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Abstract 

 In recent years, there has been an accelerated transition of the distribution power system from 
predominantly passive to active, primarily due to a rise in the number of electricity producers from renewable 
sources connected to the distribution system. In addition, amendments to the Law on Energy determined new 
users of the distribution system, including prosumers and electricity storage operators, whose mass connection 
to the distribution system is expected in the coming period. Aggregator has been recognized as an important 
new market participant, providing a service for the merging of electricity production and consumption in order 
to further sell, purchase or auction in the electricity market.  

In this work, possible business models of aggregators, existing legal regulations and preconditions needed 
for their functioning on the market of the Republic of Serbia, shall be analyzed. Also, good international 
practices in this area will be presented in the work. In addition, efficient ways of merging the production and 
consumption of electricity, including final customers and producers, by aggregators, will be discussed. 

The impact of the aggregators on the operations of the distribution system operator will be discussed, with 
a number of challenges ahead. Some of these challenges are related to system management and changes in 
power flows due to the connection of a significant number of new system users. At the end of the paper, an 
example will be presented that illustrates the possibility of aggregator acting in order to increase the flexibility 
of the power system.  
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1. INTRODUCTION 
 

Regardless of the development speed of:  innovations in the 

energy sector, acceleration of energy transition, or finding 

of alternative ways of energy sources use, the fact is that 

electrical energy (hereinafter: EE) is produced and 

consumed every day. In this process, we have producers on 

one side, and EE consumers on the other. Both strive to 

optimize the production and consumption of EE in such a 

way that it is more efficiently produced and consumed with 

lower marginal costs. Where it is technically and 

regulatory possible, and economically profitable, the key is 

in their cooperation for the sake of achieving a common 

goal, and this is where aggregators enter the scene. 

The traditional division of EE producers on the one 

hand and EE consumers on the other, has shown 

shortcomings in practice, due to the fact that the supply and 

demand for EE on the market can never match perfectly, 

which shows that in certain periods during the calendar 

year there are significant deviations between the EE that is 

produced and the one which is consumed at a given 

moment. There are numerous reasons for this discrepancy, 

such as, for example, lack of EE from hydropower plants 

in the middle of droughts, increased consumption of EE in 

the winter months, a larger amount of EE entering the 

system from wind power plants during the night in a period 

when consumption is reduced, etc. Aggregation tends to 

achieve the optimization of the aforementioned 

inconsistencies and therefore it can represent a significant 

factor in the stability of the distribution system itself 

(hereinafter: DS) and the transmission system (hereinafter: 

TS). Aggregators have a positive impact on increasing the 

flexibility of DS and TS. Therefore, an example is given in 

the paper that shows the possibilities available to the 

aggregator to increase these flexibilities. 

An essential prerequisite for the formation and 

development of aggregators and aggregating itself is the 

existence of appropriate legal regulations in this area. Since 

in the Republic of Serbia the aforementioned regulation has 

not been fully completed yet, this paper represents an 

opportunity to point out the existing legal framework, as 

well as the solutions that the regulation that should be 

adopted could contain, as well as business models of 

aggregators, including different ways of merging the 

production and consumption of EE, which in the author's 

opinion would represent the optimal solution in the 

existing market conditions. Furthermore, this paper will 

present one regional experience in this area. 

The start of operation of the first aggregators in the 

Republic of Serbia will also be a challenge for the DS 

operator (hereinafter: DSO). In order to ensure the optimal 

management of DS, the DSO should, relying among other 

things on the missing regulation in this area, be able to 

control the operation of the aggregator at any time due to 

specific technical properties, such as for example the 

change of power flows due to the access of the aggregator 

to DS, i.e. producers and consumers whose production and 

consumption are aggregated by the aggregator. Therefore, 

this paper will pay special attention to the impact of 

aggregators on the operations of DSO. 

 

2. CHALLENGES FACED BY DSO DUE TO 

THE CONNECTION OF NEW USERS TO 

DS 

 
2.1 New users of DS 

 
Environmental pollution, accelerated climate changes, as 

well as limited fossil fuel resources have led to an increase in 

global awareness of the need to produce EE from renewable 

sources, save electricity (as well as all other types) of energy, 

and increase energy efficiency. 

In the Republic of Serbia, as well as in other countries of 

Europe and the world, production facilities for the production 

of EE from renewable sources, primarily from biomass, sun 

and wind, are being intensively built. Furthermore, a 

significant number of end customers decide to build their own 

renewable energy sources production facilities that they will 

connect to their internal installations, where they will use the 

produced EE for their own needs, and deliver the surplus to 

DS, thereby acquiring the status of prosumer [1,2,3]. The 

Republic of Serbia encourages the use of renewable energy 

sources in various ways (such as feed-in tariffs and auctions 

[2] for producers, while prosumers are offered, among other 

things, state subsidies [4], as well as a calculation model 

through net measurement, i.e. net calculation [2,3]. 

As an important DS user and market participant, an 

energy storage operator [1] is also recognized, who in periods 

when he has available EE surplus, would store it, so that it 

would be used when needed. The possibility of installing a 

storage is also given to prosumers [2,3]. 

In addition to changes in the behaviour of all EE end 

customers, caused by changes in lifestyles, modernization of 

numerous processes, as well as conditions on the EE market, 

the transportation sector should be especially taken into 

account. This sector is in a transition period, due to the need 

to preserve the environment, reduce exhaust gas emissions, 

and slow down climate change. The aforementioned 

circumstances affect the increasing number of electric and 

hybrid vehicles (hereinafter: e-vehicles) on the roads of the 

Republic of Serbia. In order to increase their number in the 

future, it is necessary to develop the adequate infrastructure, 

in terms of building a sufficient number of public charging 

stations whose consumption is extremely unpredictable. In 

addition to the above, we should take into account the 

advantage of using batteries for e-vehicles, which can 

represent potential mobile storage of EE [5]. 

