A& ol as
LISNOSLIIA2Y 2F 6KSUOKSNI 20KSNJ AYLRNIOFYG LIS2LX S Ay
Therefore, subjective norm canfluencean individualto perform an energysaving behavior or even to

invest inenergy efficienimplementations According torue et al. (2013prouplevel feedback and peer

education can modify.JS 2 L#&n&dy dehavior even without receiving an economic rew&atreto et

al. (2014)examined that people are more willing to modify theeHavior when the impact becomes

visible to their social network. This expression is in line with social influences, such as peer pressure, public
accountability and competitionFrederiks et al. (201%dded that intrapersonal sources of information

appears to be morenfluential 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
influentialthan being adviced by an expert, whistbétter informed.

4.3 OQONTEXTUAL FORCES

Individual behavior can also be influenced by contextual forces, such as government regulations or public
policies.Frederiks et al. (201%8escribes that these macievel factors place constraints on policymakers,

who will have to compose relatively éid societal and institutional boundaries in their public policy
decisions for the energy industry and consumers. According tq2Qi?) law and policy can be used to

change how individuals impact their environment through thieehaviors 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 exanYplest ! & dzo 4 A R @
hybrid vehicles is a regulation of the market that indirectly regulates the harms imposed by individual
driving behavior. Smaigrowth zoning, designed to reduce car travel, is a direct regulation of architecture
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that indirectly regulated Y RA @A Rdzk £  RKUR, POA3/ @ 6)tocénfoé ddricladdthat policy and
regulations are required to influence individual energy curtailment and investment behavior and will
therefore encourage people to aehge their lifestyle. Policy and regulations might also positively influence
peopleQ 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 dement®e responses of potential
customers in the marketplace, it is important to gain insight in the adoption and diffusion of people
towards innovationsRogers(1995) developed the technology adoption cycle and diffusion theory to
define how markets develop for innovations, based on sed@nographic and psyological
characteristics As can be seen in FiguBethe bellshaped curve divided the whole market into five
category of potential customers, starting with the innovators. The innogaioe technology enthusiastic,

are open to change and intrigued by the technology and its opportunitigjssen, 2017)Innovators
constitute the smallest percentage of riskmune, butare 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 tregaades

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 mitial 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 cha(ggssen, 2017)The early majority consist of people

that are more pragmaticand wait before the technology has proven itself. In contrast, people in the late
majority only implement the technology when they have to. The final categorhe 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 pogbibtsen, 2017 For this research

the investment behavior of peoplén
energy efficient innovations as the
adoption of a more energy curtailment
behavior based on sociaemographic
characteristics can be classified in this
model For exarple, by looking at the
innovativeness of a prosumer community,
the enthusiasts and visionaries seems to b
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 persuaddghe late
majority, policy makers might have an
important role to speed up this process by
tighter regulations on nomenewable S e e e S B U SR
energy usage and encouraging renewable
energy developments.

Population

|
Eary | Early
adopters { majority

Figure8 Technology adoption life cyddijssen, 2017)
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4.5 CONCLUSION

It can be realized that the world energglated 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
curtailmert behavior focusses more on the energy saving by reducing the wdagasting 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 tesfrenergy 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 aJ. 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 varfad G & 2 F LIJS2 LJ SO
behavior. First, the socidemographic characteristics afdividualsare influential on their energy
behavior. Inthe literature, there is a lot of support on the followirspciodemographic characteristics
gender, age, income geication, household size, honmvnership 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 incledvigpnmental attitude and
awareness, decisive motivations and subjective norm can be considered as the most influential factors on
A Y R A GikvBstizierit @n@curtailment behaviotoncernsboutclimate change and future generations
positively lead to anore pro-environmental attitude Additionally, the level of knowledge on the climate
problem and energy efficienmplementationsplaysan 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-ntexelét ard
engaging in energgaving behavior resulting in the highest benefits and the lowest codtse literature,
thecosto SYSTFAG GNIRS2FF AAIYATFTAOFLyGfe& AYLI OGA LIS2 LI S¢
or investing in energy efficieimnplementations 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 pegalgit@pate 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. Tiefore, the government can play a major role in encouragiegple to

use less energly 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 adoptet achieve energyeutral neighborhoods and citiehe 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 exqterfine aim of

this research approach is to provide information on whis tmethodis selected and how it is sep.
Furthermore, it is explained how the questionnaire is structured and how it is distributed. Finally, the
multinomial logit model and latenclass 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 deeisive motivational factorsf Dutch citizens to

participate in a prosumer communityl.o find out which motivational factors are decisive in people
RSOA&A2Y S LIS2LX S$§Q& LINBTSNBY OS &maliSah bei @nsideed FE YA Y
presenting choiceamong different alternatives to individuaBue to the complexity of this obgtive, it

is of importance to find the rightesearchapproach that will result in a valuable outconfcording to
Kemperman(2000) a choice experimentapproachis a wellestablished multivariate technique for

measuring individuals preference and choice behavior for new, not yet existing alternatives.

¢2 SAGAYFGS LIS2 LY &ativo brdhdSappsobidies:Gévealed pieferemdds and stated
preferences. According tdensheret al. 005)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 datrepresents data collected on choices that are made in an actual market.
The collection of RP data represents the collection of data on real life ch@eeause the concept of a
prosumer community is new and barely applied, the context of this resdarathypothetical scenario.
According toHensheret al. 005) a hypothetical situation may lead to situations in which personal
constraints are not considered as constraints at the timehmfi@e. 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
participae 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 theorjHefisheret al. 005)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 experimentan®l vy 6S RSTAYSR a Gi0KS 20aSNBIGA2Y 3
NEBalLRyaS GFENRFofSY IAGSY GKS YIyALWzZ FGA2y 2F GKS
(Hensheret al.,2005 p. 100Q. 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, the proces®f Hensheret al. 005)to generate stated preference experiments is summarized

in an experimental design process scheme, starting with the refinement of the problem. In this stage, the
reseach problem should be clarified and the objectives of the research must bedefatied. 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 tdat 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 objettifinds

2dzi AT GKS FTAYRAYy3IEA 2F GKS fAGSNI GdzZNB NBOASE Ay TS

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 vasalternatives, attributes and attribute levels need to be

identified. According tiHensheret al. QOO5F (G KS fAa&ad 2F Ff SNyl GAGSa aKz
which means that all atnatives 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 éclud A Y A A YA TFTAOlI yié | ¢
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 toecbie

attributes and attribute levels. In this stage, the relevant attributes and attribute levels are assigned to
SIFOK FEGSNYIFGAGSD ¢KAA A& G0 KK oldF 8zt O2 NNBROSAZAY 4 2
cognitive perceptions decision akers 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. AccordingHensheret al. 005 p. 107, the attribute levels are
RSTAYSR a aidKS tS@Sta aaAr3adySR G2 +ty FGGNROdzGS |
easy task, which can be attributed to several intpot 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 compramése

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, considerasgoregarding 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 t
numbers of levels of the attributes should be reduced or not. Accordiitettsheret al. 005) the main
difference between these designs is that a full factorial design tests all ppsshtment 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 simultanesly 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 dwaaheyg or

effect coded. The difference between these coding structures is that the utility in the last level of the
coded variable isl instead of 0. For this research, it is decided to assign the effect coding structure to the
experimental design. By ugirdummy coding, the data is perfectly confounded at the last level of the
variable with the grand meandgnsher et al., 2005Yhe 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 O.
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In stage 6, the choice sets are generated by different treatment combinations of attribute ldeelsher

etal. Q005 p. 16RSFAyYy Sa || OK2A0S aSd Fa al YSOKIFIyAay 27
about the alternatives, attributes and attribute levels that exist within the hypotheticaharios of a
alddzRe ¢ ® . I &A Olstagedhe vakiofis aliekh&tives NG afidadydzided. 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 reface 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
NEBalLRyRSyiGaod ¢KS NIyYyR2YATIFGA2y OFly 68 SESOdziSR Ay
When all stages are completed, the researcher gtant 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 sothbst

completely understand the choice experiment. Once the survey is completed, it can be distributed among

the target group. The experimental design procesklefisheret al. 005)is a suiaible guideline for the

researcher by presenting the sequence of stages in order to result in a valuable outcome.

Stage 1 ‘ Problem refinement }4—

Stage 2 Stimuli refinement
® Alternative identification
® Attribute identification <
* Attribute level identification
Stage 3 Experimental design consideration
* Type of design
® Model specification (additive vs interactions) +
#® Beducing experimant size
Stage 4 ‘ Generate experimental design
Stage 5 Allocate attributes to design columns
® Main effects vs interactions
Stage 6 ‘ Generate choice sets ‘
Stage 7 ‘ Randomize choice sets ‘
Stage 8 ‘ Construct survey instrument ‘

Figure9 Experimental design proce¢ldensheet a., 2005)

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 refinementn 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 miivaf people to invest, namely:
financial consequences. As discussed in chaptEmanciaDptimizations the investment can be realized
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in two ways: own initiative oputsourcingby an Energy Service Compary the case of realizing the
investment by own initiative, peoplealizethe initial investmenby 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 8rvice Companyand gain small financial benefits each year. However, in the second
alternative, people conclude a contract for multiple years and after this periodetiergy efficient
implementationsare theirs including the financial benefits. In thatsd 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 €itizens
attitude, satisfaction, motivation and sedfficacy 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 sead#mnographic characteristics are interesting to
determine what type of local citizens are suitable to livaicollective 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 selettof the four attributes are included in the stated choice
experiment based on the most important features. For the experimental degigsdecided to apply
three levels per attribute. This efficient toestimate the model To understand the listedsaumptions in
Tablel5, all attributes and their levels are explained in this section.

