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Abstract 

The Energy System is going through a deep phase of change from a centralized towards a decentralized 

power system, due to the massive increase of RES. Traditional thermal 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 to provide such services and to further increase the hosting capacity for V-RES. In order to 

avoid a conflict of interest between system operators an optimized coordination between TSO and DSO 

is required, which is also emphasized in the EU Clean Energy Package. 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 ancillary 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 reinforcement. Cost and requirements for ICT and 

market operation were duly considered. 
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Kurzfassung 

Das Energiesystem befindet sich aufgrund des massiven Anstiegs von erneuerbaren Energien in einer 

tiefgreifenden Phase des Wandels von einem zentralen zu einem dezentralen Energiesystem. 

Herkömmliche, meist thermische, Kraftwerke werden nicht mehr zur Verfügung stehen, um die von den 

ÜNB für die Systemsicherheit gebrauchen Regelreserven zu erbringen. Flexible Ressourcen auf 

Verteilnetzebene, wie beispielsweise Batteriespeicher von E-Autos, könnten in Regelenergiemärkten 

integriert werden, um den Netzbetreibern Flexibilität bereitzustellen und um den massiven Ausbau von 

EE auf Verteilnetzebene zu ermöglichen. Um einen Interessenkonflikt zwischen den Netzbetreibern zu 

vermeiden, ist eine optimierte Koordination zwischen ÜNB und VNB erforderlich, welche auch im EU 

Clean Energy Package explizit erwähnt wird. In dieser Arbeit wurde eine Literaturrecherche 

durchgeführt, um das Potenzial von dezentralen Energie Ressourcen zu analysieren, sowie eine 

optimierte Zusammenarbeit von ÜNB und VNB zu untersuchen, um die Rolle von VNB bei der 

Beschaffung und Aktivierung von Systemdienstleistungen neu zu definieren. Eine Kostenanalyse wurde 

durchgeführt, um Kosten und Vorteile zu analysieren bzw. vergleichen, wenn VNB Resources auf Basis 

eines Marktes aktivieren, um Engpässe auf Verteilungsebene zu lösen und somit die Netzeffizienz 

steigern, gegenüber dem bisher üblichen Ansatz des Netzausbaus. Kosten und Anforderungen für IKTs 

müssen hierfür genau berücksichtigt werden. 
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1 Introduction 

1.1 The Energy System Transition  

The global energy scenario goes thrugh a deep phase of changes as a result of climate change, 

deployment of distributed energy resources, new information and communication technologies, electric 

vehicles and energy storage systems. The European Union has set up ambitious targets after the Paris 

Agreement signed on December 2015, which sets as goal to hold the increase in the global temperature 

well below 2° C above pre-industrial levels [1] and to strengthen the commitment for the reduction of 

greenhouse gas emission, agreed on the Kyoto Protocol [2]. In the European Union currently around 32 

% of energy is provided by RES. With the increase of electrification of sectors such as transport, heat 

or other industries, according to [3], electricity consumption is expected to increase by 18 % by 2030. 

In order to preserve the actual 32 % share coming only from RES as seen in Figure 1, the number of 

renewables will have to increase further. 

To achieve the 2030 target of a relative share of 53% coming only from RES, would mean that the 

increase of annual renewables injection must almost double. Renewable distributed energy sources, 

unlike centralized units are characterized by small capacities connected to medium or low voltage level 

[4]. This poses numerous challenges to the European energy grid structure. In fact, the increase of energy 

injection from non-programmable energy resources takes place at expense of the programmable fossil 

source, which must be turned off because no longer needed to satisfy the demand. Additional flexibility 

will become an increasingly valuable resources to balance the system between generation and 

consumption and to avoid large scale blackouts [5].Therefore it will be of fundamental importance to 

use efficiently the services that distributed generation offer. For an efficient integration of those 

resources, also the energy market will have to evolve from a centralized towards a decentralized system 

with novel market actors providing new services.  

Figure 1: Energy production mix in the European Union in 2018 and estimated growth by 2030 [3] 
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1.2 !ǳǎǘǊƛŀΩǎ path towards a climate-friendly society #mission2030 

Austria is commitment to climate targets, and has ambitious plans for 2030, namely the reduction of gas 

emission by 36 % compared to 2005. Which means that coordinated climate and energy policies are 

needed to keep a secure, sustainable and competitive economic welfare. #mission2030 strategy [6] 

provides guidelines in different areas to achieve this target, while ensuring Austriaôs competiveness. 

