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Abstract

TheEnergy System is going through a deep phase of change from a centralized towards a decentralized
power system, due to the massive increase of RES. Draalithermal and programmable units will no
longer be available to provide ancillary services required by TSOs for systems security. Flexible
Resourced connected at distribution level such as DG or storage systems could be integrated in real time
markets o provide such services and to further increase the hosting capacityRBS. In order to

avoid a conflict of interest between system operators an optimized coordination between TSO and DSO
is required, which is also emphasized inBt¢Clean Energy P&age. In this thesis a literature review

was done to investigate on the potential of small scale DER to provides ancillary services and on possible
coordination schemes for TSO and DSO to redefine the role of DSOs in the procurement and activation
of ancilary services. A cost analysis was done to analyze and compare costs when the DSO operates a
local market to solve congestion at distribution level and hence increases grid efficiency versus the
business as usual approach which to date is grid reinforte@est and requirements for ICT and
market operation were duly considered.



Kurzfassung

Das Energiesystem befindet sich aufgrund des massiven Anstiegs von erneuerbaren Energien in einer
tiefgreifenden Phase des Wandels von einem zentralen zu einem raleperiEnergiesystem.
Herkémmliche meist thermische, Kraftwerkeerden nicht mehr zur Verfigung stehen, um die von den
UNB fur die SystemsicherheijebrauchenRegelreserverzu erbringen.Flexible Ressourcerauf
Verteilnetzbene wie beispielsweise Batteriespeichem EAutos, kdnntenin Regelenergiemarkten
integriert werden, urden Netzbetreibern Flexibilitdéereitzustellen undm den massiven Ausbau von
EE auf Verteilnetzebene zu ermdglichéim einen Interessenkonflikt zwisem den Netzbetreibern zu
vermeiden, ist eine optimierkoordinationzwischen UNB und VNB erforderlichyelcheauch imEU
Clean Energy Packagexplizit erwahntwird. In dieser Arbeit wurde eine Literaturrecherche
durchgefuhrt,um das Potenzial von dezemé&a Energie Ressourcen zu analysiersowie eine
optimierte Zusammenarbeivon UNB und VNB zu untersucherum die Rolle von VNB bei der
Beschaffung und Aktivierung vaBystendienstleistungen neu zu definieren. Eine Kostenanalyse wurde
durchgefuhrt, um Kdenund Vorteilezu analysierebzw.vergleichen, weniWNB Resources auf Basis
einesMarktes aktivieren, um Engpéasse auf Verteilungsebene zu lGseh somitdie Netzeffizienz
steigerngegeniiber dem bisher tblichen AnsatzetzausbausKosten und Anfaterungen fur IK8

misserierfir genalbericksichtigt werden.
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1 Introduction

1.1 TheEnergySystemTransition

The global energy scenario goes tiirta deep phase of changas a result oftlimate change,
deployment of distributed energy resourgesyinformation and ommunication technologieslectric
vehicles andenergy storage systemEhe European Uniohas set up ambitious targetier he Paris
Agreemensigned orDecember 208, whichsetsasgoalto hold theincreasen the globaltemperature
well below 2° C above primdustrial leveld1] and to strengthen the commitment for the reduction of
greenhouse gas emission, agreed on the Kyoto Pr¢&cbi the European Union currently around 32
% of energy is provided by RESVith the increase of electrification of sed@uch as transport, heat
or otherindustries according td3], electricity consumptioiis expected to increase by 185 2030

In order to preservthe actuaB32 %sharecomingonly from RESas seen irrigure 1, the numberof
renewablesvill have to increaséurther.
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Figure 1. Energy production mix in the European Union in 2018 and estimated growth by3

To achieve the 2030 target ofrelative share 063% comingonly from RES would mean thathe
increase ofannual renewables injection must almost douBlenewable distributed energy sources,
unlike centralized units are characterized by small capacities conneatediton or low voltage level

[4]. This poses numerous challenges toBbheopearenergy grid structurdn fact,the increase of energy
injection from noRprogrammable energy resources takes place at expense of the programmable fossil
source, which must be turned off because no longer needed to satisfy the deddétimhal flexibility

will become an increasingly laable resources to balance the system between generation and
consumption and to avoid large scale black@bitS herefore it will be of fundamental importance to

use efficiently the services that distributed generation offer.an efficient integration of those
resourcesalsothe energy market will have to evolve fr@amentralized towards a decentralized system

with novel market actors providingewservices.
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121 dza Gpdthtbwadls adimate-friendlysociety#mission2030

Austriais commitment to climate targets, and has ambitioaisglor 2030, namely the reduction of gas
emission by 36 % compared to 2005. Which means that coordinated climate and energy policies are
neead to keepa securgsustainable and competitive economic welfatmission2030strategy[6]

provides guidelines idifferent areago achieve this targetvhiee nsur i ng Austri abs c
The Energy sector is affected the most and asked for action. The existing network infrastructure should
be transformed for the integration of a high volume of RES while ensuring the already high level of
security of suppl. Austria with a share of 33.5 % of energy coming from RES, is already a front runner

in the European Uniof6]. According to#mission203@he Federal Government wants to increase this
value up to 100 % (national balanck)[7], by 2030 an installed capacity of 9 GW and 12 GW for PV

and wind respectively is expected to be connected to the Ausgmidnwhich may create huge
fluctuation in the injected powexs shown irFigure 2 and thus affecting the overall balance of the

systemThereforea radical change in the electricity netwarrkd market structure is needed.
12

héchste Schwankung
T PV:  2,0GWim Sep
10 Wind: 6,7 GW im Feb

mittlere Einspeisung in GW
o

Jan Feb Mar Apr Mai Jun Jul Aug Sep Okt Nov  Dez
PV = Wind
Figure 2: Estimated fluctuations due to RES (wind and PV) in 20%0

1.3 Towards amartergrid

As in many other sectoralso in power ystens digitalization took place towards smarter grisart

Grids can also be describedaasintelligent coordination of actors involved in the electric system. The
main challenge of smart grids is the implementatf an additional digital layer on top of the grid
structure in order to improve IT and communication capabilities to foster the interaction with end users.
In particular in the last year the ideaa$o called local energy communitgised where enerygis
produced and consumed locally as showfigure 3 [8].

