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1 Introduction

1.1 Context

Theworld is increasinglyconcerne@boutclimatechangeandhigh carbondioxide emissionsresulting
from the useof fossil fuels andthe increasingdegradatiorof the naturalenvironment(IPCC, 2018)
Theenergysystemis particularlyimportantandhascontributedsignificantlyto globalwarming(IPCC,
2018) asglobal emissionsof greenhousgasedrom the sectorincreasedy 90% betweenl970 and
2011, mostly becausef providing electricity and heatby meansof fossil fuels basedpower stations
(IPCC,2018;United State€EnvironmentaProtectionAgency,2017) In EuropearUnion,energysector
is responsibleor 77.9% of all greenhous@asesemissiong EuropeanEnvironmentAgengy, 2019)
Althoughthe amountof carbondioxide andothergasesmittedby Europearlnionis decreasingear
by yearwith 24.4% reductionin 2014comparedo 1990 (EEA, 2016) the paceof this changeis not
fast enoughto preventthe unequivocalwarming of the climate (IPCC, 2018) Thereis a growing
urgencyto addessthe pressingchallengesTo decarbonizeéhe energysystemvariousmeasurefave
beenadoped,including: anincreasediseof renewablesnergygeneratiortechniquesthe application
of cleanfuel alternativescarboncaptureand storage the developmenbf smartgrids and ICT-based
solutions(Burke & Stephens2018;Koirala, Araghi, etal.,2018)

Sincetwentiethcentury the energysystemhasoperatedn a centralizedvay andhasbeendominated
by largeenergycompaniesellingthe electricityin long-termcontractgVerbong& Geels,2007) By
planningfar in advancetheenergycompaniesvereableto adjustthe supplyto thedemandf thelarge
industrial users.The differencein longterm plans and the actual demandfor the electricity was
balancedby meansof producingpowerfrom fossil fuels andinflexible or expensivenuclearenergy
producedby the big energycompaniesThe high marketconceltrationin the handsof a few market
playersdid notallow for perfectcompetitiondid not preventheincumbentdrom transferringhecosts
of theseactivities to the end consumersand continuouslyput the global climate at risk (Burke &
Stephens2018;REScoop.eu?2019)

Increasinglyhowever manycountries havepledgedto endfossil fuel basecelectricity generatbn and
rapidly implementwind and solar photovoltaicstechnologiegEU, 2018) The energytransitionhas
receivedincreasingpublic attentionand hasbegunto contribute to increasedawarenesamongthe
generalpopulation(Frederiks,Stenner& Hobman,2015;Rogers,Simmons,Convery,& Weaterall,
2012) Additionally, becausef decreasingostsof renewableg D - \abileiadou& Pdersen2015)
growing numberof citizensareableto investin the renewablegeneratiorand participatein the fight
againstclimatechanggHolstenkampk Kahla,2016;Middlemiss& Parrish,2010;Van Der Schoor&
Scholtens2015; Van SummerenWieczorek,& Verbong,2019) More and more citizenspurchase
renewableenergygeneratiorequipmentmainly photovoltaicspr purchaseystens facilitating flexible
useof energyin their housessuchasheatpumps,electricvehicles,andbatterieswith the aim to get
activelyinvolvedin the energytransition(Sajjad,Chicco,& Aziz, 2014;SossanKosek, Martinenas,
Marinelli, & Bindner,2013;vanderKlauw, 2017)

Theuseof renewableenergyis thusontheraise(Eurostat2019;Hamelink& Opdenakker2019;llieva,
Wang,& Rajasekharar2018;Koirala, Koliou, Friege,Hakvoort,& Herder,2016;Mengelkampetal.,
2018;Rogersetal., 2012)butis notwithoutits flaws. Somerenewableenergysourcesreintermittent,
with theyield varyingthroughoutthe dayandyear( B o s& P®udineh2016;Di SommaGraditi, &
Siarp, 2019; Hamelink& Opdenakker2019) Additionally, the currentstae of technologydoesnot
allowthestorageof energyat thedesiredscale(vanderKlauw, 2017) Forthesaeasonsit isimpossible
to assurahe sufficiencyof their supplyat any momentof time in away thatmeetshe demandBoatit,
SnapeMorris, Hamilton,& Darby, 2019) It is alsodifficult to balancethe supplyanddemandat any
givenpointin time.As aresult,thesupplyof energybecomesesscontrollable endangeringhestability
of the energysystemand the reliable supply of electricity to consumerqgEssakiappanShoubaki,
Koerner,Rees& Enslin,2017; G. Hoogsteen2017) The mostcritical elementto the stability of the
electricalsystemis the agingtransmissioranddistributiongrid infrastructurethat is currently under
increasingstrain from intermittentrenewableenergyand increasingelectricity consumption.These


https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/less-carbon-means-more-flexibility-recognizing-the-rise-of-new-resources-in-the-electricity-mix

trendsare worseningbottlenecksand congestionpoints in the energydelivery system,resultingin

highercostsandthreateningo increasdocal poweroutagegMcKinsey&Company2019) Preventing
oversizing of grids as well as rising costs of investmentsin storageinfrastructurerequiresthe
modificationof the demandpatterngfor electricityamongconsumergBremdal,Mathisen,& Degefa,
2018;DavarzaniPisica,& Taylor,2018;Goulden,Bedwell, RennickegglestoneRodden,& Spence,
2014) This createsa growing needfor flexibility in the use of energy(Bremdal, Olivella-Rosell,
Rajasekharar llieva, 2017;Lynchetal., 2016;Skytte,BergaentzleSoysal,& Olsen,2017)

Prosumerswho can both produce electricity with renewabletechnologiesand store it, provide
flexibility utilities andnetworkoperatorsCertaintechnologiesakeadvantag®f coordinatedsteering
of flexible devicesandincreasethe flexibility potentialin the grid. One suchexampleis the Virtual
Power Plant. Virtual Power Plants aggregatethe distributed generations,storage facilities and
dispatchabldoads,enablinglarge scaleenergytrading and leveragingthe potential of decentralised
energyresourcegPeikHerfeh, Seifi, & SheikhEl-Eslami, 2013) A Virtual Power Plant (VPP) is
definedas:fi Aortfolio of distributedenergyresourcesyhich areconnectedyy a controlsystenbased
on informationand communicationtechnology(ICT). The VPP actsasa singlevisible entity in the
powersystemjs alwaysgrid-tied andcanbeeitherstaticord y n a nffPlanickgdDe Vos, Belmans&
Delnooz,2015) Onthe otherhand(Gui & MacGill, 2018)defineit asfii T raggregatiorof a fleet of
controllablegeneratiorunits, storageunits, andloads,that are operatedo behavelike a (synthetic)
singlelarge powerp | a (Qui.&0MacGill, 2018) VPPsare especiallybeneficialfor corporations,
districts, neighborhoodsyillages and municipalities,due to the fact that it enableshemto operate
independenthfrom the externalmarketand cover importantpart (if not complete)of the electricity
demandby themselvesAdditionally, VPPs operateon a low voltage network, which as a result
significantly decreaseshe investmentand maintenancecostsof the grid (Rogerset al., 2012) The
incumbentauseflexibility of devicesin householddor the sakeof grid useoptimization,savingthe
operationakostsandreachinghigh revenuedrom the saleof the balancingserviceGui & MacGill,
2018;L o C nBe°rt, t & Rruckrer, 2017; NosratabadiHooshmand& Gholipour, 2017; Okpako,
Adamu,Rajamani& Pillai, 2017;0Okpako,RajamanjPillai, & Anuebunwa2016)

However,citizens start noticing the potential of their participationin balancingtheir demandto the
supplyof erergy andcriticize the lack of possibilitiesto participatein the biggermarket(FLEXCoop
etal., 2020) Acting alonehowever,individual prosumersare not ableto makea significant change.
Therefore,they try to join forcesto achievesufficient critical massto bring abouta larger change
(Koirala, van Oost, & van der Windt, 2018; Lynch et al., 2016; Seyfang,Hielscher,Hargreaves,
Martiskainen,& Smith,2014) Somecitizenscometogetherto be ableto jointly investin renewable
energyinstallations(Holstenkamp& Kahla,2016) improvethe efficiency of their energyuseaswell
asincreaseaheir autonomyfrom the centralizedenergysystem,increasdocal renewableenergyself-
sufficiencyor providetheflexibility neededo balancethe supplyanddemandof the energy(Helms,
Loock, & Bohnsack2016;McKenna,2018;Mengelkampetal., 2018;Petersa, 2018)

Up till now, therehavebeenmanywaysfor citizensto cooperatewith regardsto renewablesnergy
generatioranduse.In scientificliteraturethesecooperatiortypeshavemanynamesanddefinitions,all
of themreferringto slightly differentarrangementOneof the mostpopularforms of self-organizing
is the Local Energy Community, widely discussedn the EuropeanUnion in connectionwith the
adoptionof thet C | E&rengyPackagdorallE u r o p gEarapsadCommission2017) Participants
of Local EnergyCommunitiesaswell asotherenergycommunityprojectsalsowish to participatein
the energymarket,but they are mainly motivatedby a differentlogic thanthe utilities (Foxon,2013;
VanSummereretal.,2019) Theyaredrivenby adifferentsetof valuesratherthanjustmonetarygains.
Increasinglytheyhighlightthe needfor autonomyfrom the centralizedenergysystemgconcernsabout
theenvironmentandthewillingnessto achievesocialcohesionn avillage or acommunity(Okkonen
& Lehtonen,2016;R. W. SaundersGross,& Wade,2012; Seyfang,Park,& Smith,2013;S¢ s s er |,
D° r i&mRgtter,2017) Theyoperaten awaydifferentto thewell-establishe@ndstrongfirms present
in the currentenergysystem,on a completelydifferent scaleand are motivatedby different values.
Therefore, the communitiesare searchingor an alternativebusinessnodelthatwould allow themto
satisfythe needsof their membersand cooperatewith externalstakeholdersBy focusingon values
otherthanfinancialprofit, theenergycommunitieoffer adifferentway of organizingheenergysystem