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 supply. Austria with a share of 33.5 % of energy coming from RES, is already a front runner 

in the European Union [6]. According to #mission2030 the Federal Government wants to increase this 

value up to 100 % (national balance). In [7], by 2030 an installed capacity of 9 GW and 12 GW for PV 

and wind respectively is expected to be connected to the Austrian grid, which may create huge 

fluctuation in the injected power as shown in Figure 2 and thus affecting the overall balance of the 

system. Therefore, a radical change in the electricity network and market structure is needed. 

1.3 Towards a smarter grid 

As in many other sectors, also in power systems digitalization took place towards smarter grids. Smart 

Grids can also be described as an intelligent coordination of actors involved in the electric system. The 

main challenge of smart grids is the implementation of 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 idea of a so called local energy community raised, where energy is 

produced and consumed locally as shown in Figure 3 [8]. 

Figure 2: Estimated fluctuations due to RES (wind and PV) in 2050 [7] 
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With the evolving of new technologies such as smart sensors, smart control and smart meters the 

efficiency and power quality can be improved [9], [10]. In chapter 6 the standardized smart grid 

architecture model is shown, it is an important tool for a consistent naming of definitions used by many 

research projects and thus also in this thesis. 

1.4 Thesis outline and objective 

The objective of this thesis is to analyze the future role of DSOs in the 2030 horizon and to investigate 

on possible coordination schemes to integrate small-scale DERs in the ancillary services. Answers are 

sought for the following research questions: 

How can we use resources at distribution level to support the system at transmission level 

for congestion management or frequency restoration? Which role and responsibility will 

the DSO take over to allow an efficient use of DERs? How can the TSO access to those 

resources without creating a conflict of interests?  

In order to partially answer those questions first itôs necessary to analyze the state of the art in the 

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 markets (chapter 2). A profound literature 

review was done to investigate on how the coordination between TSO and DSO could be implemented 

and which one could best fit for the Austrian scenario. 

In chapter 3 new market actors, likely to enter the market by 2030 are presented. Especially the role of 

the aggregator and how those actors procure resources in the current models and how this could be done 

at distribution level.  

In chapter 4 the current role and responsibility of DSOs is presented and the organization at European 

level which also include the different remuneration schemes for DSOs at the state of play. 

Figure 3: Representative figure for local communities in future grid structure, energy is 

produced and consumed locally [8] 
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In chapter 5 possible coordination schemes based on literature review are presented. Identifying the 

main drawbacks in terms of implementation, market clearing, ICTs and regulatory issues. 

In chapter 6 a general overview on ICT requirements for prequalification, aggregation, activation and 

extended TSO observability are presented. 

Finally, in chapter 7 a rough cost estimation was done to estimate the costs and savings (EAA 

comparison) for the DSO when he acts as aggregator (of information) 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 in chapter 8. 

 

  



14 

 

2 Electricity Markets and Networks 

2.1 Introduction 

In Europe the electricity markets are generally divided in to the three different and independent markets1, 

the Day-Ahead, Intraday and Balancing/Ancillary Services Market (ASM). As shown in Figure 4 the 

Day-Ahead market, as its name suggests is a market that runs the day before the actual operating day, 

generally the base energy, based on historical data, is traded in this market. In the Intraday market 

participants trade in order to match their production to the actual demand in 15 minutes timeslots.  

In the Ancillary Service Market, energy is traded which is required to keep balanced the entire power 

system and to guarantee a secure and a stable power supply [11], hence only generators that satisfy 

technical qualifications are entitled to it. Normally the TSO, responsible for the balancing of the system, 

is the only acquirer. 

In the present thesis focus is put on the ASM and congestion management, due to high volatility of RES 

and the penetration of DERs, this market will be influenced the most in the coming years. The power 

generation mix in the EU will change considerably in favor of RES and it is expected that electricity 

coming from RES will increase up to 50%. In particular, non-programmable and variable RES such as 

wind or solar (PV) will reach around 25 % by 2030 [12] and therefore reserves and flexibility could lack 

                                                      

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

Figure 4: Time frame of electricity markets, Day-Ahead, Intraday and Balancing Market [9] 



15 

 

in the future power grid. The importance of the ancillary services is becoming clear, being indispensable 

for balancing purposes. 