11
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Figure 3: Representative figure for local communities in future grid structure, energ
produced and consumed locd8}
With the evolving of new technologies such as smart sensors, smart control and smart meters the
efficiency andpower quality can be improvel@], [10]. In chapter6 the standardized smart grid
architecture model is showitjs an important tool for a ewistent naming of definitionssed by many

research projects arlus also irthis thesis

1.4Thesiutline andobjective

The objective ofhisthesis is tanalyzethe future role of DSOs in tH030 horizorand to investigate
on possible coordination schemes to integrate ssodlt DERS inthe ancillary servicesAnswers are

sought for the followingesearch questien

How can we use resourcasdistributionlevel to support the systemtetnsmissiorievel
for congestion management or frequencstaeatior? Whichrole andresponsibility will
the DSO take over to allow an efficient use of DERs? How can the TSO access to those

resources withoutreatinga conflict of interests?

In order topartially answer those questiofisi r st itdéds necessary ntthe analy
European power system, to investigate which resources could provide flexibility and to identify the main
barriers impeding small scale DERs to participate in real time mgdketgter 2). A profoundliterature

review was donéo investigate on howhe coordination between TSO and DSO could be implemented

and which one could best fit for the Austrian scenario.

In chapter 3new market actordikely to enter the market by 202@e presentedespecially the role of
the aggregator and how those asfmocure resources in the current madaid how this could be done

at distribution level.

In chapter 4thecurrent role and responsibiligf DSOs is presented and the organization at European

level which also include the different remuneration scheme®$@s at the state of play.

12



In chapter 5 possiblecoordination schenssbased on literature review are presentddntifying the

main drawbackin terms ofimplementationmarket clearing, IC3and regulatory issues.

In chapter 6 a general overview olCT requirementgor prequalification aggregationactivationand

extendedl' SOobservabilityare presented.

Finally, in chapter 7 a rough cost estimationwas done to estimate the costs and savings (EAA
comparison) for the DSO when he acts as aggregatonf@mfriation) in the global power system and
operates a local flexibility market to solve congestion at distribution level. The results and main findings

are finally discussed ichapter 8.

13



2 ElectricityMarketsand Networks

2.1 Introduction

In Europe he electricity markets are generally dividedidthe three different and independent markets
the DayAhead, IntradayandBalancing/Ancillary Services Market(ASM). As shown inFigure 4 the
Day-Ahead market, as its name suggests isganthat runs thalay beforethe actual operating day,
generally the basenergy based on historical data traded in this marketn the Intraday market
participantdrade in order tanatch their production to trectualdemandn 15 minutedimeslots.

D Other markets Balancing market
@ Balancing mechanism Imbalance
Balancing
Z arrangements
mechanism 2
and pricing
/ A

Day-ahead
market

Monthly
auction

Intraday

market

N time

NI
I

| SR N ———

-

] %
Day (D-1) Day (D)
~

Month

Figure 4. Time frame of electricity markets, Da&head, Intraday and Balancing Markg}

In the Ancillary Service Marketenergy is trade@vhich isrequired to keep balanced thetire power
system and to guaranteesecure ad a stable power supplfl1], henceonly generators that satisfy
technical quiifications are entitled to itNormally the TSO, responsible for the balanadfithe system

is the only acquirer.

In the presenthesisfocus is put othe ASMand congestion managemgahtie to higtvolatility of RES
and the penetration of DERis market will be influenced thmostin the coming years. Thgower
generation mix in the EU will change considerably in favor of RE&it is expected that electricity
coming from RES will increase up to 50%. In particut@mnprogrammablend variableRES such as

wind or sola(PV) will reach around 25 % by 20302] andthereforeresrvesand flexibility could lack

1 The detailed procedure differs slightly in European countries, the overall scope is the same
14



in the futurepower grid. Thémportance of the ancillary services is becoming ¢leeing indispensable

for balancing purposes

At European level there has been an evolution regarding network codes and the creation-of a well
functioning intenal single European energy market. Which was reached for thdlbesad Market by
means of price coupling, but need to be optimized for intraday and ancillary service markets across
Europe alsorequired and promoted by the European Commission in the CAGM[12]. The actual
network codelefined by ENTSEE ains at creatingan integrate@nd harmonize&uropean Balancing
Market to increasgrid flexibility and shared reserveklence the TSOs in each country will have to
explore alternative options to organize reserves and capacity disipatists.work as in other studie

such ag14], the main goalis to investigate on new actatisat could enter the mieet. On who can or

should be thaggregator (TSSO, retailers ormny othethird pary) andwhatkind of market models

or coordination schemebetween TSO and DS@eed to be adapted accommodatas a manPERs

as possile. Moreover,the role of theDSO is analyzed further to assess the potential for a more active
role of the DSO.

In the long perspective local energy markets could become part of the electricity marke{Isign

For the national regulatorguthorities(NRA), it is of fundamentalimportance to investigate on
drawbacks, benefits and innovative incentive methiodsrder to set the correagulatory framework

and the avoidance of any market or distotidrhe NRAs therefore playn important role to prade

the right incentives for the development of the network such as grid reinforcement or the deployment of
new technologies in smart grids or flexibility prografh6] in differentEuropean countries aimira

harmonized Euragan ASM market

2.2 Clean Energy Package @esv guidelines foHectricityBalancing
In 2016 a new package of proposalsa me |l y t he AClI ean Ener (CEP)Rsc kage

been published, addressing sectors such as renewable energy sources, energy efficiency, energy
governance or novel market designs. The latter is the motivation of this thesis. Furthermore, the package
emphasizes the role of the consumer which shoultldentral player in the future energy marlets

providing flexibility, with the overall scope to bgnbenefits from a technicagnvironmental and
economic perspective. In 2018, early 2019, after the agredaynéme Council, the new laws entelied

force and each Member State has two years to translate it into national law.