Financial consequence

According to the many researchefPaset al, 2018; Frederikset al, 2015; Wanget al, 2011) the
immediate high initial cost for people to invest in enegjficient house improvements may constrain
LIS2 LX SQ& RS OA & lesesfcheps racérinbids © 2riddsirage th& &loption of energy effici
implementations by offering monetary incentive The financial consequence attribute includes a
subdivision of type of implementations to participate (Solar parigl£S systenand Inrhome batteries),

the investment costs, the financial benefits peray and payback period / contract periothere 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 beutedto

the fact that people can invest or outsource the investmenteirergy efficientimplementationsto
participate in a prosumer community. However, it is their decision to what extent they prefer substantial
financial benefits each year and their &\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 peofiicncial
AYOSYUuA@Sed Ly O2yOfdzaAzys (GKS 202SOGAQS 2F (KAA
they prefer to invest and gaiimancial benefits each yearhis attribute is supported in the stated choice
experiment by an addibnal 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. Accordindia (2015andYue et al. (2013)erceived social pressure

and peereducationcan modifyLJS 2 L#n&dy dehavior even without receiving an economic reward.
Theobjective 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 arsdobon 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 systesnrequired to reduce the import of electricity, a demand side management
software is installed to manage thgroduction and consumption of energyn this system, energy
consumption patterns can be changed in which large consuming appliances (such ashki&hwashing
machine and dryer) are used durirftetenergy peak moments (between ain 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 scenagipresented 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 dn)S 2 L¥En& @y £onsumption patterchange. In the second level, the
appliances are sensiutomatic controlled. Serdutomatic means in the context of this research that
appliancesan be programmed to turn on when the production of electricity is highest. People have the
option to indicatean end time for when the appliance must be finished. This level leads to less flexibility
for users, but they gaisomefinancial benefits. In the final level, appliances are automatic controlled in
which they are programmed to turn on when the productiohelectricity 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 largénancial benefits. In conclusion, the aim of the three
levels in this attributési 2 Y S| adzNB LIS2 L) SQ&d LINEFSNBYyOS 2F OKI y3)
a balanced system.

Organizational participation

The collaborationof local citizensn a prosumer community projeds also dependenbn the level of
people prefer acting as a community and take organizational roleThe realization of a prosumer
community isespecially in the beginningependent on peopl@ initiative, effort and financial support.
Theobjectiveof examining this attribute i gain insight in th@rganizationalole people prefer at the
community level based on soettemographicharacteristicsAccording to Koirala (2017), there are three
levels of organizational responsibility, starting with an active role in which peoplgiliing 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 thelast 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
Solar panels Solar panels
€ 4.500investment Investment by ESCO
€ 800 decrease annual energy costs € 100 decrease annual energy costs
6 years payback period 7 years contract
Solar panels anBTES system Solar panks andBTES system
Financial consequence € 18.500 investment Investment by ESCO
€ 1.200 decreasannual energy costs € 200decrease annual energy costs
13 years payback period 14 years contract

Solar panelsBTES systerhattery Solar panelsBTES systerhattery

€ 24.500 investment Investment by ESCO

€ 1.350 decrease annual energy cost € 250decrease annual energy costs

19 years payback period 20years contract

25 percent participation 25 percent participation
Community involvement 50 percent participation 50 percent participation

75 percent participation 75 percent participation

Own control Own control
Control of appliances SemiAutomatic controlled SemiAutomatic controlled

Automatic controlled Automaticcontrolled

Active role(4 hours / month) Active role(4 hours / month)
Organizational Minor participation 2 hours / month) Minor participation g hours / month)
participation Passive role (@ hours / month) Passive role (@ hours / month)

5.3 EXPERIMENTAL DESIGN CONSIDERATIONS

When the alternatives, attributes and attribute levels are determirsgdappropriateexperimental design
must be selected In this experimental design, the total number of attributes that is included in the
guestionnaireis 8 (4 attributes for 2 alternatives) and each attribute involves 3 levels. This mearss that
378" designis needed The full factorialdesigncontains6.56 1treatment combinations. This would enable
the estimation of all possible main and interaction effects, butdtmot be easily handled by the
respondents(Hensheret al, 2005) Thereforea fractional factorial design is preferredith 27 profiles
Each of the 27 profiles defiséd KS | GG NA o6 dziS f S@Sta 2F (GKS W24y AyAdl
The 27 profiles were equally and randomly distributed over 3 respondents. As a Eepulffiles were
presented to each respondent, which wasdomlyrepeated for many respondent$histhird alternative
SRSTAYSR I & Wy 2added t@ fot obligeSesi® aents yorRanswiéihey might notaccept

the presented alternative Forthe distribution of the choice sets, it is required to gain at least 150
completely filled in questionnaires.

In the experimental design, the attributkevek (0,1,2)are replaced bya codingscheme in order to allow

for arithmetic operationsThe attribute levels can be dummy codedeffect coded An example of effect
coding is presented in Table 16. In the case of dummy coding, the third level will be codedrGtis
research, it is decided toseeffect coding By using dummy coding, the data is perfectly confounded at
the last level ofthe variablewith the grand meanHensher et al.2005) The main advantage of using
effect coding is that the uttly is not perfectly confounded and ka unique value instead of 0. The 3 level
variable is recoded into a 2 variablen which the third level is the reference category. This category is

60



not considered in th@utput of theanalysis, but can be determiddy assigning the negative sum of the
two other levels.The calculation is as follows: X1g€X1a+X1b) in which it is required that the sum of the
3 levels is OThe complete effect codinigr the entire desigrtan be found in Appendix Ill.

Tablel6 Effect coding structure

Attribute: Level Levels Coding Coding
no Xla X1b
Control of appliances ‘ 1 Own control 1 0
‘ 2 SemiAutomatic controlled 0 1
‘ 3 Automatic controlled il il

5.4 QUESTIONNAIRE DESIGN

In order to conduct the aforementioned choice experiment, a questionn#&@re&omposed. The
jdzSatA2yylFANB Aa&d RSAAIYSR Ay GKS W.SNH 9yljdzsidS {e&
Technology. This system is a weadtablished online tool fostudents of the department of Built
Environment to construct a survey by their own. For this research, the survey is divided in three parts:
sociodemographiccharacteristicsquestions, the choice experiment and a list sthtementsto gain

insight in pepleQ anvironmentalconscious attitude Each of these parts have a different purpose of
collecting data. Since the context of this research focusses on the Dutch situation, the questiagnaire

only provided in Dutch. The questionnaire can be foApgendx Il: 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 respondenbefore starting the choice experiment. The sedemographic questions
focuses orLJS 2 LIgedde@ age, education, household situation, income, neighborhood level, type of
dwelling, property ownership. According to theerature provided in sectioh.6.1, theseare the aspects

that are examined in previous studies and can provide information about the -decimgraphic
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 tearvey, first the example is presented and hereafter the
attributes of the choice sets are explainethis might preventespondents fromearly quitting. In this
explanation, misunderstandings must be avoided by providing a detailed description ofribetat and
attribute levels Next,the respondents are invited to evaluate nine choice situatidhe. respondent can
choose between threalternatives own initiative, outsourcing and none of these. Each choice sets is
supported byan additional questiorthat can be found belowhe choice taskThe aim of this question is

to gain insight in the decisiiimancial aspects K SNB LJS2 L SQa OK2A0OS Aa ol 4SR
provides the possibility to tick for multiple choices. When the nine @egts including the additional
guestion are finished by the respondent, the choice experiment part is completed.
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are possible)

Investmentinplemenations (solar panelBTES systerm-home battery

Financial savings per year

Payback/contracting period

b2yS 2F (KS&aSé

The third and last part of the questionnaire consist of multigiatements in which LIS 2 L)t S Qa
environmentalattitude can be measuredThese 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 attitiithestatementsare based on previous
literature and arepresentedto the respondentsasa fivepoint Likert scale. The reason for placing these
statementson the last page of the survey is because fatigue in an earlier stage should be avoided.
Therefore, these questionswvhich are easily to respond, are questioned at the end. The following
statementsare presented to the respondents

A 1 am worried about global warming.

Thisstatementis based on the environmental awareness of people, which is frequently reported by
different researchersAccording towang et al. (2015 F GG A GdzRS NBFSNAR G2 (KS
environmental awareness of performing sastable behavior. This behavior contributes to energy
curtailment or/and energy investment behavior of peoarreto et al(2014)underlined this statement

and added that it has been shown that most people are concerned about future generations &ccess
renewable sources, whidhfluence theirenvironmental awareness

A The majority of the population is not acting environmentally conscious.

Accordingto Berendsen et al(2010) there is a gap betweeenvironmental 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 possibte toshe choice of a
behavior in a social dilemma. Thtatement gives insight in the behavior of respondents and their
environmental awareness.

A 1 am prepared to pay more for environmentally friericiplementations

In the literature review orindividual€kenergy behavior, the financial consequence is one of the main
considerations of people. Howevefue et al(2013)states thatconsumers are willing to invest more in
appliances wittan higher energyféciency label.

A The government should conduct more action to tackle the clipratalem.

The edition of thecitizens perspective questionnaire condext by the Dutch governmer{fDekker et al.,
2016) focusses on the energy transition of the Netherlands. According to the results, 55% of the Dutch
citizens have almost nconfident in the government related to the energy transition and the approach
against the climate change problem. However, citizens expghatsthe government will come up with
solutions, but preferably not withmplementationsthat affects the individual
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A 1'would like to be more independent of large energy providers.

According to the citizens perspective questionngdDekker et al.2016), 57% of the Dutch citizens hav

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 theiwn energy and become more independent of large energy
providers.