At European level there has been an evolution regarding network codes and the creation of a well-

functioning internal single European energy market. Which was reached for the Day-Ahead Market by 

means of price coupling, but need to be optimized for intraday and ancillary service markets across 

Europe, also required and promoted by the European Commission in the CACM [13], [12]. The actual 

network code defined by ENTSO-E aims at creating an integrated and harmonized European Balancing 

Market to increase grid flexibility and shared reserves. Hence, the TSOs in each country will have to 

explore alternative options to organize reserves and capacity dispatch. In this work as in other studies 

such as [14], the main goal is to investigate on new actors that could enter the market. On who can or 

should be the aggregator (TSO, DSO, retailers or any other third party) and what kind of market models 

or coordination schemes, between TSO and DSO, need to be adapted to accommodate as a many DERs 

as possible. Moreover, the role of the DSO 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 market design [15]. 

For the national regulatory authorities (NRA), it is of fundamental importance to investigate on 

drawbacks, benefits and innovative incentive methods, in order to set the correct regulatory framework 

and the avoidance of any market or distortion2. The NRAs therefore play an important role to provide 

the right incentives for the development of the network such as grid reinforcement or the deployment of 

new technologies in smart grids or flexibility programs [16] in different European countries aiming a 

harmonized European ASM market. 

2.2 Clean Energy Package and new guidelines for Electricity Balancing 

In 2016 a new package of proposals, namely the ñClean Energy Package for all Europeansò (CEP) has 

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 should be a central player in the future energy markets e.g. 

providing flexibility, with the overall scope to bring benefits from a technical, environmental and 

economic perspective. In 2018, early 2019, after the agreement by the Council, the new laws entered in 

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

2.2.1 Electricity Directive and Electricity Regulation  

The new electricity regulation and directive, replaced the Electricity Directive (2009/72/EC) and the 

Electricity Regulation (2009/714/EC), establish the novel designs for the future EU electricity markets, 

                                                      

2 The electricity market can be seen as natural monopoly 
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adapting new actors and technologies in order to be able to accommodate the expected growth in RES 

by 2030. In particular, it highlights the need to integrate more flexibility in order to integrate a greater 

share of renewable energy sources. To the Agency of Energy Regulator (ACER) was granted additional 

competences. In the released white papers [17] of the Council of European Energy (CEER) and ACER 

for the adoption of the Clean Energy Package, in particular the new role of the Distribution System 

Operator (DSO) is emphasized, which comes along with the decentralization of the energy market. The 

increase of flexible resources and to further incentivize costumers to provide flexible resources to the 

entire grid.  

CEER and the Austrian Regulator E-Control has defined the so-called 3D-Strategy depicted in Figure 

5 for the implementation of the CEP in the electricity sector, focusing on Digitalization, Dynamic 

Regulation and Decarbonization. Digitalization and Dynamic Regulation will be of fundamental 

importance in the future grid design. More in detail, the role of the DSO, aspects of ICTs and 

cybersecurity.  

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

be affected the most, especially because a high volume of RES at DSO level is expected in the coming 

years. E-control has defined the three main actors represented below, where to focus in the coming years 

and which will need revised regulation [18] [19]. 

Active Costumers: 

¶ Consumption, storage, local communities 

¶ Data collection, smart metering 

¶ Enable the participation of all costumers to energy markets 

 

Figure 5: 3D-stragey of regulators for the implementation of CEP in the electricity sector [19] 
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Independent Aggregators: 

¶ Aggregate resources 

¶ Independent party participating to energy trading 

¶ Access to all markets 

Distribution System Operators: 

¶ Allow the usage of flexibility, to optimize grid efficiency 

¶ Digitalization 

In particular in the regulatory proposals [20] of CEER it is emphasized that: ñNational regulatory 

Agencies should review the progress on TSO/DSO coordination in a more decentralized systemé to 

redefine respective responsibilitiesò and to give DSO the possibility to explore market-based 

procurement for flexibility services. 

2.2.2 European Network Codes 

The European network codes developed by ENTSO-E and ACER are a set of rules for the 

harmonization, integration and efficiency of electricity markets with 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 Operator (SO) or Electricity Balancing (EB). The complete list of 

rules can be found in [21]. 