2.2.1Electricity Directive and Electricity Regulation

The new electricity regulation and directjveplaced the Electricity Directive (29/72/EC) and the
Electricity Regulabn (2009/714/EC)establisithe novel designs for the future EU electricity markets,

2The electricity market can be seen as natural monopoly
15



adapting new actors and technologies in order to be able to accommodate the expected growth in RES
by 2030. In particulart highlights the need to integrate more flexilyiin order to integrate a greater

share of renewable energy sourcesitie Agency of Energy Regulator (ACER) was granted additional
competences. In the releaselite paperg17] of the Council 6 European Energy (CEER) aALCER

for the adopbn of the Clean Energy Package,particular thenew ole of the Distribution System
Operator(DSO)is emphasizedyhich comes along with the decentralization of the energy market. The
increase of flexible resources and to further imtisze costumers to provide flexible resources to the

entire grid.

CEER and the Austrian Regulat&rControl has defined the scalled3D-Strategydepictedin Figure

5 for the implementation of the CEP in the electricity sector, focusing on Digitalization, Dynamic
Regulation and Decarbonization. Digitalization angnBmic Regulation willbe of fundamental
importance inthe future grid design. More in detathe role of the DSO, aspscof ICTs and

cybersecurity

Figure 5: 3D-stragey of regulators for the implementation of CEP in the electricity &€

Flexibility, new market actor and the new role of B8O are subject of this thesis. Those actors will

be affected the mostspecially because a high volume of RES at DSO level is expected in the coming
years E-controlhasdefinedthethree main actonepresented belowyhere to focus in the cong years

and which will need revised regulatifi8] [19].

Active Costumers:

1 Consumption, storage, local communities
9 Data collection, smarhetering

1 Enable the participation of all costumers to enengykets

16



Independent Aggregators:

1 Aggregate resources
1 Independent party participating to energy trading

1 Access to all markets
Distribution System Operators:

1 Allow the usage of flexibility, to optimize grid efficiency

1 Digitalization

In particular in the regatory proposals[20] of CEER it is emphasized thai: Mdtional regulatory
Agenciesshould review the progresm TSO/DSQoordinationi n a mor e decentrali z
redef i ne respect iancto gieesDBO hespodsibilltyi to iexpler® markéased

procurement for flexibility services.

2.2.2 European Btwork Codes
The European network codes developed by ENES@nd ACER are a set of rules for the

harmonization, integration and efficiency of electricity markeith the overall scope to achieve the
objectives set by the European Commission (EC). Throughout this thesis reference will be made to it,
in particular codes regarding System Operf&@®)or Electricity BalancindEB). The complete lisbf

rules can bedund in[21].

2.3Roles and Responsibilities

In the electricity system, each actor has different roles and responsiblltie$ransmission System
Operatoris an important and fundamental actor in the electrical, guidkeepit stable The national
TSOs aralsorequired to closely cooperate with neighboring TSO to increase efficiency, for congestion
management or capacity allocatidiurthermorethe TSO is responsible to maintain the grid stable by

keeping in balance prodiien and consumption.

Another key user is the Balancing Responsible Party (BRi.BRP is responsible to balance their
own portfolio of resource# other words a list of generating undtisle to modify productiorBRPsare
remunerated and rewardedbifilance is maintained and penalized if not. The TSO, being a regulated
party,mustact financially neutrathushe is not allowed to own generatingits. Moreover, hé also
responsiblgo operate the balancing market. In Summary the TSO is an impadintto kee@and

maintain the security of supply within national, but also European bd@&frs

The Distribution $stemOperator (DSO) is responsible for loeal distribution grid, for power quality
and data managemaenttall end customers of his grilfloreover,it needto provide information to the

TSO for the settlement of imbalanceseqay.grid reinforcemenf22].

17



2.4 AncillaryServices

To ensure the power qualityt more importantlyto prevent blackouts it is essential to keep the balance
between generation and consumptiansreal time. TSOs and DSOs continuously monitor their
transmission or distributiometworks respectivelyn order b keep frequency and voltage within
operationakystemdimits, this is generally done via tBe-calledancillary services (ASThose services
generally include frequency regulation, voltage control, spinnisgrvepperating reserve etds for
balancingare provided by generats, mainly connectedirectly at HV andhe TSOis responsible to
procurethoseservices in order to ensure operational secyti8j. Primary, secondary and tertiary
control areactivatedeither automatically omanuallyby theTSO to keep frequenay the operating
constraintof 50 Hzas depicted ifrigure 6.

100 MW

unused band

Secondary frequency control band

Tertiary frequency control band (+)

Primary frequency control band(+)
Primary frequency control band (-)

Tertiary frequency control band ()

Secondary frequency control band

maximal power of technical unit

working point

Primary frequency control

. Secondary frequency control

. Tertiary frequency control

0 MW
Figure 6: Overview on ancillary service activation in the Austrian cdrdrea[23]

The activatiorof those reserveis donewithin second orminutesrespectivelyto contain and restore
frequencyas representeith Table 1. Those values ardefined by ENTSEE, because an instability of
one control area can affect the entire synchronous area within seconds, ted&lingpean blackout.

Ancillary service Minimum bid size (MW) Notification time Activation
FCR 1MW < 30 Sec. Automatic
aFRR 5 MW > 30 Sec. Automatic

<15 min.
mFRR 5 MW >15 min. Manual

Table 1. Ancillary Services and activation tinfi23]

18



The way balancing is handled within eacbuntry differs due to historical reasons and national
specification for instancethe povision of ancillary servicean bemandatory or optiongPR4]. In any
casethe provision isubject to technicalriteria and constraintshich need to be prequalifietk-ante

In the APG control area the required energy is procured via regular tgneieeAPG is the sole buyer
[25]. A detailed description of thedknical APG prequalificationan be foundn [23].