(Hicks & Ison, 2018; Holstenkamp& Kabhla, 2016) They exerta pressureon the incumbentsand
advocatdor radicalchangeof the energysector,coupledwith arapid increaseof renewableenergyas
well as societalchangeqA. J. Wieczorek& Berkhout,2009) The energycommunitiesoffer new
emeging alternativesmportantto providelocationsfor learningprocesseand stimulatecreationof
socialnetwvorks supportingnnovationgGeels,2002)

Beingratherun-professionalindideologicallydriveninitiatives,eventhoughtheycarryapromiseof a
moredemocratienergysystemtheyarestill nascenaindrequiresupportfor developmenandmaking
their ways to the existing regime (Schot& Geels,2008) Such sociotechnicaldevelopmentsare
analysedy transitionstudies thathelpto understandhesedynamicsrom the perspectivef observing
the interactionsbetweenan incumbencyand alternatives The incumbentsystemis highly organized
andsupportedy establishedegulatoryframeworks networksof actorsandinfrastucture.In line with
thetransitionstudiesjt is advantageou® keeptheir powerandblockalternativesolutionsendangering
their securgposition in theenergysystemThesolutionstheyproposearereinforcingtechnologicabnd
institutional lock-in (Farla, Markard, Raven, & Coenen,2012) and any transformativeprocesses
towardssustainabilitytend to be path-dependentind last many decadesn spite of the fact that the
energytransitionrequiresrapid andradical actions(Farlaet al., 2012) . For this reasoncitizensare
concernedvith climatechangeanddissatisfiedby incumbentslowingdownthe energytransitionand
areincreasinglyinterestedn the alternativesolutionsthatare becomingattractivepromiseto not only
contributeto sustainifyingthe energy system,but also to radically transformit accordingto the
sustainabilityrequirements.

Theseexamplef citizenparticipationin climatemitigationactionareprominentin rural areaswhere
for manyyearsthe citizenshavebeeninstallingrenewableenergygeneratiorequipmentiKalkbrenner
& Ro0sen2016; Shamsuzzohasrant,& Clarke,2012;Yadoo& Cruickshank2010) On the other
hand theseactionshavebeenratherimited in urbanareasbecauséheirmembersnteractin adifferent
context. The urbancommunitiesare characterizedby lessstrongties betweerthe citizensandtendto

belesscollectively organizedandcohesivethantheir rural counterpart§Walker,2008) However the

energytransitionin urbanareads becomingmoreandmoreimportantbecausanincreasinghumber
of theworld populationlives in the citiesandthe urbanizatiorprocesss long-termandvery intersive

(Cheshire 1995),especiallyin Europe.Currently,urbancommunitiesaccountfor over 70% of global

energyrelated CO2 emissions(IPCC, 2018) Specifically, in the EuropeanUnion buildings are
responsibldor approximatelyd0% of energyconsumptiorand 36% of CO2 emissionsmakingthem

the single largestenergyconsumerin Europe (EuropeanCommission,2018) This impact can be

influencedby municipal governmentsvho havethe powerto affect energydemandand emissions
reductionsthroughlocal scale,longterm energysystemsplanningand policies (IPCC, 2018) Many

cities are putting togetherambitiousvisions abouthow to achievel00% sustainableenergy,energy
neutrality, zero carbonemissionor zeragimpactof their communities.They gatherpeoplewilling to

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

transformatiorof communitiesandneighbourhoodsThis bottomup movementanhavea significant
impact on the total energy usageas the residenial sectormakesup 31.3% of the global energy
consumption(IEA, 2017) In the EuropeanUnion this potentialis lower, but still quite significant.

Accordingto areportby DirectorateGeneralfor Climate Action, greenhousgasemissionsrom the

residentiaindcommerciabuilding sectorsn theyear2016accountedor aboutl1%of all emissions
from EU-28 countries(EuropearCommission2018)with no significantdecreasasince1990.

1.2 Problem Statement

It is assumedhatLocal EnergyCommunitiesarecontributorsto the changein the energysystem put
thereis no agreemento whatextentandin which way they shouldbe involved. On the otherhand,it
is certainthatto really countandmakea largeimpacton the energymarket,citizen energyinitiatives
mustnot only aggregte andorganisehemselvedut alsobein a positionto contendwith incumbent
players.They needto offer their memberghe possibility to satisfytheir diverse,often ideologically
driven,valuessuchaspreventiorof climatechangetacklingfuel povety or autonomyfrom incumbent
energyfirms onthe onehand.But ontheother,theyalsohaveto be bankableprojects.This meanghat



theeconomicvalueof theenegy communitiesshouldoffer afinancially viable valuepropositionto let
the communitiedo standa chancewith largeincumbents.

The variety of valuesby which the energyinitiatives are motivatedare not well explored,andwe do

not havea good undersandingof which needto be prioritized in the operationof the Local Energy
Communities.The economicvalue is often not the first priority that the community considers,as

aggregatiormostly occursto createa senseof social cohesion,or to becomeenergyindependent.
However, there is no agreementon how to calculatethe economicvalue of the Local Energy

Communitieswhich meanghattheseorganisationstruggleto provetheir financial viability.

Furthermorepeinga very recentphenomenonenergycommunity is not defined.Somedefinitionsin

literature are very loose and encompass plethoraof different characteristicspthersmore strictly
describewvhattypesof projectscanbecalledLocal EnergyCommunitiesThislack of agreementnakes
it difficult to decidewhich organisationgandsetupgyualify to be calledLocal EnergyCommunities.

Following this, theLocal EnergyC o0 mmu n role in theseBergysystemis not very clear,asthereis
no strategyor agreemendn whattypesof activitiestheyshoutl performandwhatservicegheyshould
offer internallyto theirmembersaswell asexternally to the surroundingactorsin the energysystemin
orderto setsolid organizationahndbusinessnodels Variouspilot projectshaveattemptedo propose
attracive businessnodels;howeverthey havebeenmostly basedon mechanismsot replicableon a
large scaleor restrictedby currentregulationin the EuropeanUnion. Confusionand institutional
barriers preventthem from establishinga replicable businessand organisationaimodel offering a
financially attractivealternativeto the currentway of organizingthe energysystem.Despitea harsh
environmentull of disablingincumbentsenergycommunitiesaimto avoid becominghatwhichthey
fight, insteadchoosihgto keeptheir valueswhilst becomingdfinancially sustainablendbankableThey
aretrying to find solutionswhich enablethemto becomean attractivepartnerfor cooperatiorto other
actorswithout whosesupportand effective cooperationthe energycommunitiescannotsucceedo
makea lastingradicalchangdn theenergysystem.

1.3 Research objective and research questions

This Master Thesisattemptsto addresscertaingapsin the literature on the energycommunitiesby

exploringthe valuesmotivating therr existenceand prioritizing them, by clarifying the definition of

Local EnergyCommunityaswell asby suggestingappropriateorganizationamodelsableto satisfy
their needs.In particular, this researchaims to quantify the economicvalue of the flexibility in

residentialenergyuseoffered by the communitiesoperatingin anurbancontext. This MasterThesis
will verify if aggregatiorof flexible devicesunderanenergycommunityyields substantiabconomic
benefitsor savingson electricity comparedo the setupin which householdslo not cooperateogether
in acommunity. The mainresearchyuestionthatthis thesisaimsto addresss:

How canvaluesof Local EnergyCommunitiede maximizedin the ongoingenergytransition?
1. How canLocal EnergyCommunty bedefined?

2. Whatvaluesdrive Local EnergyCommunitie® What are the mostimportantvaluesdriving
Local EnergyCommunitiesn Portugal?

3. WhateconomicvaluecanlLocal EnergyCommunitycreateto its membersandotheractorsin
residentiakector?

4. Whatsutable organizationamodelsfor the operationof the Local EnergyCommunitiescan
helprealizethe valuesandneedsf Local EnergyCommunities?

1.4 Scientific and societal relevance

Asfar asthescientificrelevances concernedthisresearctis particulaty relevantor transitionstudies.
Thereis alreadya lot known on sustainabldechnobgies (i.e. solar photovoltaicsand cleanvehicle
technologies)Geels,2002; Schot& Geels,2008;Verbong& Geels,2007) However,organizational
andbusinessnodelsallowing for theadoptionof the sustainabléechnologiedy broadsocietyremain



relatively unexploredThetheoryof i N eBusinessM o d e gropasedy Jonker(Jonker,2012)is not
widely usedby organisationsndcorporatego build businessnodelsandthereforeits useis anovelty

in the field of energy. This researchthereforeaddsto existing transition studiesby defining the
organizationaland businessmodels that combinethe 6 t y pgreeratle ¢ h n o With gsdcials 6
motivationsandvalues poweringthewillingnessto participatein the energytransition.

