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Editorial Word

Dear readers and collaborators,

The "Elektroprivreda” Journal began to be published back in 1948, at first under a different name, as a professional journal
in which numerous professional and even scientific manuscripts were published, presenting experiences from the electric
power industry in the entire territory of former Yugoslavia. The Journal was published continuously, mostly quarterly, in
printed form, during 64 years period. Therefore, it can be freely said that he was both a contemporary and a witness to
the country's electrification, accelerated development, but also the latter's serious problems, as well as the numerous
transformations of the electric power industry of the entire region, and wider interconnection. Therefore, it is not
surprising that during its long history, it has gained the rank of a prominent Journal of national importance. The last issue
of the old "Elektroprivreda™ Journal, however, was published in 2011. Namely, the Journal faced organizational and
technical problems and the work on the preparation and publication of new editions was soon stopped.

With a vision of strategic development and understanding that without the solid cooperation of people from the profession
and practice with scientific and research institutions and innovative centers, as well as without the open exchange of their
opinions and experiences, there is no further progress in the field of power engineering, the management of EPS in 2022
and at the beginning of 2023. made two significant decisions. The first is the organization and start of work of the EPS
Scientific Council, which consists of representatives of the academic, scientific-research community and EPS employees
with academic and scientific titles. The second is the decision to restart the publication of the "Elektroprivreda" — Electric
Power Industry Journal, as a scientific and professional journal, according to a new, broader concept and bilingually, in
Serbian and English. The EPS Scientific Council and the new "Elektroprivreda” will present fields, platforms and tools
for displaying experiences, constructive expression and confrontation of views, expert discussions and formulating advice
and conclusions on issues of strategic development and opting for new technologies. Namely, we are convinced that only
in this way the electric power industry in Serbia and beyond, faced with the inevitability of decarbonization, digitization
and the transition to sustainable development, will be able to find adequate and optimal technical-technological, legal-
economic and organizational-business answers to all challenges.

In the line with these ideas, the Editorial Board invites you to cooperate and keeps an open invitation for the submission
of your manuscripts, which will be reviewed in detail by eminent experts in the fields to which the manuscripts relate.
We also invite interested experts with experience in reviewing to apply as reviewers of manuscripts that will be submitted
for publication in the Journal. We also invite all readers to get involved in our work, by sending written discussions, in
case they feel the need to comment on some of the published texts in the Journal, to attach a polemic or provide some
similar contribution. Namely, only with the interest and valuable, active participation of the readership, authors and
reviewers, will it be possible not only to successfully restart the "Elektroprivreda” — Electric Power Industry Journal, but
also its sustainability, regularity of publication, topicality and quality.

On behalf of the Editorial Board,

Vladimir Siljkut (Shiljkut), Ph.D.
Editor-in-Chief

© EPS JSC Belgrade GB All rights reserved
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Guest Editor-in-Chief Preface

Dear readers,

In front of you is the first issue of the renewed "Elektroprivreda” — Electric Power Industry Journal. The decision of the
Joint Stock Company "Elektroprivreda Srbije" (EPS JSC) to restart its publication was preceded by the successful 13th
Conference organized by the National Liason Committee for Electricity Distribution Networks, CIRED Serbia, in
Kopaonik mountain, in September 2022. Considering the earlier practice of the old Journal, within the framework of the
formally adopted Decision of EPS JSC, it is foreseen that awarded papers from the previously held CIRED Serbia
Conference will be published in odd calendar years, but now within the framework of a separate, Special Edition, textually
expanded by at least a third compared to the awarded paper, qualitatively improved and additionally peer-reviewed,
according to the same procedure as provided for manuscripts nominated for publication in regular editions of the Journal.
Due to the circumstances and the aforementioned sequence of events, the first issue of the renewed Journal is exactly the
Special Edition, dedicated to the works awarded at CIRED Serbia 2022.

The National Liason CIRED Committee of Serbia, following the example of the international CIRED, has six Expert
Commissions (EC). National Conferences with regional participation are held biennially, and on that occasion, each EC
awards a prize for the most notable paper in the areas of electricity distribution activities that EC deals with. Also, the
possibility of awarding a seventh prize, for a paper that shows technical innovation, is foreseen, and it can be awarded to
just one paper, at the level of the entire CIRED Serbia National Liason Committee. It was exactly the case at the 13th
Conference — that prize was also awarded.

The authors of all papers awarded in September 2022 responded to our kind invitation and the invitation of the permanent
Editorial Board of the Journal. They submitted manuscripts with expanded and improved versions of their papers. After
the procedure of in detail review of manuscripts, reconciliation of authors with reviewers, you are presented with a
selection of those award-winning papers that have obtained at least two positive reviews and received final approval for
publication.

I hope that the awarded papers, published in this Edition in their expanded and improved versions, will make a scientific
and professional contribution to the electric power industry in Serbia and encourage authors from Serbia and other
countries to publish their manuscripts in the new magazine "Elektroprivreda” — Electric Power Industry Journal in the
future.

On behalf of the Guest Editorial Board
of the Special Edition of the Journal,

[

3 —

Loy

ARSI Qo

Zoran Simendié, Ph.D.
Guest Editor-in-Chief

© EPS JSC Belgrade GB All rights reserved
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Highlights

e This paper considers the reduction of losses in the distribution network by connecting the system
consisting of photovoltaic (PV) and energy storage system (ESS).

e The optimal location and optimal power of the system consisting of PV system and ESS is determined,
taking into account the minimization of losses in the distribution network.

e Sizing of the PV system and ESS is carried out.
The influence of the discrepancy between the actual and expected values of load and solar irradiation
on the increase of losses in the distribution network and the change in the state of charge of ESS

Abstract

In this paper two-step method for determining the optimal location and configuration of the system
consisting of PV system and ESS, considering the reduction of losses in distribution network, is presented.
First step takes into account the daily load diagram and uses the metaheuristic particle swarm optimization
method (PSO) to determine the optimal location and optimal power during the day of the system consisting of
PV system and ESS in order to minimize the losses in distribution network. In the second step of the procedure,
the individual powers of PV system and ESS are obtained and their configuration (sizing) determined. This is
done by iterative procedure using the optimal values of combined power of these two systems during the day,
obtained in the first step, and the shape of daily solar irradiation diagram of the PV system for the clear day.
The configuration procedure is explained in detail, determining the maximum power of PV system, maximum
power of ESS and energy capacity of ESS. In addition, the impact of the difference between the actual and the
expected load diagram and the influence of the reduction of solar irradiation during the day on the increase
of losses in the distribution network and the change in the state of charge of the ESS are considered. The paper
considers cases with different load diagrams and different levels of ESS efficiency. All results are obtained
using IEEE radial distribution network with 33 nodes.

Keywords
Photovoltaic (PV) System, Energy Storage System (ESS),
Particle Swarm Optimization Method (PSO), Losses in the Distribution Network
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1. INTRODUCTION

Increasing environmental awareness has caused
efficiency improvements and the use of green technologies
to become one of the basic requirements and priorities set
when considering power system operation. In meeting
these requirements, renewable energy sources play a
significant role, with numerous attempts made to facilitate
their power system integration and operational
improvements [1]. One particularly important form of their
application is connection to the distribution network [2]
where they play the role of distributed generation. Through
this, renewable energy sources bring generation closer to
the consumption and reduce transmission losses [3].
However, due to their intermittent character, they are often
unable to achieve the required power that would bring the
desired network efficiency increase. One of the solutions
to this problem, especially in cases where distributed
generation and load are largely mismatched, is the use of
ESS [4]-[5].

Specifically, this paper discusses the distribution
network efficiency improvements, using loss reduction [6],
by utilising a system consisting of a PV system and an ESS
[7]. This combined system operates like a distributed
generation with possible control of the output power to the
distribution network [8]-[9]. This power facilitates load
shedding of certain parts of the distribution network,
especially the supply ones, reducing pertaining losses.
Distribution network power flows and currents along its
lines are determined by an iterative method for power
flows calculation in radial distribution networks [10]. To
minimize distribution network losses, in this case, it is
necessary to correctly locate the mentioned system and
ensure at all times an adequate value of its output power
[8]. The optimal location and power that need to be injected
into the distribution network by a system composed of a
PV system and an ESS, to minimize pertaining losses, [3],
[11], were determined using the PSO metaheuristic
optimization method, [12]-[15], considering the expected
daily load diagram. Based on the obtained optimal power
of the system during the day and the daily solar irradiation
diagram of the PV system in the case of a clear day,
individual powers of the PV system and ESS have been
determined, together with their optimal configuration, i.e.
sizing [11], [16]. Here, the required maximum powers of
the PV system and the ESS were determined, along with
the required energy capacity of the ESS, for different
diagrams and load types, using different ESS efficiency
levels.