A I am willirg to adopt a more environmentéiendly lifestyle

According tdHan et al. (2013ndBarreto et al(2014) people can adopt a more curtailment behavior by

for exampleNB RdzOS (KS dzal 38 2F SEA&aGAy3 SljdAaLyYSyidioa 2
shortening shower duration, switching of lightwering 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
addressenvironmentalconcerns

A 1would like to be seen with solar panels on my house.

Social identity is a motivational factor for people to apghergy efficienimplications. Thistatementis
underlined by the research @arreto et al(2014) whichstatesthat 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.

A I am willing to participate in a prosumer community

When the respondnts 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 questioningdfaiement, all important motivations

can be considered and respondents can give their concluding answer.

When thefirst version of thequestionnaire was completedt was tested amond0 respondents. The
guestionnairewas adjustedaccording to their feedbzk. The questionnaire will bedistributed among
consumeswho own or rent a dwellingpy means of dink tothe online survey system (tHRERG system
developed at TU/e)The goal is teollect data fromat least B0 respoments, preferably representatively
distributed across the maisocicdemographic 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 thechoicedatais obtained bythe distribution ofthe questionnaire, its subsequently analyzed by

usinga multinomial logit model (MNLAccording tdDavis etal. (1979) the multinomial logit modekd |y
appropriate multi- G G NA 6 dzi S Fylfeaira F2N YSI &adThknfadel ifd06 OK2 A C
02 LINBRAOG AYRAGARdIZ f RSOAAAZ2Y Yhnd&SN&vércoRahBell £ £ LINJ
that contains no complex relationshipsn 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 thedifferent attributes can be calculated ke following

equation Pavis et al.1979)
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Yoo - (6.1)

Where,"Y is the utility ofthe alternative to individual, ® is the deterministic component, and is the
random component, which is assumed to be independent and identically distributed across all individuals
i. According toHensher et al(2005) the functional relationship between the utility associated with an
alternative and the variablesan be assumed as:

w I (O ZA TS B 0T/ NS I OTA E 1 Qb (6.2)

In whichf is the weight (or parameterdf attribute @ and alternativei andf  representsthe
alternative-specific constantywhich represents on average the raeall the unobserved sources of utility
and is notassociated to the observed and measured attributes.

To estimate the probability of aindividual choosing alternativéut of the set ofbalternatives, equation
(6.3)can be used. This equatiamtates that the probability of aalternativeis equal to the ratio of the
exponential of thautility for alternative’®o the sum of the expoentials of the utilitesfor allbalternatives
(Hensher et al., 2005)

0 ———N Q pBHBM (6.3)

To estimate themost likely value otach parametein equation 6.2, thdoglikelihood functioncanbe
used

0B B B o 11 (6.4)

wherew is 1if alternativej was chosen by respondegtin choice situatiors and 0 otherwisep
represents the probabilityhat respondent, andl s 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 fron{Hensher et al., 2005)

When the loglikelihood functon is determined for the estimated parameters and the null model, the
goodnessoffit can becalculated To determine the goodness of fit of tlestimatedY 2 RSt = a OClF RRSYy
RhoSquarecan be used for fitting the overall model. McFadden suggésalpies d between 0.2 and 0.4
should represent a very good fit of the modBl. Lee, 2013)

n p8t 004G 7F0O Om (6.5)

In this formula, thed & is the loglikelihood function using the estimated paranees and0 Om is the
logrlikelihood function using the nuthodel(allf i being equal to P(Hensher et al., 2005)
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5.6 LATENT CLASS MODEL (LCM)

A latent class model is used in this researchdttimatethe parameters for a given number of classes (or
clusters) of respondents which are determined by the model as. Bgllexecuting a latent class model
analysis, clusters of individuals are obtained, wiriakiea similar choice behavioFor each cluster, a set
of parameters is estimatedThe objective ofthis study is to investigate whethethe respondents
belonging toone cluster alsoshare similar socidemographic characteristics or have the same
environmental conscious attitude.

Toidentify the optimal number of classdsr the latent class model, the Bayesian Information Criterion
(BIC)is oftenused (Feng Arentze & Timmermans2010) This calculation is based on the number of
classes that are expected to be determin&tiis fomulacan be expressed as

606 cOOD ¢ (6.6)

In this formula, LL is the log likelihood and K is the number of parameters in the model. As dhuhelof
the lowest BIC value contributes to the most reliable moBekides the BIC, the total fit of the model can
Ffa2 0SS RSGSNXYAYSR 6& GKS aOClFRRSyQa NXK2 aljdzZ NBo

5.7 CONCLUSION

In this chapter, the research approach is explained for executing a statéckatxperiment. 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 witlg 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, startithigtiAe 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 ae 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 issed with 27 profiles, in which 9rofiles are presented to each respondent.

One profiles defines both alternativeBor the experimental design considerations, it is decided to use
effect coding for the attribute levels. The 3 level variable is recoded into 2 vagj#indethird level § the
reference categoryWhen the experimental design and choice sets were gener&eandomly selected
choice sets were presented to each responddrirthermore, the questionnaire was designed in the
BERG Questionnaire system and included three maits pf different questions. In the first section, the
sociodemographic characteristics were questioned to gain insight in the steitographic status of the
respondents. In the second part, the choice experiment is conducted. The choice experimémtipded

a context description and the invitatido choose one alternative from eachtofthe 9 choice sets. In the

last part of the questionnaire, environmental statements were questioned to the respondents to gain
insight in peopl@ environmental cor@ous attitude. Finally, the multinomial logit model and the latent
class model were explaingd this chapter The multinomial logit model is executed in the analysis to
assesd Y RAGARdzZr f RSOA&AZ2Y YI 1 SNRa 2 JS Mord, the ldientsldss NSy OS
model will be usedo find homogeneus clusters of respondents.
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6 RESULTS

In this chapterthe 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 sociedemographic characteristics ante environmentalstatementsare explained Subsequently

the Multinomial Logit Model is executed to analythe 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 May 16 2018 by distributing the online
guestionnaire 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 shardtiis 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, dataere obtained by my own network using a call on Facebooksquaally questioning
LinkedIn contacts, and help from family and fristml 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 questionnaireincluding the choice experiment. Finally, 184&spondentsfinished the
guestionnaire by completing all questions.

6.2 SAMPLE DESCRIPTION

In the first part of the questionnaire, respondents were questioned regarding their personal
characteristics. These soc@mographic characteristics help to provide a description of the data sample
retrieved. In Table ¥ and Table B, the sociademograpnic characteristics are compared to the
corresponding distribution of the Dutch populaticfo test the representativeness, the &tuaretestis
performed for each sociglemographic characteristic. In this etjuare test, the specific characteristic is
tested to the expected values based on the percentage of The Netherlands for eaclif fgnvetesult of

the chisquare testis significant (p <0.05), thehe sample is not representativen that characteristic

The data concerning the Dutch populatisnmainly retrieved from Statistics Netherlands. The overall
descriptive analysis can be found in AppendiXdescriptive analysifurthermore, the chsquare tables

to determine the representativeness are presented in Appendix Vsdlldre representatieness sample.
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Tablel7 Frequencies questionnaire (1)

Characteristic Level Percent Percent Observed @ Expected Residual
Questionnaire| The Netherlands N

Gender Male 59.2% 49.6% 109 90 19
(CBS, 2018) Female 40.8% 51.4% 75 94 -19
ChiSquare: 7.861
ChiSquare sig:006

Age 21to 30 years 32.6% 18.1% 60 33 27
(CBS, 2018) 31 to 50 years 39.1% 36.5% 72 67 5
ChiSquare: 33.507 51 to 75 years 28.3% 45.3% 52 83 -31
ChiSquare sig: .000

EducationMinistry Secondary 26.6% 66.3% 63 122 -59
of Education, Culture vocational education

and Science , 2017) Higher professiona 47.3% 21.2% 73 39 34
ChiSquare: 85.322 education

ChiSquare sig: .000 Scientific education 26.1% 12.5% 48 23 25
Income 0 to 25000 euro 19.0% 41, 7% 35 77 -42
(CBS, 2014) 25001 to 45000 eurc 50.0% 36,2% 92 67 25
ChiSquare: 38.936 >45000 euro 31.0% 22,1 % 57 41 16

ChiSquare sig: .000

Total 100.0% 100.0% 184

As can be seen in the first row of Tablg 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
regardinggender igepresentative based on the ehquare testvith a significance value dd06 In Figure

10, the distribution of the age frequencies of the samples is presented. According to this distribution,
three categoriesare created between 21 and 75 year. As cambgced, the characteristic age is not
representative to the Dutch popation, especially by considering tlieviation of thefirst 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 callDue to the questionnaire distribution, the ctecteristic education is not representative to

the Dutch population based on the ettjuare test. Finally, the characteristicome deviates from the
distribution of the Netherlands. As a result, this characteristic is not representative to the Dutch
population based on the ckiquare test.