As for the societal relevanceof this study, it aimsto contributeto the currently debatedconceptof

energycommunitiesThe Thesiswill suggestn organizationaimodelfor communitiesthat strive to

establishthemselvesaindfind the way to surviveandbe financially viable in a contextfavourableto

largeincumbentsThe Thesiscanalsobe usedasa basisfor furtherresearctaimingto definehowthe
communitybasedenergyprovision could facilitate a systemwhich is ableto copewith the current
transitions,from grey to green,andfrom centralto decentral.This would benefitsocietysincethese
transitionsarehopedto greatlycontributeto a moresustainablenergysystem.

1.5 Research design

Thisresearcladoptsmixedmethodscombiningqualitativewith quantitativeresearchTo unpacksuch
anemergingconceptasLocal EnergyCommunitiesandtheir operatingprinciples,thereis a needfor
certainflexibility in theresearchDueto thefact thatthereis notmuchhistoricaldataonimplementation
of Local EnergyComnunitiesin urbansettingandthe organizaional modelsaregenerallynot publicly
available, the researchis qualitative in nature with a part of quantitative analysis. To build
understandingf Local EnergyCommunities this thesisadoptsan exploratoryresearchapproachlt
relieson reviewingavailableliteratureon the topic of Local EnergyCommunitiesand other energy
community initiatives and the values motivating their adivities. Next, it adoptsthe quantitative
approachusing data on the patternsof energyuse in the residential sector (collected by other
researchersjo calculatethe economicvalue of community energyprojectsusing the flexibility of
residentialloads.Additionally, it incorporateformal qualitativeapproachegShields& Rangarajan,
2013)by usingsemistructuredjualitativeinterviewsandsurveyswith experton energycommunities,
aswell asgatheringthe opinionsof membersof a particularcommunity,C o o p ®,rtorpriogtipe the
valueswithin the community.Becausef the novelty of the topic andthe dynamicenvironmenbf the
operationof energycommunitiesthis MasterThesisis exploratoryin natureand doesnot aim to be
exhaustivgM. Saunders1997) Basingon the currentstateof knowledgeon the energycommunity
projects this MasterThesisattemptgo drawa setof possiblestrategiegor Local EnergyCommunities
that can be adoptedby themin curmrent energysystem.Figure 1 below is a visual representatiorof
researcldesign
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Figure 1 A visualizationpresentingheresearchdesignoverview.

Themainresearchquestionandthefollowing sub-questionsSQ1, SQ2 SQ3andS4 area subjectto
the comprehensivditerature review, which is the main datacollection method.Scientific and nort
scientificsourcesvereanalysedor selecteckeywordsandcodified.

Theinsightsdrawnfrom theliteraturereviewfor the SQ2werecomplematedwith thequalitativesemk
structuredinterviews with the community leadersas well as with survey conductedamongthe
communitymembersThesurveyswvereanalysedo prioritize thevalueswithin studiedcommunityand
find out the aspectdiscouraginghe membergrom participation.The interviewswere analysedor
selectedkeywords and codified The outcomeof the researchwas prioritization of valueswithin the
Local EnergyCommuniy.

In the SQS3, the datacollectedform the literature review, analysedcommunity the resultsof the
flexibility tool andthe dataon the electricity pricesin Portugalwere fed into the tool for economic
valuequantificationof theavailableflexibility to evaluatehebankabilityof Local EnergyCommunity
projects.

The SQ4is a subjectto thematiccontentanalysis The answerto SQ4, basedon datahanestedfrom
the qualitative semistructuredinterviewswith the communityleadersand surveyswith community
memberaswell astheliteraturereview. Theanalysisandtheecoromic andtechnicalpotentialof extra
(energy)offeringsto the stakeholdersesuted in the formulationof suitablecasedor organizational
modelspossibleto adoptby Local Energy Communitiesin urbanenvironment.The organizational
modelsarerepresergd with useof the New BusinessModel conceptelaboratedoy Jonker (Jonker,
2012)



2 Methods

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

Data collection:

Thefirst researchguestionwill we answeredvith anin-depthliteraturestudy.Theaimis to gatherall
existingknowledgeon the Local EnergyCommunitiesand othercommunityenergyprojects,aswell
asto explainhow they havebeenseenuntil now. Both scientificandgrey literaturewill bereviewed
For scientific papers Scopuss usal asthe main source Relevantscientific paperswverefoundin the
domainof social sciencesandenergygeneration. Themainresearchrendsin local energysystemare
identified througha keywordanalysisin Scopu$ for 2010to 2019(Scopus2019. Theexactsearch
of termfi | oenerdyc o mmu rin Scopusresultedin 17 documentseing publishedfrom 2014
onwards. Dueto thefact, thatthe scientific literaturedid not sufficein clarifying the definition of the
Local Energy Communities,the outcomesof the researchin the scientific literature was further
complementedwith the review of grey literature, the reports of organizationsrepresentingthe
incumbentgEurelectric,2018) Europearfederationfor renewableenergycooperativedREScoop.eu
(REScoop,2018) as well aslegislativetexts of the EuropeanUnion (EuropeanCommission,2017;
EuropeanParliament,2019) In order to comparelLocal Energy Communitiesto other enegy
communityschemeshescientificandgreyliteraturewasused.Thesearchermsusedwere'renewable
energycooperativeOR localc o mmu mandé ¢ 6 mm wirtual poyverp | a wdressedseparately
to gatherthe knowledgeon thesetermsin the areasof iE n e r angooB u s i Maaagemenand
A c ¢ o u nint thesaientific literatureand haveyielded 1085,520 and 20 publicationsfor analysis
respectively Additionally, the focusliteraturewas later expendedwith the techniqueof snowballing
thatwasusedto find morerelevantpapers(Wohlin, 2014) In this techniquethe bibliographylist of
the selectedpaperis usedto identify additionalpaperof interest.

Data analysis:

The exactdefinitionsof Local EnergyCommunitieswverevery differentfrom eachotherandthe text
analysisdid not allow to find a commondefinition. The codeshelpful to identify the similarities
betweendefinitionsof Local EnergyCommunitiesard find their mostimportantcharacteristicsvere
takenfrom the analysisof all scientific textsaboutenergycommunityprojectschoserin theresearch
Using the NVIVO software, the literature was analysedwith the aim to identify the 1000 most
frequenly occurringwordsfrom the scientific literaturein orderto pin point the elemens that were
mostimportantaccordingo previousstudiesThe programidentifiedexactmatchesf wordsoccurring
in the scientifictexts In the nextstep,the wordsthatwere singularandplural form of the sameword
(e.g.community,communities)or they had a very similar meaning(e.g. sustainablesustainability)
were groupedinto nodesand assignedh codein the text. The codeswerelisted in the orderof their
occurrene in the literature (Table 18 Codesof 1000 most commonwords in literature on energy
communitie$. The most occurring codeswere usedto analysethe definitions of Local Energy
Communitiesas well as similar communiy energy schemes.The correlationsbetweenthem was
calculatedwith useof the Pearsoncorrelationcoefficientand were confirmedby calculatingJaccard
coefficient. Pearsoncorrelation coefficient was usedto measurethe strengthof linear association
betveen two variables(in this case:nodes)(Sedgwick,2012) Jaccardcoefficient measureshe
probability that an elementof at leastone of two setsis an elementof both, andthusis a reasonable
measureof similarity or i o v e rbétveepnéhe two (Levandovski& Winter, 1971) In this case,
indicatedthe probabilitywith which onescientific papercontainsboth of the codes By choosingpairs
of codeswith Pearsorcorrelationcoefficientover 0,5 (gatheredn Table 19) and Jaccardcoefficient
over0,9 (gatheredn Table21), the attributesof communityenergyprojectswerecreatedIn the next
steptheywerecomparedagainsthedefinitions. Theattributesthatareexplicitly mentionedn thetext

1 Beingthe largestabstractand citation databaseof peer-reviewedliterature, Scopusieliversa comprehensiveverviewof researchoutput in variousfields.
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of the definition or are describedn the texts completingthe definitions, are markedwith symbol X.
Afterwards,their occurrencavassummarizeéndcountedwhich attributesarepresenin 50%or more
definitions. The goal of the analysiswas to identify the factors differentiating Local Energy
Communities from other types of organisationsand proposethe definition for Local Energy
Communities

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

Data collection:

The secondresearchyuestionwas answeredasedon the semistructuredqualitativeinterviewsand
surveyamongmembersof energycommunty. The knowledgebaseneededfor constructionof the
interviews and surveywas built with the use of scientific literature as well as grey literature For
scientific papers,Scopuswas usedas the main source.Relevantscientific paperswerefoundin the
domainof socialsciencesandenergygenerationThe keywordssearchedor duringthe researctare:
ivapuep o shiva |l oSmdatattentionwas paidto the classificationof valuesaccordingto
FIETS model preparedoy cVPP project (A. Wieczorek,2018) This classificationof the valueswas
usedto conductsocialresearctamonganexistingenergycommunity

Thechoserresearchedroupwerememberof C 0 0 p ® ra Gitizen&nergyCommunityconnecting
ten Local EnergyCommunitiesoperatingin Portugal.Their aim is to be a cooperativeof renewable
energieswith a social focus that operatesto support projects promoting solidarity, educationor

environmentalprotection. It was foundal by 16 citizens coming from diverse backgroundand

professionaéxperiencebutsharingacommonconcerrfor sustainablelevelopmentThechosergroup

of respondentsvasconsideredppropriatefor the researchdueto the fact thatthey havealreadybeen
consciouslyinvolved in the community activities supportingimplementationof renewableenergy.
Their vision is to fostera fair and responsibleenergymodel basedon renewablescontiibuting to a

social,environmentabndenergysustainabléuture. Theyaim to involve citizensandcompaniesn the

creationof a new energyparadigm- renewableanddecentralized for the benefitof societyandthe

environment( C o o p ®2018). Specifcally, they aim to conductprojectsto generateeconomic
benefits from thesaleof the producecklectricity,aswell asenvironmentabenefitswith theproduction
of cleanelectricity (withoutemissionsf carbondioxideandotherpollutants).Theelectricity produced
is integratednto theelectricitygrid andservego suppl familiesandbusinessed.o supporttheirlocal

community,the foundationof the operationis to distributethe benefitsgeneratedby society,investors
andthe environment.