The procedure used to determine the configuration of a
system consisting of a PV system and an ESS is of an
iterative type, where the maximum power of the PV system
is determined based on the assumed values for the ESS

charging/discharging periods [17], on the basis of which
the ESS charging/discharging periods are more accurately
determined in the next iteration. Initial values of the ESS
charging/discharging periods are determined based on the
shape of the daily load diagram of the distribution network
and the daily solar irradiation diagram of the PV system.
The iterative procedure ends when the ESS
charging/discharging periods have the same value in two
adjacent iterations. The procedure applied to determine the
optimal location and configuration of a system consisting
of a PV system and an ESS requires knowledge of the
distribution network daily load diagram and the PV system
solar irradiation diagram. Due to their stochastic nature,
these diagrams cannot be predicted with certainty [18],
which is why the optimal system configuration is
performed based on their most probable values, including
the expected load diagram and solar irradiation diagram of
the PV system on a clear day. For this reason, the influence
of the discrepancy between actual and expected (predicted)
load values, as well as the influence of the PV system solar
irradiation reduction due to cloud cover during the day, on
the network losses increase and the change of the ESS state
of charge has also been examined. [19].

2. DEFINING THE OPTIMIZATION
PROBLEM AND CRITERION FUNCTION

Reducing distribution network losses by using a system
composed of a PV system and an ESS is a nonlinear
optimization problem with constraints. The non-linearity
arises from the non-linear dependence of the distribution
network losses on the injection power of the combined
system and non-linear constraints that need to be met.
Control variables in this optimization problem are the
location and the mean hourly power of a system composed
of a PV system and an ESS. Constraints of the control
variables have been given by the following relations:

i € {iy, iy . in} (1)
Pmin(k) < P(k) < Pmax(k) (2)

where i is the distribution network node index where the
system consisting of a PV system and an ESS is connected,
while P(k) is the mean hourly power injected by this
system into the distribution network in the k-th hour. The
set of node indexes where it is possible to connect the
mentioned system is given as {iy, iz, ... ip}, While P, (k)
and B4, (k) are its minimum and maximum power in the
k-th hour, determined by the minimum and maximum
power of the PV system and ESS (P,i5, (k) = Ppymin (k) +

Pgssmin (K)y Pnax (k) = Poymax (k) + Pgssmax (k).

© EPS JSC Belgrade GB All rights reserved
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The dependent variables appearing in this optimization
problem are the power of the PV system, power of the ESS,
the ESS state of charge, the current along the distribution
network lines and the voltage in its nodes.

Constraints of the dependent variables are determined
by the minimum and maximum powers of the PV system
and the ESS, the maximum operating current and the
allowed voltage range of the distribution lines, as well as
the allowed range of the ESS state of charge, which is given
by the relations (3)-(7):

Ppymin (k) < Ppy (k) < Ppymax (k) 3
Pgssmin (k) < Pgss(k) < Pessmax (k) 4)
I' < Ipax (5)

Vinin <V < Viax (6)

SOC < SOC < SOCygs (7

where I and V are the distribution network current and
voltage, while SOC is the ESS state of charge.

Powers Ppy (k) and Pgsq(k) are the mean one-hour
powers of the PV system and ESS in the k-th hour, which,
similar to the other quantities, must be between their
minimum (Ppymin (k), Prssmin(K)) and maximum values
(Ppymax (k), Pessmax (k)). In this paper, limiting values for
ESS powers (maximum charging power and maximum
discharging power) do not represent a limiting factor to
obtain an optimal solution and have the same value
throughout the day. In contrast, the upper limit value for
the power of the PV system Ppyq. (k) depends on the
ordinal number of hours in day k, and follows the shape of
the daily solar irradiation diagram of the PV system. Lower
limit value for PV system power Ppy i (k) is equal to zero
for every hour of the day.

For the obtained ESS operating modes to be
sustainable in time, when determining the optimal system
configuration, equal states of charge at the beginning
(SOC,) and the end (SOC;) of the operating cycle (day) are
used. For this purpose, an additional constraint related to
the ESS state of charge is used:

S0C; —S0C, = 0 (8)

The optimization problem solution is necessary to
enable the distribution network loss minimization. For this
reason, a single-parameter criterion function equal to the
mean daily power of distribution network losses was used,
given by the relation (9):

1
C= 24 lecil ;'i1 31}%,jRj (9)

where: C — criterion function, whose minimization needs
to be performed, I, ; — effective current value in the k-th
hour along the j-th distribution network section, R; —
active resistance of the j-th distribution network section,
m — total number of distribution network sections.

3. SOLVING THE OPTIMIZATION
PROBLEM AND DETERMINING THE
OPTIMUM SYSTEM CONFIGURATION

In order to obtain an optimal location and configuration
of the system consisting of a PV system and an ESS, it is
first necessary to solve the set optimization problem.
Solving this optimization problem comes down to finding
the optimal values for the location and power of the system
consisting of a PV system and an ESS to achieve the
distribution network loss minimization. The metaheuristic
optimization method of PSO was used to obtain the optimal
location and the optimal mean hourly power during the day
of the combined system. The advantage of PSO and
metaheuristic optimization methods in general is their
flexibility and possible application to a wide range of
different optimization problems.

3.1 Solving the optimization problem

As mentioned, PSO was used to solve the set
optimization problem. PSO belongs to population
metaheuristic optimization methods and is inspired by the
foraging process of flocks of birds in nature. A population
consists of a set of individuals, each of which represents a
vector of control variables and a potential solution to an
optimization problem. Individuals in the population
communicate with each other and move towards the one in
the place with the largest amount of food, i.e. that has the
lowest criterion function value. To facilitate better space
search where the optimal solution can be found, the
individual movement direction is not influenced only by
the location with the largest amount of food found until
then (g,.s:), but also by the location with the largest
amount of food that individual had found until then
(ppesti)- In this way, in each subsequent iteration, the
individuals are closer to finding the place with the largest
amount of food, and thus the smallest criterion function
value. The individual that has the smallest criterion
function value at the end of the optimization process is also
the optimization problem solution. The above optimization
method can be analytically described through relations (10)
and (11):

vit+ D) =w-v () +C -1y (pbesti(t) -
xi(£)) + Cz - 12+ (Gpest (£) — x:(1))

xi(t + 1) = xl-(t) + Ui(t + 1)

(10)
11)
where: t — iteration ordinal number, x;— location of i-th
individual, v; — movement of i-th individual, w — inertia
coefficient, C;,C, — acceleration coefficients, r;,7, —
random numbers from the interval [0,1].

When solving the above optimization problem, the
individual is represented by a vector of control variables

© EPS JSC Belgrade GB All rights reserved
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with 25 coordinates, the first of which is the location (the
distribution network node index where the system is
connected), and the other 24 coordinates are the mean one-
hour powers of the observed system during the day. After
each iteration, coordinates of the individuals are changed
in order to reduce the value of their criterion function,
which after the appropriate number of iterations (when the
change in the criterion function of the best solution is
negligible) gives the solution to the optimization problem.
As part of the solution to the optimization problem, the
optimal location of the system consisting of a PV system
and an ESS was directly obtained, while the obtained
optimal powers were used to determine the optimal system
configuration.

3.2 Determining the optimal configuration of a system
consisting of a PV system and an ESS

This paper adopts a configuration ensuring distribution
network loss minimization with minimal sizing of the PV
system and ESS, for the optimal configuration of a system
consisting of a PV system and an ESS, whose principle
diagram is shown in Figure 1.

Distribution
network

PV|system

Figure 1. A principal diagram of a system consisting of a
PV system and an ESS

To determine the optimal configuration, the obtained
optimal power was used, which the mentioned system
should inject into the distribution network during the day
in order to minimize pertaining losses, as well as the daily
solar irradiation diagram of the PV system. In the applied
approach, the first step in determining the optimal
configuration of a system consisting of a PV system and an
ESS is sizing the PV system, i.e. determining its maximum
power. To make this possible, it is necessary to express the
PV system power for each hour of the day in terms of its
maximum power (Ppy.qx) @nd solar irradiation during the
day:

PPV(h) = Ppymax e

Icmax

(12)

where Ppy, (h) and I (h) are power and solar irradiation of
the PV system in the h-th hour, while Icy,.. IS the

maximum solar irradiation of the PV system during the
day. The power of the PV system follows the daily solar
irradiation diagram of its panels, which is the reason why
this system is often unable to meet the required optimal
power by itself. To solve this problem, an ESS was used,
which, according to needs, can play the role of
consumption (charging period) or generation (discharging
period), and ensures that the power injected into the
distribution network is equal to the optimal power (P,;).

(13)

Considering that in this paper mean one-hour powers
are used, the state of charge of the ESS at the end of the k-
th hour, during charging and discharging can be
determined from relations (14) and (15) respectively:

PESSZPOpt_PPV

SOC;, = SOCy_, — %SSPESS(k) (14)

SOCy = SOCy_y — —— Pygs (k)

1N'QESS (15)

where: SOC;, — ESS state of charge at the end of the k-th
hour, SOC,_, — ESS state of charge at the end of the k-1-
th hour, Pggs(k) — mean one-hour power of the ESS in the
k-th hour (with a value less than zero during the charging
time and greater than zero during the discharge), Qgss —
total, computational energy capacity of ESS, n-—
efficiency level of the ESS charging and discharging
process.