2.3 Roles and Responsibilities 

In the electricity system, each actor has different roles and responsibilities. The Transmission System 

Operator is an important and fundamental actor in the electrical grid, to keep it stable. The national 

TSOs are also required to closely cooperate with neighboring TSO to increase efficiency, for congestion 

management or capacity allocation. Furthermore, the TSO is responsible to maintain the grid stable by 

keeping in balance production and consumption.  

Another key user is the Balancing Responsible Party (BRP). The BRP is responsible to balance their 

own portfolio of resources, in other words a list of generating units able to modify production. BRPs are 

remunerated and rewarded if balance is maintained and penalized if not. The TSO, being a regulated 

party, must act financially neutral, thus he is not allowed to own generating units. Moreover, he is also 

responsible to operate the balancing market. In Summary the TSO is an important actor to keep and 

maintain the security of supply within national, but also European borders [22]. 

The Distribution System Operator (DSO) is responsible for the local distribution grid, for power quality 

and data management of all end customers of his grid. Moreover, it needs to provide information to the 

TSO for the settlement of imbalances or e.g. grid reinforcement [22]. 
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2.4 Ancillary Services 

To ensure the power quality, but more importantly, to prevent blackouts it is essential to keep the balance 

between generation and consumptions in real time. TSOs and DSOs continuously monitor their 

transmission or distribution networks respectively in order to keep frequency and voltage within 

operational systems limits, this is generally done via the so-called ancillary services (AS). Those services 

generally include frequency regulation, voltage control, spinning reserve, operating reserve etc. AS for 

balancing are provided by generators, mainly connected directly at HV and the TSO is responsible to 

procure those services in order to ensure operational security [13]. Primary, secondary and tertiary 

control are activated either automatically or manually by the TSO to keep frequency in the operating 

constraints of 50 Hz as depicted in Figure 6. 

The activation of those reserves is done within seconds or minutes respectively to contain and restore 

frequency, as represented in Table 1. Those values are defined by ENTSO-E, because an instability of 

one control area can affect the entire synchronous area within seconds, leading to European blackout.  

 

Ancillary service Minimum bid size (MW) Notification time Activation 

FCR 1 MW < 30 Sec. Automatic 

aFRR 5 MW > 30 Sec. 

< 15 min. 

Automatic 

mFRR 5 MW >15 min. Manual  

Table 1: Ancillary Services and activation time [23] 

Figure 6: Overview on ancillary service activation in the Austrian control area [23] 
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The way balancing is handled within each country differs due to historical reasons and national 

specification, for instance, the provision of ancillary service can be mandatory or optional [24]. In any 

case the provision is subject to technical criteria and constraints which need to be prequalified ex-ante. 

In the APG control area the required energy is procured via regular tender where APG is the sole buyer 

[25]. A detailed description of the technical APG prequalification can be found in [23]. 

2.4.1 Primary Control Regulation 

The primary frequency control, also called Frequency Containment Reserve (FCR) at ENTSO-E level, 

is needed to maintain frequency within the thresholds of ±200 mHz in the entire synchronous area3 and 

to keep the system stable at all times. It acts when the frequency exceeds the dead band of ±50 mHz [23] 

as shown in Figure 7. FCR interrupts frequency deviations, it does not restore the frequency to the 

nominal value. It is later corrected by the Frequency Restoration Reserve (FRR) and finally by Reserve 

Restoration (RR). 

As already mentioned, those requirements are established by ENTSO-E, but AS regulations, tenders or 

technical prequalification are freely stated by each country, which in turns leads to heterogeneity in the 

European grid [26].  

In the Austrian control area the procurement is optional and market organized, the required energy for 

FCR in 2019 was roundabout ± 66MW [25]. Bids are ranked according to prices until the volume of the 

control power is reached. Accepted bids are remunerated with the pay-as-bid approach. Only technical 

units with a capacity above 1 MW and an activation time of 30 seconds are allowed as defined in the 

Elektrizitätswirtschafts- und -organisationsgesetz (§ 68 ElWOG2010). In addition, they need to have 

                                                      

3 Synchronous area is the ENTSO-E grid, all generators participate to the reestablishment of the frequency 

Figure 7: Thresholds for the activation of Frequency Containment [23] 
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proper communication and information technologies and the capability to keep the injection for at least 

15 minutes, until aFRR is fully activated [27]. 