After the literature review, semistructuredinterviews with two represatatives and survey among
membersandrepresentativeof alocal energycommunitywereconductedThe aim of the qualitative
interviewsandthe surveywastwofold:

9 to contributeto a deeperunderstandingf the valuesand needsof local energycommunity
members

9 to prioritize thevaluespresenin givencommunity

The qualitativeinterviewswere consideredan appropriatamethodfor this goal, becauset allowsthe
discoveringof meaningandis an inductive bottomup approachis the qualitativeinterview (Weiss,
1994 Cresswell2009).For this purposetwo faceto-face,semistructurednterviewswereconducted
in orderfor indicativethemedo emergeTheinterviewwaspartially structuredthoughtheresearcher
was readyto adaptthe questiongo the direction of the conversationThe questionsare collectedin
APPENDIX: Interview protocoli Simon Pannettand APPENDIX: Interview protocoli Ana Rita
N a z §Ma roo.uAdditionally, there are verbatim transcriptsattachedto each interview. The
interviewswerecodedwith codesfrom the classificationof valuespresentean Figure10 Community
valuesFIETSrepresentatioin orderto analysehem andcomparethemwith theresultsof the survey.
Becauseof the friendly attitudeof the intervieweedn the correspondencprior to the momentof the



interview, the conversationiatonewaschosernin orderto createmorenaturalenvironmentTheywere
recordedon anaudicrecorderandtranscribedafterwardswith ensuringhe consenpf theinterviewee.

Theform of surveywaswith openand multiple choicequestionsThe surveywasdistributedin two
forms: printable version and the online version done with Google Forms and attachedto the
communicatiomewsletterof the C 0 o p ® rTineisuwrveywas preparedn two languageversionsto
adaptto the respondentsThe original English versgon can be found in APPENDIX: Community
membersurvey(English) andthe versiontranslatedo Portuguesevith help of the coordinatorof the
C 0 0 p ®canbefoundin APPENDIX: Communitymembersurvey(Portuguese)

First of all, the membersvereasked to rank the factorsmotivatingthemto participatein Co o p ®r ni c o
onascalefrom0to5 (07 notimportantatall, 17 abit important,2 - somewhatmportant,3 7 quite
important,4 1 veryimportant,51 my top priority). Thanksto this division, the participantswereable

to indicatethe aspets of the energycommunitythat play the biggestrole for themaswell asthe ones
theyconsidemotcrucial.ln thefollowing questiontheparticipantf thesurveywereaskedo indicate
factorsthatwould discourag themfrom participationin the enegy community. This multiple choice
guestionswas not aiming at choosingone most discouragingbarrier, ratherthan finding out which
aspectsvould be the leastdesiredby the most participantsof the survey.The first and third question
askedaboutsimilar aspectof operationof energycommunityin a slightly differentway in orderto

checkif therespondentsnderstandhe questionsandgive honestanswers.

Data analysis:

Theliteraturereviewtechniqueusedin this part wasa secondarylataanalysis meaningthatit analysed
datacollectedby otherresearchergin this case,mostly cVPP project (A. Wieczorek,2018). This
techniqueuses secomlary datato provide detail and conext to a sociologicalanalysis,which avoids
unnecessarglataduplication,savingtime andresearcheffort (Cheng& Phillips, 2014).The datawas
usedto synthetizethe existing knowledgeon the valuesof the enegy commnunities as well asthe
motivationsof individualsjoining them.The answerdrom memberf C 0 0 p ® waneisutnmarised
with useof Excel. Theanswersverecountedandtheaveragescoresaswell asstandardieviationsvere
calculated.This simple techniqueallowed prioritization of values.The answerdrom first and third
guestiorwerecomparedo checktheunderstandingf the questionsandhonestyof therespondents.

The interviewswith the representativesf C 0 o p ® werdcadedwith the lensesderived from the

FIETS classificationof valuesusingthe programNVivo accordingto the codingprocedurebasedon

thework of SaldandSaldana2009).Theywerecomparedvith theanswerdo thesurvey.Theoutcome
of the social study was one of the inputs of the analysisof flexibility potentialin the analysed
neighbourhoodepresentind.ocal EnergyCommunity.

2.3 Research Question 3: What economic value can Local
Energy Community create to its members and other actors in
residential sector?

2.3.1 Economic aspect
Data collection:

The economic datawas obtainedfrom currenttariffs appliedby electricity retailerswith the biggest
consumertbasein Portugal,from the PortuguesdrkegulatoryEntity for EnergyServicesandfrom the
databasef wholesaleslectricity pricesfor theyear2018.

Data analysis:

Theinformationon the currenttariff structureamongelectricity retailerswascoupledwith the output
datafrom thetools usedfor quantificationof availableflexibility - ALPG tool and DEMkit platform.
In this way, the constuctedeconomictool was usedto assesshe economicvalue possibleto derive
from thecommunityenergycomparedo the BusinessasUsualscenarioThevalueobtainedvasused



to provethe bankabilityof Local EnergyCommunities.The tool wasdonein progranminglanguage
Pythonwith anaddonin Excel. Thedetailsof analysedasestudyarein subchapteR.3.3CaseStudy
2.3.2 Technical realization

Data collection:

In orde to quantify the economicvaluein the Local EnergyCommunitiesand verify their economic
profitability in the urbancontext first the modelprovidedby the Universityof Twenteonfi Ge n e r

ation

of Flexible DomesticLoad Profiles to EvaluateDemandSide ManagemenhA p p r o a(Gdrvens 0

HoogsteenMolderink, Hurink, & Smit,2016)wasused.
Artificial Load Profile Generator (ALPG)

This tool explicitly generateshe available flexibility offered by the devices in households(G.
Hoogsteen2017) Thistool waschoserdueto the quality andoutstandingaccuracycomparedo other
opensourcetools. The validity andaccuracyof thetool wastestedin the Dutch town of Lochemand
hasprovedto beaccuratavhencomparingsimulationresultswith themeasuremerdata.Basingonthe
demographidataandtheinformationaboutthe devicesin the householdit simulatel the occupancy
profiles of individual inhabitantsand the flexibility information of devicesdependingon these
occupancyprofiles. In this way, it allowed a convenientcreationof realistic simulation usecasedo
evaluatethe performanceof decentralizedenergymanagemenapproachesn residentialareas(G.
Hoogsteen2017) Additionally, the tool accountsfor the weatherdata, real solar irradiation and
temperaturelataandis easilycustomizedvhenit comedo changinghelocationandtime zoneaswell
as the demographicdata of the inhabitantsof the simulated community. The system,given the
demographidnformation as an input, simulatesthe householdsn the network togetherwith the
inhabitantsandthe devicesin the householdFor personsanoccupancyprofile andbehavioumatterns
arebeinggeneratd basingontheinformationsuchasagecategoryemploymentaindcustomdike wake
up times and arrival times from work. As the next step,the randomizationis performedin orderto
accountfor spontaneoudehaviouralchangesuchasa day off or a visit of a family, sportingdays,
washingdays,homeworking days (Gerwin Hoogsteeret al., 2016) Additionally, the simulationof
personsaccountsfor differencesbetweenweekenddays and workdays.Afterwards, the static load
profile or flexibility informaton of thedevicesarebeingsimulatedThis orderis veryimportantdueto
thefactthatthetool assumesow or no penetrabn of the smartautomatedievicesandno interruption
of thebehaviourapatternf theusergo respecthepreferencdor nocomfort violation of themembers
of the energycommunity. Therefore,it is statedthat behaviourof the inhabitantsof the houshold
influencestheinteractionswith devicesmeaningstaticload devices(suchaselectronics)anonly be
usedwhentheinhabitintsare at homeandthe timeshiftabledevices(for examplea washingmachine)
canonly beturnedonwhile theinhabitantsare athome but cancontinueoperatingvhile theinhabitants
leavethe house.The ALPG tool explicitly generateghe availablehousdold flexibility offered by
devices.lt meansthat it usesclassificationof the householddevicesprovided by (Flexiblepower
Alliance Network(FAN), 2017)calledEnergyFlexibility Interface(EFI). It dividestheappliancesnto
four genericflexibility classesaandfocuseson the flexibility of a control actionofferedby the device
ratherthanthe technicalcapabilitiesof a device(G. Hoogsteen2017) Thelogic behindthis division
is presenteanthe Figure16.
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Has flexibility?