By using the expression (12) in (13) and then
expression (13) in (14) and (15), the difference between the
ESS state of charge at the end and the beginning of the
observed period (450C) can be determined as:

450C = Z;n (PPVmax % - Popt(j) )L -

QESs

. IR0 1
Z?(Popt(l) - PPVmax - )—

Icmax ~ MQESS

(16)

where i is the ordinal number of hours, while n is the total
number of hours when the ESS is discharged, while j is the
ordinal number of hours, with m being the total number of
hours when the ESS is charged throughout the observed
operating cycle.

The ESS charging periods occur when the required
optimal power of the system composed of the PV system
and ESS is lower, and the discharge periods when it is
greater than the power of the PV system. Since the
maximum power of the PV system is not known in
advance, these periods must be assumed by looking at the
shape of the optimal power and the solar irradiation
diagrams. Using the assumed values for the charge and
discharge periods, for a given efficiency level and zero
difference between the state of charge of the ESS at the end
and the beginning, the maximum power of the PV system
based on expression (16) is:
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. A1

271 Popt(])""'zln Popt(l)ﬁ
ym Ic() nlc® 1
J Icmax Yemax 1

Ppymax = (17)

n+¥

After determining the maximum power of the PV

system using expression (17), it is necessary to check the
accuracy of the assumption made about the ESS charging
and discharging periods. This is done by comparing the
optimal power of the system composed of the PV system
and the ESS with the power of the PV system determined
from its maximum power using expression (12). If it turns
out that the assumption is not correct, the procedure needs
to be repeated by using new, better estimated charging and
discharging periods. It should be noted that if the ESS
efficiency level is equal to one, the situation is much
simpler because it is not necessary to assume charging and
discharging periods, so the maximum power of the PV
system is obtained directly.
When the maximum power of the PV system is known, by
using the expressions (12) and (13) it is possible to
determine the power of the ESS for each hour of the
observed period. The highest one-hour power of the ESS
by absolute value during the operation period (T) is the
power according to which it is necessary to size the ESS:

Pgssmax = max{|Pgss(l)[}, k ={1,2,..T} (18)

Subsequently, using expressions (14) and (15), the
ESS states of charge are determined at the end of each hour
inside the observed operation period. On the basis of the
obtained values for the ESS states of charge, its sizing has
been carried out, i.e. the required energy capacity
determined. Minimum required energy capacity (4Qgss)
which would enable the specified ESS operation is
determined by using the expression (19):

AQgss = Qgss " (S0Cyax — SOCuyin) (19)

where SOCyq, and SOCy;, are maximum and minimum
states of charge of the ESS within the observed operation
cycle.

In addition to the required energy capacity of the ESS, in
order to achieve the desired (optimal from the network loss
reduction aspect) operating mode, it is necessary to
determine the permissible range in which the initial ESS
state of charge can be found, so that the state of charge
during the day is within the permissible values. The
maximum and minimum values of ESS state of charge
during the operation can be expressed using the initial state
of charge of ESS and the charge/discharge power (Pggg) as:

1
SO0Cyqax = SOC, — ;SSZ’;ET{H Péss(k) (20)

1 i
SO0Cyn = SOC, — @Zﬁrﬂn Pgss(k) (21)

where k,,;, and k,,,, are ordinal number of hours in which
the minimum and maximum ESS state of charge occurs,
while in the charging time power P is considered to be
Pggs = NPgss, and during discharge time Pggg = Pggs/n.

The minimum and maximum charge levels occurring
in the ESS operation must be within the permissible limits
(SOCpax < SOChax 1 SOCyin = SOCpyin), SO the allowed
range in which the initial ESS state of charge can be found,
is obtained using expression (22):

SO0Cmin + Q#Zﬁ’:{" Pies(k) < SOC, <
ESS

SOCmax + Q; Zﬁrznizx Pé'SS (k) (22)
ESS

4. DISCREPANCY BETWEEN ACTUAL AND
EXPECTED VALUES OF LOAD AND
SOLAR IRRADIATION

As can be seen in chapter 3, the presented method uses
the expected load diagram of the distribution network to
determine the optimal power that system consisting of a PV
system and an ESS should inject into the network.
Similarly, when determining the optimal system
configuration, the method requires the knowledge of the
shape of daily solar irradiation diagram of the PV system
for the case of a clear day. Considering the above, it is clear
that the system configuration optimality, and thus the
distribution network loss reduction, largely depends on the
forecast accuracy of the load diagram of the distribution
network and solar irradiation diagram of the PV system. As
can be assumed, three different cases are possible:

1. discrepancy between the actual and forecasted
load diagram,

2. discrepancy between the actual and forecast solar
irradiation diagram of the PV system,

3. discrepancy between actual and forecasted values
of both considered diagrams.

In order to quantify the impact of the discrepancy
between the actual and expected values of load and solar
irradiation on the network loss increase, within each of the
three examples, cases are considered where there is a
change of the hourly characteristics compared to those
predicted by the expected load diagram and the solar
irradiation diagram of the PV system for the case of a clear
day.

Depending on the method applied to solve the
mentioned problem, two approaches were considered. In
both approaches, in order to maximize the use of solar
energy, it was assumed that the PV system operates with
the maximum possible power at a given moment, which is
directly proportional to the intensity of solar irradiation on
its panels. On the other hand, the way to determine the ESS
power depends on the approach used. Namely, in the first
approach, the equality of the ESS state of charge at the
beginning and at the end of the operating cycle must be
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preserved, while in the second approach this is not the case
and only priority is network loss minimization. Therefore,
the power of the ESS in the first approach (PLs) is equal
to the ESS power obtained in the system configuration
process (Pgss), Where the condition of equality of the ESS
state of charge at the beginning and end of the operation
cycle was satisfied.

(23)

Bearing in mind that the PV system power depends on
the solar irradiation, which cannot be influenced, and that
the ESS power is predetermined, the injected power of the
system consisting of PV system and ESS in the first
approach may greatly differ from the optimal value, which
could result in a significant network loss increase. This can
especially be pronounced in periods with higher cloud
cover and higher load than expected, when the PV system
power is only sufficient to provide an adequate supplement
to the ESS.

Unlike the first, in the second approach, the load is
measured and based on this information PSO determines
the optimal power that system should inject into the
network at a given moment in order to minimize losses.
The power of the ESS in second approach (Pl) is adjusted
so that at all times, regardless of the current PV system
power (Ppy,), in the network is injected optimal power
needed for the loss minimization perspective (P,.).

| -
PESS - PESS

(24)

Itis clear that this approach successfully minimizes the
network losses, but can also lead to a large difference
between the ESS state of charge at the end and at the
beginning of the operating period, which is the reason why
the use of this approach is limited to special situations. It
should be noted that regardless of the used approach, the
constraints in the form of required maximum power
(Pgssmax) @nd the required ESS energy capacity (AQgss),
obtained in the system configuration process, must be
satisfied. These constraints for the k-th hour are given by
expressions (25) and (26), respectively:

PI;SISI (k) < PESSmax

Pida(k) < AQgss — TE 1P

)/ —
PESS_Popt_PPV

(25)
(26)

5. PRESENTATION AND ANALYSIS OF THE
RESULTS

All the results obtained in this paper refer to the IEEE
radial distribution network with 33 nodes, shown in
Figure 2. The same distance between every two adjacent
nodes has been adopted and it is 250 m. This was done for
the sake of simplicity in drawing general conclusions. The
distribution network voltage level is 10 kV, while the
values of longitudinal active resistance and reactance
arer =0.414 2 /km and x =0.365 2 /km.

The PSO was implemented to obtaine the optimal
solution after 100 iterations using a population of 200
individuals. Based on a large number of performed

simulations, the values of inertia coefficient and the
acceleration coefficients that gave the best results are
adopted, and they are: w = 0.85, C; = 0.5 C, = 0.6.

Three different distribution network load diagrams are
considered, shown in Figures 3, 4 and 5. The shapes of the
first two load diagrams have a more theoretical character
and are chosen as examples of loads that more or less
matches the daily solar irradiation diagram of the PV
system. As can be seen from Figures 3 and 4, the first and
second distribution network load diagrams have different
distributions of load power in time, but the same maximum
(Pnax1z = 4462MW) and mean power (Pgyq, =
3.285MW). Unlike them, the shape of the third load
diagram, shown in Figure 5, better describes the load that
can be found in practice and has a slightly higher maximum
(Ppaxs = 4.75MW) and mean power (Ps,5 = 3.398MW/).
In all considered cases, a uniform load distribution was
used across the distribution network nodes. Also, for each
load diagram, two different types of load are considered,
the constant power load type (industrial load), and the
constant impedance load type (resistive load), where for
the indicated distribution network voltage (10 kV) active
powers of both load types are the same and equal to those
on the load diagram.

I8 19 20 21

[
0 |J1 304 5 6 7 8 9 10 11 12 13 14 15 16 17
Ol S S A I
NSRS

25 26 27 28 29 30 31 32

22 23 24

Figure 2. IEEE 33 distribution network

P (MW)

0
0123435678 9101112131415 161718 192821222324t[h}

Figure 3. The first distribution network load diagram
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Figure 4. The second distribution network load diagram

L
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Figure 5. The third distribution network load diagram

It is important to note that in each considered case the
time distribution of the load of each node is the same and
follows the used load diagram of the distribution network.
Likewise, the load power factor is the same throughout the
day and uniform along the entire distribution network,
while its value is cosp = 1 and cos@ = 0.89 for resistive
and industrial type loads, respectively.