2.4.2 Secondary control Regulation 

Also called automatic Frequency Restoration Reserve (aFRR) is mainly needed to stabilize imbalances 

in the control area. As mentioned in 2.4.1 frequency deviations are corrected by the aFRR in order to 

bring frequency back to the nominal value (50Hz in Europe). It is activated immediately and in most 

control areas automatically after the FCR, in any case it has to be activated within 15 minutes after an 

imbalance occurred [28]. 

In Austria the provision of aFRR is optional and market based. Reserves are tendered separately in 

positive (UP reserve) and negative (DOWN reserve) direction (increase or reduction of the power 

injection). The minimum rated power is 5 MW for generators and/or aggregated power plants (virtual 

power plants). As with FCR the technical units need to satisfy the technical prequalification such as 

proper information and communication, monitoring etc. [23]. Penalty clauses do apply if the service 

provider cannot meet the obligation to provide secondary control power. 

2.4.3 Tertiary Control Regulation 

The tertiary control regulation, defined as mFRR, is activated in order to guarantee the provision of 

adequate aFRR at any time. In Austria mFRR reserves are procured on an organized market [29]. The 

provision is optional with a minim rated power of 5 MW and 1 MW step size. Pay-as-bid approach is 

adopted and is remunerated through the Balancing Responsible party via imbalance settlement. The 

activation time is 15 min after frequency deviation took place and if  the deviation in that control area 

lasts longer than 15 min. It is activated manually by the Austrian Power Grid operator [23]. Technical 

prequalification needs to be satisfied in order to participate to the tenders. 

2.4.4 Voltage Control 

Voltage control is mainly a local problem and thus used by the DSO to maintain the voltage within 

limits, set by power quality specifications. Due to the presence of distributed generation and 

unpredictable load changes the voltage profile varies along the feeders and the DSO can act by changing 

the reactive injection of e.g. generating units connected on his own grid. 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 generators [30]. 

2.4.4 Congestion 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 by means of re-dispatch. In recent years with the increase of 



21 

 

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

Scenarios as shown in Figure 8 where the lines are congested only for few hours a day, namely at peak 

hours, is a well know scenario for many DSOs. 

Normally, those hours are morning hours between 7am and 8 am, the mid hours due to PV injection and 

evening hours between 6pm and 9 pm due to increased load demand. Especially with the increase of 

electric vehicles this problem will increase.  

  

Figure 8: Congestion in peak hours, maximum line capacity is exceeded [9] 
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2.5 New Ancillary Services in the 2030 Horizon 

The balancing market have originally not been designed to integrate such high shares of VRES nor in a 

distributed way nor for an integration with cross boundaries. Therefore, with the current regulation and 

technical aspects there are some discriminatory and mainly technical barriers for a participation of RES, 

in particular small-scale DERs. Since DERs are and will plentiful, but rather small in terms of capacity 

and flexibility, it is only throughout right aggregation, pooling or commercial parties that they can bit 

and participate on the AS markets. This problem that many countries in Europe are facing was 

investigated in study [31], which results has shown, that to foster the participation of DERs, not only an 

aggregation of units is required, but also a smaller bid size in the ASM market is needed and thus the 

bidding process should be revised. 

As already mentioned before AS differ from the European countries, with different market rules and 

technical prequalification. Study [32] lists the main barriers that hinders DERs to enter in AS markets, 

especially it provides a comparison among countries in Europe by comparing rules of participation at 

FCR and aFRR. According to [32], the Danish ASM resulted to have one of the best frameworks to 

allow small and non-programmable units to enter into balancing markets. So, does [31], which shows 

that a too high minimum bit size is still the main obstacle to prevent and allow a participation of small 

end costumer units, even if aggregated. Study [32] then concludes, that by opening the market to new 

actors such as aggregators no big intricacy is added in the market design and thus feasible, in fact DERs, 

if coordinated, can provide good flexible products. 