NO YES
Uncontrolled Has only time- flexibility?
NO YES
Is freely usable? TimeShifter
NO YES
Buffer Unconstrained

Figure 2 Classificationof householdlevicesadoptedrom (FlexiblepowerAlliance Network(FAN), 2017)

Theresearchersf University of Twentehavespecifiedthetypesof thedevicesn a moredetailedway
while maintainingthe connectiorwith the EFIl equivalentsn thefollowing manner:

1 Theequivalentclassin EF-Pi of the Uncontrolle d:

o Uncontrollable devicesarethe devicesthat do not offer any energyflexibility. This
meansthat they must executetheir actionsright after being triggeredto start. In
householdssuchdevicescanbe computersTV, i wh g © e dstndby usageand
electronts, lighting, inductivedevicesandfridges

o Curtailable devicesare characterizedy a fixed consumptio or productionprofile
andthe amountof powerthatcanbe curtailed.An exampleof suchdevicess PV.

1 Theequivalentclassin EFPi of the Timeshifter:

0 Timeshiftable are the devicesthat can only consumethe electricity with a static
consumptiorprofile, this meanghattheirfi j oignot possibleto modify, but only to
shift in the time. The information about their job is specific for the device and
additionally,it containsthe informationon the arrival time anddeadlinefor the work
to bedone.This meanghatthe deviceshouldbefinishedbeforethe deadlinespecified
andcannotbe startedbeforethe arrival time of eachjob. Theexanple of suchdevices
arewashingmachinesdryersanddishwashers.

1 Theequivalentclassin EFPi of the Buffer:

o Buffer-Timeshiftable arethedevicedor whichtheflexibility is specifiedoy jobswith
a starttime, deadline(both given in secondsyandrequred erergy demandin watt-
hours.Thesedeviceshavea fixed maximumpowerconsumptionin wattsandbuffer
capacityin watt-hours.Theexampleof suchdeviceis anelectricvehiclewith abattery.

o Buffer is atype of the devicethat hasa specifiedpowerconsumpion or production
levelin wattsandcapacityin watt-hours.Exampleof suchdevicescanbehomebattery
or hotwaterbuffer (storaggankfor hotwater).

For the purposeof this MasterThesis the ALPG tool wasadaptedo need=f the casestudyand some
modificationsaccordingto insightsfrom Thermovaultwereintroduced.The outputdatafrom ALPG
tool wasconnecedwith the DEMKit tool developedy University of Twente.

Simulation and demonstration platform - DEMKit

Once the ALPG tool generatedhigh quality fi h i s t dataior thd electricity demandin the
householdsits outputwasusedin the simulationanddenonstrationplatform,namedDEMKit, which
implementsthe componentsperformsthe energymanagemenin the neighbourhoodand performs
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contol andfinally providesacompletemodelof thesmartgrid. DEMKit implemenedthe components
provided by ALPG tool, performed the energymanagemenin the neighbourhoodand provided a
completemodel of the smart grid. The energy managemensystemwas optmized accordingto
requirement®f theanalysislt simulatel energyflows from, to andwithin neighbourhoodin onecase
the goal wasto preventthe infrastructureproblemsby limiting the capacityon the connectionpoint
betweertheneighbourhoo@ndthe distributiongrid. In theothercasejt optimizedenergyconsumption
to minimize the costsof the electricity for the community. The tool was usedto perform energy
managemenbn a simulated neighbourhoodrepresentinga Local Energy Community and verify
techncal possibility of implementingand executing strategie leading to lowering costs on the
electricityprovisionaswell asincreasingherevenudrom generatiorandsaleof renewableelectricity
andbalancingservices.

In all optimizationcases DEMkit follows the Triana approachlt startswith the prediction of the
electricitydemandThepredictionstepis doneonahouseholdevelfor eachof therelevantparameters,
e.g.uncontrollabldoad, availableflexibility, andgeneratiorfrom renewablesTheseparameterserve
asinputfor the nextstepof the Trianaapproach planningwhichis doneon the neighbourhoodevel.
In this step, the plan of the operationof the devicesis done with respectto physical constraints
(limitation of the cablecapacity) aswell aswith consideratiorof the costsof electricty at any given
moment. The schedulingproblemis solved by iteratively. Given the input data such as the price
electricity,thestateof chargeof thedevice thehistoricaldataandtheneededstateof chargen thenext
time step,eachdevicesscheduleshe useof theirflexibility andcommunicateshe schedulegbrofile to
thehouseholdevel. Theschedulegrofile of thedevicesarethenaggregatedndthehouseholdiemand
electricity profile is obtained.Next, the profiles that bestfit the price signd are being selectedand
compiledin the neighbourhoogbrofile. Thisis how the secondstepof Trianamethodologys fulfilled.
This approachhasprovento be fairly accurateand efficient in performing the energymanagement
betweenthe simulatedhousehold and optimizing the usageof the distribution grid betweenthe
householdsn the way that it balancesconsumptionof electricity with locally producesrenewable
energyfrom PV in the neighbourleod andsatisfiesnetworkrequirement&ndcapacityconstrains (G.
Hoogsteen2017) However,it alsohassomedisadvantages he mainoneis thatit assumeshatthe
distribution grid presentin the neighbourhoodbehaveslike ficopperp a t vehich meansthat the
electricityflow within this partof thegrid (betweerthehousesn the Communityof Place)s notlimited
andthe electricity canmovefreely betweerthe housesin caseof this researchit meanghatthe only
limitation is the operational bounds of the transformerat the connedion point between this
neighbourhoodndthe restof the grid. Therefore the individual consumptiorpatternsof the houses
are not able to provoke problemselsewheren the network (van der Klauw, 2017) However,this
approachmight turn problematicif the communitieschooseto optimize their energyuse basingon
dynamicwholesaleelectricity prices,for examplethe Communitiesof Interestwho arenot orientedon
solving the infrastructureproblems In their case,the deviceswill be choosingbetweeneither
consumingas much energyas possibleat the momentsof low price or will not be consumingany
energy,oncethe priceis too high. This meanghatthe energymanagemergystemorientedon the cost
minimizationand steeredonly basingon price signalsmight not only keepthe currentinfrastructure
problemshutevenamplify themby creatingnewpeaksn theelectricitydemandvanderKlauw, 2017)
Price signak causehe devicesto choosebetweereithea consuming asmuchenergyaspossiblejf the
priceis low enough,or notconsuminganyenergy f thepriceis toohigh. As aconsequencthedevices
neveroperateusinga statethat consumes moderateamountof energy(e.g.anEV will nevercharge
lessthan maximal power). While the grid constraintscan be takeninto accountduring the planning
phase(Gerwin Hoogsteen Molderink, Hurink, & Smit, 2014) the scheduledprofiles still show
significant fluctuationson alocal level dueto the pricesignals.

Oncethesecondstep(planning)is accomplishedthe systemsimulateghei r ¢ & Inbehaviourof the
devicesmimicking therealgrid andperformsthecontrolin orderto ensureproperfunctioning.
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Data analysis:

The outputdatawasvisualizedwith anothersoftwaretool, Grafang, that providesa convenientuser
interfaceto aggregatelatafrom multiple time series calculatemeanvaluesor displaythe profiles of
demandfor electicity and othercommoditiesin time. The focusof the analysiswaspotentialfor the
optimizationof electicity exchangenthe connectiormpoint betweerthe neighbourhoodcommunity)
grid andthe main grid. This value showsthe electricity usedby all housesin all analysedscenarios.
This casestudywasinterestedn the amountof electricity exchangedn the directionfrom the houses
andto thehousesn eachl5-minuteintervalduringwholeyear.lt wasvisualizedassumof smartmeters
of the households Practcally, this meansthat any electricity generatedfrom the photovoltaic
installationin the communiy wassharedamongthe houseswithin the communityandthis electricity
exchangeavasnot visible atthe connectiorpoint betweerthe communitygrid and the grid of the DSQO.
Only in the momentswhen none of the housesusedthis electricity, it was exportedout of the
community.Therefore aggregatinghe electricity consumptionn eachtimeframefrom all households
resuledin the netpowerimport/expot by the communitytowardsthe externalgrid.

2.3.3 Case Study

This subchaptedescribeshestepshatweretaken to calculatetheeconomicvalueof the Local Energy
Communityunderstoodisthe Communityof Place,in theurbanenvironment.

Casecommunity

The cdculation of economicvaluewasbasedon anexampleof Local EnergyCommunity,resembling
thelocal groupof C o 0 p ®t aomnaunityin Tavira, Portugal The productionof electricityis based
ontheirinstallationin thecity centrewith installedpower (kW peak)of 76.4kW andannualproduction
of 130507kWh ( C o o p ®019;Q Armum, 2019) Themembes of communty are50 households
asindicatedin thedescriptionof theinstallation( C o o p @018)i Thetnquseholdén casestudyare
in closeproximity andareunderoneconnectiortransformeiconnectinghemto thedistributiongrid.