The daily solar irradiation diagram of the PV system,
used in determining the PV system power, expressed per
unit, is given in Figure 6.

Ic(pu.)
1.0
0.9
0.8
0.7
0.6
0.5
04
03
02
0.1

0
01234 567 89 101112131415 161718 192021222324t[h}

Figure 6. Daily PV system solar irradiation diagram

Table I shows the values of the mean daily power of
losses in the distribution network before the system
consisting of the PV system and the ESS has been
connected, for all three load diagrams, where the values in
brackets refer to the constant impedance load type, and the
values without brackets to the constant power load type.

Table I. Mean daily power of losses before the system
consisting of PV system and ESS has been connected

Load diagram | 1l 1|
Pposs[kW] 63.037 63.037 68.097
(46.001) (46.001) (49.498)

Results in Table I are expected, given that the powers
of the first and second load diagrams, although distributed
differently in time, are the same in terms of values and
slightly less than in the case of the third load diagram.
Furthermore, the fact that the network nodes voltages are
slightly lower than indicated, as well as the existence of
reactive power flows in the network in the case of a
constant power load, results in higher losses for such load
type.

Considering the obtained optimal locations and power
of the system consisting of PV system and ESS, Table Il
contains the results after it was connected to the
distribution network. These results, in addition to the mean
daily power of losses (Py,ss), contain the optimal location
(distribution network node index) where the system is
connected (i), as well as the required maximum power of
the PV system (Ppymax), fequired maximum power of the
ESS (Pggs) and the required energy capacity of the ESS
(AQgss) for different levels of ESS efficiency (n=1, n=0.9
in=0.8). It should be noted that in the presented procedure,
the ESS efficiency level does not affect the location and
power of the system consisting of PV system and ESS, only
its configuration (maximum power of the PV system,
maximum power and energy capacity of the ESS).

Based on the results in Table Il, it can be concluded
that by connecting a system consisting of PV system and
ESS, distribution network losses can be significantly
reduced. As the mean power of losses after connection is
the same for the first and second load diagram, and slightly
higher in the third, it may be ascertained that the level of
losses after connection is affected by the load power value,
rather than its distribution in time. Moreover, Table 2
shows that the optimal location of the system consisting of
the PV system and the ESS does not depend on the load
diagram, and that for all three load diagrams, regardless of
the load type, it is node 5. In addition, Table 2 shows that
the maximum power of the PV system increases with the
increase of the mean daily power of load, while the
influence of the shape of the load diagram is greater if the
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ESS efficiency is lower (it does not exist for unit b .
. . . \ — before connecting the system
efficiency). For the energy capacity and maximum power A — after connecting the system
of the ESS, the matching between the load diagram and the
power generation diagram of the PV system is of the
greatest importance, which is shown by a much higher
energy capacity and maximum power of the ESS in the
case of the second than in the case of the first load diagram.
Also, the maximum power of the PV system and the
required energy capacity and the maximum power of the
ESS increase while the ESS efficiency decreases. This

=
m

=
B

a
%]

@
e
s

Average power of losses [KW]
) 5

B

results from the fact that for the same injected power, more -3 - "m\

ESS discharge power is needed, and that for the same ESS 0 N/t
charging power, more power coming from the PV system ’ 7 Gection of the distribution network 35
is needed, if a reduction in ESS efficiency occurs. The

above observations are valid for both load types, whereby _ Figure 7. Mean daily power of losses along the

the slightly higher values of the maximum power of the PV distribution network sections for constant power load
system and ESS, as well as the energy capacity of the ESS, 14 , , , , , ,

in the case of a constant power load type is the result of a — before connecting the system

slightly higher load in that case.

-
[5+]

— after connecting the system

-
(=]

Table Il. Mean daily power of losses after system
consisting of PV system and ESS has been connected,
connection location and system configuration parameters
for different levels of ESS efficiency

@

/

Average power of losses [kW]

Load diagram [ 1l i al \
Pioss[kW] 24.047 24.047 25.970
(11.257) (11.257) (12.125) 2y
i 5 5 5 o T~ S~
(5) (5) (5) 0 o 5 10 15 20 25 30 35
Ppymax1[MW] 8.530 8.529 8.830 Section of the distribution network
(8.354) (8.354) (8.640) _ _
Prss1[MW] 4.988 6.855 5.056 Figure 8. Mean daily power of losses along the
(4.905) (6.702) (4.972) distribution network sections for constant impedance load
AQgss1 [MWh] 27.115 40.783 29.219
(26.680) (39.827) (28.701) Figures 7 and 8 show that by connecting a single
Ppymaxo,s[MW] 9.382 9.825 9.758 system consisting of PV system and ESS, the greatest
(.192) (9.619) (9.551) reduction in losses is achieved in the supply sections of the
Pessoo[MW] 5.841 8.154 5.984 o !
' (5.744) (7.968) (5.884) distribution network where several of its branches branch
AQgss00[MWh] 29.508 44.861 32.131 off. Also, it can be observed that due to the existence of
(29.045) (43.817) (31.554) reactive power flows that could not be significantly
Ppvmaxos[MW] 10522 11.594 11.026 influenced by connected system, the supply sections losses
(10.316) (11.347) (10.796) higher in th . tant load t
Prosaa[MW] 6.981 9.923 =252 are |g er in the case of a constan p_ower oad type.
' (6.867) (9.695) (7.128) Figures 9 and 10 show the active load power of the
AQgss0s[MWh] 32.370 49.784 35.657 distribution network, the optimal (operating) power of the
(81.872) (48.624) (35.017) system consisting of PV system and ESS, as well as the

power of PV system and ESS individually, for the ideal

Figures 7 and 8 show the mean daily power of losses efficiency of the ESS and the third load diagram.

along the distribution network sections before and after the
connection of the system consisting of PV system and ESS,
for both considered load types that follow the third load
diagram. The indexes (ordinal numbers) of the sections are
equal to the node indexes at their ends.
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Figure 9. Active load power, optimal (operating) power
of the system consisting of PV system and ESS, power of
the PV system and power of the ESS, for constant power

load type
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Figure 10. Active load power, optimal (operating) power
of the system consisting of PV system and ESS, power of
the PV system and power of the ESS, for constant
impedance load type

Figures 9 and 10 show that the optimal (operating)
power of the system consisting of PV system and ESS
follows the shape of the load power, while in periods of
high solar irradiation it is provided by the PV system,
whereas at night and in periods with low solar irradiation it
is generated by the ESS. As expected, in periods of high
solar irradiation the ESS is charging, while in periods with
low solar radiation it is discharging.

Table 11l shows the minimum mean daily power of
losses, the mean daily power of losses obtained by the first
and second approaches and the change in the ESS energy
level obtained at the end of the operating cycle compared
to that at the beginning using the second approach, for
different discrepancies between the actual and expected
values of load power and solar irradiation. It is important
to note that the used load power deviation (AP) is the same

percentage-wise for every hour during the day, which also
applies to the solar irradiation deviation (Al.). The
minimum mean daily power of losses is obtained for the
case when the system consisting of PV system and ESS
injects optimal power every hour from the aspect of losses
reduction, considering the real load value inside the
network, and ignoring the constraints determined by the
system configuration. This power of losses has a
theoretical character and serves as a reference to evaluate
the effectiveness of the first and second approach. The two
mentioned approaches are explained in detail in the fourth
chapter.

Table Il1l. Minimum mean daily power of losses, mean
daily power of losses in the first and second approach and
the change in the ESS energy level obtained in the second
approach, for different discrepancies between the actual
and expected values for load power and solar irradiation.

AP(%)r Ploss,min[kW Plloss[kW] Plltgss [kW] AWEI'.I?S[MWh
A1 (%)
30, 44,339 48,202 44,340 -19,365
0 (20,414) (23,564) | (20,414) (-18,949)
20, 37,651 39,355 37,652 -12,910
0 (17,416) (18,823) | (17,416) (-12,632)
10, 31,530 31,953 31,530 -6,454
0 (14,653) (15,006) | (14,653) (-6,316)
-10, 20,951 21,367 21,839 3,207
0 (9,837) (10,190) | (10,625) (3,154)
—-20, 16,501 18,152 18,885 6,401
0 (7,780) (9,214) (9,904) (6,290)
—-30, 12,593 16,282 17,402 9,596
0 (5,963) (9,206) (10,284) (9,426)
0, 25,970 26,921 25,970 -6,455
—-10 (12,125) (12,963) | (12,125) (-6,316)
0, 25,970 29,807 25,970 12,910
—20 (12,125) (15,505) | (12,125) (-12,632)
0, 25,970 34,674 25,970 -19,365
-30 (12,125) (19,790) | (12,125) (-18,948)
30, 44,339 66,161 51,240 29,219
—-30 (20,414) (38,681) | (26,270) (-28,701)
20, 37,651 54,174 39,322 29,219
—-30 (17,416) (31,468) | (18,903) (-28,701)
10, 31,530 43,689 31,530 25,819
—-30 (14,653) (25,167) | (14,653) (-25,264)
—-30, 12,593 14,349 12,593 6,454
-20 (5,963) (7,565) (5,963) (6,316)
—-30, 12,593 14,385 13,657 9,324
—-10 (5,963) (7,545) (6,911) (9,159)
—-20, 16,501 18,110 16,501 0
—20 (7,780) (9,255) (7,780) (0)
Based on the results in the Table IlI, it can be

concluded that in most cases the losses obtained in the
second approach are significantly lower than those
obtained using the first approach. The difference between
the losses obtained by the second approach and the
minimum losses is a result of the constraints related to the
maximum power and energy capacity of the ESS
determined by the system configuration. Moreover, the
results in Table 3 show that using the second approach ESS
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is recharged at the end of the day (AWgss > 0) in the case
when the load reduction is more significant than the solar
irradiation reduction, while otherwise the energy of the
ESS is lower at the end compared to the beginning of the
day (AWggs < 0). ESS discharge after the operating cycle
is particularly pronounced when there is a load increase
and a solar irradiation decrease compared to their expected
values during the day.