2.4.1PrimaryQontrol Regulation

The primary frequencgontrol also called Frequency Containmergserve (FCRat ENTSOE level,

is needed to maintain frequency within the thresholds280 mHzn theentiresynchronous aréand

to keep the system stable at all tinleacts when the frequencyeeeds the dead band#50 mHZ[23]

as shown irFigure 7. FCR interrupts frequency deviations, it does not restore the frequency to the
nominal value It is later corrected by the Frequency RestoratiesdRve (FR) and finally by Reserve
Restoration (RR).

fA
+ 800 mHz
: : + 200 mHz
——————~—> 50 mHz
: \/\—-—’"/ ’ + 200 mHz
: + 800 mHz

Figure 7: Thresholds for the activation BfequencyContainmen{23]

As alreadymentionedthose requirements aestablished by ENTS@, but AS regulations, tendsior
technicalprequalificationare freely stated by each country, which in sleads to heterogeneity in the

European grid26].

In the Austrian control areghe procurement is optional and market organites required energfpr
FCRin 2019was roundabout 66 MW][25]. Bids are ranked according to prices until the volurhthe
control power is reachedcceped bid are remunerated with the pagbid approach. Only technical
unitswith a capacity abové MW andan activation time of 30 seconds are allowsdefined in the

Elektrizitatswirtschaftsund -organisationsgeset® 68 EIW0OG2010) In addition,they need to have

3 Synchronous area is the ENTSgrid, all generators participatettoe reestablishment of the frequency
19



proper communicatioand informatiortechnologies anthe capability tdkeep the injection for at least
15 minutes, untibFRRIs fully activated27].

2.4.2Secondargontrol Regulation

Also calledautomatid-requency RestorationeRervgaFRR)is manly neededo stabilize imbalances
in the control areaAs mentioned irR.4.1 frequency deviations amarreced by theaFRRin order to
bring frequencybackto the nominal valu¢50Hzin Europe) It is activatedimmediatelyandin most
control areagwutomaticallyafter theFCR, in any caset has tobe activated within 15 minutes after an

imbalance occurref28].

In Austriathe provision ofaFRRis optional and market basedeserves are tendered separately in
positive (UP reserve)and negativgd DOWN reserve)direction (increase or reduction of the power
injection). The minimum rated power & MWfor generatorandbr aggregated power plants rguial
power plants)As with FCRthe technical units need to satishettechnical prequalification such as
proper nformation and communicatiomonitoring etc[23]. Penalty clauses do apply if thersice

providercannot meethe obligation to provide secondary control pawer

2.4.3TertiaryOontrol Regulation

The tertiary control regulatiomdefined as mFRRis activated in order to guarantee the provision of
adequate aFRRt any time. IPAustria mFRRreserves are procured an organized mark¢29]. The
provision is optional with a minim rated power®MWand1 MW step sizePayasbid approach is
adopted and is remunerated through the Balancing Responsible party via imbalance seftlament
activation time is 15 mimfter frequency deviation took place aiidhe deviation in that control area
lastslonger than 15 min. lis activated manually by the Austrian Power Grid operf@8}. Technical

prequalificationneedsto be satisfiedn orderto participate to the tenders

2.4.4Voltage Gntrol

Voltage control is mainly ¢ocal problem and thus usdxy the DSO to maintain the voltage within
limits, set by power quality specifications. Due to theegence ofdistributed generatiorand
unpredictable load changte voltage profile varies along the feeders and the DSO can eltabging

the reactive injection of e.g. generating units connected awmgrid. With the increase of DG in the
distribution grid,overvoltage may arise, and a curtailment of DG is needed. It becomes even more
challenging as reactive supply is disrupted due to variable reactive injection profiles and the

displacement of synchronous generafdfj.

2.4.4 ©ngestion Management

Congestion management is an important issue of SO, due to the increase of demand or the unforeseen
injection of energy,the transmission lines become congested. Congestion management is avoided

through the TSO at transmission level iogans of ralispatch. In recent years with the ingeaf
20



DERs congestion management became an issue also in local grids in which the DSO is responsible.

Scenarios as shown kigure 8 where the lines are congested only for few Bauday, namely at peak
hours isa well know scenarifor many DSG.
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Figure 8: Congestion in peak hounsiaximum line capacity is exceedi]

Normally, those houraremorninghoursbetweerramand 8 am, the mid hours due to PV injection and

evening hourbetween6pm and 9 pm due to increased load demand. Especially with the increase of
electric védiclesthis problemwill increase.
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2.5 NewAncillaryServices in the 203Blorizon

Thebalancingmarkethaveoriginally not been designed to integrate such high sharé®R&fS norin a
distributed waynor for an integration with cross boundarig$fierefore with the current regulation and
technical aspects there are some discriminatodynainly technicalbarriers for a participation of RES
in particular smaiscaleDERSs. Since DERs asnd will plentiful, but rather small in terms of capacity
and flexibility, it is only throughoutight aggregationpooling or commercial partighat they can bit
and participateon the AS marketsThis problem that many countries in Europe are facuag
investigated in studd1], which results has showthat to foster thegrticipation of DERS, not onlyma
aggregation of units is reqed, but also a smalldpid sizein the ASM markeis neecd and thus the

bidding process should be revised

As already mentionetefore AS differ from the European countries, with different niet rules and
technical prequalification. Stud®2] lists the main barriers that hinders DERs to entek$markets
especially it provides a comparison among countries in Europe by comparing rutetiabation at
FCR andaFRR. According t¢32], the Danish ASM resulted to hawine ofthe best fameworls to
allow small and noprogrammable units to enter inbalancingmarkes. So, does[31], which shows
thata too high minimum bit size is stithe main obstacle to preveand allowa participation of small
end costumeunits, even if aggregated. StugB2] then concludeghat by opening the market to new
acbrs such as aggregatoms big intricacyis added in the market designd thus feasiblén fact DERs,

if coordinated, can provide good flexible products.