FREQUENCY
[
g o o

o

21242730333639424548515457606372
AGE IN YEARS
FigurelO Frequency age

68



Tablel8 Frequencies questionnaire) (2

Characteristic

Percent

Questionnaire

Percent

The Netherlands

Residual

Household 1-person household 10.3% 38.0% 19 70 -51
composition 2-person household 44.0% 32.6% 81 60 21
(CBS, 2017) 3-person household 18.5% 11.9% 34 22 12
ChiSquare: 60.977 xd-person household 27.2% 17.5% 50 32 18
ChiSquare sig: .000
Children No children 58.2% 65.9% 107 123 -16
(CBS, 2016) Children 41.8% 33.1% 77 62 15
ChiSquare: 5.852
ChiSquare sig: .016
Dwelling type Detachedhouse 10.9% 23.0% 20 38 -18
(CBS, 2016) Semidetached house 35.9% 19.6% 66 59 7
ChiSquare: 10.548 Terraced house 36.4% 42.5% 67 59 8
ChiSquare sig: .014 Apartment / Gallery 16.8% 15.0% 31 28 3
home
Property ownership  Property owner 73.4% 56.9% 135 105 30
(CBS, 2017) Property renter 26.6% 43.2% 49 79 -30
ChiSquare: 20.116
ChiSquaresig: .000
Total 100.0% 100.0% 184

In Table 8, 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@nore
persons households and lesgpérson households compared to the Dutpbpulation. Based on the
results of the chsquare 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 Dtch 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 rep@mts lived in a semidetached house or in a
terraced house. However, this characteristic is n
representative to the Dutch population, which can be caus . N
by the negative deviation of the level detached hous e !
Furthermore, most respondents in the distrieat sample f
own their property instead of renting their property. Due t
this deviation, the chéquare indicates that this characteristi
is not representative to the Dutch population. Finally, tt
respondent distribution in the Netherlands can be seen
Fgure 11. As shown, the questionnaire is not equal
distributed over the different provinces, which can k
attributed to the data collection. In conclusion, only th '
characteristic gender is representative to the Dutc S N 6
population. The remaining charactstics cannot considered
to berepresentative.

Figure 11 Distribution questionnaire ov
The Netherlands
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6.3 ANALYSIS OF ENVIRONMENTAL STATEMENTS

In this section, the results of the eiglstatementsthat have been questioned at the end of the
guestionnaire, are analyzed. To gain a more complete overview of the results, the answers of the
statements are combined with the soeilemographic characteristics of the respondents. The socio
demographic charaeristics are: gender, age, education, income and presence of children.-gdiat5
Likertscale has been reduced to ap8int Likertscale because the frequency of strongly agree and
strongly disagree was too low. Furthermore, the cross tables are suistted by the Pearson Chguare

test. The Crosstabs and test results can be found in AppehdBcdsstabstatements

6.3.1 Statement 1: | am worried about global warming

In the first statement, respondents were questioned if they are worried about gleaahing. As can be
seen in Figurel2, 76.6% agreed on this statement, 15.8% was neutral and 7.6% of the respondents
disagreed. According to the ebguare results (Appendixl:VCrosstabsstatementg, for none of the
characteristics significant differefiom the overall distributiorwere found which means thathere are

no differences. Based on the overall results, it can be concluded that on average the respondents are
environmental conscious.

| am worried about global warming

Overall

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

H Disagree Neutral Agree

Figurel2 Statement 11 am woried about global warming

6.3.2 Statement 2: The majority of the population is not acting environmental conscious

From the results of AppendiX:\Crosstabs on statement 2 can be concluded that 82.1% agreed, 13.0% of
the respondents were neutral and a slight pentage of 4.9% disagreed. According to thesthiare

table, only age issignificant. In Figur@3, the levels of the characteristic age are presented. As can be
noticed, people between 21 years and 50 years agreed more than the overall distribidt@rever,

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.

The majority of the population is not acting environmental conscious

Overall R

21 to 30 years
31to 50 years
Above 50 years

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
m Disagree ® Neutral mAgree

Figurel3 Statement 2 The majority of the population is not acting environmental conscious
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6.3.3 Statement 3: | am prepared to pay more for environmental friendly measures

In the third statement, respondents were gquestioned 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 (AppendixIVCrosstabstatementg. According to the chsquare results, the characteristics

age, education and income significgnaffectthe scores In Figureld, 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 resWite aft 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 eneeffjcient 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 oBardianou and Genoudi (2018)ho 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 highme

are more willing to invest in energy efficient implementations than people with a lower income. These
results are in line with the research ¥fie et al. (2013who states that people who have a low incem

are more willing to adopt energy curtailment behavior, while people with a high income are more willing
to adopt energy investment behavior.

| am prepared to pay more for environmental friendly measures

Overall

21to 30 years 18.3% 33.3% 48.3%
31to 50 years EwES 22.2% 65.3%

Above 50 years |FERED 46.2% 38.5%

Secondary education 22.2% 44.4% 33.3%
Higher education JEFED 34.2% 57.5%
Scientific education 16.7% 14.6% 68.8%
0 to 25000 euro 51.4% 20.0%
25000 and 45000 eurolEEEZA 29.3% 59.8%
> 45000 euro 14.0% 26.3% 59.6%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Disagree m Neutral mAgree

Figurel4 Statement 31 am prepared to pay more for environmental friendly measures
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6.3.4 Statement 4The government shoulthke more actionagainstthe 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 sengni2.5% were neutral and
2.7% disagreed (Figul®). These results are in line with tlo@tizens perspective questionnai(®ekker

et al., 2016) in which 55.0% had almbso confident in the Dutch government towards the energy
transition. According to the chi square table (Appendix ®rosstabsstatementy, none of the
characteristics are significant different from the overall distribution. Based on the overall réistdiis be
stated that people strongly agree on this statement, which indicates their dissatisfaction to the current
energy transition policy.

The government should take more action against the climate problem

Overall 84.8%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Disagree m Neutral mAgree

Figurel5 Statement4: The government should take more action against the climatkel@m

6.3.5 Statement 51 would like to be more independent of large energy providers

In Figurel6, 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 orstdiiement, 27.7% were neutral and
17.4% disagreed. This is in line with the results ofditizens perspective questionnai(Bekker et al.,
2016) that notifies that 57% of the Dutch citizens have almost no confident in the large energy providers.
According to the chéquare table (AppendixIMCrosstabstatement9, there is a significant difference in

the characteristis gender anagge. As can beoticed, males prefer to be more independent from large
energy providershanfemales. Furthermorepeople 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 attiobihieid

short experience with energy providers.

| would like to be more independent of large energy providors

Overall

Male

Female

21 to 30 years
31 to 50 years
Above 50 years

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
m Disagree mNeutral mAgree

Figurel6 Statement 51 would like to be more independent of large energy providers
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6.3.6 Statement 61 am willingto adopt a more environmentdfiendly 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 (Figlir¢. On average this means that the sample is very willing to
adopt a more environmental friendly lifestylaccording to the chi square results (AppendixGfostabs
statementg, none of the characteristid®ow significant differeces

I am willing to adopt a more environmental friendly lifestyle

Overall W% 19.0% 78.8%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
m Disagree m Neutral mAgree

Figurel7 Statement 61 am willing to adopt a more environmental friendly lifestyle

6.3.7 Statement7: | would like to be seen with solar panels onamelling

The objective of statement 7 is to find out to what extend social identity is a motivafiactar for people

to modify their behavior when it becomes visible to their social netwBikri(eto et al,2014) As can be

seen in Figurd8, 48.9% agreed, 28.8% were neutral and 22.3% of the respondents disagreed on this
statement. According to the overall results of the-shuare (Appendi¥l: Crosshbsstatementg, there

is a significant difference in the characteristgender andeducation. It can be noticed from Figut8

that males prefer to be seen with solar panels on their dwelling compared to females. Furthermore,

people with a lower educatio 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.

| would like to be seen with solar panels on my dwelling

Overall 22.3% 28.8% 48.9%
Male 17.4% 27.5% 55.0%
Female 29.3% 30.7% 40.0%
Secondary education IIIEEEEEEEEEE7 36.5% 30.2%
Higher education
Scientific education

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Disagree mNeutral mAgree

Figurel8 Statement 71 would like tdoe seen with solar panels on my dwelling
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6.3.8 Statement 81 wouldparticipate 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 che expected that respondents haveglbalidea 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
prosumer community (Appendix IV Crosstabsstatementy. Looking at the cksquare of the
characteristics, there is only a significant differencgander andeducation. As can be seenkigure 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 peagreed by 79.2% compared to 55.5% of
secondary educated people.

| would like to participate in a prosumer community

Overall

Male &%

Female

Secondary education IFCKZ NN
Higher education
Scientific education

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
m Disagree mNeutral mAgree

Figurel9 Statement 81 would like to participate in a prosumer community

6.3.9 Internal consistency reliability statements

Regardinghese eight different statemerts, the internal consistency reliabiliy N2 y 6 I OKiag | £ LIK |
been considered. According tGliem and Glienf2003) acoefficientof >.80 indicates a high reliability,
coefficients<.50 indicate insufficient reliabijfitand a scale with aoefficientof >.70 is considered as

reliable. In Tablel9, § KS 2dziLddzi 2F GKS / NRyolOKQa ! fLKIF 0287
/ NPy 6 I O KsCegual tod. 11K which means that 71 percent of the variability in a compositere

by combining the eight statements, is considered as internal consistent reliable.

Table19 Cronbach's Alpha coefficient
Reliability Statistics
Cronbach's Cronbach's Alpha Based
Alpha 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 Tal®@, which are also visualized in Figurésatd 21. In these figures, the
positive andnegative coefficients are presenteas well astheir significance levels. Looking at the
goodness of fit, the MNL model hasied C I R If8-sfi@age of 0.095 and is moderate in explaining the
model. The complete results and output of the NLogit analysis can be found in Appéltddata analysis.

6.4.1 Results MNL model analysis

Before explaining the results of each attribute for both alternatives, the consteetisto be explained.

As can be seen ihable20, 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 modetinede analyzed.