By comparing the value of minimum average daily
power of losses and the power of losses obtained using the
first approach, it may be concluded that neglecting the
deviations of the actual from the expected values of load
and solar irradiation when determining the power of the PV
system and the ESS leads to a network loss increase. On
the other hand, large ESS discharges in the second
approach indicate that consideration of the deviation and
adjustment of the injection power into the network should
not only be done at the expense of the ESS power, but also
by increasing the powet of the PV system in the
configuration phase.

6. CONCLUSION

This paper presents a methodology for determining the
optimal location and configuration of a system consisting
of PV system and ESS to reduce the distribution network
losses. Obtained results showed that by connecting such a
system, distribution network losses can be significantly
reduced, regardless of the shape of the load diagram and its
type, and that the optimal connection location is a node
near the network centre (load). Furthermore, based on the
results, it may be concluded that the greatest influence on
the sizing of the PV system and its maximum power, has
the mean daily load power, while the maximum power and
energy capacity of the ESS mostly depend on the matching
between the load diagram and the solar irradiation diagram
of the PV system. By comparing the results for different
levels of ESS efficiency, it is clear that the reduction of
ESS efficiency leads to an increase in the maximum power
of the PV system and the maximum power and energy
capacity of ESS, for the same level of network losses
reduction. Finally, it should be pointed out that the
discrepancy between the actual and expected load power
and the reduction of solar irradiation below the expected
value can lead to an increase in network losses or to a great
extent change the state of charge of the ESS.
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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
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In this work, possible business models of aggregators, existing legal regulations and preconditions needed
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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
HUPX! 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.

Average hourly EE prices by months in 2021 - HUPX (EUR/MWh)
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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

L 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.

Mean hourly maximum loads of DS (MW)
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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.

EE prices on the SEEPEX and HUPX exchanges
(EUR/MWh)

w
S

SEEPEX
HUPX

EE price (EUR/MWh)
o 2 3 8B R 28 4
2 3 2 & & ¢S

°

DD DD D DD DD
AR AR ADY AR AN AN AN AN AN 4DV
NSV IC R R S RO

Month - Year

D AD AN A A A A AN AN AN A AN NN
I I I I I I R
wx e i

,,,,,,,,,,,
3

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 .
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.

Consumption of active EE of an average household (kWh)
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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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Average hourly consumption of active EE by months in 2022 of
the average household (kWh)
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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.? [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 PVGIS? 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.

Exchange of a prosumer - average household with
20 DS on a monthly level (kWh)

—?‘, " /\
=RU =~
o \_’_/
s
- e Offtake from DS (KWh)
0 Delivery to DS (KWh)
D A & & & s & 4 &
& 3 & = Q & & & & &
w + i * »“\3 eéo &‘Q‘o 1\0\\ ..“{o s & txb‘
: & o Q Q'& ¥gE
< Month™

Figure 6. Exchange of a prosumer - average household
with DS on a monthly level (kwh)
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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]
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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.
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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.

Generation or consumption within the
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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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Abstract

Serbian power industry increasingly faces the challenges of the future. Electricity generation is based
mostly on low-caloric lignite. Its deteriorating quality causes a decline in the level of safety, reliability, and
efficiency of thermal power plants, increasing pollution. Beside their revitalization, there are huge investments
in new, expensive systems for reduction of pollutants’ emissions. With the announced introduction of carbon
taxes, which will grow rapidly in the future, the profitability of these power sources and the market
competitiveness of the price of electricity obtained from them become extremely questionable and uncertain.
In inevitable decarbonization process, a strategic question arises for Serbian experts — how to compensate
significant basic (thermal) capacities, which will be probably shut down?

At the other end of the system, the problem is inefficient use of electricity, unacceptably high level of its
losses, including those due to its theft. At the same time, the technical possibilities for load management and
for the application of a larger number of tariffs were not used sufficiently, to provide the desired demand
response.

In such circumstances, the key question is - what investment strategy to choose? This paper proposes a
solution that would have a positive impact on both ends of the system and its actors, but also on the networks
between them and their operators. "Electric Power Industry of Serbia" could use the announced introduction
of aggregator, as a new participant in the electricity market, for a kind of joint venture with its end-users, to
establish a composite virtual power plant. It would represent a new, replacement capacity for the power
industry, and a source of savings and even income for customers. Such a power plant would include various,
dispersed renewable sources, both of electricity and heat, energy storage systems, chargers for electric
vehicles, controllable customer load and various demand response programs. By increasing the volume of
such aggregation, a composite virtual power plant would enable the aggregator to provide ancillary services
to the transmission system operator, which would be an additional benefit. In synergy with other necessary,
strategic steps, such a concept could provide Serbia more secure energy future.
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1. INTRODUCTION
1.1 Energy issue context in Serbia

Beside functional and organizational unbundling
during the previous period of the deregulation process, to
the effects of which it is still adapting, the entire electric
power sector of Serbia is increasingly facing new,
threatening challenges of the future. The primary problem
is relying on mostly lignite-based electricity generation
over decades. The lignite quality (calorific value) recorded
significant deterioration, and its available quantities are
questionable. Multiple consequences are reflected firstly in
power plants’ safety, reliability, and efficiency level
decrease, then in additional wear of equipment, and finally
in increased air pollution. Thermal power plants (TPPs) are
extremely old and therefore demand huge investments not
only in rehabilitation but also in the construction of new
and expensive (according to investments and exploitation)
support systems in the function of environmental
protection. Summing up these costs with announced
carbon fees which will experience rapid growth in the
future, the cost-effectiveness of these sources and the
market competitiveness of the electricity price from these
sources become very uncertain. Under conditions of
inevitable decarbonization in Serbia, there is also an
emerging question — which replacement capacities would
be used instead of basic (thermal) capacities which are
threatened by decommissioning for one or another reason?

Renewable Energy Sources (RES) in the transmission
system will compensate a part of the electricity after
decommissioning of thermal capacities. Significant
integration of variable RES (V-RES) will cause new
problems. V-RES have a lower capacity exploitation rate
than coal-fired TPPs. For compensation of electricity
generated by a coal-fired TPP over a year, it is necessary
to build RES of significantly higher installed power, which
may cause congestion in the existing transmission network
or may limit connecting of new RES. V-RES integration
will also condition increased necessary balancing reserve
for system balancing in real time, and the system balance
creation will also become a problem due to deviation
between generation and consumption on a longer, seasonal
level.

On the other end of the system, there are also no less
of problem represents electricity inefficient use,
inacceptable high level of losses, including also the losses
due to its unauthorized use. At the same time, technical
possibilities for load management or use of potentially
larger number of tariff rates for the purpose of desired
demand response that are already available are not
exploited at all. Interests of supplier and operators of
distribution and transmission systems are not necessarily
the same, [1]; the supplier tends to sell as much electricity
as possible, with as much profit as possible, while the latter
strives to maintain a stable system, i.e. not to have the
system elements overloaded.

Under such circumstances, long-term planners and
creators of development of the power system (PS), as a
whole, face a question — which direction to follow, which
investment strategy to choose?

This paper suggests a solution to think about that
would have a favourable impact on the technical aspect of
the system (on both of its ends), and also on its actors, but
also on the networks between them and on their operators.
Instead of huge investments in the thermal sector of
questionable perspective and profitability, the Joint Stock
Company “Elektroprivreda Srbije” (Electric Power
Industry of Serbia, EPS) could make use of the announced
introduction of aggregator as a new participant in the
electricity market, [2], for a kind of joint venture with its
end-users — electricity customers, to establish multi-
energy, composite (i.e. collaborative, cooperative) virtual
power plant, [3]-[5]. For EPS, it would actually represent a
new replacement capacity, while being a source of savings
and potential revenues for customers. Such power plant
would include different, dispersed, manageable and non-
manageable, renewable sources of, not only electric, but
also thermal energy (for example solar collectors for water
heating), energy storage systems, chargers for electric
vehicles, manageable customers load (ETS heaters, electric
water heaters, and boilers) and different programs for
demand response. By extension of the volume of such
aggregation — through a kind of “capacity improvement”
and its flexibility improvement —a composite virtual power
plant would enable EPS as an Aggregator to additionally
provide ancillary system services to the transmission
system operator, such as participation in frequency
regulation, as well as providing services to the distribution
system operator, which would — within appropriate
regulatory framework — represent another source of income
for EPS. Synergy of such concept with other actions that
are required, as harder reliance on hydro capacities, could
provide a safer future to Serbia in terms of energy.