Flexible devicesin the community

In generalfor provisionof flexibility servicesthedevicesareneededhatcanoperatewithin thescale
of minutesof hours(van der Klauw, 2017) meaningbe ableto storeenergywithin daysor between
days.Suchdevicesare standaloneresidantial batteries batteriesin electricvehiclesandheatbuffers
onresidentiakcale Whenit comedo electricalstoragepatteriesvereexpectedo assistschedulingof
renewableznergysystemaoy storingthe electricity, maintaininga fixed voltage during the electrical
loadsupply,anddistributingthe storedpowerwith high efficiency (Bagheri,Hamid,Pakzadmanesi,
Kennedy,2019) Although,the capitalcostof baterieshassignificantly droppedowingto progressive
technologicalmprovementg¢Bagherietal., 2019) thehighinvestmentostsandrisks,e.g.,uncertainty
aboutthelifetime of the system(Kalkbrenner2019)posestill barriersto the consumersA solutionto
this problem can be communityowned storagesystemsupportingthe efficient use of community
owned photovolaic system (Kalkbrenner,2019) Additionally, an advantageof the community
ownershipis thatthe batteries canbe locatedoutsideendusershomesandthereforediminish safety
concerns(Kalkbrenner,2019) Another promiseof the energystorageis the wide diffusion of the
electricvehicles.Chaing of electricvehiclesdirectly from home or communityownedphotovoltaics
is interestingsolution to increasehe self-consumptior{LuthanderLingfors, Munkhammar& Wi d ®n ,
2015) However this potentialis treatedby scientistsaslimited, especiallyon a householdscale due
to mismatchbetweensolarirradianceandelectic vehicle chargingpatterns(Luthanderet al., 2015)
Additionally, in mostof the caseghereis no bi-directionalflow of electricitybetweerthe grid andthe
electricvehicle,meaningthe vehiclescanonly be chargedj.e. they cannotbe usedto storeelectricity
for laterconsumptiornin thehouseholdThe concepbf electricvehiclescooperatingyn a big scalewith
theelectricalgrid (vehicleto- grid (V2G)) is not yet widespreadAdditionally, scientistsdo not expect
a rapid uptakeof this practicebecausen V2G scenarioghe batterylifetime is significantly reduced
(BrennenstuhlPietruschkaEicker, & Yadack, 2016) For this reasonthe usersare not expectedo

2 GrafanaLabs Grafana- the openplatform for analyticsand monitoring.
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agreeto provide with their private electric vehiclesthe flexibility servicesand enhancingsystem
efficiency unlessthereareheavily compensatedly the grid operatorqllieva & Rajasekharar018)

However,thereare severalpilots testingthe economicviability of DSOsownedcar sharingelectric
vehiclesproviding this service (llieva & Rajasekhararg018;innogy, 2019)which might meanthat
thecommuniteswill follow with communityownedvehicles.

Another type of deviceshavingpotentialto play animportantrole in the flexible useof the electricity
and optimal use of the smart grids are not only devicesoffering pure electricity storagesuch as
householdatteriesor batteriesn electricvehicles,but alsoheatstoragebuffersconnectedo devices
transformingelecticity into heatthatit later on usedby the residentsHeatingwith useof electricity
andheatstorageareespeciallyconvenienin providingflexibility of residentialoads.In general heat
storagss lessexpensiveandlessinfluencedby ageing,asit is in caseof batteriesAdditionally, in the

majority of memberstatesof EuropeanUnion, the biggestenergydemandin residentialsectoris

committedto keepthe householdsvithin the comfortabletemperaturesind provide hot waterthatis

expectedy all endusergo beavailableatanytime. The additionalbuffer capacitycanbe providedby

thethermalinertiaof buildings.In this sensethe householdganalsobetreatedasheatstoragethatcan
be usedin orderto shift in time the useof electricty for heating(vanderKlauw, 2017)

The analysisdonein the casestudyrespectedhe needfor not violating the comfort of the endusers
while usingthe electricity. In this case,the potenial for utilizing this self-generatecelectricity was
calculatedwvithout the behaviouralnterventionamotivatingthe endusersto changetheir customsand
respondo thepriceor othersignalsfrom theelectricityproviders Additionally, thecasestudyassumd

slow diffusionof theflexible devicesAmong50simulatechousehtis, 5% of thempossesedabattery.
Additionally, 10% possasedan electric vehicle (EV) and 10% possesedplug-in hybrid electric
vehicles(PHEVS). The vehicleshave standardparanetersof 4200 Wh batterycapacityfor EV and
12000 Wh battery capadty for PHEV. The remainingdeviceswere typical whitegoodspresentin

households.

Definition of the economicvalue

In the scientificliterature,the overall economichenefitsof communityenergysystemss proposedo
be calculatedastheinterplaybetweenincreasingelectricity tariffs anddecreasingip-front investment
costsof local energysystemgqKaoiralaetal., 2016) However ,for simplicity, this MasterThesisaimed
to verify theeconomicvalueof theflexibility by focusng onthe costof the electricity providedto the
household$ the variableoperationalcost of the energyprovision. The economicvaluein this case
studywasthereforeunderstoodasthe differencein monetaryvalue of the costof electricity betwesn
thetwo scenario®f urbanenvironment:

Tablel Visualizationof the casecomparison

Case With optimization Wit hout optimization
Scenariobusinessasusual
Many . -
. Electricity exchangedis sum of electricity
separate Not considered e
houses demand of the housesand the electricity

supplyfrom thePV installations.

ScenarioCommunity of place- oneglobaloptimum
Houses Electricity exchangedon the connectionpoint is sum of
cooperating | electricity demandof the housesand the electricity supply

as from the PV installationswith applyingthe optimizationof Not considered
Community | theusageof thedevices.
of place 1 peakshaving+ price optimization, (retail prices,

wholesaleorices)

ScenarioCommunityof interesti costminimization
Electricity exchangean the virtual connectiorpointis sum
of electricitydemandof thehousesandtheelectricity supply
from the PV installationswith applyingthe optimizationof
the usageof thedevices.

1  Only priceoptimization(wholesaleprices)

Houses
cooperating
as
Community
of interest

Not considered
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Costof electricity
Thecostof electricityin this casestudywascalculatedwofold accordingo following assumptions:

a. with consideratiorof theelectricity pricesin tariff for residentialusersirom EDP Energiasde
Portugalthebiggestretailerin Portugal;providing electricityto the grid was:

i. neitherremuneratedjor chargedfor
ii. remuneratecttherateof retail prices

b. with the wholesaleeledricity pricesfor Portugalin the year2018 This is a situationwhen
communitiescan participatein wholesalemarket currently blockedby DSOsin European
Union; providingelectricity to the grid wasremuneratedor wholesaleprices

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

Data collection:

Theknowledgebasewasbuilt with theuseof scientificliteratureaswell asnonacademisources.The
keywords searchedfor during the researchwere: ior gani mad ¢ dDdd.$ imoedses s 0 .
Additionally, the membersof local energycommunity were askedfor the input in semi-structured
gualitativeinterviewsandin thesurveyin orderto:

1 pin-point the organizationabndbusinessnodeluncertaintiesanddriversin the local energy
community

9 identify the major obstaclegestrictingthe communitiesfrom working in the currentenergy
system.

Thesameinterviewswereusedto asin the ResearclQuestion?.

In the secondquestionof the surveythe membersf C 0 0 p ® warneiaskemlabouttheir vision on the
operationof the energycommunity. They were askedto maik the answes on scalefrom fi ktrongly
di sadgirdtseaghnldedhdaveano pi nifidmgd ddstionglya g r & ¢he statements
describingpotentialactivitiesof the energycommunity.

Data analysis:

The literature review techniqueusedin this part was a secondarydataanalysisasin the previous
researchguestion The dataobtainedfrom scientific and grey literature was usedto synthetizethe
existing knowledgeon the organizationaimodelsof the local energycommunitiesand the types of

activities they perform.The input from literaturereview was complementedvith the inputsfrom the
interviewsandsurveyswith thec 0 mmu nniembyesBhe interviewsand surveyswere codedwith

thelensederivedfrom newbusinessnodels(Jonker,2012)with the programNVivo accordingto the
codingproceduredbasedn thework of SaldangSaldana2009).Basingon the dataobtainedfrom the
literaturereview, the interviewsandthe surveys.a setof suitablebusinessandorganisatioal modds
waspropaedwith useof the newbusinessnodelscanvagJonker,2012)

2.5 Research quality

In orderto minimizether e s e a biasfthetheSisvasa subjectto the procesf triangulation.The
evaluatiorof theresultsandformulationof concluisionwassupportedy theacademisupervisofrom
EindhovenUniversity of Technologyand by the industrial supervisorfrom Thermovault.Moreover,
interviewswere doublecodedto avoid subjectivityandto enhancehe reliability and validity of the
researh (Saldana2009).