Considering all of the above, DS becomes a dynamic, 

active system in which power flows are less and less 

predictable due to the connection of new, and changes in the 

operation of existing DS users with different roles in the newly 

emerging market conditions. As a result of the above, DSO 

faces challenges in DS management, voltage regulation, 

increased technical and non-technical losses, increase in DS 

load, reduction in capacity for connection of new DS users, 

congestion in DS, injection of EE from DS to TS, as well as 

the need for significant investments in DS in order to enable 

stable, reliable and safe operation of DS. All of the above leads 

to the need for better DS flexibility, which is also provided for 

in the Directive on common rules for the internal market of 

EE [6]. 
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2.2 The flexibility of DS 

 

Better flexibility of DS can be achieved in various 

ways. First of all, the DSO itself can reconfigure DS in 

order to increase flexibility. One of the ways to increase 

flexibility is to change the power source for individual 

users of DS due to the connection of a new production 

facility in order to use the produced EE more efficiently 

and put less burden on DS. Furthermore, a suitable choice 

of DS user connection point can be an additional source of 

flexibility, such as, for example, connection of production 

facilities at locations with a high load, in order to avoid 

their connection at low load DS locations, which may lead 

to new problems in DS management. 

In addition to the above, users of DS can also increase 

the flexibility of DESS. With the development of the EE 

market, DS users can change their habits due to the 

fluctuation of the EE prices. Average hourly EE prices by 

month in 2021 from the Hungarian power exchange 

HUPX1 are given in Figure 1 [7]. It can be noticed that the 

hourly price curve follows the DS hourly load curve, which 

is given in Figure 2 [8], and that in periods of higher load, 

DS and EE prices are higher and vice versa. If the suppliers 

were to sell EE to end customers at dynamic prices that 

would follow the described trends (different prices per 

hour, part of the day or similar), DS users, in order to 

reduce their costs for EE, would naturally reduce their 

consumption in the parts of the day in which DS is loaded 

(higher prices) and postpone their consumption for periods 

of less load on DS (periods of lower prices), thus 

contributing to the flexibility of DS. 

 

 

Figure 1. Average hourly EE prices by months in 2021 

- HUPX stock exchange (EUR/MWh) [7] 

 

In order to increase the described effect, DS access 

tariffs may become more dynamic in the future. By 

redefining tariffs through amendments [9] end customers 

(including charging stations for e-vehicles), prosumers, 

energy storage operators etc. would be motivated not to 

take over EE from DS in periods when DS is heavily 

loaded, but in periods of lower load. The current tariff 

concept with a daytime tariff lasting 16 hours and a night 

                                                           
1  In this paper, EE prices on the HUPX exchange are used. In 

Figure 3 comparison of average monthly EE prices on the 

tariff lasting 8 hours does not achieve the desired effect 

completely, and the proposal is to determine at least four 

different tariffs that will reflect the objective situation in 

DS. The most expensive tariff would be in the period from 

17:00 to 21:00, and the cheapest in the period from 00:00 

to 08:00. (see Figure 2) [5]. Also, the modelling of special 

tariffs for producers and energy storage operators through 

amendments [9] is suggested which will stimulate energy 

storage operators and producers to deliver EE to DS in 

periods of the day when DS is loaded, i.e. to reduce or 

suspend deliveries in periods of less load. With the 

described changes, DS users would be encouraged to adjust 

their consumption and production independently, caused 

only by price signals, to the situation in DS, which would 

help the operations of DSO. 

 

 

Figure 2. Mean hourly maximum loads of DS by month 

in 2021 (MW) [8] 

 

In addition to the above, DSO is encouraged to 

explicitly procure flexibility services in transparent, non-

discriminatory and market-based procurement procedures 

[6] in order to encourage operations and development of 

DSO. In view of the above, DSO may in the future 

conclude special contracts with DS users that would define 

the relationship between DS users and DSO in terms of 

increasing the flexibility of DS. DSO would issue orders to 

the users with whom it has concluded a contract, the 

implementation of which would facilitate DSO's 

operations, and the DS user would receive appropriate 

financial compensation. Also, in the coming period, the 

DSO may give DS users who want to participate in 

increasing the flexibility of DS various privileges in terms 

of reducing the costs of connection to DS, priority access 

to DS and the like. 

DS users, motivated primarily by financial savings and 

additional income, but environmental protection as well, 

are becoming active participants in the EE market, and thus 

will be interested in getting involved in increasing the 

flexibility of DS in some of the described ways. It is 

reasonable to expect that the described trend will continue 

in the future because there has been a sudden and 

significant increase in EE prices on the EE market, which 

do not tend to fall (see Figures 1 and 3). However, due to 

HUPX and SEEPEX exchanges from January 2020 to March 

2022 is given. They are almost identical. 
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their relatively small capacities, DS users often cannot 

operate on their own in the EE market. This is the reason 

why the aggregator [1,6] was recognized as a DS user and 

market participant. 