According to [33] three main categoriexan be defined, to face the lack of flexible resources
participation
1. Openthe ASM to new actors and new technical units: aggregatoneegidservicesuppliers,
DERsor demand side management
2. Introducing new services to better responckal timethe posdiility to contract and incentivize
active participation based on data management
3. Change the ASM structure and coordination scherheseinforced cooperation between TSO
and DSO
A first stepimplicatesthe clarification for thespecific requirements and organizational frameworks,
with the variouspossible roles and responsibilitiss order to efficiently integrated new actoihe
objective of this thesis is to identify possible coordination schemes between TSO and DSO and the
neededrequirements and specifications regarding I@$swellas the investigation on the economic
impact in terms of CAPEX and OPEK s worth to mention, that@organization of the market design
would imply a disruptive change in the present tradimg marketnechanismbut still the definition of

possible coadination schemes is a first step to defirgsv roles and interactigratterns.
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With the massive rotbut of smart meteiis Europe devices that allow the measurement of consumption
and load profiles, voltage levels or interruption evémts5 min samplg[34], consumers caregpond
upon power signals coming from a centralized pavigreover,the advanced metering infrastructure
(AMI) already fully in place in &eden, Italy and Spain allotime-usetariffs andis thereforehelpful

for demand forecastffecient grid and power flow as well agateestimation. Tiey do not satisfy the
requirements for aearreal time monitoringFor surethey pave the path fe@marter grids anflexible
marketq35].

An essentiabuestion is, how those fléxlity/AS markets should be shapesbmehow this question
hasalreadybeen answered lnggulatory entities such as the CEE®8], EDSO[37], ENTSOE [38],
EURELECTRIC[39] and SEDE{40], by outlining possible market implementation and aggregation
models from a general point of vieMost ofthe entities conclude thathange in the market will affect
partially or entirelythe market the grid or thesystemitself as shown irFigure 9, thus making it
complex.However, for a proper functioningf novel marketsthe roles, responsibilities and regulatory

frameworks need to be reviewptl].

Non-fraquency

Ancillary Services

Frequency
Ancillary

- Services

Congestion

\Management {incl. balancing)

lrade

FLEXIBILITY

Figure 9: Representation of all zonesupledeach anotheei6]
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3 NewMarketActors

3.1 Introduction

Operating a power system with a high penetration of RES introduces uncertainty and variability, also
related to a decrease of system inertia. However, thnbugh integration or aggregationG will be

ableto provide the same capacity and flexibility as do currently conventional power plants. For this
reason, to provide market access to these resources new market structures and regulatory frameworks
are needef#2]. As already disussed, DG can provide a wide range of services required by the TSO or
DSO[4].

According to the thematic factsheet of the European CommigX2drthe wholesale and retail markets
should boost thelevelopment of new innovative actors and services. To reach more flexibility in the
market it should be given the consumer the possibility to actively participate in the market, ensuring
that the markets provide the right signals and allow flexiblericadiloreover,a better coordination
approach should be introduced to integrate RES in the ma2e{15]. The latest EU Clean Energy
package includes some of those recommendations, in partctitde 32.1 states:

“Member States shall provide the necessary regulatory framework to allow and incentivize distribution

system operators to procure services in order to improve efficiency...”

It emphasizes explicitly that the procuremh should be done by the DSO amarket basednon
discriminatory and transparent wigh3].

As mentioned ij44] in the very next future, the improvement and the cost reduction of ICT will allow
DSO to supervise and manage their grid at a reasonable cost. In the recent year, notably two major
alternatives have evolved, namely Peepeer (P2P) and control badd8].In this context an important
obstacles should be mentioned, namely the incurring anaigiadole costs to participate to timarkets.

First, the owner (prosumer) need to be engaged and second, the prosumer has to itt¢hachnarket

or with other endisers (P2RYhe right ICT equipment needs to be in plpta].

In the recent years, new concepts of aggregation the so called Virtual Power Plants (VPP) has emerged
enabling DERSs to participate the existing market, even if mainly only at TSO level or only with TSO
interaction. According tf47] there are two types of VPP. A technical VPP and a commercial, the latter
only manages and optimizes DER portfolios todid &1 the wholesale market neglecting the technical

constraints. The injection schedule is then passed to the technical VPP operated in that balancing area.
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Study[47]concl udes that this appr aialglbecause of thé corfliet accur

between TSO and DSO.

As key referencenemain sources has been identified. The USBRiversal Smart Energy Framework
seems to be a promising common standard to build an integral market for the trading of flexible
resoures. In chapteB.2.2the main outcome is presented with a particular attention on the Austrian case
and the implementation of those models at DSO B3| [41].

For the contract agreement and the remuneration of flexibility services. Third parties, regulated or non
regulated aggregators will need to interact further when it comes to the remuneration phase as discussed
in [48] and in clapter 3.2.2

3.2 Aggregator

In the context of newommerciaimarket models, the role of the aggregatmmes upThe aggregators

can bridge the gap betwedhe electricity marketssystem operatorand smakscale DERsand is
responsible for the management and the optimal use of those services, from and touber end
(prosumer) as depicted irigure 10, in other words the aggregator acts as interface between the

prosumer, system operators and the energy md@ts

BRP DSO TSO
JP ]
Energy markets Provides
enabling VPPs Level A Flexibility
Aggregator

Common dynamic T Provides Level B
Registry System Flexibility

Prosumer Producer | | Consumer

Figure 10: Aggregators iteractions with other actoragts as interface betwe
endcogumers and SO82]

As already mentioned before small scale DERs can provide a variety of services generally needed by
the DSO or the TSO. The value of flexibility can be enhanced by pooling those resources, which
otherwise would be too small to participatethe markets individually, but not only, also costs of

participation can be reduced significanfy]. Prosumers will potentially be able iateractand

4 TSO primary task is to avoid system imbalance, while DSO is avoiding congestion at the same time using the
same resources and grid infrastructure
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cooperatdan the markets and compete directly withditional emrgy uilities or indirectly through

aggregator$35s].