15



3 Analytical framework

The scientificliteratured o e <larify tvhatthe Local EnergyCommunitiesareandwhattheir role is
in thetransiton of the energysystem.Therecurrentlyis no agreemenbn the exactdefinition of Local
EnergyCommunitiesand the distinctive featuresdifferentiatingthem from other communityenergy
projects By offering alternativego the currentsystemorganizatio Local EnergyCommunitiescanbe
seenasexperimentsn abroaderenergytransitionwhich is abouta shift from fossil fuelsto renewable
energy(R. de Waal & Stremke,2014)andis foreseento be basedon a more distributed,service
orientatedand customercentricsystem(Delta Energy&Environment2017) Transitionis thoroughly
discussedn transitionstudies(Geels,2002)asa transformativechange(systeminnovation),drawing
on a co-evolutionaryperspectivelt assumeshat technologyand societymutually shage eachother,
insteadof onemoreor lessdeterminingthe other(Kemp,2010) Otherscholarsdefinetransitionasfia
fundamentalchangesin functional systemsof provision and consumpibn such as for example
transportationcommunicationhousingandfeeding (Geels,2002) It is specificallyusefulto analyse
thetransitionin the systemof energ provisionusingthe Multi-Level Perspectivea perspectiveéhatin
caseof the energysystemhelpsunderstandinghe complexdynamicsof sociotechnicathange(Gees,
2002)that depend=on the linkagesbetweendifferent social groupsthat reproduceand enactcertain
activities.Thesesocietalgroupsaretheactorsof theenergysystemOneof them,a noveltypeof actors
emergingrom nicheprojects aretheLocal EnergyCommunitiesvhoserole in thetransitioningenergy
systemis still not clear.Generally,it is assumedhattheyarecontributorsto the changen the energy
systemputthereis no agreemento whatextentandin which way they shouldbeinvolved. To unpack
thistopic,theac t orolesarfalysiss particularlyapplicablelt dividestheactorsinto categorie®f state
(government) private sector(business)civil societyactorsandthe intermediarieghat are crucially
importantin multi-actortransgtion processegFischer& Newig, 2016) Thanksto this theory,therole
of Local EnergyCommunitiesn thechangingenergysystentanbebetterunderstoodndthestrategies
helpingthemmovefrom the pilot projectto the broadsystemcanbe defined.

The multi-level perspectiveoffers a broad systemperspectiveof the sociotechnical contextand
compriseghelandscapeagegimeandtheniche;theenergydemandiexibility analysigogethemwith the
economicanalysisfocuson the values,especiallythe economicvaluethe Local EnergyCommunities
might offer to their stakeholderaindusingit, exertpressureon the regime;lastly, the busiressmodel
studiesarefocusedoninternalnichedevelopmentandthe actorsanalysison externalnichedynamics.

Thetheoriesn thisMasterThesisareusedio constructheconceptuahnalyticalmodel Here themodel
connectghe transitionstudieswith actoranalysisandbusinessnodelsstudieshelpingto quantifythe
economiovalueof theLocal EnergyCommunitiesanddefinetheirrolein thenew,decentralize@énergy
system.Together theseresearctields offer a comprehensiveerspectiveto look at Local Energy
Communitiesandtheir possiblepathwaygo theregime.

3.1 Transition studies

Thetransitionstudiesare at the core of analysisof the transformatiorof socictechnicalsystemghat

occurdueto the sustainabilitychallengessuchasclimatechangeor the depletionof resourcesDueto

thefactthatthetransitionof thesystemss characterizetdy agreatcomplexityof intertwiningconcepts,
thereexistsa vastrangeof theoreticalapproacheaimedat understandinghem.The mostremarkable
and well known basisfor transition studiesare evolutionaryeconomictheories(Nelson& Winter,

1977),thesocialconstructiorof technologiesheory(Bijker, W. E.,HughesT. P.,& Pinch,1987), the

role andvariety of actorsin managingsustainablénnovationsin society(Farlaetal., 2012)aswell as

theiractivity in the protective spaceshichesthatallow startingthe proces®f thechangg Kemp,Schot,
& Hoogma,2007) Amongothers theseapproacheallowedfor a systemicview on thetransformation
processewithin the sociotechnicalsystems.

Theconcepsocictechnicalsystemhighlightsthefactthatboththesocialandthetechnicalphenomena
aretightly interrelatedanddependenon eachother(Bijker, W. E., Hughes,T. P.,& Pinch,1987) For
this reasonthe scholarsconsiderimportantthe connectionetweenthe technicalelementsandthe
societalfunctions,thefirst beingusedto fulfil thelatter. An exampleof suchsocietalfunction canbe
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provisionof energy Thisconcepis furtherusedn thetransitionstudiego definethetransitionsasfithe
radicalchangdrom onesociotechnicalsystemoa n o t (Rardy& Grintals,2017)Grin etal. 2010).
This andfurther conceptselatedto transitionstudieswill be further usedasthe foundationfor this
research.

3.2 Multi-Level Perspective

The multi-level perspectivas usedas a frameworkthat can describethe dynamicsand structureof
sociatechnicalsystemsThis frameworkallows wider systemview on the analysecdconceptandhelps
conceptualizinghe sectorof thesociotechnicalsystemwhichis requiredto understandhetransition
thatcouldtakeplacetowardsa systemof democratianddecentralizegnergyprovision.

The frameworkelaboratedyy Geels(Geels,2002) combinesimportantelementof transitionstudies
such as necinstitutional theories,structurationtheories,scienceand technologystudiesas well as
evolutionaryeconomes. It dividesthe sociotechnicalsystemanto interconnectedevels:the macro

level calledthe landscapethe meselevel calledthe regimeandthe micro-level calledthe niche. The
representatiof themcanbe foundin Figure 3. Dueto the fact thatall elementsareconnectedvith

eachotherandinterdependentheyaresetinfi n e $1ti e d a(Geel$,2p0R)

Landscape

Patchwork
of regimes

Niches
(novelty)

Figure 3 Multiple levelsasa nestechierarchy(Geels,2002)

3.2.1 Macro-level: the landscape

Landscapeefersto aspect®f thewidestexogenougnvironmentindthe materialaspecof society.It
is thewidestelemenbf thesociotechnicakystemjnfluencingthedynamicsof thelowerlevels:regime
and the niche. It primarily comprisesof the major aspectsof the socictechnicalsystems climate
change,loss of biodiversity, resourcedepletion, macraeconomic patterns geopolitical pressures,
sharedsocietalvaluesandbeliefs,demographicalrendsandpolitical ideologiegGeels,2011).In case
of this MasterThesis thelandscapeepresentshe growing concerraboutthe climatechangeresulting
from useof fossilfuels for theenergyprovisionaswell asthecriticismonthecentralizedenergysystem
dominatedoy big energycompanieslowingtheenergytransition.

3.2.2 Meso-level: the regime

Thesocictechnicakegimeformsthed d eset pr u thataccoent¥or thestabilty of anexistingsocic
technicalsystem(Geels,2004).Regimecomprisesf setof rules,cognitive,normative andregulative
practices,that orient and coordinatethe actuvities of the social groupsthat reproducethe various
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elementsf socictechnicalsystemsThe rulesare both enactedand modified by the actors,but also
theyrestrictthemandstabilizethe constellationDueto this fact, theyarecharacterizedy lock-in, an
effectthat preventsradial changedrom happeningln the energysystemit is representedy gradual
adoptionof renewablagechnologiedor energygeneratiorandslow investmenin the newinstallations
in solaror wind technologiescausedoy congrvative approachowardsimprovementf the energy
system. Becauseof this risk-avert behaviour of the incumbents,regime boundariesonly allow
incrementalinnovations following stabletrajectoriesin technological cultural, political, marketand
indudrial dimensions.

3.2.3 Micro-level: the niche

The areaswhereradicalchangesanoccuranddeveloparenichesi thefl pr ot g d dsackas
researchnstitutes,subsidizeddemonstratiomrojects pilots or specialmarketsettingswherethe users
with specal requirementsdrive the developmentof innovation. Good examplesof innovations
supportedy the utilities werethe cleanenergytechnologiesuchaswind, biomasssolarPV, storage,
aswell asthetechnologiedacilitating the decentralizatiorof the energysystem EV, fuel cells,smart
meters etc. They emergeas bottomup alternaive solutions developedto addressthe problems
occurringin thelandscapeBy offering analternativesolutionthatis notwell suitedto justadaptto the
existingrulesand sustainifythe currentregime,they exertpressureon the rulesandlinkagesbetveen
elementsn theincumbentegimeaimingto displaced | o d ktettnologiesinstitutionsandinterests
(Geels& Schot,2007;Mattes,Huber,& Koehrsen2015)

Oneexampleof experiment$n nichesgainingpopularityall aroundheglobearetheenergycommunity
projects,gatheringthe citizenswilling to join the efforts of the energytransitionand invest either
individually or jointly in the renewableenergyinstallations(Gui & MacGill, 2018; Holstenkamp&
Kahla,2016) Themostaffordableandwidespreadenewablenergygeneratiormethodfor household
is installationof the PV systemsnablingthe ownersto usepartsof the energygeneratedn houseand
selling the remaining electricity to the grid. However, these dispersedindividuals do not create
sufficientcritical masgo motivatealarger, radical changen theenergysystemThereforetheyattempt
to gettogetherto exerta biggerpressurentheincumbentoperatingon theregimelevel andfinally to
try to replacethemandbecomesolid elementsof the newregime.On all pointsof thetrajectay from
the protectedspaceo theinfluenceonthelandscapetheinnovationis a subjectto pressuregxertedn
theregimeaswell aswithin itself. Thesepressureslefinethe trajectoriesof the innovativeideasand
shapeheiroutcomesUsually,theyareevensostrongthattheypreventheideasfrom breakinghrough
to theregimedueto therigidity andlock in of theregime.An exampleof the pressurefrom theregime
in the caseof decentralizedenewableenergygenerationdone by the citizensare low or evenno
paymentfor exportedPV generationTheseobstacledaveincentivizzd a numberof prosumermgroups
to explorethe newwaysof electricity provision.It wasobservedhatrealimpactcould be madewhen
multiple devicesarelinked togetherto form a sustainablelecentralizedhetwork, also called Virtual
Power Plant (VPP). For this reason,the neighbourstry to establishVPP modelsor exchangethe
electricity producedby the renewableshetweenthemselveqpeerto peertrading) to obtain more
ecoromic andsocialvaluefrom their investmentsThe valueswithin eachenergycommurity projects
sharethe trajectoryof the nichemovementsandthefinal shapeof the energycommunitiesn the new
regime.While someenergycommunityinitiatives aremotivatal by reducingtheir negativeimpacton
the environmentptherhighlight the needfor societalcohesiorandyet anotherprojectsareaimingto
achievedongtermyvision andgoalsof local energyself-sufficiencyandto build resilientinfrastructure
and community, independentfrom the incumbents.This is impactsthe choice of the setupard
technologiesusedin eachcase.Some communitiesfocus mostly on installing renewableenergy
generatiorequipmentwvhile othermight engagen energystoragedemandiexibility, energytradein
thewholesalemarketor puttinga biggereffort oninvestmemin smartinfrastructureandlocal networks
(Gui & MacGill, 2018)