 

 

Figure 3. Average monthly EE prices (EUR/MWh); 

January 2020 – March 2022; SEEPEX and HUPX 

exchanges [7, 10] 

 

 

3.  REGULATION IN THE FIELD OF 

AGGREGATORS IN THE REPUBLIC OF 

SERBIA 
 

Although the concept of aggregator is already 

widespread globally and is constantly developing [11], the 

Energy Law [1], with its amendments from April 2021, for 

the first time introduces the concept of aggregator into the 

legislation of the Republic of Serbia. Thus, in Article 2, 

paragraph 1, item 1a) of the Law, an aggregator is defined 

as a legal entity or natural person that provides the service 

of merging the consumption and/or production of EE for 

the purpose of resale, purchase or auctions on the EE 

markets, while in item 1) of the same paragraph, 

aggregating is defined as pooling consumption and/or 

production of EE for purchase, sale or auctions on EE 

markets. The aforementioned legal definitions, stipulate 

that the aggregator can aggregate only consumption, or 

production of EE, and can combine both production and 

consumption. This actually means that the aggregator 

coordinates the consumption or production of market 

participants in accordance with the law, where e.g. 

prosumers, due to their nature, can coordinate both 

production and consumption. 

The law recognizes the aggregator as both a user of the 

system and a participant in the EE market, which 

guarantees them a wide range of both rights and obligations 

arising from [1], primarily the right to access DS, the right 

to non-discriminatory treatment, etc. Article 195, 

paragraph 1, item 17 [1] stipulates the supplier's duty not 

to expose end customers who have concluded a contract 

with the aggregator to unreasonable costs or contractual 

restrictions. In this way, the legislator wanted to guarantee 

that EE end customers will not be imposed additional 

obligations in case they decide to cooperate with the 

aggregator apart from those they already have in 

accordance with the law, which indirectly ensured the free 

will of end customers in the EE market to aggregate their 

consumption. 

In a slightly more detailed manner, the rights and 

obligations of the aggregator are determined in Article 

210b [1]. Thus, it is prescribed that the aggregator acts on 

the EE market in the name and on behalf of the market 

participants for whom they perform the service of unifying 

consumption and/or production, thus giving the aggregator 

the role of an agent in accordance with the general rules of 

the Law on Contracts and Torts. This actually means that 

the legal consequences of actions undertaken by the 

aggregator on the EE market, within the limits of legal 

authority, directly affect the producer or consumer of EE 

who has concluded a contract with the aggregator. 

Therefore, the clauses that are related to agency from the 

current Law on Contracts and Torts should be applied to 

the aggregator, including the clause of transgressing the 

limits of authority, if they are not in conflict with the nature 

of the aggregator. Therefore, it is necessary for EE 

producers and/or consumers who decide to aggregate their 

production or consumption to familiarize themselves in 

detail with the legal consequences of the aggregator's 

actions, especially with regard to the responsibility they 

could possibly bear due to actions taken by the aggregator 

on their behalf and for their account. 

The same article [1] further stipulates that the 

aggregator is obliged to: 1) treat the market participant in a 

non-discriminatory manner; 2) publish the general 

conditions of the offer for the conclusion of the contract, 

that is, to inform the market participant in a convenient way 

about the offered conditions; 3) provide all relevant data to 

the market participant free of charge at least once during 

the accounting period if the market participant requests it; 

and 4) to inform the market participant about the 

aggregation function on its website, or in another 

appropriate way. The aforementioned rules are only set in 

principle and their further development is expected, 

primarily through amendments to the valid Rules on the 

operation of the DS [12, 13] and Rules on the operation of 

the EE market. [14]. 

 

 

4.  THE ROLE OF AGGREGATORS ON THE 

EE MARKET 

 
Each user of the system, including the aggregator, is 

obliged to arrange access to the system to which he is 

connected, as well as balance responsibility. All users of 

the system independently arrange access to the system and 

balance responsibility, except for those who have 

concluded a supply agreement for the entire production of 

the EE with the supplier. In the described case, the supplier 

has the obligation to regulate access to the system and 

balance responsibility for the points of handover of the 

system users in question. System users who are part of an 

aggregated group, in addition to contracts regulating 

supply, access to the system and balance responsibility, 

conclude a separate contract on aggregation with the 

aggregator. Furthermore, the aggregator as a system user 

and market participant is obliged to regulate access to the 

system and balance responsibility. [1] 
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4.1 Relationship between DSO and aggregator 

 

The main goal of DSO is that at any time there is enough 

EE in DS to meet the needs of all users of DS. In the 

realization of this goal the aggregator can play a key role in 

the future. As already stated, its role is to aggregate the 

consumption and production of several market participants 

with their different functions (end customers, producers, 

energy storage operators, prosumers, etc.) in order to 

complement each other and enable greater financial savings 

for the aggregated participants on market (hereinafter: 

aggregated group), profit to the aggregator, the supplier and 

the balance responsible party (hereinafter: BRP), but also 

enable greater flexibility of DS, which achieves the full 

effect of aggregation. The aggregator will receive financial 

compensation from the DSO, while the members of the 

aggregated group will receive financial compensation from 

the aggregator (direct financial compensation, or various 

privileges in terms of reduction of electricity bill, etc., 

depending on the conditions under which the aggregation 

contract was concluded). 

In order to implement the orders of the DSO, examples 

of the aggregator's action on the members of the aggregated 

group will be given below. For the purposes of this paper, 

the case of an aggregated group  in which final customers 

are aggregated will be analyzed (industrial final customers, 

public e-vehicle charging stations, households, final 

customers who own e-vehicles, etc.), producers from 

renewable sources, prosumers (with and without own 

storage) and energy storage operators. 

In the event that DS is overloaded, DSO will issue an 

order to the aggregator, in accordance with the concluded 

contract, to provide the amount of X EE to DS. At the same 

time, the aggregator, in accordance with the aggregation 

contracts it has with the members of the aggregated group, 

can issue an order to: 

• controllable production units to increase the production 

of EE by the amount of PRp; 

•  end customers (including public e-vehicle charging 

stations) to reduce consumption by the amount of KKp, 

compared to their initial plan, which will reduce the 

amount of required EE for the end customers in 

question; 

•  storages (if they are filled) to deliver an additional 

amount of EE Sp over the planned amount of EE for 

delivery to DS, that is, to reduce the offtake from DS 

for Ssp, compared to the plan; 

•  prosumers to increase the delivery of EE to DS (if at the 

given moment the production facility produces EE, i.e. 

from the battery if they have one) by the amount of 

KPIp, i.e. to reduce offtake from DS (to reduce 

consumption or to use EE from their own battery if they 

have one and if it is filled) for the amount of KPPp. 