The a@gregatorwhich can bean existing companyor a third up to now,deregulated parfyacts on

c o s t ubmlelf. 6he aggregator is not only responsible to bring the resources on the market, but also

responsible to provide the agreed services upon request. Aggregation can involve either generation,
demand response or both such as storage; in any case, it must comply with market rules and power
system regulatiof89], [49]. The aggregator will then be seen as a sipiglger/actofrom the electricity

market and the other stakeholdgrd] as shown irFigure 10. Of course, one of the main tasks is the

aim to optimizeand trade the resources in order to gain the highest profit for himself and for the

costumer. IrFigure 11a common timeline of the trading mechanism is depicted

Bid decisions Schedule decisions
for trading for trading
horizon horizon Trading horizon

| | ‘ |

Realization of
uncertain parameters
(prices, loads, generation)

Figure 11: Trading mechanism and timeframe for aggregdtbt$

For the endcustomer, it would be difficult to evaluate the profitability. Generally the Aggregator builds

a portfolio of assets to meet the size, and possibly, also the timing constraints of chosen flexible products
or from assets of different prosumers. Ofis®, the Aggregatois totally free to choose the products.

For instance, he could specialize only on one single product as long as he does not violated any
constraints set by the system operafét$ which always has to b@requalified gpriori as discussed in
chapter3.2.2 Moreover, bidding strategies and energy schedules ahead of time rely on predictions. Any
inaccuracyor unforeseen evenis translated in an increase of costs, making it important to integrate
smart metering data for forecasting or state estimation. The[@jodhalyzed the effect of uncertainty

of costumer 6 s behavi ansiderahisdariable whemflgXibiity ispmoguged.st s t o

In summary one can say, that the aggregator has four main jobs to incentives the participation of small

customer$49]:

1. to study which customer can provide profitable resesirc

2. to actively promote those service to the-endtomers

5 Up to now aggregators are not regulated by the NRA and therefonedllo contract with costumers focusing
only on profit maximization
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3. toinstall information and communication devites

4. to provide incentives and the right remuneration scheme

However, as can be seen from the listening above and also discussed in the USEF $fdhdaatsy

roles of the aggregator do overlap with the main roles of the DSO and/or the supplier. Hence, it is
reasonably to analyze how the DSO or the energy supplier could act as aggregator or independent actor
(e.g. markebperator) in pooling DERs connected to his own grid in a more efficient way, especially
because the customer is or may not be inter&stedurageih investing in required installations (ICTs)

or does not have expertise to make it by himself. Manyceigdmers, especially residential areas still

do not have access to the dynamic price signalsadihe lack of ICTH50]. In like manner the energy
supplier could exploit energy resources, which normally involve supplying erafegsing to the end

user a lower fee for the availability of that resource. Furthermore, the aggregator needs to make sure,
that the load/injection decisions do not cause any problems for the electrical grid. Thus, the scheduled
injection profile needsotbe consulted by the DSO/TSO. The DSO/TSO evaluates if the power quality

is violated and validates the resuligich are then sent back to the aggreggdy, [49]. Again the role

of the DSO andhe aggregator partially overlap.

In [32] two methods were defined, telemetry and financial aggregation. Telemetry is the aggregation
where also the power flow is included and generally aggregator implements algorithms teeotbtemi
energy dispatch. The financial model instead, allows only the aggregation of bids. In a similar matter as
with the VPP described earlier.

For the sake of simplicity, in this work only aggregation models for curtailable generation and curtailable
loads’ are analyzed. The optimization of other aggregated loads and generators, such as shiftable loads
or storage systems are complex and the optimization problem, the objective function, subject to many
constraints. For instance, thermal loads could beééfas a shiftable load, the energy consumption can

be reduced for a period of time, but generally a higher amount of energy is heeded when reactivated,
also known as rebound effe@tescribed in chapter 5.4Jhis has to be included in the optimization
power flowand in the aggregation moéief processmaking it complex especially for larger grids and

hence out of scope of this thesis.

5 The installation of the right ICTs might be no longer of Aggregators competence, it is expected that the NRA
will set incentives to foster the digitalization in the grid. Moreover itnigortant that the ICTs are rolled out in
compliance with the common European Standards for Smart Grids.
7 Curtailable generators are resources that can reduce the injection, curtailable loads corresponds to the actual load
shedding which should not be dosed with the automatic load shedding for security reasons. They are
independent from actions before or after the activation
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3.21 Barriers for Aggregators in Europe

Currently there are still several obstacles in the European Markets tseréheafull participation of
aggregators, one reasons is the conflict among the stakeh&@drshe aggregation of DERs creates

conflicts among stakeholders as can be seé&igure 12. The aggregator can establish more than one
contract per consumer in order to offer services to the BRP, TSO/DSO or to the supplier. Each of which

will have their own interests and requirements. The regylasmommendations for the deployment of

flexibility in [48] addresses those issues and statedititat e ar and f @quirementsfort r act u

all the parties need to be developed. In order to

“...avoid barriers to entry, aggregators should never be obliged to negotiate with the BRP or supplier
of a consumer, moreover the costumers should have access to the best demand side flexibility offer of

their own choice. *

Obviously, the main goals afregulatory authority is to create a Adiacriminatory market environment
to all partied35].