1.2 Virtual power plants — review of bibliography and
experiences

1.2.1 Definitions and functions of virtual power plant.
The basic motive to create and develop the virtual power
plant concept in the world is an increasing share of VV-RES.
Namely, due to the uncertain and discontinuous (i.e.
variable) nature of renewable energy sources such as sun
and wind, they may cause problems in the operation of the
power system implying system balancing and balance
creation problems, power quality problems, efficiency,
stability, and reliability problems. The virtual power plant
(VPP) concept is designed to facilitate V-RES integration,
without menacing system operation stability and
reliability, with many other technical and economic
benefits. What is actually virtual power plant? In [6] it is
defined as a “concept consolidating a diversity of
distributed electricity sources, manageable load, and
electricity storages for the purpose of participation in
dispatching and managing electricity market and network
operation in the form of another special power plant.” The
second definition says that “VPP is a structure of ICT
(information and communication technologies — author’s
comment) integrating different types of distributed energy
sources, flexible consumers and energy storages, mutually
and with other market segments, in real time, through the
intelligent (smart) network”, [3]. Name of “new
teleinformatic  system enabling energy resources
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management” is used in [7]. Thus, VPPs perform the task
of flexible management of V-RES consolidation,
electricity effective storing, and distribution, in variable
scales when necessary.

Researches and modeling of endless possibilities of

supplying smart cities using VPP technology are
numerous, as well as possibilities of preserving
environmental eco-system and energy savings. “Smart
cities” represent a model of future city planning and urban
development, integrating ICT solutions, as well as
mechanisms of energy conservation and struggle against
climate change with basic technology known as the
Internet of Things (1oT). Since it is based on ICT and (most
often) 10T, VPP is the most efficient means of energy
distribution for smart cities, [8].
1.2.2 Users, carriers, and methods of aggregation.
Another question is who may develop and apply the VPP
concept and under which circumstances? VPP concept may
be developed by many types of entities / energy entities,
for example, distribution system operators, electricity
producers, and energy clusters, [7]. There are many
solutions due to the very wide range of possible
applications, and the possibility of building a system based
on modules enables the system to adapt to the needs of
users, to change easier, and to integrate into larger systems.
Regulations are passed and concepts are applied that enable
the development of renewable energy sources, including
prosumers and so-called active consumers, and also enable
active participation of energy consumers in the energy
market. Additionally, more severe requirements for energy
production and consumption balancing are introduced
which demand higher accuracy of balancing, [7]. Further,
we will provide an overview of various solutions that can
be found in the relevant bibliography references bellow.

Ref. [9] shows the structures, types, architecture, and
operation of VVPPs, as well as the situation regarding their
application worldwide. VPP types are detailed, with
optimization algorithms used for each of them. VPP is
connected with most of the components of the power
system, such as Distributed Generation (DG), prosumers,
Transmission System Operator (TSO) and Distribution
System Operator (DSO), and network services including
fault elimination, reactive power management, while using
communication, management  and optimization
technologies. The article provides a comprehensive insight
into microgrid transformation towards VPP, which may be
useful to researchers, consumers, prosumers, and system
operators. The essence of the approach used in [9] is that
the microgrid with optimization, communication ability,
and with an application of artificial intelligence methods,
becomes VPP. Automation of microgrids is implied as a
precondition of generation and consumption manageability
and optimization of the costs of its operation.

Paper [10] provides VPP concepts from the studies of
various researchers as well as detailed explanations. Some
typical VPP projects around the world are presented.
Additionally, some potential challenges and advice for the
future development in VPP studies are shown. Three types
of VPP users are identified: Standalone, Energy buying,
and Energy selling. Independent Power System Operator
(IPSO) is a key player, “midfielder”, between the external

market, with whom it exchanges load forecast data and
market information, and the decision-making center, to
whom it reports price strategy and from whom it receives
results of activities.

1.2.3 Architecture, concepts, and models of VPP. In
[11], the concept and the experimental results of a
microgrid named District Power Plant, designed to operate
as an active element in the local distribution network,
capable of providing services such as demand response
(DR), active supply, and advanced metering, are presented.
Stable operation of both island and reconnection modes of
operation of such system is presented, as well as good
power quality in both modes of operation.

Paper [12] suggests a new system of the city VPP
integrating distributed generation units, systems for energy
storing, and controllable load. It applies advanced
technologies for communication and coordinated
management in order to implement the overall regulation
and management of different types of distributed energy
and load. Thus the challenges created due to the great share
of random and variable distributed generation in power
network operation and dispatching are mitigated and the
imbalance between supply and demand is reduced. The
paper illustrates the suggested architecture of the city VPP
system and shows its resources on the side of users.

Efficient management and dispatching are also the
subject of the paper [6]. For the purpose of efficient
dispatching and management of large number of demand
response resources (such as thermally controllable load
capacities), this paper studies energy efficiency
management system on the basis of a concept grounded on
demand response technology and VPP theory and
efficiently uses temperature management system. By
collecting and controlling the parameters of capacity of
resources for load management, making complete use of
potential for load reduction on the consumption side,
appropriate shifting of peak electrical load is achieved,
suitable for mitigation of deviations between supply
(electricity generation) and demand and for ensuring safe
and stable operation of power grid.

VPP and components of “smart” energy, grid, system,
and city are shown and compiled in the article [13]. It
presents VPP and appropriate components of “smart” grid
that are its integral parts. “Smart” energy structure
consisting of subgroups of low-carbon production,
efficient distribution and electricity consumption
optimization is laid down.

A platform for the integration of different types of
Distributed Energy Resources (DER) is presented in
research [14]. Various domains of knowledge were
necessary to plan and build this platform -
telecommunication, electrical engineering, mechanics,
automation, informatics, architecture, and sociology. The
key thing was defining the scope of the project,
harmonizing the specifications, and mutual understanding
between the partners (including contractors and
subcontractors), as well as defining the common language
for efficient cooperation. Besides, it is highlighted that
users/hosts have to be as informed as possible during the
installation phase and connected to the project during its
operational phase. They also want to understand the
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purpose of intervention and to be aware of when the
installed devices are in operation. The criticality of
integration of different technologies and standards is
emphasized: authorization of http-clients, SSL certificates,
web services, Common Information Models (CIM), Smart
Energy Profiles (SEM), etc. Under the platform of such an
integrated management center subjected to the Aggregator,
itis possible to consolidate different users and their devices
and dispersed sources; residential (thermal storages and
heat pumps, photovoltaic panels, batteries for storage of
electricity surpluses, load management), adjustable public
lighting, industrial users (production from thermal solar
collectors, cold storages), housing and business premises
(solar thermal storages, load management), [14].

The notion of Energy Market of Things (EMaT) is
introduced, [15]. DER is the historical chance for energy
traders which may bring numerous advantages, for
example, the possibility to open an abundant offer of
flexibility on the side of supply at low and medium voltage,
consisting of energy communities, and even small farms of
PV panels and batteries. Access to behind-the-meter data
which may be used for fine settings of trading and
forecasting algorithms is necessary. Devices, starting from
heat pumps up to the chargers for electrical vehicles (EV),
DER, and power plants and facilities, may now collect and
exchange the data (i.e. communicate) and be connected to
any type of electricity market.

EMoT enables the networking of physical devices
related to electricity, for a small volume of its generation,
storing, and electricity flexible consumption, [15]. These
“things” have built-in sensors, and dispose of software and
other technologies to connect and exchange data with other
devices and any type of electricity market — whether it is
about local flexibility markets, energy balancing platforms
or classic exchanges such as EPEX SPOT, Nord Pool and
HUPX. These devices' variation range goes from simple
household items to large commercial or industrial devices.
1.2.4 VPP as network or system of cooperation. Ref. [3]
presents VPP as a cooperation network. It emphasizes that
although VPP is one of the types of virtual organizations,
VPP definitions are primarily directed toward its technical
aspect while insufficient attention is paid to the
management aspect and, particularly, the business model.
Therefore, in [3], the legal background for VPP
establishment is presented, as well as legal possibilities and
threats for VPP creation in Poland. It is emphasized that
legal analysis is the starting point for every practical
project. Legal regulations related to prosumers and
supporting energy micro-clusters are presented. These
issues require the creation of new products, e.g., VPP. Then
a review of business models is made in order to select an
adequate model, [3]. Mainly three types of models are
identified; the first model is mainly a characteristic of the
relationship between customers, clients, partners, and
suppliers; the second model emphasizes the importance of
the company's resources which can be expanded and used,
and potential sources of future economic benefits; the third
model represents a combination of the first two and
combines the key resources and key relationships
important for VPP (this corresponds to system approach).
Based on the selected model, the VPP is structured as a
network of cooperation between different types of energy

entities. At the same time, the segmentation of possible
users of VPP is carried out according to two criteria —
according to the type of market and according to the type
of product [3].