With all the described measures, acting of different 

market participants who are part of the aggregated group, 

through the aggregator, the total available EE in DS 

increases, in accordance with the request of DSO, by the 

amount X: 

 

𝑋 = 𝑃𝑅𝑝 + 𝐾𝐾𝑝 + 𝑆𝑝 + 𝑆𝑠𝑝 + 𝐾𝑃𝐼𝑝 + 𝐾𝑃𝑃𝑝 (1) 

 

There are also opposite situations, in which there is 

more EE in the DS than is needed at a given moment (e.g. 

during the night). The DSO issues an order to the aggregator, 

in accordance with the concluded contract, to reduce the total 

amount of available EE in the DS system by the amount Y. 

At the same time, the aggregator, in accordance with the 

aggregation contracts it has with the members of the 

aggregated group, can issue an order to: 

•  controllable production units to reduce EE production 

by the amount of PRs; 

•  end customers (including public e-vehicle charging 

stations) to increase EE consumption by the amount of 

KKs compared to their initial plan, which will increase 

the required EE for the end customers in question, 

•  storages to reduce the delivery of EE to DS by the 

amount of Ss compared to the plan, i.e. to increase the 

offtake from DS by Sss compared to the planned 

amounts, 

•  prosumers to reduce the delivery of EE to DS by the 

amount of KPIs (if at the given moment the production 

facility produces EE to increase the consumption of 

produced EE, i.e. to charge their batteries if possible), 

i.e. to increase the offtake from DS by the amount of 

KPPs (to increase consumption or to use EE from DS 

instead of its own battery if it is charged). 

With all the described measures, the action of various 

market participants who are part of the aggregated group, 

through the aggregator, the total available EE in DS is 

reduced, in accordance with the requirement of  DSO, by the 

amount Y: 

 

𝑌 = 𝑃𝑅𝑠 + 𝐾𝐾𝑠 + 𝑆𝑠 + 𝑆𝑠𝑠 + 𝐾𝑃𝐼𝑠 + 𝐾𝑃𝑃𝑠  (2) 

 

The aggregator determines, primarily on the basis of 

economic parameters and the aggregation contract, which 

of the listed resources it will engage in order to fulfil the 

order of the DSO. The effect of the aggregator is equivalent 

to one power plant that produced the amount of EE X at the 

required time in case it is necessary to increase the total 

available EE in DS, i.e. reduced its production by the 

amount of EE Y and thereby reduced the total available EE 

in DS by that amount. In view of the above, it can often be 

seen in the literature that aggregators are named as virtual 

power plants [15, 16, 17]. 

 

4.2 Business models of aggregators on the EE market 

 

The supplier, which is also a BRP, or has transferred 

the balancing responsibility to another BRP, can also play 

the role of an aggregator. The practice of European 

countries so far has shown that suppliers are reluctant to 

take on the role of aggregators [18], because this affects the 

reduction of EE sales (especially in periods of high prices), 

which is their core activity, thereby reducing their own 

profits. 

On the other hand, the aggregator can operate 

independently from the supplier, which is also the so-called 

BRP, independent aggregator [6]. By activating its 

mechanisms, an independent aggregator can cause 

additional costs to both the supplier (unsold purchased EE 

in a certain hour) and the BRP (imbalance in the observed 

hour). In such cases, compensation for unsold EE to the 
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supplier and costs of BRP imbalance by market 

participants is provided, but only to the realistic extent 

caused by the action of the aggregator [6]. In [6] it is 

defined that the method of calculating the amount of the 

mentioned compensation is approved by the regulatory  

authority. 

The third possibility is that the independent aggregator 

is BRP, independent from the supplier. This concept is 

initially more realistic, because in the case that there are no 

orders from the DSO, the aggregator can manage the 

participants in the market it aggregates in such a way as to 

contribute to the reduction of its own imbalance costs. 

Suppliers acquire EE to sell to end customers, prosumers, 

energy storage operators, etc., which they supply according 

to their EE needs plan. However, suppliers plan the amount 

of EE that they will buy from producers, prosumers, energy 

storage operators, etc. BRP reports the hourly amounts of 

EE for their balancing group to the TS operator 

(hereinafter: TSO) one day ahead. By comparing the real, 

realized hourly values and the reported position for BRP, 

TSO calculates the cost of imbalance on an hourly basis for 

each BRP [14]. Realization that in the observed hour 

differs from the reported position (e.g. a rainy day instead 

of a sunny one and the production of solar power plants is 

significantly below the planned, sudden stoppage of work 

of a large industrial end customer due to an accident and 

his consumption is 0 kWh instead of the significant one that 

was planned, or a sudden unplanned increase in 

consumption, e.g. heating of a large number of households 

with devices that work on EE due to failure of the district 

heating) will cause significant imbalance costs for the BRP 

in question. Precisely in such situations, when there are no 

DSO orders for the aggregator, the aggregator can play a 

key role in reducing the costs of the BRP imbalance. In the 

event of an unplanned reduction in consumption, he can 

reduce the production of EE controlled power plants, 

increase the consumption of other end customers, reduce 

the delivery of EE from storage, etc. and vice versa in the 

event of an unforeseen increase in needs in the observed 

hour for BRP. In the described way, the aggregator, which 

is also the BRP, will have income from ensuring the 

flexibility of the DSO, but also a significant reduction in 

costs of the imbalance of its balance group. 