In summary omcan say, that the regulatory framework lacks behind and the clear interaction between
TSO and DSO need to be deployed further, as well as nhew market architectures able to accept bids
coming from small scale DERs. Redesigning thekeitarin a way that DER aggregators are involved

to attract and encourage investors to create new business i3 @tsorder to accelerate the process
towards a decentralized controlled and smart distribution grid. Nonethe{ggegators are key enablers

for investments in the demand response and the pooling of DG, which will be of strong support for the
power system but hardly able to replace all the capacity and flexibility currently provided by traditional,
thermal unitg452].
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Figure 12: Aggregators portfolio to be offered to other market participgtitp
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3.2.2AggregatoimplementationModels[41]

In the USEF study41], which provides a general framework for the implementation of schemes for
aggregator s, seven models are introduced. Thi s
responsibilities, especially regarding additional roles that the DSO should haveirteobed in

providing balancing or congestion management servités.worthwhile to reproposethem in this

context as it creates standards and recommendations for existing and potential aggregator models at

transmission level and but also for the grion of demand response at distribution level.

The framework categorized the implementation models in four categories as depieigdran13,
answering questions such as what roles the Supplier and Aggregatos toeesingle market, the
assignment of a single BRP or dual BRP (Supplier and Aggregator) and how energy is remunerated
among the actorgll]. However, there is much debate on how aggregation will work best in practice

espeailly with different regulatoryrameworkswithin Europe and the existing markets.

CONTRACT between NO CONTRACT between
aggregator and supplier aggregator and supplier
| B Integrated
SINGLE Q ¢

BRP
I@I Broker

I@I Uncorrected

BOWR Corrected

IQI Contractual

IQ! Central settlement

Figure 13: Representation of possible mode aggregator s and suppliddd ]

In some models, where there is a contract between Aggregator and Supplier, have already been
implemented in Europe. For instance, the integrated model is common in Scerdowntries while
in Germany and Austria the contractual model is used. The contractual model, which refers to the

Austrian scaeario, is briefly describenh thefollowing chapter
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Contractual model

In the contractual model the Aggregator has a contatt the BRRy, which delegates the
responsibility for the imbalances coming from the activation of flexible resources and a contract with
the Supplier for the transferred energy not provided to the prosumer as scheduled. The Aggregator/
BRP,grhas in tun a contract with the BSP regarding the provision of flexible resources (coming from
the prosumer). In Austria, this model could be compared to a practice example of a VPPNt as
Kraftwerkeor theOekostrom AG53]. Geneally, VPP are categorized as commercial or technical power
plants, only the latter is considering also grid constrahs.

Oekostrom AGs classified as a BRp and BRRy and is currently investigating on the integration of
smallscale DERs in thancillary services and how to valorize distributed generation of customers to
encourage apartment houses to invest in those resources. One issues to be solved in the Austrian scenario
is still the activation of smalicale DERs, whicimvolvesinvestmentsn proper soft and hardwarand
telecommunicationas emphasized {®3]. To define the relationship between actors and stakeholders

for the activation of flexible resources generally four stages are considered. Those are:

1. Contracting

2. Validationand Panning
3. Operating phase

4. Settle

and are presented in the following chapters.

Contracting phase

As shown inFigure 14, the aggregator purchases and contracts flexible resources with the prosumer in
order to be able to control and add those resources to his otfolipoiThe BSP in turn contracts
resources for his own portfolio with the aggregator, which he can then offer at the TSO tenders. In order

to not violate any constrains on the distribution grid the aggregator informs the DSO about its portfolio

BE@E@EOO
Prosumer, sup BRP,,, AGR BRP, BSP TS0

Contract

flexibility purchase cantract

A4

<

flexibility service
contract

A
h 4

FRR contract

information exchange

balance
responsibility|
_contract _
contract |[optional] h

Figuré 14: Interaction of all involvd parties in the contracting phggé]
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of acceptd resources. In this step he atequestdo access to the measurement data for the activation

of his resources for balancing or congestion management purposes, in the best case near real time. The
aggregator also stipulates a contract with the BRP whisponsible for the imbalances created from

the activation of the aggregated resources in that balancing area. Ircases¢he aggregator also
contracts with the BRE,and BRRy. [41]

Planning and validation phase

Before the actual operation, for instance one day before the activation the aggregator validates the status
of his portfolio according to the forecast provided from the prosumers and the available resources. The
DSO even though the contract was signed already may impose restriction if grid constraints are violated
or may request flexible resources to resolve aniation. Once the predicted state of the resources in

his portfolio is known, the aggregator can sell them to the BSP, which in turn can offer and provide
them to the TSO. The TSO d&e services provided by the BSP for balancing the system. Thg,BRP

and BRRypinform the TSO about their injection/withdrawn progrgi].

Prosumer, SUpP BSP TSO
Plan/Validate request flex or issue restriction ue restriction
asget usage forecast ) b :
» determine portfolio
status
; bid
. bid
inform =
-] nomination
nomination

Figure 15: Interaction of all involvd parties in the planning and validation phikd
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Operational phase

During the operational phase the resources from the prosumer are measured and monitored throughout
metering services sent to the Aggregator and BRP which in turn forward them to the TSO. As soon as
the TSO detects imbalances he requests the necessargifmalservices from the BSP in order to
contrast them by activating through the aggregator the prosumers resources ( ncrease or decrease on
demand side). The aggregator informs the 8R#® the activation, if that resource fall into the BRP

portfolio to avoid counterbalancing. Finally the DSO collects and registers the metering data to carry
out the necessary calculation, since the activation of those resources changes the energy profile, for
instance the BRPsup has an imbalance in its portiblip
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>
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‘invoke FRR
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activate flex |

A

activated flex
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<

RH’ measurements
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) 4

nomination
>

activated flex

| measurements

| | g

Figure 16: Interaction of all involvd parties in the operational phdd4]
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Settlement phase

In Figure 17 the green arrows represent the financial transfer. The DSO, also responsible for the
metering collects and provides the measured data to all involved stakeholders in order to be able to
quantt y t he activated f | etnarsferiedeigiotoycompensateshe supplieaand s u s ¢
the imbalances in the BRPs portfolio caused by the activation of flexible resourEegure 17 the

perimeter correction. As highlighted in USEF model, the specific transfer of energy depends of the
different implementation models that were described before. Oneméngy transfeirs concluded the

BSP is remunerated by the TSO for the provided balancing service. This is tHertthsiemuneration

scheme fothe Aggregator and the prosumgtl].