Financial consequences

According to the results of the MNL model (Ta2®¥ 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 ahe 1% level. As can be seen, the coefficient for the first lesvpbsitive 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 panel®TES systenand is significant for 1%. The negative value of the sum of both
coefficient representghe utility of the third level, which i€.813 level for the level financial consequences

of investing in solar panelBTES systemnd inrhome battery. This coefficient represents the reference
category and is very likely to be significant. The coefitsiin 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 noticedsthat mo
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 atitét¥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 regative coefficient, but is not significant. Looking at the third level that represents the reference
category, the coefficient i€).243 and is very likely significant. This indicates a no preference for financial
outsourcingof the energy efficient implmentations of solar panel®TES systermnd inrhome 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 agercent 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 pearent 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 partigbation) has a negative coefficient-@®.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 theighborhood is being involved. Furthermore,

the coefficient for 50 percent participation is not significant, which means that there is almost no
differencefor this attribute level. The coefficient of the third level that represents the reference cagegor

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 p@ogdeision.

Control of appliances

In the attribute cantrol 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 thatithés a slight preference for serautomatic control of
appliances, but the coefficient of 0.104 is not significant. In the third level that represents the reference
category, the negative coefficient €.379 is very likely significant and indicates thedple 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 levebstive 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 0f-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 MNiodel, the attribute organizational participation for the alternative own
initiative shows a negative coefficient-@ 246 with a significance at 1% level in the first level (active role).
This means that people do not prefer to perform an active orgaioizal role by for example being a
member of the boaraf a prosumer community. The second level, whitaticatesa minor organizational

role, hasa slight positive coefficient of 0.172, but is not significant according to the MNL model. The
coefficient ofthe 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 Iéaetive 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 peopleochot prefer to be involved in organizational activities.
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Table20 Results MNL

Attribute Coefficient MNL

Constant
Constant 1
Constant 2

Alternative own initiative

Solar panels

Solar panels anBTES system
Solar panelsBTESystem battery
25 percent participation

50 percent participation

75 percent participation

Own control

SemiAutomatic controlled
Automatic controlled

Active role (4 hours / month)
Minor participation (2 hours / month)
Passive role (@ hours / month)

Alternative outsourcing

Solar panels

Solar panels anBTES system
Solar panelBTESystem battery
25 percent participation

50 percent participation

75 percent participation

Own control

SemiAutomatic controlled
Automatic controlled

Active role (4 hours / month)
Minor participation(2 hours / month)
Passive role (@ hours / month)

0.006
-0.061

1.130***
-0.317***
-0.813
-0.089
-0.039
0.128
0.275***
0.104
-0.379
-0.246***
0.172
0.074

0.267***
-0.024
-0.243
-0.199*
0.030
0.169
0.215*
0.018
-0.233
-0.196*
0.096
0.100
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6.5 LATENT CLASS MODEL ANALYSIS

The latent class model analysigsimatedto discover classesf respondentsBy executing a laterdiass

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 haveetsame environmental conscious attitudéhe latent class model
analysis i®stimatedin NLogit.

6.5.1 Results

In Table21, 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 fitthi base model. In the conventional MNL model,

the constans 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 befgeelass 1, the constant coéffent

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 alternativds -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 m@&l&338.895, which is much higher

than the MNL model. This results in a fbguare value of 0.264. According to the goodreiét rule, the

two class model performs rather well.

Results Class 1

The results of enthusiasts of the alternative own initiatare shown in Tab®l. 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 communigsectimel level

of the financial consequences attribute shows a slight negative coefficient, but is not significant. The
coefficient of the reference category is negative #8923, 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 signifiearthe 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 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 coefficiensfor the alternative outsourcing of class 1 asoshown in Tabl21. As carbe seen, there

are no significant attribute levels in the attributes financial consequences and community involyement
which means that the respondents have no preference for a particular. IEuethermore, the coefficient

for own control of appliances &332 and is significant at the 10% level. In addition, the automatic control
level contains a negative coefficient-@ 375, which is very likely to be significant. There seems to be a
pattern in which people prefer to control their appliances by theim instead of automatically. Finally,
regardingthe attribute organizational participations there is a slight preference for an activeimole
participating in a prosumer community, but this level is not significant. However, the coefficient of the
third level, that contributes the reference category-@&294. This coefficient is probably significand

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

Table21 shows the results of clagsthat 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 secondlilegbghtly 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
consegiences of implementing solar panels instead of implementing solar p&iEEsS systeand an in

home battery by participating in a prosumer community. Secondly, the third level of the attribute
community involvement represents the reference categading coefficient is positivg0.572 and is very

likely to be significant. The 25 and 50 percent participation $auel not significant-orthe third attribute

that concernghe control of appliances, the coefficiefur the first level is positiv€0.487) and significant

at the 5% level. In additiorigr the third level that represents the reference category, the coefficient is
negative (-0.539 and is likely to be significant. This means people in class 2 prefer to control their
appliances by their own instel 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 perforimer qparticipation 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 notet 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 significzking at the third
category that represents the reference category, the coefficient is neg&thve42 and very likely to be
significant. In the second attribute that contributes the community involvement, the 25 percent and 50
percent participationlevel 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 negatie0.033. It was expeted 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 participatinig a prosumer community. The coefficiefdr 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 performingctive role by
outsourcing the activities is not preferred by people in class 2.
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Table21 Results LCM classes

Attribute Coefficients latent class 1 Coefficient latent class 2
(enthusiasts) (conservatives)
N perclass 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 anBTES system -0.129 -0.618
Solar panelsBTES systenbattery -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**
SemiAutomatic 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 @ hours / month) 0.169 -0.154
Alternative outsourcing
Solar panels 0.007 1.137***
Solar panels anBTESystem -0.002 -0.195
Solar panelsBTESystem 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*
SemiAutomatic controlled 0.043 -0.036
Automatic controlled -0.375 -0.373
Active role (4 hours ionth) 0.217 -0.483**
Minor participation (2 hours / month) 0.077 0.368*
Passive role (@ 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 bEbavior.
each respondentNLogitprovides the probability therespondent belongs to class 1 or classT2e
respondent can bessigned to thelasswith the highest pobability. Subsequently, the class membership
can be addedto the database includinghe sociedemographic characteristics and environmental
consciousness. As a result, 109 respondents are assigned to class 1 and 75 respondents are assigned to
clas 2.The next step is to gain more information of thedasses based on thesocicdemographic
characteristics and environmental consciousndsdg objective is to find out whether there is a relation
between the variables and the cluster membership.test whetherthese variable®f the classesre
independent of each othergross tabs arebtained in SPSSGiventhese crosstals, the chisquare is
determined to examine if the differences are significakd. a result, Table 22 and Table 23 presents the
output of the cross tabsThe complete output of the cross tabs can be found in Appenidlix V

Table22 includesthe crosstab output ofhe personal characteristics of the respondents in each chsss.
a result,the variablesage, education, property ownship and innovatioradaptation are significant
different. Based on thesignificant variabledifferences betweernhe sociodemographic characteristics
of the two classes can beonsideredand described as follows

Class 1 (enthusiasts)

In class 1the age category consist of most people that are between 21 4énhglearsand arehigher
educated compared to classRurthermore people inclass 1 on average own their dwelling, but the share
of renters is higher compared to classFhally, people asgigtheir self on average more as innovators,
early adopters or early majority.

Class 2 (conservatives)

In clas2, the age category consist of most peotiiat areolder than40 yearscompared to the averages

of the levels and & lower educatedhan classl. Moreover,peoplein 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 adate majorityor laggards.
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Table22 Socio demographic characteristics of LCM classes

Attribute Attribute level Frequency % Frequency| % Frequency % Chi
sample sample Class 1 Class1 Class?2 Class 2 | 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**
311040 years 37 20.1% 25 22.%% 12 16.0%
41 to 50years 35 19.0% 18 16.5% 17 22.7%
> P years 52 28.3% 24 22.1% 28 37.3%
Education Secondary vocational 63 34.2% 30 27.5% 33 44.0% .046+*
education
Higher professional 73 39.7% 50 459% 23 30.7%
education
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 City center 38 20.7% 24 22.0% 14 18.7% 576
neighborhood Outside center 54 29.3% 34 31.2% 20 26.7%
Village 92 50.0% 51 46.8% 41 54.7%
Property Property owner 135 73.4% 75 68.8% 60 80.0% .091*
ownership Property renter 49 26.6% 34 31.2% 15 20.0%
Innovation Innovators / early adopters 37 20.1% 27 24.8% 10 13.3% .020+*
adaptation Early majority 86 46.7% 54 495% 32 42.7%
Latemajority / laggards 61 33.2% 28 25.7% 33 44.0%
Household 1-person household 19 10.3% 12 11.0% 7 9.3% .942
composition  2-person household 81 44.0% 49 450% 32 42.7%
3-person household 34 18.5% 20 183% 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 chéquare, most statements are significant different from each other. According to the
results, multiple conclusionsan 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 thakepieogass 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 lookag 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 people in class 2. The statements that are not
significant different arghe statemens 1, 2 and 4. According to these results, both classes aanéde
indicate that they areaware of the global climate issue. Overall, it can be concluded that peoples# cla

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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Table23 Environmental statements of LCM classes

Statement Attribute Frequency| % Frequency % Frequency % Chi
level sample sample Class 1 Class 1 Class 2 Class 2 square