Therefore, the aggregator, through its functioning, can 

bring financial benefits to the aggregator itself, but also to 

the supplier, BRP, as well as to the members of the 

aggregated group. Furthermore, aggregators have a 

significant positive impact on DSO in terms of increasing 

the flexibility of DS (general and local) e.g. by shifting 

consumption from the part of the day in which DS is 

overloaded to the part of the day in which the load on DS 

is less, better balancing of the entire DS, neutralization of 

the effect of intermittent production of variable EE sources, 

reduction of losses in DS, integration of new production 

capacities from renewable sources without large 

investments in DS , as well as increasing the flexibility of 

TS and delaying investments in it. Also, the action of the 

aggregator can replace the management of expensive 

production capacities by managing consumption, storing or 

using stored EE or activating production units whose 

management is cheaper. 

5.  METHODS OF MANAGING PRODUCTION 

AND CONSUMPTION IN AGGREGATED 

GROUP 
 

Aggregators can manage production and consumption 

by issuing orders to increase/decrease production, i.e. 

consumption to market participants that they aggregate. 

Market participants can implement the order of the 

aggregator in full or to a lesser or greater extent than the 

given one. Another way of management is automatic, 

where the aggregator remotely issues an order to 

automation that physically reduces/increases consumption, 

i.e. production. For this type of management, a certain level 

of technical equipment of the members of the aggregated 

group is required, whereby those who already have the 

possibility of automatic management with relatively small 

financial investments can realize the requirements of the 

aggregator. For other members of the aggregated group, it 

is necessary to make an assessment of the profitability of 

automatic management compared to management through 

the classic order of the aggregator. The second model is 

significantly more reliable than the first, because it does 

not depend on the member of the aggregated group, but its 

consumption or production is automatically reduced or 

increased by the aggregator. In both cases, the aggregator 

must take care of both the issued order and its execution. 

In the literature, it is suggested that the independent 

aggregator shall be equally responsible for its imbalance 

(the difference between the issued order and its realization) 

[18]. 

In the Republic of Serbia, there is the possibility of 

remote control of boilers on EE, ETS heaters and 

instantaneous water heaters with some end-customers from 

households category. A special tariff for access to DS is 

defined for the specified manageable consumption [9]. 

DSO's experiences have shown that this concept is used by 

a small number of end customers, with negligible amounts 

of EE, and does not have a major impact on the flexibility 

of DS. However, the described management model can be 

an initial idea for the further development of remote 

consumption management, because heating and cooling 

systems have significant potential for increasing the 

flexibility of DS, as well as large industrial consumers with 

separate consumption that can be directly managed. 

 

6.  PREREQUISITES FOR FUNCTIONING OF 

THE AGGREGATOR 
 

The prerequisites for the successful functioning of the 

aggregator are, first of all, a precise forecast of the 

production and consumption of EE within the aggregated 

group, as well as the monitoring of the realized production 

and consumption in real time. The production forecast is 

influenced by many parameters depending on the type of 

production facility (location, temperature, wind speed, 

irradiation, etc.). Consumption forecasting is also 

extremely demanding, in terms of different types of end 

customers, their habits and activities. Furthermore, both 

consumption and production depend on the time of day and 

year. 
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Smart meters, provided in [1], are necessary so that 

aggregators can monitor the production and consumption 

of the aggregated group at any time, as well as the response 

to orders issued by them to change consumption, i.e. EE 

production [19]. In 2020, in the Republic of Serbia, TSO 

had metering devices at all metering points with the 

possibility of two-way measurement (from the grid and to 

the grid), data storage, tariff management, remote reading 

by TSO, as well as by users through the application, etc. 

[20]. At DS, the situation is somewhat different, where a 

smart meter is installed at 1.6% of end customers' handover 

points, as well as at 99% of producers [20]. Due to the 

described situation with EE measurement, DSO created 

predefined, substitute load profiles [12] which are used for 

calculation of the hourly consumption of individual end 

customers based on their monthly consumption. By 

applying predefined load profiles, the specific 

consumption of individual end customers are ignored, and 

it is not possible to obtain a completely realistic picture of 

their actions. In order to facilitate and improve the 

operations of DSO and aggregators, more intensive market 

development, better reaction of market participants to price 

signals, as well as to increase flexibility and reduce losses 

in DS, DSO is intensively working on the development of 

smart meters. 

In addition to the above, it is necessary to work on the 

improvement of DS management, digitalization of DSO, 

data protection systems and more efficient data exchange 

with users of DS and TSO [21]. 

 

7. EXAMPLE OF THE NEED FOR 

INCREASING THE FLEXIBILITY OF DS 

IN THE CURRENT PRACTICE OF DSO 
 

 By increasing the number of production capacities 

connected to DS, DSO faces the problem of injecting EE 

into TS. The described phenomenon is primarily observed 

in the case of the connection of huge production capacities 

in areas with generally low consumption (e.g. devastated 

areas, mountainous uninhabited or sparsely populated 

areas). Given that in the described case the basic principle 

that produced EE must be consumed is not fulfilled at the 

DS level, EE goes to TS. In 2017, the first amounts of EE 

were delivered to TS in the amount of 3 GWh, and 12 GWh 

would be delivered already in 2020 [20]. The tariff for the 

delivery of EE from DS to TS (at 110 kV voltage level) has 

not been determined [9], and DSO delivers the subject EE 

to TS without compensation. TSO considers the described 

EE as the production of a virtual power plant that it further 

delivers to its system users (among others, DSO) and 

calculates TS access for it. 