18



Landscape
developments g

A
|
|

A
Industrial networks,
strategic games

no-scientific
)

. Culture,
SOCIDT symbuli
technical meaning
regimes

Infrastructure

Technological

=4
niches “ -7
e
— = T 7 Failed > e
E4 - innovation
T F ” Time
+V >

Figure 4 A dynamicmulti-levelperspectivéGeels,2002)

3.3 Actor analysis

The Local Energy Communitiesare new types of actorsworking at the grassrootsnnovation for
sustainability(E. C. vanderWaal,vanderWindt, & vanOost,2018) Theyaretrying to find their way
to disrupttheenergysystemandfulfil theirgoalsandrealisetheirvaluesby upscalinggainingstrength
andsocietalapprovatlto consequentlygliffusethe newway of providingthe energyto thesociety(E. C.
vanderWaaletal., 2018) It is crucialto understandhe dynamicinteractionof newactorswith other
actorsof the energysystem frequentlyadvocatingor differentinterestqFarlaet al., 2012) This will
helpidentify the suitablerolesfor Local EnergyCommunitiesn the evolving energysystemandwill
help creatingstrategieshouldthey adoptto fulfil their goalsin the currentcircumstances$E. C. van
derWaaletal., 2018) Theactoranalysisis thereforeaimedat a betterunderstandingf a ¢ t wafue, 6
strategiegndroles.

3.3.1 Values of the actor i Local Energy Community

Thescientificliteraturehighlightsthatthe creationof anewenergysystem(until now mainly analysed
in the integrationof renewableenergy(Kirchhoff, Kebir, NeumannHeller, & Strunz,2016) is nota
clearand simpletechnologicalshift, but is closely connectedo the ethics moralsand valuesof the
citizensthatconsumeandproducethis energy(Sovacool& Dworkin, 2015) Thecitizensincreasingly
shareconcernsaboutthe environmentaimpactsof energyprovisionor the ethicsof certainbusiness
models (Herbes,Brummer, Rognli, Blazejewski,& Gericke,2017) They criticize businesseshat
operateaccordingto the tenetsof neoclasical economictheory, where the primary obligation of
corporationds to maximizeprofit for shareholder§Stormer,2003) Currently,the societiesadvocate
to movefrom ethicis to behaveeconomically(Stormer,2003)towardsasortof i e n v i r oent niei nct oa |
encompassingresponsibilityof businessindsocietiedo protectthenaturalenvironmenandminimize
the productionof negativeexternalitiespr energyrelatedsocialandenvironmentatosts(Sovacool
Dworkin, 2015)

Whatis clearfrom the scientific literature, is that the community energyinitiatives adopta different
logic thanthe actorspresenin theincumbentregime.This is describedasthe communitylogic (Van
Summereret al., 2019) The eneryy communitieswant to operateon different valuesthan current
regimeandaredrivennot only by monetaryor financialgains,but aimto satisfybroadspectrunof the
needof the community,falling into categoriesuchaseconomic socialandenvironmenth
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Figure 5 Differencesetweernvaluesof incumbentand energycommunities

Thesevaluescanbe satisfiedby the activity of the local energycommunitiesinternally offering the
servicesto their membersand externally,offering the economicvalue for otheractorsin the energy
systemThereis aneedfor quantificationof the economicvaluesprovidedby theflexibility offeredby
the LECs in order to prove they can be financially viable to survive in the hard institutional
environmenthat doesnot supportthem.Being a novel constructthe local energycommunities still
needto find theirrole in theenergysysemin orderto successfullysetupanddevelopwithout the need
to makeany tradeoffs betweenbarkability and pursuingthe radical changein energyprovision.In
order to avoid the scenarioof becomingthe new sustainifiedincumbentsthey shouldrefrain from
sacrificingtheir valuesto becomdinancially sustainablendbankable.

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

Finally, local energycommunitiesjn orderto developandgain strongpositionin the energysystem,
needto find a properrole, enablingthemto satisfytheneedsf theirmembersandcreatevalueto other
actors.As novelconstructstheyarenot ableto radically changehe energysystemby themselveshut
areexpectedo dependon andcooperatavith otherinnovatorsin socialandtechnicalfieldsin orderto
breakthroughfrom the pilot projectsto the generaknergysystemit is expectedhattheir strategywill
be stronglylinked with offering flexibility derivedfrom optimisationof useof the flexible devicesin
the households.Therefore, potential role of Community was identified with the use of USEF
Frameworkwhich describedflexibility asa new way of creatingvalue in the energysystem.The
flexibility offeringsarelinked stronglywith the monetay valueandeconomicaspecof Local Energy
Communitieswhich is a key elementenablingcommunitesto signal their existencepreakthrough
from thenicheexperimentgindstartcountingon the market.The USEFframeworkis basednaroles
in the energysystemwhich is a basisfor uniform of responsibilitiesof eachactor(USEFFoundation,
2015) USEF Frameworkcan be implementedin various ways according to the local marketand
businesmeeds.USEF is developedmaintainedand auditedby the USEF Foundation,a non-profit
partnershipof sevenorganizationsactivein all areasof the smartenergyindustry: ABB, Alliander,
DNV GL, Essent|BM, ICT AutomationandStedini theincumbentactorsof the energysystemin the
Netherlands.

Oncetherole of Local EnergyCommunitiesvasdefined,a suitablebusines@&ndorganisationamodel
was developedBusinesdModelsvisualizethe principlesof operationof companiesandjustify their
existenceThey are a tool helpful to manifesthow certainorganizationglan to create,deliver and
capturevalue(Osterwalde®& Pigneur2010). BusinessModelsare thecommerciallyimplementedand
practicedoutcome®f innovationbroughtto the marketby thenewactors,n this casehelLocal Energy
CommunitiesAs protoregimegheyaresitll in aprocesof shapingheirrolein theenergysystemand
t h e stld & gapin the literature on the appropriatemodelsthat can help organizeLocal Energy
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Communitiesin sucha way thattheir needs(communalor of the individual members)re met. This
mustbe donetakinginto accounmnot only how to sustainifythe currentbusinessnodelsof theregime
actors,but primarily how to establishradically differentlogic of the valuecreation(Jonker,2012) In
this MasterThesis theorganizationamodelandmarketcontextof the Local EnergyCommunitieswil |
beinvestigatedTraditionally,themostpopularbusinessnodelcanvasgreatedy AlexanderOsterwald
andwidely usednowadaysfocusesonthevaluepropositionoffereduniquelytowardsthe customer®f
the company the profits gainedfrom the operationas well asthe resourcesnvolved directly in the
creationanddelivery of the value.Currently,in the world increasinglyattentiveto the sustainability
issuesmanyscholarsaand decisionmakersclaimthatthis approachmighthaveanapocalypticeffecton
theplanet.In orderto addresgheseproblemsanddrawthe attentionof the businesse® theirimpacts
on broadersociety,JanJonkerproposeda New BusinessModel (Jonker,2012) The mostimportant
changeproposedn this modelis revolutionizedvision of valuecreation.lt is nolongeronly monetary,
measurabldenefitobtainedby the organizationand their customersput also social and ecological
valuessharedwith the outerworld, which is in line with the valuesof the energycommunities. This
freshlook on how companiesand organisationshouldbuild rationaleabouttheir activity in the new
regimesaddressethe problemof sustainabilitysuchas:

1 Multiple, sharedgollectiveprinciplesof business
Multifacetedvaluecreation(monetary social,environmental)

Variety of stakeholderin the communitystructurearoundthe business
Environmentatostsarisingfromthef i r aotvises

Critical view on the availability of theresources

=A =4 =4 =4

The mostimportantaspecbof thetheoryis the newway of organizinganddefiningthe valuecreation
anddeliverywhich impliesthe reframingof the way in which innovatorsshapetransactionskor this
reasonthe modeladdesseghe needof generatingandproviding not only economicabut alsoother
valuesto the customersas well asthe whole ecosystemof actorsaroundthe businesslt is better
equippedo valuefi t b @ mmo prapérlytreatthe availableresourcemndaccountthe externalities
into the operationof the model. New BusinesdModelstheoryby Jonker(Jonker,2012)andthereport
by SustainAbility(Clinton& Whisnant2014)to serveasbasiso definetheorganizationahndbusiness
modelsfor the Local EnergyCommunities.
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Figure 6 Cloverleaf NewBusinesdModelby Jan Jonker(Jonker,2012)

21


























































































































































































































































































































































