According to [33] three main categories can be defined, to face the lack of flexible resources 

participation: 

1. Open the ASM to new actors and new technical units: aggregators and novel services suppliers, 

DERs or demand side management 

2. Introducing new services to better respond in real time: the possibility to contract and incentivize 

active participation based on data management 

3. Change the ASM structure and coordination schemes: the reinforced cooperation between TSO 

and DSO 

A first step implicates the clarification for the specific requirements and organizational frameworks, 

with the various possible roles and responsibilities in order to efficiently integrated new actors. The 

objective of this thesis is to identify possible coordination schemes between TSO and DSO and the 

needed requirements and specifications regarding ICTs as well as the investigation on the economic 

impact in terms of CAPEX and OPEX. It is worth to mention, that a reorganization of the market design 

would imply a disruptive change in the present trading and market mechanism, but still the definition of 

possible coordination schemes is a first step to define new roles and interaction patterns. 
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With the massive roll out of smart meters in Europe, devices that allow the measurement of consumption 

and load profiles, voltage levels or interruption events in 15 min samples [34], consumers can respond 

upon power signals coming from a centralized party. Moreover, the advanced metering infrastructure 

(AMI) already fully in place in Sweden, Italy and Spain allow time-use tariffs and is therefore helpful 

for demand forecast, efficient grid and power flow as well as state estimation. They do not satisfy the 

requirements for a near real time monitoring. For sure they pave the path for smarter grids and flexible 

markets [35].  

An essential question is, how those flexibility /AS markets should be shaped. Somehow, this question 

has already been answered by regulatory entities such as the CEER [36], EDSO [37], ENTSO-E [38], 

EURELECTRIC [39] and SEDEC [40], by outlining possible market implementation and aggregation 

models from a general point of view. Most of the entities conclude that a change in the market will affect 

partially or entirely the market, the grid or the system itself as shown in Figure 9, thus making it 

complex. However, for a proper functioning of novel markets, the roles, responsibilities and regulatory 

frameworks need to be reviewed [41]. 

  

Figure 9: Representation of all zones coupled each another [46] 
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3 New Market Actors 

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, only through integration or aggregation, DG will be 

able to 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 needed [42]. As already discussed, DG can provide a wide range of services required by the TSO or 

DSO [4]. 

According to the thematic factsheet of the European Commission [22], the wholesale and retail markets 

should boost the development 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 flexible trading. Moreover, a better coordination 

approach should be introduced to integrate RES in the market [22], [15]. The latest EU Clean Energy 

package includes some of those recommendations, in particular article 32.1 states:  

 

It emphasizes explicitly that the procurement should be done by the DSO on a market based, non-

discriminatory and transparent way [43].  

As mentioned in [44] 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 Peer-to-peer (P2P) and control based [45].In this context an important 

obstacles should be mentioned, namely the incurring and unavoidable costs to participate to the markets. 

First, the owner (prosumer) need to be engaged and second, the prosumer has to interact with the market 

or with other end-users (P2P), the right ICT equipment needs to be in place [46].  

In the recent years, new concepts of aggregation the so called Virtual Power Plants (VPP) has emerged 

enabling DERs to participate in the existing market, even if mainly only at TSO level or only with TSO 

interaction. According to [47] there are two types of VPP. A technical VPP and a commercial, the latter 

only manages and optimizes DER portfolios to be sold in 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] concludes that this approach wonôt be accurate enough especially because of the conflict4 

between TSO and DSO.  

As key reference one main sources has been identified. The USEF - Universal Smart Energy Framework 

seems to be a promising common standard to build an integral market for the trading of flexible 

resources. In chapter 3.2.2 the main outcome is presented with a particular attention on the Austrian case 

and the implementation of those models at DSO level [35], [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 chapter 3.2.2 

3.2 Aggregator 

In the context of new commercial market models, the role of the aggregator comes up. The aggregators 

can bridge the gap between the electricity markets, system operators and small-scale DERs and is 

responsible for the management and the optimal use of those services, from and to the end-user 

(prosumer) as depicted in Figure 10, in other words the aggregator acts as interface between the 

prosumer, system operators and the energy markets [32].  

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 participate in the markets individually, but not only, also costs of 

participation can be reduced significantly [5]. Prosumers will potentially be able to interact and 

                                                      

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 

Figure 10: Aggregators interactions with other actors; acts as interface between 

end-costumers and SOs [32] 
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cooperate in the markets and compete directly with traditional energy utilities or indirectly through 

aggregators [35]. 

The aggregator which can be an existing company, or a third, up to now, deregulated party, acts on 

costumerôs behalf. The 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 regulation [39], [49]. The aggregator will then be seen as a single player/actor from the electricity 

market and the other stakeholders [14] as shown in Figure 10. Of course, one of the main tasks is the 

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

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

For the end-customer, 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. Of course, the Aggregator5 is 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 operators [41] which always has to be prequalified a-priori as discussed in 

chapter 3.2.2. Moreover, bidding strategies and energy schedules ahead of time rely on predictions. Any 

inaccuracy or unforeseen event, is translated in an increase of costs, making it important to integrate 

smart metering data for forecasting or state estimation. The work [9] analyzed the effect of uncertainty 

of costumerôs behavior and strongly suggests to consider this variable when flexibility is procured.  