In addition to the mentioned financial loss, the EE in 

question increases losses in DS, and therefore costs for 

them, and additionally burdens DS. Given that the 

described phenomenon most often occurs in areas with a 

poorly developed network, network reconfiguration is not 

possible. By defining the new tariff system, which was 

described earlier, as well as choosing a suitable point for 

the connection of production facilities, and especially by 

the operation of aggregators, the described problem can be 

successfully solved by harmonizing consumption in the 

given areas with production, and adapting production to the 

real needs of consumers. 

The above example is just one of the many challenges 

that the DSO is currently facing and will face in the future. 

Therefore, in the future, the actions of the aggregator, as 

well as the orders issued by the DSO, may be of a general 

nature for the entire aggregated group, but also localized to 

a certain geographical area (i.e. to a part of the aggregated 

group) in which overloading/under loading occurs. 

 

8.  EXAMPLE OF AGGREGATOR WORK IN 

THE ELECTRICITY MARKET 
 

8.1 Description of the data used in the calculations 

 

Within this paper, a practical example of some of the 

possible modes of operation of the aggregator will be 

given, as well as financial benefits for the aggregator and 

members of the aggregated group, as well as benefits for 

DSO in terms of greater flexibility. 

233 households that are fed from one transformer 

station (hereinafter: TS) were observed, where each of 

them has a smart metering device with the ability to detect 

and save hourly data, as well as remote reading. For the 

purposes of this paper, their EE consumption was used on 

an hourly as well as a monthly basis. Monthly amounts of 

EE were used by DSO to calculate access to DS households 

that were taken as an example [1, 9] during 2022. Some 

data on the hourly consumption of EE for some of the 

metering points were missing, which is expected 

considering the type of metering devices and the 

technology of collecting hourly data [22]. The missing 

hourly data were estimated based on the monthly 

consumption of the observed household and the 

consumption profile defined by the DS Rules of Operation 

[1, 12]. 

Based on the available measured and estimated hourly 

data on EE consumption of all observed households, the 

hourly consumption of the average household supplied 

from the observed distribution TS (hereinafter: average 

household) was determined. The active EE consumption of 

the average household, by month in 2022, and by tariffs – 

higher and lower [9] is shown in Figure 4. 

 

 

Figure 4. Active EE consumption of the average 

household in 2022 (kWh) 

 

The average hourly consumption of active EE by 

month in 2022 of the average household is shown in 

Figure 5. 
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Figure 5. Average hourly consumption of active EE by month in 2022 of the average household (kWh) 

 

8.2  Possibilities for increasing the flexibility of DSO 

at the level of an average household 

 

From Figures 4 and 5 it can be concluded that in all 

months the consumption of active EE is low in the period 

from 8 a.m. to 5 p.m. which is expected because this is 

household consumption during working hours. After 5 

p.m. there is a sudden increase in consumption that lasts 

until 9 p.m., 10 p.m. followed by a renewed drop in 

consumption that lasts until the morning hours. This 

specific example also confirms the justification of the 

proposal to change the tariff system described in chapter 

2.2. However, the displayed consumption diagram 

provides many possibilities for improving the flexibility of 

DSO based on consumption management (shifting 

consumption from the period 5-9 p.m. to the period 0-8 

a.m. or to the period 8-5 p.m.). 

If the average household would build its own facility 

for the production of EE from renewable sources and 

connect it to its internal installations and thereby acquire 

the status of prosumer [1, 2, 3], the possibilities for 

consumption management would be even more diverse 

with a more pronounced favourable influence on the 

prosumers, BRP, aggregators and suppliers (financial 

savings and profit), as well as on DSO (less burden on DS, 

less losses, easier management). Figure 6 shows the 

prosumer exchange of EE, which is an average household, 

with DS by month, while Figure 7 shows the exchange at 

the level of an average hour on an annual level. In the 

calculations, a production facility with optimal installed 

power was used to meet the needs of the prosumer, which 

is an average household.2 [23, 24]. 

To determine the optimal installed power of a 

photovoltaic power plant, it is necessary to know the solar 

energy resources at the target microlocation, the 

geographical latitude, the characteristics of the system 

elements and the ambient conditions [24, 25]. The optimal 

                                                           
2  For the purposes of this paper, it was assumed that the 

production facility of the prosumer is a solar power plant, 

because all prosumer connected to DEES until the date of 

writing this paper installed solar power plant [23]. It is expected 

considering the amount of investment and the later relatively 

low needs for maintenance.  

installed power was determined using the PVGIS3 software 

package and its integrated databases [26]. Based on 

calculations from the program package PVGIS, data on the 

hourly production of the optimal solar power plant for the 

average household was also taken. 

 

 

Figure 6. Exchange of a prosumer - average household 

with DS on a monthly level (kWh) 

 

 

Figure 7. Exchange of a prosumer - average household 

with DS on an annual level (kWh) 

  

In Figure 6, it can be observed that the delivery to DS 

is significantly higher than the offtake from DS in the 

summer months, while in the winter the situation is 

3  PVGIS is a free online software package. It can be used for 

estimation of the production of solar power plants, for any 

location in Europe. For calculations, it uses databases on solar 

radiation, ambient temperature, wind speed and terrain 

characteristics based on satellite images. [26] 



Electric Power Industry Journal  Vol. 1, No. 1, 2023  23 

Dunja S. Grujić, Miloš M. Kuzman, The Role of Aggregators in the Electricity Market Development 

© EPS JSC Belgrade                All rights reserved 

 

reversed. From Figure 7, as expected, delivery to DS is 

significantly higher in the period from 6 a.m. to 3 p.m.. 

from offtake of EE, while in other periods of the day the 

situation is reversed. This leads to the conclusion that 

consumption management is fully justified with the aim of 

moving it from the part of the day when the solar power 

plant does not produce EE to the part of the day when it 

produces EE. This is exactly how the minimum exchange 

of EE with DS is achieved, which brings all the previously 

described benefits for the prosumer itself, its supplier, BRP 

as well as DSO. 