Statement 1 Agree 141 76.6% 82 75.2% 59 78.7% .753

| am worried about global Neutral 29 15.8% 19 17.4% 10 13.3%

warming Disagree 14 76% 8 7.3% 6 8.0%

Statement 2 Agree 151 82.1% 89 81.7% 62 82.7% .504
The majority of the population is Neutral 24 13.0% 16 14.7% 8 10.7%

not acting environmental Disagree 9 49% 4 3.7% 5 6.7%

conscious

Statement 3 Agree 96 52.2% 65 59.6% 31 41.3% 019+
| am prepared to pay more for  Neutral 60 32.6% 33 30.3% 27 36.0%
environmental friendly Disagree 28 15.2% 11 10.1% 17 22.7%

measures

Statement 4 Agree 156 84.8% 94 86.2% 62 82.7% .636
The government should take  Neutral 23 125% 13 11.9% 10 13.3%

moreaction against the climate pjsagree 5 2.7% 2 1.8% 3 4.0%

problem

Statement 5 Agree 101 549% 72 66.1% 29 38.7% .000+**
I would like to be more Neutral 51 27.7% 26 23.9% 25 33.3%
independent of large energy  pisagree 32 17.4% 11 10.1% 21 28.0%

providers

Statement 6 Agree 145 78.8% 97 89.0% 48 64.0% .000**
I am willing to adopt a more Neutral 35 19.0% 11 10.1% 24 32.0%
environmental friendly lifestyle Disagree 4 2.204 1 0.9% 3 4.0%

Statement 7 Agree 90 489% 68 62.4% 22 29.3% .000+**
I would like to be seen with sola Neutral 53 18.8% 33 30.3% 20 26.7%

panels on my dwelling Disagree 41 223% 8 7.3% 33 44.0%

Statement 8 Agree 124 67.4% 86 78.9% 38 42.6% .000+*
| would participate in a Neutral 42 22.8% 21 19.3% 21 28.0%
prosumercommunity Disagree 18 98% 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 wasscribes by three aspecisitial investment, financial savings

per year and payback time / contract tim8y means of an additiongluestion insightwas gainedwhich
FAYIEYOAL T | &L)SwdiedhaseddeRedpdhdeits wark allbvedto selenultiple aspects

The question was defined as follow:2 KA OK 2F GKS FaLlSOoGa 2fenfahiyl y OA I §

your choice? (multiple choices are possible)
Investmentinplementations (solar panelBTES systerm-home battery
Financial savings per year
Payback/contracting period
b2yS 2F (KS&aS¢

To determine the important financial decisi 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 consequencés.the choice experiment, three wibute 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 systenhame inattery (level 3)From these
results, the frequencies in which people choose for investment implementations, financial savings per
year etc.areconsideredIn Figure22, the resuls of the multiple financial aspect®r the alternative own
initiative are presented. Accondlj to the results, multiple conclusions can be drawn. First, the lower
investment costs of level 1isoreinfluential for the decision of respondents compared to leand 3.
Furthermore, financial savings per year were found important for all attetbenek. It can be concluded

that this is the most important aspedt y  LJSdedisors IAaieover, the short payback period of level 1
LR AAGA DSt & AyTi dzSHeIénB payback péfricl @filevek 3 antliss l&s® ffefuently
mentioned Finally on average, for a small number of respondents, @ene of thes®option was
selected. This means that people considered a different decisive factor rather than the attribute levels.

Alternative own initiative

Investment (level 1) . >/60 |
Financial savings (level 1) L4140 |
Payback period (level 1) 4/ 10; |
None of these (level 1) ms——— N © |
Investment (level 2) . 8°4% |
Financial savings (level 2) 30600 |
Payback period (level 2) - e0R0L ]
None of these (level 2) 9% |
Investment (level 3) 8450 |
Financial savings (level 3) Y 7 0
Payback period (level 3) I A1
None of these (level 3) . 8°-0 |

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

Important ® Not important
Figure22 Financial consequence aspegtsn initiative
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In Figure23, the results of the attribute levels for the alternative outsourcing are presented. As can be

seen, the outsourcing of the initial investment is foraddfibute levelsthe mostdecisiveaspecth y LIS 2 LX SQa
decision to choose fothe alternative outsourcing. Furthermore, the small financial savings that are
obtained do not havenuchS F ¥ SOG 2y L1LIS2LJ) SQ&d RSOAAA2Y D a2NB2OSND
preferred than for level 2 and 3. This can be attributed to the shontract period inthe case of level 1

comparedo the other levels. Finally, it can be concluded that the shakdmpreferencéior the financial
consequences aspects in all levels is relatively small.

Alternative outsourcing

Investment (level 1) 52.4%
Financial savings (level 1) 85.3%
Contract period (level 1) 62./%
None of these (level 1) 86.1%
Investment (level 2) 48.1%
Financial savings (level 2) (2.(%
Contract period (level 2) 79.2%
None of these (level 2) 85.8%
Investment (level 3) 39.1%
Financial savings (level 3) 7(6.7/%

Contract period (level 3) 86.2%

None of these (level 3) 87.1%
0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%
Important m Not important

Figure23 Financiaktonsequence aspeabsitsourcing

In Figure24, the aspects of the financial consequences of the alternative none of these are presented. As

can be seen, it appears that the payback / contracting periodoee RS OA A A @S Ay thds2 L)X SQa
the othertw2 | ALISOGad | 26SOSNE (KS Wy2yS which méarsShatS Q 6| &
people considered a different decisive factor rather than financialattribute levels.

None of these

Investment - 818% |
Financial savings 88200
Payback / Contract period - /25°% |

None of these 4,40 |
0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

Important m Not important

Figure24 Financial consequence aspeatse of threse
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6.7 CONCLUSION

This chapterfocused on the choice behavior of individuals to find out which attributes were decisive in

LIS2 L)X SQ&d RSOA&A2Y (G2 LI NIAOALI GS Ay I|inNMaNRoasdzy SN O2
After two weeks of data collectionl84 respondentsfinished the questionnaire complely. In this

chapter, the output of the questionnaire is analyzed according to different statistical approaches. First,

the samplewas described and compared to the Dutch populatiOnly thed | Y LI $i& distriBudiof

appeared to beepresentative to the Dutch population.

In the second part of the analysis, the results of the eight environmental statements were combined with
the socialdemographic characteristics of the respondentsnigans ofcrosstabs. On average, it can be
concluded that the majority of the sample agreed on all statements, which means that the samaple ha
environmental conscious attitude. However, people between 31 and 50 yeasare higher educated

or have an income alve 25.000 euro are more prepared to pay more for environmental friendly
measures thaitheir counterparts Furthermore, itappearsthat 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 choidata wasanalyed Tle stated choice experiment
F20dzaaSa 2y OK2A0S O0SKI@A2NI 2F AYRAGARdAzZ- ta (2 FAY
participate in a prosumer communitfirst the multinomial logit modelvas applied to the full sample
According to the rsults, 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 consequencespténmenting solar panel8TES
systemand inrhome battery. Secondlyor 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 patern 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 25gent of the neighborhood is being involved.
However, for both alternatives, the 75 participation levegbiisferred

In the final part of the analysis, the latent class mddeisedto discoverclusters of respondents the
sample The clusters of @tividuals sharesimilar choice behaviorAccording to tis model, two classes
could be foundin which in class 1 (109 respondents) the constafior the two main alternativeare
positive and in class 2 (75 respondents) the constanénegative. Firstni 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 pRNEIS,systeand inhome
battery. However, class 2 significantly pregeimplementing solar panels by outsourcing the activities.
Furthermore, for both classe#,can be concluded that there is a significant preference for own control
of appliances instead of automatic control. Focusing anattribute 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 involvementhghe
activities of participating a prosumer community are outsourced.
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Furthermore, to gain more insight in the two classes, the sdeimographic characteristics ahdS 2 LJX S Q&
choice behavior regarding the environmental statementsexamined for both kassesTo test whether

two attributes of the classeare independent of each othecross tabs are executed in SPGienthese
crosstals, the chisquare is determined to examine if the differences are significant. As a thaspcio
demographic chacteristics age, education, property ownership and innovati@daptation are
significant different. For thenvironmental statementsthe classeare significant differenin five of the

eight statementsAccording to theeresults, 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 questomcerningthe financial casequences,

Ydzt GALIX S O2yOf dzaAz2yad OFYy 6S RNIgyd CANRBGE AlG Oly ¢
decision is mainly based on the financial savings per year. In addition, people prefer a lower initial
investment and a short paybagieriod. Secondly, when people choose for the alternative outsourcing,

the2 dzi a2 dzZNOAYy3I 2F GKS AyAGAlIt Ay@SadaySyida asSSvya (2
savings that can be obtained per year appears to bevaoy influential. Furtlermore, when people

choose for the alternative none of these, their decision is mainly baseliffenent decisive fact@rather

than the attribute levels.
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7/ CONCLUSION

This thesis conceptualizesprosumer community as a potential development in theanbing 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 decis motivations of individualgivensocicdemographic characteristics. With

this background, the scientific and social releveonclusionsan be drawnFor the scientific relevance,

the four sub questions are explained that contribute to thmain questim. Furthermore,
recommendations for future researchnd for stakeholdersin this field are provided. Finally, the
recommendations are discussed, based onlimétations of this project.

7.1 SCIENTIFIC RELEVANCE

This study mainly contributes to the knowledgfantegration and community engagementiocal energy
initiatives as prosumer communities. The existing literatuesreviewedto identify the most important
factors that influences energy curtailment and investment behaviiven socicdemographic
characteristics. However, less research is conducted on howkiius/ledgecan 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 decisiativationsof 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 decentralizednergygeneration in the built environment.