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

customers [49]: 

1. to study which customer can provide profitable resources 

2. to actively promote those service to the end-customers 

                                                      

5 Up to now aggregators are not regulated by the NRA and therefore allowed to contract with costumers focusing 

only on profit maximization 

Figure 11: Trading mechanism and timeframe for aggregators [14]  
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3. to install information and communication devices6 

4. to provide incentives and the right remuneration scheme 

However, as can be seen from the listening above and also discussed in the USEF standards [41], many 

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. market operator) in pooling DERs connected to his own grid in a more efficient way, especially 

because the customer is or may not be interested/encouraged in investing in required installations (ICTs) 

or does not have expertise to make it by himself. Many end-customers, especially residential areas still 

do not have access to the dynamic price signals due to the lack of ICTs [50]. In like manner the energy 

supplier could exploit energy resources, which normally involve supplying energy, offering 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 needs to be consulted by the DSO/TSO. The DSO/TSO evaluates if the power quality 

is violated and validates the results, which are then sent back to the aggregator [51], [49]. Again the role 

of the DSO and the 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 to optimize the 

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 

loads7 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 be defined as a shiftable load, the energy consumption can 

be reduced for a period of time, but generally a higher amount of energy is needed when reactivated, 

also known as rebound effect (described in chapter 5.4). This has to be included in the optimization 

power flow and in the aggregation modelling process, making it complex especially for larger grids and 

hence out of scope of this thesis. 

                                                      

6 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 it is important 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 confused with the automatic load shedding for security reasons. They are 

independent from actions before or after the activation 
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3.2.1 Barriers for Aggregators in Europe 

Currently there are still several obstacles in the European Markets to release the full participation of 

aggregators, one reasons is the conflict among the stakeholders [50]. The aggregation of DERs creates 

conflicts among stakeholders as can be seen in Figure 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 regulatory recommendations for the deployment of 

flexibility in [48] addresses those issues and states that ñclear and fair contractualò requirements for 

all the parties need to be developed. In order to: 

 

Obviously, the main goals of a regulatory authority is to create a non-discriminatory market environment 

to all parties [35]. 

In summary one can say, that the regulatory framework lacks behind and the clear interaction between 

TSO and DSO need to be deployed further, as well as new market architectures able to accept bids 

coming from small scale DERs. Redesigning the markets in a way that DER aggregators are involved 

to attract and encourage investors to create new business models [35] in order to accelerate the process 

towards a decentralized controlled and smart distribution grid. Nonetheless, aggregators 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 units [52].  

 

 

  

Figure 12: Aggregators portfolio to be offered to other market participants [41] 
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3.2.2 Aggregator Implementation Models [41] 

In the USEF study [41], which provides a general framework for the implementation of schemes for 

aggregators, seven models are introduced. This model is useful to define the actorôs roles and 

responsibilities, especially regarding additional roles that the DSO should have to be involved in 

providing balancing or congestion management services. It is worthwhile to re-propose them in this 

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

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

The framework categorized the implementation models in four categories as depicted in Figure 13, 

answering questions such as what roles the Supplier and Aggregator covers in a single market, the 

assignment of a single BRP or dual BRP (Supplier and Aggregator) and how energy is remunerated 

among the actors [41]. However, there is much debate on how aggregation will work best in practice 

especially with different regulatory frameworks within Europe and the existing markets.  

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 Scandinavian countries while 

in Germany and Austria the contractual model is used. The contractual model, which refers to the 

Austrian scenario, is briefly described in the following chapter 

  

Figure 13: Representation of possible model for aggregator s and suppliers [41] 
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Contractual model 

In the contractual model the Aggregator has a contract with the BRPagr, 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/ 

BRPagr has in turn 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 VPP such as NEXT 

Kraftwerke or the Oekostrom AG [53]. Generally, VPP are categorized as commercial or technical power 

plants, only the latter is considering also grid constraints. [46].  