In addition to all of the above, the installation of 

storage, or the use of e-vehicle batteries as EE storage [5] 

can replace consumption management by storing EE in 

periods when the production facility produces EE and then 

using it in periods when the production facility does not 

produce EE. The best results would, of course, be obtained 

from a combination of consumption management and EE 

storage. 

 

8.3  Possibilities for increasing the flexibility of DSO 

by aggregating EE production and consumption 

 

If all observed households (233 of them) that are fed 

from the observed TS were members of one aggregated 

group, the potential for increased flexibility would be even 

more significant. Figure 8 shows the diagram of the 

consumption of all 233 households together, if only 20% 

of consumption in the period from 6 p.m. to 9 p.m. was 

moved to the period from 8 a.m. to 4 pm. 

 

 

Figure 8. Average hourly consumption of active EE by month in 2022 at TS level with consumption management 

(kWh) 

 

Analyzing the diagram from Figure 8, and comparing its 

shape with the diagram in Figure 5, it can be concluded that 

the described minimum consumption management can 

contribute to the savings of end customers in case of changing 

the tariff system and dynamic prices of EE, as well as easier 

planning of BRP work. This can lead to a reduction in 

balancing costs, i.e. an increase in income for BRP and 

aggregators. Also, DSO can more easily manage DS (a more 

balanced consumption diagram), and there will be less load on 

DS in terms of reducing peaks, i.e. increasing minimum 

consumption. 

If some of the households that are members of the 

observed aggregated group acquire the status of prosumer or 

install electricity storages (or both at the same time), the 

positive effects of the work of the aggregator in question 

would be more visible, and its business easier to maintain and 

more profitable. 

The above would be even more noticeable if the 

aggregated group included solar power plants as well (one or 

more of them) whose production meets the needs of end 

customers of members of the aggregated group. Figure 9 

shows a diagram of the average hourly consumption or 

production of EE on an annual basis in the case of the 

observed 233 households and a solar power plant with optimal 

installed power. In production calculations, the program 

package PVGIS was used [26]. Figure 9 shows the production 

or consumption within the observed aggregated group at the 

level of an average hour on an annual basis. 

If the aggregated group included solar and wind power 

plants and biomass power plants, due to the nature of their 

production, the positive impact on the flexibility of DSO, 

BRP, suppliers and aggregators would be even better. An 

additional potential of the aggregator can be the storage of EE 

as part of the aggregated group. EE can be stored in periods of 

lower EE price and delivered from storage in periods of higher 

EE price and can also work to reduce BRP balancing costs, as 

well as to increase DSO flexibility through aggregation. 

 

 

Figure 9. Generation and consumption of EE within the 

aggregated group at the level of the average hour on an 

annual basis (kWh) 
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8.4  The impact of the aggregator's work on the 

members of the aggregated group, other market 

participants and DSO 

 

The aggregator can manage the members of the 

aggregated group in the manner described in chapter 4. In 

this way, which is shown in the concrete example within 

this chapter, the aggregator can generate income on the 

market of ancillary services [6],  reduce the costs of BRP 

imbalance as well, because by operation of the aggregators, 

the production or consumption of the aggregated group can 

be planned more easily or the implementation adapted to 

the plan. Members of the aggregated group can have 

financial savings, i.e. additional income, from 

compensation by the aggregator in case of its action, as 

well as from adjusting the offtake of EE from DS in periods 

of lower prices, i.e. delivery of EE to DS in periods of 

higher EE prices in the case of a contract with the supplier 

with dynamic prices [6], i.e. EE consumption from its own 

production facility in case of prosumers. Through the 

desired effect of the aggregator, DSO can increase 

flexibility, i.e. provide more EE in DS when there is not 

enough of it or provide greater demand for EE when there 

is more in DS than needed (example given in chapter 7). 

The aforementioned facilitates the management of DS, 

reduces or postpones the need for additional investments in 

DS and TS, and leads to a reduction of losses in DS and TS 

[27]. 

All the described effects would be even more 

pronounced in the case of aggregation of the consumption 

of end customers with higher EE consumption (e.g. 

industry) because there are greater opportunities for 

consumption management and exploitation of EE storage 

capacity, and the impact on the flexibility of ODS would 

be more significant, as well as financial effects on the end 

customers, suppliers, BRP and aggregators because the 

price of EE for end customers who are not households and 

small customers is not regulated [1, 28] it is market price 

(Figure 3), that is significantly higher. The effects would 

of course be significant even if the members of the 

aggregated group were only households (as in the given 

example), EE producers from renewable sources and 

storage, especially bearing in mind that a large number of 

them are connected to DS. For the sake of illustration, at 

the end of 2021, a total of 3,307,538 metering points for 

households were connected to DS, and slightly more than 

half of the total EE delivered to DS users [8] was delivered 

to them. 

An aggregator that aggregates production and 

consumption that is geographically grouped, for example, 

could contribute to an additional increase in the flexibility 

of the DSO at the TS level. However, although desirable, 

it is not a prerequisite for the functioning of the aggregator, 

and DS users do not have any restrictions when choosing 

an aggregator. 

In addition to all of the above, aggregators, through 

their work, which is described in this paper, contribute to 

the reduction of environmental pollution and the transition 

to renewable energy sources.  