The trend of convergence of VPP towards
collaborative networks is also confirmed in [4,5]. Namely,
it is claimed therein that according to its composition, VPP
forms a kind of collaborative business ecosystem with a
high degree of interaction and interdependence among
interested parties. Research [4,5] is focused on analysing
the trends and identifying the areas of convergence
between the discipline of Collaborative Networks (CN)
and the concept of VPP, as well as the development, using
prior knowledge from the CN domain. The results show
that various strategic and dynamic cooperative alliances
are formed within VPP, such as goal-oriented networks,
Virtual Organizations Breeding Environment (VBE),
opportunity-driven networks, and continuous production-
driven networks. Various basic functional principles of
VPP are similar to those of CN: creation, operation, and
dissolution of virtual organization, negotiations, brokerage
services, VBE administrator services, virtual organization
planner and coordinator services, and partner search and
selection processes, [4,5]. DER share in the energy market
is ensured through VPP aggregation, [4]. It includes
multiple interested parties: markets/customers, distribution
service  operators, DER/prosumers/controllers  of
prosumers, energy management systems, service
providers, energy communities and energy cooperation,
and regulatory bodies, [4].

Authors of [4,5] developed and discussed in [16], the
concept of a collaborative virtual power plant ecosystem
(Collaborative/Cooperative/Composite VPP Ecosystem,
CVPP-E). It contributes to the efficient organization of
Renewable Energy Communities (REC) in such a manner
that they can act as a VPP or exhibit its attributes. This
concept is derived by merging or integrating the principles
of organizational structures and mechanisms from the CN
domain into the VPP area. It is expected that, if the actors
in REC engage in collaborative actions, it will enable REC
to perform functions similar to VPP. Conceptually, CVPP-
E consists of a management community, a shared
community energy storage system, consumers owning a
combination of photovoltaic and battery storage systems,
and passive consumers, all connected to the power
network. A key attribute of this proposed ecosystem is that
its members are engaged in collective actions or
collaborative ventures based on a common goal, aimed at
achieving sustainable power production, consumption, and
sales. Study [16] gives a high-level model for the aspects
of cooperation in CVPP-E. This includes the framework of
compatible (common) goals, sharing framework, and a
framework of collective actions. These frameworks serve
as the backbone of CVPP-E and play a vital role in CVPP-
E modelling. To evaluate the proposed model, different
simulation scenarios were used in [16].

1.2.5 Components of VPP and optimization models.
Components that may be covered by the concept of
composite VPP, and CVPP are very diverse. Balancing the
fleet of wind generators with the portfolio of flexible assets
— biogas power plants and capacitor banks — was
considered in [17]. The original purpose of the biogas
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power plants considered in VPP was to make money in the
stock market, primarily on the day-ahead market. When
these assets become a part of VPP, their task transforms
into the maximization of electricity sales profit while
ensuring the balancing the fleet of wind generators, which
also results in participation in the intraday market. This
task is challenging in terms of methods of optimization and
price forecasting. In [17], two aspects are considered:
optimization and price forecasting. The first one is mixed-
integer optimization and sophisticated decomposition
methods were developed. As for the latter one, several
forecasting methods based on machine learning (ML) are
implemented, to maximize the resulting cumulative
revenue. Commercial forecasts are also used and the
method from [17] recorded competitiveness compared to
these forecasts in terms of the resulting cumulative
revenue. Special attention is also paid to the robustness of
VPP to handle the large amounts of assets it covers. In
addition, Robust Model Predictive Control (RPMC) is used
to take into consideration many scenarios during decision-
making.

CVPP concept possibilities are not limited only to the
increase of system flexibility by the combination of
different, compatible energy sources. Thus, in [18], in
addition to promoting multi-energy complementarity, with
the aim of low carbonization, an optimal model for
planning the operation of a VPP with carbon capture and
waste incineration is proposed, taking into account the
coordination of electricity and gas. By introducing a
collaborative framework for using a gas plant system for
carbon capture — “electricity to gas” (power-to-gas, P2G),
the captured CO; can be used as a feedstock for P2G, to
produce natural gas that is supplied to the gas unit.
Additionally, energy consumption for carbon capture and
flue gas treatment can be transferred through joint
dispatching to mitigate V-RES output power fluctuations,
so that electricity obtained from wind and photovoltaic
panels can be indirectly dispatchable and used in flexible
manner. Considering the high dimensional nonlinearity of
the proposed optimization model and the difficulty in
solving it, a new Gaussian complex differential
evolutionary algorithm was designed in [18] to solve this
model. Simulation results show that the proposed model
and method can provide peak load shifting capacity and
improve the consumption of renewable energy, while
effectively reducing the price and VPP carbon emission.

To solve a large number of discrete clusters of different
distributed energy resources in rural areas, in [19] an
Electricity Retailer (ER) is set as an agent of these clusters
through VPP, that is, an ER is integrated with a virtual
power plant (VPP-ER). Further, [19] discusses the
collaborative mode of “electricity-carbon” transactions and
the optimal model of purchase-sale transactions, at two
levels. The higher-level model applies the Conditional
Value-at-Risk (CVaR) method to establish a coordinated
electricity-carbon transaction model for rural VPP-ER. The
lower-level model applies the robust optimization theory to
measure the risk of wind farm (WF) or solar PV power
plant output power uncertainty, to establish the optimal
dispatching model for VPP. Thirdly, the model is
converted to Karush-Kuhn-Tucker (KKT) optimality

conditions to solve the two-stage purchase-sale transaction
model. Using the example of an industrial cluster (Henan
Lankao), the results show also that the proposed two-stage
model can establish a coordinated optimal electricity and
carbon trading scheme. The conclusion of the study [19] is
that its findings could provide an effective decision-
making tool for rural VPP-ER in Chinese electricity
market.

Participation of electric power industry in carbon and
green certificates trading is an effective, market-based
approach to address the negative external effects of
electricity generation. In this regard, VPP also proves to be
an effective tool. Thus, in [20] VPP is taken as an
aggregator for coordination and optimization of carbon and
green certificates trading between the electricity
purchasers and the final sale of electricity, in order to
achieve the goal of maximizing the comprehensive benefit
of VPP. First, the mode of operation of VPP that aggregates
different types of distributed energy and different users
participating in green certificates market and carbon
emissions market is analyzed. Second, a two-stage
collaborative optimization model of VPP participating in
electricity purchase and sale transaction and green
certificate transaction is constructed. On the one hand, the
costs of electricity purchase and green certificate obtaining
are minimized by combining different types of resources
for electricity generation in the end purchase of electricity,
and on the other hand, the purchased energy is distributed
among different types of users when selling electricity, in
order to maximize incomes from electricity and green
certificates sales, respectively. On that basis, VPP as a
whole participates in the electricity market, the carbon
emission market and the green certificate market in order
to maximize the overall revenue. Finally, VPP was taken
as an example to verify the cost-effectiveness and
efficiency of the model proposed in [20].

1.3 Content, contribution and structure of the article

Concept of CVPP which - apart from electricity - would
also include other types of energy, as proposed by the
authors of this article, is presented in Chapter 2. It is based
on the vertical concept of the Industrial Internet of Things
(lloT), [21-23], taking into account its advantages both
from the aspect of data and information management and
processing, and from the aspect of distributed realization
and cyber security. Apart from a very wide range of types
of distributed resources for energy production and its
consumers, the concept proposed in this article considers
the position and role of CVVPP in a wider environment and
also remains open to include individual larger production
units or energy storages. When it comes to distributed
resources, under the conditions common for Serbia, the
most significant and potentially the most effective is the
establishment of management functionality over the
preparation of sanitary hot water. Additionally, the
emphasis was placed on possible contributions to the
optimization of operation and flexibility of the system,
which would be provided by functional connection and
subsuming under the CVPP concept of thermal storages
(distributed, both smaller and larger, purpose-built) and
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potential energy storages (such as water towers) and their
management.

Beside technical and technological connecting of
various components, on which the CVPP concept is
otherwise based, in the event that EPS would appear as an
Aggregator, its power generation portfolio management
function (so-called “Trade”) could, by concluding long-
term contracts on electricity supply (Long Term Power
Purchase Agreement, LT PPA) with private wind and solar
farms’ investors, by offering balancing services, contribute
to CVPP model proposed herein. Thus, this part of “green”
energy would also become one of the components of the
proposed EPS concept and portfolio, that energy would be
kept in Serbia and made available for optimization of
operation and increase of flexibility of the system.

In the manners described above, CVPP would gain
additional performance as a tool for optimization of the
operation of the system and use of electricity and thermal
energy, produced and stored not only within the capacities
of EPS and its end users but also of other energy and
business entities. All of this, certainly, does not limit
independent energy entities from being independent
aggregators on the market (offering their services and
developing their own VPP concepts), subject to accepted
European practice and regulations.

Chapter 3 of this article shows the ways of aggregation
of distributed production of prosumers and their
consumption. Chapter 4 provides a rough estimate of the
effects that could be achieved by introducing and
implementing the concept of a composite virtual power
plant. In the example shown, only the effects that would be
obtained from aggregation of storage tanks for the
preparation of sanitary hot water, equipped with remotely
controlled thermostats and ”smart” switches, were
calculated and presented. Chapter 5 provides an overview
of the legal framework and current restrictions in Serbia for
further development of this concept. At the end of the
paper, appropriate conclusions are given.