SQ1What arethe 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 theutbh government, the concept of a prosumer
community include energy efficient implementations that are not powered by gas, but axdattic to
provide the heating, cooling and electricity demand. With these means, the usage of fossil energy is
decreagd and a larger share of renewable energy sources is obtained. Foertbgy efficient
implementations at the technical levedssumptionsare made regarding a prosumer community, both at

the individual and collective level based on a high energetic pedoce, 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, anindividual closedoop 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 dwellingThe objective of a prosumer commupiis to maintain the energy
generated as much as possible in the commurBty implementing demand side managemenoftware

in a prosumer community, th@roduction and consumptionof energy in the neighborhood can be
managed. WWen there is an excess of ey, 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 energysurplus This reduceshe need forimporting energy from the main energy gridowever, a
complete independency from the main energy grid is not achievable, because of seasonal fluctirations.
conclusion, the concept of a prosumer community described in this research adds a new elaboration to
the existing literature in being fulllectric poweredto providethe heating, cooling and electricity demand

that also meets the ambition of the Dutch government.
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SQ2To what extent can a prosumer community be financially optimized?

To gain a complete overview of all aspects for realizipgpaumer 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 &gy 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 outsourcin
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 consequencefnancial 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 savingsin 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 findgpdesdsible compared to a dwelling based on

the current EPC 0.4 requirements. All in all, when deciding to invest in dmglgetic efficiency
implementations for future dwellings, the pmnvironmental attitude and the willingness to generate
renewable energy t®ould be more a decisive motivation for individuals to participate in a prosumer
community than looking at the financial feasibility.

SQ3What are the decisive motivational factors for people to participate in a prosumer community?
Accordingtothelitdr G dzZNB NB @A Sg> O2y adzYSNAQ O0SKF@A2NI Aa RSLIS
conseguences, peer pressure and social identity. In this research, a stated choice experiment is executed
in which a questionnaire is distributed. In this questionnairey &ilternatives argepeatedlypresented

to the respondents: own initiative or outsourcing of the energy efficient implementations. According to
the results, multiple conclusions regarding peddldecisive 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 largéahinvestment that resultin reasonable financial
savings each year, but have a longer payback period / contract duration. Sedbnédty be concluded

that there is a significant preference in both alternatives for own control of appliances instead
automatic control. According to this resulhg level of comfort in controlling appliances is found to be an
important decisive motivational factoiThirdly, for both alternatives, there is a pattern in which people

do not prefer to be involved in org&ational 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 coedukat people are leswilling 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 isrptefer
Community involvemenis therefore found as a decisive motivational factor.
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SQ4To what extents the willingness dbutchcitizens to participate in a prosumer communiitffluenced

by decisive motivational factors?

When considering the influence of decisive motivatiofaaitors 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 identifiedtfa 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 claseakibe identified. In class 1, people are more
willing to participate in a prosumer community ancefer 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 theiloowatsource

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 pentgoarticipation 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 enthasidgtsople in class 2 as
more conservative. To answer SQ4, the willingness of local citizens that is influenced by decisive
motivational factords divided in two clusters that differ in termsthf sociedemographic characteristics

and environmental corggous attitude of the individual. By examining the choice behavior of both classes
on the environmental statements, it can be concluded that people in classefins tohave a more
environmental conscious attitude than class 2, which is in line with thdteesf 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 clice 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
energysaving behavior. However, the extent of willingness to participate in a preswommunity 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 involvemerih organiational activities. Furthermore, it is of importance to focus on people based
on their sociedemographic characteristics and environmental conscious attitt#gardinghe socio
demographic characteristicpeoplebetween21 and40 yearsthat are higher elucated who owntheir
dwelling and assign their self on average more as innovators, early adopters or early ntgoribg
identified as enthusiagtto participate in a prosumer community. Moreover, based on the environmental
statements, people thatare willing to pay more for environmental friendly measures, preferbe
independent from large energy providers, willing to adopt a more environmental friendly lifestyle and
prefer to be seen with solar panels on the dwelling amere willing to participatein a prosumer
community. All in all, the extent of Dutch citizens to participate in a prosumer community is dependent
on peopléd importance level of decisive motivational factors, saf@onographic characteristics and
environmental conscious attitude.
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7.2 SOCIETAL RELEVANCE
By focusing on the current policy regarding the encouragement of energy efficient measures by inglividual
by the Dutch governmentnergy 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 integrhtiesentralized generation

in the built environment like prosumer communities can be a potential solution for Dutch cities to become
energyneutral. All in all, it seems that Dutch citizens have on average-apviwonmentalattitude, which

results in hat 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, tiesipport from
individualsto participate in a prosumer community. With tHisickground, 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 satdmographic characteristics are considered.
Espedlly, 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 sociedemographic characteristics. To corudy for the realization of a prosumer community,
enthusiasts need to be identified and encouraged as initiators in setjingr participating in a prosumer
community. Furthermore, the Dutch government should financially support niugh energetic
efficiencyalternatives likeborehole thermal energy storaggystemsand inhome batterieso 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 forraltiveswithout gas demand. Therefore, the general
advice to increase the support of people to participate in a prosumer communityeléatric powered
energy efficienimplementationsneed to be encouraged by financial incentives.

7.3 DISCUSSION AND REMEMDATIONS

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 resedicét, it is recommended to provide

a more detailed technical elabotian of a prosumer communityThis research onlfpocusses on how
different energy efficient implementations can be applied, but not how multiple households can be
interconnected at thedetailedtechnical level. Therefore, research should be conducted om $rmart

grids can be designed in whidkcentralized produced energy canlwetter distributedin the community.

In addition, further research should be obtained regarding the technical execution of demand side
management software that regulates the enengwduction and consumptiorin the current literature,

it is not clear what the effect is of demand side management software on households and what net
benefitscan be obtainedy a prosumer communityMoreover, tis 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 o$olar panelsFurthermore, no research is available on howhame
batteries can be implemented at multiple dwellings. Furtressearch can be executed on tpetential of
in-home batteriesn the Netherlandss KSy (G KS Wal f RSNByQ LRfAde Aa |

Secondlyamore detailed researcbn the commercial benefitsf realizing prosumer communishould

be conducted. In this thesig, hypothetical situation for an individual dwellingaissumed However, for

a moreelaboratedbusiness case, the technical elaboration should be more detailed at the community
level.In this business case, scenarios should be sketchdideoeffect ofenergyprice expectations, scale
benefitsof collective investmentshould be determinednd commercial net benefits should be calculated
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by energy selling to other dwellings in the grich addition, in future research the financial benefits
regarding theattribute levels of control of appliances can be determined, which might have a positive
Ay Tt dzZSyO0S 2y LIS 2thihésedor ab KiBomaiS corirdrérthetnio® Mbearch can be
conducted on the potential for Energy Service Companies tsinnehese 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 financiaihi all have a
negative infuence on the decision behavior of individuals

Finally, recommendations can be provided according to the limitations of the stated choice experimen
The sampledoes not representhe Dutch population. Therefore, it is recommended tlaatargerand

more representativesample $ involved Furthermore,according to the resultghe attribute levels that
containsa borehole thermal energy storaggystem and ishome battery have a negativiefluence on

LIS2 L) SQa OK2A0S 06SKI @A 2 NXnot orfyAbe attybBtad: td Ahe $nanaial F £ dzSy
conseqguences, but can arise fromlagk of knowledge opotential benefits.Therefore, the research is
limited on the question iflack of knowledge is a decisive motivational factorLi6 2 LXieS<ba.
Moreover, futher research on decisive motivational factors is necessary that focusses on people that
already live incollective energy initiativeThese results can be compared to the conclusions of this
research in which it can be examined if the choice behaviocaues and the socidemographic
characteristicgorrespond Finallya more indepth 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 beoming energy neutral, the late majority and the laggards should also be included.
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APPENDIX Financial analgs

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
Bare energy costs| [euro] €0.170 | €0.175 |e ndle ndle nd €019 |e ndle ndle nde nd €0227 [ €023l |e n b €0.238
[Relative 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%
increase in %
Energytax [euro] € nod €0054|e¢ ndle ndPle ndble ndble nPe0062|ec nde nde nde nd e nd €0.070
[Relative 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%
increase in %6
Sustainable [euro] € n®dl €002l ¢ ndle ndle ndle ndle nde ndbe nde ndle ndle nd e nd e€0.030
energy storage
[Relative 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%
increase in %6
Total [euro] € ndle ndbe nod e nle ndle ndle ndle ndle ndle ndle ndle nde nde nod
[Relative 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%
increase in %]
1.1 Energy price expectations
2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048
€0.241 | €0.241 | €0.236 | €0.231 | €0.224 | €0.217 | €0.207 | €0.196 | €0.184 | €0.175 | €0.168 | € 0.163 | € 0.158 | € 0.155 | €0.154 | € 0.154 | € 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%
€0.071 | €0.072 | €0.074 | €0.075 | €0.077 | €0.078 | €0.080 | €0.082 | €0.083 | €0.085 | €0.087 | €0.088 | € 0.090 | €0.092 | €0.094 | € 0.096 | € 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%
€0.030 | €0.031 | €0.031 | €0.032 | €0.033 | €0.033 | €0.034 | €0.035 | €0.035 | €0.036 | €0.037 | €0.038 | €0.038 | €0.039 | €0.040 | €0.041 | €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%
€ ndle ndle ndle ndle ndle ndle ndPle ndPle ndle nde ndle ndle ndle ndle ndPle ndle nod
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%




2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Bare energy costs| [euro] € ndle ndle ndle ndble nde0305 | ndle ndle ndle ndle nde ndle ndle no
[Relative 250% | 250% | 250% |4.20% |4.20% | 4.20% | 4.20% | 4.20% | 4.20% | 4.20% | 4.20% | 4.20% | 4.20% | 2.50%
increase in %o

Energy tax [euro] € nNdle ndle ndle ndle nde ndle ndle ndle ndle ndle nde ndle ndle no
[Relative 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%
increase in %

Sustainable [euro] € ndle ndle ndle ndle ndle ndle ndle ndPle ndle ndle nde ndle ndle nob

energy storage
[Relative 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%
increase in %

Total [euro] € ndle ndle nde ndle ndle ndle ndPle ndPle ndle ndle nde ndle ndle nob
[Relative 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%
increase in %]

2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048
€ ndle ndle ndle ndle ndle ndle nde ndle ndle ndle ndle ndle ndle ndle ndle ndle nobd
250% | 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%
€ ndle ndle ndle ndle ndle ndle ndle ndle ndle ndle ndle ndle ndle ndle ndle nde nobd
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%
€ ndle ndle ndle ndle ndle ndble ndle ndle ndle ndle ndle ndle ndle ndle ndle ndle nobd
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%
€ ndle ndPle nPle ndPle nde nde ndle ndle ndPle MPe MPe MPe MDPe MPe MPe MPe MOD
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%
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Scenario 1: EPC 0.4

Energy demand EPC 0.4
1.A. ENERGY DEMAND

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 buildingelated [kWh/year] 2,985.00 2,985.00
PV installation total [kWh/year] -3,740.00 -3,740.00
PV installation indirect usadéeedin fee) [kWh/year] - 2,618.00
Total electricity demand [kWh/year] 208 2,826

Gross margin EPC 0.4

» » - A .