Sattle meter data <
quantify flex | quantify flex | quantify flex quantify flex ~ =
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<---->< >
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<
<+
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<
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<
<+
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<

FRR activation
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Figure 17: Interaction of all involvd parties in the settlement phase

8 The transfer of energy generally includes also financial remunerations
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3.3Demand Response

Flexibility can also be achieved frotine load side througactivedemand respong®R) from energy

storage or load shifting. It is defined as the ability of the electricity consumer to change their
consumption pattern based on signal coming from the mpt8tLoads can be controlled upwards

and downwards, while other resources like solar and wind power downwards exclusively.
Market4RESeportsD2.1 [54] and D6.1.126] stated that demand participatianthe market could

result in aconsiderablelecrease of systems operational and investment costs which in turn would pave
the way for a higher competition atisus contributed areduction in pricesMarket4RESeports are

not considering capital expendiie and operational cost for a proper communication among DERs. Only

a discussion on the main barriers which include adequate equipment and communication protocols is

provided, it can be found {24].

For demand response, tusers use their own generation, energy storage or other controllable
resources.Obviously, those must be controlled automatically. Manual control would be too

unpredictable, expensive and slow.

The participation of demand response varies not only among different countries but also inside
boundaries among regions due to different energy generatidd@ix hus, a participation to a central
balancing market might bé dst or t ed and mainly depenéiguretl8 fr om a
different European countries policies for participation of DR is depicted. It is shows that e.g. in Austria

and Germany the participation to the demand response is partially open whilede &nainthe UK it

is commecially active. Italy and Spain the commerdaaglgregation and so also DR is still not allowed.

In the French scenario, e.g. the NEBEF mechanism allowsisard (aggregated or not) to sell the
energy by reducing the demand only on thealagad market and in Finland demand side is also allowed

to participate to theestrictedancillary service[32].

® Commercially active
Partial opening
@ Preliminary develompments

® Closed
® Notassesed

Figure 18 European countries allowiray partially allowingdemaﬁd eSpons¢49]
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However, even where aggregated demand resporsrive and commercially allowed to bid in the
electricity market or ancillary services market, the volume of participation of DR is still marginal.
Mainly because of the design of most wholesale markets which do hinder a direct participation of DR
e.g. minimum wlume or response duration which exclude small users or aggregamoosi §32]. A

detailed technical descriptiam technical specificationsas already provided in chapt#.

Therefore, several changes need to be addtéssdlow the participation of small scale DERs and DR.
On one hand the market design needs to be revised defining the boundaries of responsibility and the
roles of each stakeholder and on the other hand standardize the data exchange among thera to ensure

safe, secure and reliable control mechanism.
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3.40verview orFlexible Resource for the provision of AS

Demand regonse, flexible resources and théension of trditional demaneside and load management

is a key practice forthe future smart grids tamprove systems reliability, efficiency and to tackle local
problems. Currently limited due to two reasons. First, the lack of regulatory framework for ICTs;
secondly, the main resources are disaggregated and of small or of medium in size. The maiivapplic
areas and most promising technologies as statg@Dinare in load shifting, demarglde balancing
services, advanced meter infrastructure (AMI) and alsempestr technologi€$35]. Especially in the
industry sector where bigger loads can be modified and most of the communication infrastructure is
already in place for energy management purposes, DR is more convenient. Oppositely, for the residential

sector is more complicatéd].

Generally grid reinforcement is capital intensive i.e. the reinforcement of feeders, substations and power
lines. Considering that those additional investments are essentially required, but needed only for some
hoursa day ora yer, namely only when the load is peakeddiscussed in chapter 2Most grids are
oversized. Thus it is important to investigate if such an approach is actually economical efficient or if
the investment into new technologies such as DR, storage or QfERsaonstitute an economically

more profitable way to avoid congesti@b], [8]. Specially, flexible resources may assist the system to
deal with congestion issues. They have the ability to wsseegiources to respond to changes in the
systems demand, in the best case, in near real time. To put it differently, it is the modification of injection
or consumption in reaction to external signals i.e. price signals or activation through the DSO or TSO
[39].

Figure 19 shows the different needs for flexibility. For instance, the flexibility for energy range from
hours to years. In othavords, the planning for energy transfer should be done months ahead. On
contrary, flexibility for voltage is needed only for few minutes a day. Each technology and resource has

a different capability which will be discussed in the following chagj&gk
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Figure 19: Use of flexibility for dfferent purposes depend on time and ser{3&

9 Postmeter technology is referring to all-home apphnces able to respond to signals coming from the smart
meter
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Demand side flexibility or DR refers only t@estumers capable to shift its load without a decrease of
the comfort standards. Consumers respond to prices mithieitly though a contract with the supplier

or explicitly through an aggregator that bids on his bef2dlf. A really simple mechanism to boost the

DR is to offer consumer the dynamic electricity prices. With the massive roll out of smart metering
infrastructure this became even more imporfait. Nonetheless, the use of those teses is limited

due to the different location and technical capabilities. Only with the deployment and the installation of

new infrastructure such as ICTs it is possible to overcome this issue.

In study[39], which studiedhe requirements for interaction between aggregators and markets, three

possible market uses for flexible resources are presented.

1. Portfolio optimization used by stakeholders to meet and to balance their energy
obligations
Balancing for to the procuremerof balancing services in terms of capacity
3. Constraints managemertiows systemoperators to tackle network constraints to
maintain the quality of service.
For the sake of simplicity, in this thesis mainly balancing and congestion management services are
considered. Portfolio management affect mainly the aggregation and remuneration scheme, but does not

influence the coordination in real time considerably.
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