Oekostrom AG is classified as a BRPsup and BRPagr and is currently investigating on the integration of 

small-scale DERs in the ancillary 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 small-scale DERs, which involves investments in proper soft - and hardware and 

telecommunication, as emphasized in [53]. To define the relationship between actors and stakeholders 

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

1. Contracting 

2. Validation and Planning 

3. Operating phase 

4. Settle 

and are presented in the following chapters. 

 

Contracting phase 

As shown in Figure 14, the aggregator purchases and contracts flexible resources with the prosumer in 

order to be able to control and add those resources to his own portfolio. The 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 

Figure 14: Interaction of all involved parties in the contracting phase [41] 
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of accepted resources. In this step he also requests to 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 which is responsible for the imbalances created from 

the activation of the aggregated resources in that balancing area. In some cases, the aggregator also 

contracts with the BRPsup and BRPagr. [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 any violation. 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 uses the services provided by the BSP for balancing the system. The BRPagr 

and BRPsup inform the TSO about their injection/withdrawn program [41]. 

Figure 15: Interaction of all involved parties in the planning and validation phase [41] 
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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 necessary balancing services 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 BRPsup of the activation, if that resource fall into the BRPsup 

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 portfolio [41]. 

  

Figure 16: Interaction of all involved parties in the operational phase [41] 
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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 

quantify the activated flexibility. This data is used for ñtransfer energy8òto compensate the supplier and 

the imbalances in the BRPs portfolio caused by the activation of flexible resources, in Figure 17 the 

perimeter correction. As highlighted in USEF model, the specific transfer of energy depends of the 

different implementation models that were described before. Once the energy transfer is concluded the 

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

scheme for the Aggregator and the prosumer [41]. 

 

  

                                                      

8 The transfer of energy generally includes also financial remunerations 

Figure 17: Interaction of all involved parties in the settlement phase  
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3.3 Demand Response 

Flexibility can also be achieved from the load side through active demand response (DR) 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 market [49]. Loads can be controlled upwards 

and downwards, while other resources like solar and wind power downwards exclusively.  

Market4RES reports D2.1 [54] and D6.1.1 [26] stated that demand participation in the market could 

result in a considerable decrease of systems operational and investment costs which in turn would pave 

the way for a higher competition and thus contribute to a reduction in prices. Market4RES reports are 

not considering capital expenditure 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 in [24].  

For demand response, customers 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 generation mix [49]. Thus, a participation to a central 

balancing market might be distorted and mainly dependent from a costumerôs location. In Figure 18 

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 while in France and the UK it 

is commercially active. Italy and Spain the commercial aggregation and so also DR is still not allowed.  

In the French scenario, e.g. the NEBEF mechanism allows end-users (aggregated or not) to sell the 

energy by reducing the demand only on the day-ahead market and in Finland demand side is also allowed 

to participate to the restricted ancillary services [32]. 

Figure 18: European countries allowing or partially allowing demand response [49] 



35 

 

However, even where aggregated demand response is active 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 volume or response duration which exclude small users or aggregators a-priori [32]. A 

detailed technical description on technical specifications was already provided in chapter 2.4. 

Therefore, several changes need to be addressed to allow 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 them to ensure a 

safe, secure and reliable control mechanism.  
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3.4 Overview on Flexible Resource for the provision of AS 

Demand response, flexible resources and the extension of traditional demand-side and load management 

is a key practice for the future smart grids to improve 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 main application 

areas and most promising technologies as stated in [30] are in load shifting, demand-side balancing 

services, advanced meter infrastructure (AMI) and also post-meter technologies9 [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 complicated [8]. 

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 

hours a day or a year, namely only when the load is peaked as discussed in chapter 2.4. Most 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 DERs could constitute an economically 

more profitable way to avoid congestion [55], [8]. Specially, flexible resources may assist the system to 

deal with congestion issues. They have the ability to use its resources 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 other words, 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 chapters [56]. 

                                                      

9 Post-meter technology is referring to all in-home appliances able to respond to signals coming from the smart-

meter 

Figure 19: Use of flexibility for different purposes depend on time and service [39] 
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Demand side flexibility or DR refers only to costumers capable to shift its load without a decrease of 

the comfort standards. Consumers respond to prices either implicitly though a contract with the supplier 

or explicitly through an aggregator that bids on his behalf [24]. 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 important [57]. Nonetheless, the use of those resources 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 studied the 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 

2. Balancing: for to the procurement of balancing services in terms of capacity 

3. Constraints management: allows system operators 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.  

  






































































































