Energy costs

Bare energy costs (electricity) [eurolyear] € op®d®no|e pwmadT
Energy taxXelectricity) [eurolyear] €E MNOPT| € Mpy PN
Sustainable energy storagelectricity) [eurolyear] € odTn € CT ODHT
Total electricity [eurolyear] € pnd®mn| e TOC DI
Gas commodity [eurolyear] € MTp®Pc|le mynaog
Energy tax (gas) [eurolyear] € MTYy®PM € HANNPH
Sustainable energy storage (gas) [eurol/year] € MPPpo| e HNDNGQ
Total Gas [eurol/year] € oT0dPOo| € nny dy
Total purchasing costs [euro/year] € NHO®ple mMZMNOnN
Revenues

Feedin fee [eurol/year] - € nmnog
Gross margin [kWh/year] € -423.53 €-734.42
Operating expenses EPC 0.4

1.C. OPERATING EXPENSES | Unit | 2018

Maintenance

Gas boiler [euro/year] € Manon

Cooling machine [euro/year] € MHANON

Inverter [euro/year] € -

PV panels [euro/year] € pndnn

Network operator costs

Electricity network [euro/year] € MpnoT




Gas network [euro/year] € MMy OMm
Total operating expenses [eurolyear] € pnHODY
Investment costs EPC 0.4

1.D. INVESTMENTS Unit 2018

Initial investment (gas boiler) [euro/year] € 0XMpAN
Initial investment (cooling machine) [eurolyear] € MZXIHDPAN
Initial investment (inverter) [euro/year] € cynon
Initial investment (PV panels) [eurolyear] € nxXnnn
Total initial investment [eurolyear] € dInyn

Scenario 2: BENG
Energy demand BENG

2018

1.A. ENERGY DEMAND Unit

wal f RSNJ

Gas m3 space heating [m3/year] - -
Gas m3 hot tap water [m3/year] - -
Total gas demand [m3lyear] - -
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 buildingelated [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

B R PURCHA 018 020

Energy costs
Bare energy costs (electricity) [eurol/year] € HOT®POo| € THND(
Energy taxXelectricity) [eurol/year] € TO®PN | € HHND
Sustainable energy storadelectricity) [eurolyear] € Hp®Pny|le cpdnd
Total electricity [euro/year] € oopPpl e mInnm
Gas commodity [eurolyear] € - € -
Energy tax (gas) [euro/year] € - € -
Sustainable energy storage (gas) [euro/year] € - € -
Total Gas [eurolyear] € - € -
Total purchasing costs [eurol/year] € oopPpl e mInnm
Revenues
Feedin fee [eurolyear] - € nmMnaog

103



Gross margin

[kWh/year]

€-335.91

€ -634.34

Operatingexpenses BENG
1.C. OPERATING EXPENSES Unit

Maintenance

Heat pump [euro/year] € MMAnodn
Individual borehole [eurolyear] -

Inverter [euro/year] -

PV panels [eurolyear] € pndnn
Network operator costs

Electricity network [euro/year] € MpnoT
Gas network [eurol/year] -

Total operating expenses [euro/year] € oMnoPT
Investment costs BENG

1.D. INVESTMENTS | Unit | 2018

Initial investment (heat pump) [eurolyear] € pXpnn
Initial investment (individual borehole) [eurolyear] € MHZXZAN
Initial investment (inverter) [eurolyear] € cynon
Initial investment (PV panels) [eurolyear] € nxnnn
Total initial investment [euro/year] € HHZMY
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Scenario 3: Prosumer

Energy demand Prosumer
1.A. ENERGY DEMAND

2018

wal f RSNJ

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 hottap 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 buildingelated [kWh/year] 2,985.00 2,985.00
PV installation total [kWh/year] -3,740.00 -3,740.00
PV installatiorg own usage [kWh/year] -1,122.00 -1,122.00
PV installatiorg 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¢ own usage [kWh/year] -2,094.40 -2,094.40
In-home batteryc purchase community [kWh/year] -523.60 -523.60
Total electricity demand [kWh/year] 2,100 2,100

Gross margin Prosumer

B RAURCHA 018 020

Energy costs
Bare energy costs (electricity) [eurolyear] € OpPpTD®T| € oOoT Ppd(
Energy taxXelectricity) [eurol/year] € MMN®PT| € MMT P(
Sustainable energy storagelectricity) [eurol/year] € oTdyn| e pndni
Total electricity [euro/year] € pncdoj e pnT DI
Gas commodity [eurol/year] € - € -
Energy tax (gas) [eurol/year] € - € -
Sustainable energy storage (gas) [eurol/year] € - € -
Total Gas [eurol/year] € - € -
Total purchasing costs [euro/year] € pncdoj e pnT D
Revenues
Energy purchase community [eurolyear] €E MANNOP € MNPDPN
Gross margin [kWh/year] € -405.34 € -437.94
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Operating expenses Prosumer

1.C. OPERATINEXPENSES | Unit | 2018
Maintenance

Heat pump [eurolyear] € MMN DN
Individual borehole [eurolyear] -

Inverter [eurolyear] -

PV panels [euro/year] € pndnn
In-home battery [eurolyear] -

Network operator costs

Electricity network [euro/year] € MpnoT
Gas network [eurolyear] -

Total operating expenses [eurolyear] € omMnoT
Investment costs Prosumer

1.D. INVESTMENTS | Unit | 2018

Initial investment (heat pump) [eurolyear] € pXpnn
Initial investment (individuaborehole) [eurolyear] € MHZXZAN
Initial investment (inverter) [eurolyear] € cynon
Initial investment (PV panels) [eurolyear] € nxnnn
Initial investment (ikhome battery) [eurolyear] € pXnnn
Initial investment (ICT software) [eurolyear] € MXZnnan
Total initial investment [euro/year] € HYyZMYy
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Cashflow scenarios

CASHFLOW TOT# Year 3 Year 9 Year 10 Year 11
SCENARIOS

3 9 11
Scenarios 2018 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
EPC 0.4
Cashflow [eurolyear] € -9,080 € -966 €-996 €-1,299 €-1,352 €-1,404 €-1,453 €-1,503 €-1,549 €-1,596 €-1,644 €-1,771
Cashiow cum. [eurolyear] € -9,080 €-8,114 €-7,117 €-5,818 € -4,466 €-3,061 €-1,608 €-106 €-1,443 € 0Xn € nXc € cZXIn
BENG
Cashflow [eurolyear] €-22,180 €-651 €-670 €-962 €-1,000 €-1,040 €-1,076 €-1,114 €-1,149) €-1,184 €-1,220 €-1,334
Cashflow cum. [eurolyear] €-22,180 €-21,529 €-20,859 €-19,898 €-18,898 €-17,858 €-16,782 €-15668 €-14,519) €-13,335 €-12,115 €-10,780
PROSUMER
Cashflow [eurolyear] €-28,180 €-720 €-742 €-765 €-785 € -806 €-825 € -845 € -863) €-883 €-902 €-1,032
Cashflow cum. [eurolyear] €-28,180 €-27,460 €-26,718 €-25952 €-25,167 €-24,362 €-23537 €-22,692 €-21,828) €-20,946 €-20,044 €-19,011
SCENARIO
COMPARISON
BENG EPC 0.4 [eurolyear] €-13,100 € oOMC € OHC € OOT € OPH € OCpP € OTT € oydh € nAN € NMH € nNHN € norT

BENG EPC 0.4 cum. [eurolyear] €-13,100 €-12,784 €-12,458 €-12,120 €-11,768 €-11,403 €-11,027 €-10,638 €-10,238 €-9,826 €-9,402 € -8,965

Prosumer- EPC 0.4 [euro/lyear] €-19100 € HNnc € HpN € pon € pcT € pdpd € CHY € Ccpy € Ccyp € TMO € TnH € Todw
Prosumer EPC 0.4 cum [euro/year] €-19,100 €-18,854 €-18,599 ¢€-18,066 €-17,499 €-16,900 €-16,272 €-15,614 €-14,929 €-14,215 €-13,473 €-12,734

Prosumer- BENG [eurolyear] € -6,000 €-69 €-72 € M®PC € HMP € HOMN € HPM € HCOhp € HYyp € ONnNH € oMYy € OnNnH
Prosumer BENG cum. [eurolyear] € -6,000 € -6,069 €-6,142 €-5,945 €-5,730 € -5,496 € -5,245 €-4,976 €-4,691 € -4,389 €-4,071 €-3,769
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