 

9. REGIONAL EXAMPLE OF REGULATION 

FRAMEWORK FOR AGGREGATORS 
 

Until the date of writing this paper, the member states of 

the European Union have, to a greater or lesser extent, 

transposed the provisions of the Directive on common rules 

for the internal market for electricity [6] into their legislation, 

which basically regulates the position of aggregators on the 

EE market. The Republic of Serbia as a EU candidate country 

is in the process of harmonizing its legislation with the "acquis 

communautaire", and will therefore be obliged to transpose 

the provisions of this directive in its legislation in the future. 

The Republic of Croatia, as a member state of the European 

Union, has transposed this directive in its legislation. It 

represents a country with a similar legal tradition as the 

Republic of Serbia, and the electric power system (hereinafter: 

EES) in these two countries has been developing in a similar 

way for decades. Therefore, in order to meet the more detailed 

regulation of aggregators in the Republic of Serbia, this paper 

will present the regulations related to aggregators in the 

Republic of Croatia. 

In general, the issue of aggregators in the Republic of 

Croatia is dealt with by the EE Market Law (hereinafter: the 

Market Law) [29] as well as other regulations such as the 

General Conditions for the Use of the Network and the Supply 

of EE [30], Rules on Changing Suppliers and Aggregators [ 

31] adopted by the Croatian Energy Regulatory Agency 

(hereinafter: CERA), which regulate the conditions and 

procedure for changing suppliers and/or aggregators with 

regard to the supply of EE, the purchase of EE and 

aggregation.  
In terms of the Market Law, an aggregator is defined as a 

market participant engaged in aggregation, an independent 

aggregator is an aggregator that is not connected to the 

supplier of end customers, i.e. it is not a related entity to the 

supplier of end customers, while aggregating is considered an 

activity performed by a natural person or legal entity which 

can combine the power and/or the electricity taken from the 

network of several customers, or energy storage operators, or 

the power and/or the electricity delivered to the network of 

several producers or active customers or operators of energy 

storage, for the purpose of participating in any electricity 

market. Furthermore, the law stipulates that aggregation is an 

energy activity [29]. 

This law prescribes the rules for change and the rules on 

fees for changing suppliers and aggregators, which stipulate 

that this change should be carried out in the shortest possible 

time without compensation, except in the case when the 

system user voluntarily terminates the contract with the 

aggregator, that stipulates a mandatory duration and fixed 

prices. A special article regulates the rules related to the 

aggregation contract, which also stipulates the rule that 

suppliers may not subject end customers with whom they have 

a supply contract to discriminatory conditions, requirements, 

procedures and mandatory additional fees, based on the fact 

that they have a contract for aggregation [29]. 

Article 28 of the Market Law sets out the rules for 

managing consumption through aggregation, which provides 

that the end customer can independently or through 

aggregation participate equally in all EE markets in 

accordance with the rules governing individual EE markets, 
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and that the aggregator can be a participant in all markets EE 

in accordance with the rules governing individual EE markets. 

It is clearly stipulated that the supplier may not charge its end 

customer who has concluded a contract with an independent 

aggregator unjustified costs or liquidated damages, i.e. impose 

other unjustified contractual restrictions of discriminatory, 

technical, management requirements or procedures, as well as 

that the end customer who independently or through an 

independent aggregator participates in consumption 

management pays a fee to its supplier who is directly affected 

by the activation of consumption management. The character 

of the said compensation is also determined, so among other 

things it is stipulated that the compensation is strictly limited 

to covering the costs of the customer's supplier who 

participates in consumption management through 

aggregation, the costs of the customer's supplier who 

independently participates in consumption management, or 

the costs of the supplier's BRP, which are caused by the 

activation of consumption management. 

The aforementioned system of rules in the Republic of 

Croatia creates a clear and transparent basis for the 

development of aggregators and increase of their number and 

functionality, which will contribute to the strengthening of 

auxiliary systems for the supply system as well as DS in the 

Republic of Croatia. On the other hand, despite the fact that in 

the Republic of Serbia a set of by-laws related to aggregators 

has not yet been adopted, experts have begun to consider their 

importance and role for the EES, and the presentation of 

regulations on aggregation in the Republic of Croatia should 

contribute qualitatively to this. Completing the necessary 

regulation should provide the solution of the challenges 

aggregators are facing and ultimately, among other things, 

enable DS to work more efficiently. 

 

 

10. CONCLUSION 

 

In the previous period, a significant number of new 

participants in the EE market were included in the legislation 

of the Republic of Serbia. Some of them already existed in 

practice and performed their function, for example, e-vehicle 

charging stations, while some others such as the aggregator 

are yet to come to life. The prerequisite for this is defining 

regulatory rules so that all participants in the process can have 

certainty about the procedures and standards that are needed 

so that aggregators operating on the market of the Republic of 

Serbia could fulfil its role. 

The development of aggregators, besides the producers, 

consumers and aggregators themselves, should bring the most 

benefit to EES itself, so that the aggregators would help in 

periods of high production or high consumption, by managing 

the members of their aggregated group and providing support 

for the stable and efficient management of the EES. Therefore, 

the biggest support for the introduction of this participant in 

the EE market should be DSO and TSO, as potential future 

daily users of aggregator services. 

The adoption of legislation related to aggregators is only 

the beginning towards the promotion of the aforementioned 

benefits for EES. Further development of regulations in this 

area should contribute to more energy-efficient use of EE by 

prescribing clear rules that will enable minimizing of 

inefficient forms of consumption as well as production. The 

solutions presented in this paper, including the regional 

practice, serve to familiarize the legislators with certain 

aspects of the topic related to aggregators and to use them 

when considering the content of future relevant acts. The 

paper is also intended to reach wider professional public that 

has an interest in understanding the nature and importance of 

the aggregator before its implementation in practice. 
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