2. ORGANIZATIONAL STRUCTURE AND
TECHNICAL POTENTIAL FOR
INTRODUCTION OF COMPOSITE
VURTUAL POWER PLANT

The authors of the article recognized three key
questions to be answered before investment planning and
practical implementation of virtual power plant. The first
question refers to production and consumption processes’
control and management, the second question refers to
technological aspects of different electricity sources and
consumption and the third one is of organizational nature,
as the spatial dispersion of sources and consumption has to
be harmonized, i.e., they have to create a unique network.

2.1 Vertical and hybrid conception of control and
management

Application of modern concepts of control, data
processing, management, and decision-making implies that
many decision-making processes are transferred from the
operational level to higher hierarchical levels. The main

goal of modern control, management, and decision-making
concepts is to reduce operational costs and shorten the time
of data analysis and processing. A VPP represents an
extremely complex system with a large number of
subsystems. Starting from the advantages of vertical
concepts of control, management, and processing of data
and information, which have become one of the reliable
and acceptable solutions of 1loT-based concepts [21-23],
Figure 1 shows the proposed structure of EPS future VPP.

Today, new technologies enable fast and cheap two-
way communication between customers and energy
companies. “Smart” metering devices with the possibility
of remote control can monitor, analyse, forward, and/or
store data on the consumption of various forms of energy
with high selecting frequencies. The availability of
hundreds of thousands of time profiles of the load of
different consumer groups creates the possibility of
applying artificial intelligence (Al) algorithms to group
consumers with similar consumption patterns.

Big Data Analytics (BDA) significantly changed
business practices in different industries. Large online
shopping platforms (Alibaba, Amazon, etc.), that rely
heavily on BDA and data on users’ previous purchases and
behavioural analysis based on browsing history and
internet activity, are maybe the most prominent examples
[24].

Figure 2 shows a possible BDA scheme applied to PS.
The data collection process starts with different sources of
information (Figure 2.a)), such as “smart” meters, the
electricity market, weather forecasts, wind speed
measuring sensors, etc. This data can be subject to the
processing (Figure 2.b) and the application of advanced
statistical methods and machine learning (ML) techniques
(Figure 2.c)), such as time series analysis, clustering, and
deep learning in order to generate information about the
peculiarities of the entire system that can be applied for the
purposes of estimating technical potential and predictive
management of resources, [25]. Such information can be
used for the benefit of energy companies, their users, and
third parties involved in this process (Figure 2.d)).

2.2 Technical potential of end-users

Virtual power plant can integrate (aggregate) end-
users in terms of manageable electricity consumption, and
when it comes to prosumers, it can also aggregate
manageable dispersed electricity generation. The idea
advocated in this article is the integration of dispersed
production and manageable consumption, and other forms
of energy. At the same time, all considered types of energy
are viewed in relation to electricity. The end-user can be a
household or a business entity (see Figure 1, top left).
Virtual power plant can provide and valorise two types of
services, balancing and economic dispatch, and
accordingly the technical potential of end-users who could
increase the capacity of virtual power plants to provide the
relevant services to system operators, as the highest rank
users, was analysed (see Figure 1, up right).

End-users’ electricity consumption is reduced to the
conversion of electricity into another form of energy.
Electricity is mostly converted into thermal energy, then
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into chemical energy, into potential energy or other forms
of energy. From the point of view of the virtual power
plant, manageable consumption is important, as it has a
certain type of energy stored in its technological process,
without affecting the technological process of energy
consumption.  Technological processes consuming
electricity, ~ without  possessing  certain  energy
accumulations, will not be considered in this article.

Final energy is predominantly spent on heating and
cooling processes. In EU28 countries, half of the final
energy is converted into heat [26], and for countries that
are at a lower level of economic development, that
percentage is even higher. In the Republic of Serbia, a
rough estimate is that approximately one-third of total
electricity consumption in the winter period goes to space
heating (average daily electricity consumption in May is
around 80 GWh and around 120 GWh in January). With
the low cost of heat accumulators, thermal energy
consumption represents the most important resource of
virtual power plants for both balancing services and
economic dispatch. The use of electricity consumption for
heat production for the purpose of system balancing is
already applied. In Belarus, [27], for the purposes of
system balancing, about 1200 MW of manageable electric
water heaters were installed for the needs of district heating
and preparation of hot water for citizens.

Electricity consumption for the purpose of converting
it into chemical energy is most increasing. It’s about
batteries, and dominant growth is represented by electric
car batteries. The direction of battery charger development
is not in favour of manageable consumption.
Manufacturers of electric cars invest considerable
resources to reduce the charging time of batteries by
increasing the power of chargers, hence the chargers reach
powers of 400 kW, [28]. Electric car batteries during the
charging process, in conjunction with “smart” chargers,
can become a significant resource for consumption
management in the near future.

Another form of conversion of electricity into
chemical energy is the production of hydrogen or hydrogen
products, which is becoming one of the main directions for
energy sector development. At the end of 2021, the EU
allocated funds in the amount of over EUR 500 billion for
the development of projects for the use of hydrogen, which
should be spent by 2030. Currently, the number of end-
users who can produce hydrogen is limited to business
entities that produce technical gases, but the goal of EU is
to increase the use of hydrogen, primarily for
transportation purposes. With adequate hydrogen tanks and
hydrogen production facilities reaching a consumption
change gradient of 10%/s, hydrogen production in the near
future may become a significant resource for virtual power
plants, for both balancing services and economic dispatch.
The manifest problem of hydrogen storage is currently
being solved in two directions, by obtaining methanol or
ammonia.

Converting electrical energy into potential energy for
end-consumers is also promising from the point of view of
VVPP. The end-users who perform this energy conversion
are primarily public utility companies of waterworks and
sewerage. Technological processes of water supply and

sewerage removal involve processes of water pumping
from or into water/sewerage storage areas and usually have
a certain freedom regarding accumulation (reservoir) level.
As such, they represent a significant potential for the
aggregation of manageable consumption, especially from
the point of view of grouping the end-users who are
aggregated. It is not necessary to wait for the near or far
future to develop resources for this type of consumption
since they are already available now.

2.2.1 Energy sources. The most important energy sources
of PS end-users, which are prospective for aggregation into
virtual power plants, can be divided into groups according
to manageability:

e Unmanageable energy sources:

o solar panels,

o solar collectors,

o solar thermal panels (cooling of these panels
warms up the water);

e Manageable energy sources, the application of which
can be optimized (economic dispatch):

o hbiomass and biogas (thermal energy),

o fossil fuels (thermal energy),

o heat pumps (source of thermal energy),

o unmanageable sources with energy storage;

e Combined energy sources, the most promising from
the point of view of the application in virtual power
plant applications, with a significant number of
variable states that need to be monitored:

o cogeneration (they are mainly used by business
entities whose production process requires the use
of both electricity and thermal energy, possibly of
the process steam, as well),

o heat pumps in combination with heat storages
(sources of thermal energy, the application of
which increases the capacity of thermal storages),

o low-temperature sources of thermal energy
(sources that are under significant development, a
combination of heat pumps and waste heat from
industrial processes or heat generated by cooling
the computer centers).

2.2.2 Manageable consumption and storing of energy.
PS end-users’ energy storages that are currently in use
correspond to already mentioned forms of electricity
transformation into another type of energy. Thermal
energy storages (heat accumulators), chemical energy
storages (mainly batteries), and energy storages in which
electricity is stored as potential energy are the most
common. Considering that they are currently widely
available and that it is not necessary to wait for their
development, only heat accumulators and potential energy
storage will be considered in this article. Heat
accumulators can be targeted, and the thermal capacities of
other objects can be used as heat accumulators (for
example the walls of the heated space). Manageable
consumption in combination with energy storages expands
the range of services that virtual power plant can provide
to the system - system balancing and economic dispatch.
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The concept of consumption management as a support
for frequency regulation was mentioned more than forty
years ago, [29], where in addition to the concept of
“production follows consumption”, the concept of
“consumption follows production” was shown. In [29], a
categorization was made into passive and active
consumption  management.  Passive  consumption
management mainly refers to loads that naturally use the
duty cycle and can be turned on/off temporarily without
compromising the duty cycle and user’s comfort. As the
first candidates for manageable consumption, which do not
require additional investments other than management,
thermostatically controlled devices stand out, which
inherently have thermal energy storing, and at the same
time are large consumers in households as end-users, [30].
Such devices include air conditioners, electric water
heaters, storage heaters, etc. In [29], authors presented
possibilities for the use of a device that, based on the
frequency measurement of the network to which it is
connected, can turn on/off certain consumers. However, at
that time there was no available infrastructure and
technology that could support the rapid flow, storing, and
processing of large amounts of information.

With the application of new technologies to old ideas,
in [31] a prototype of remotely controlled switch of an
electric water heater, based on the 10T concept, with the
possibility of reading the values from sensors measuring
the water temperature, the consumption current and the
network frequency is presented. In [31], statistical analysis
of the operation of the electric water heater was performed
and available changes in its power and energy were
estimated - increases and decreases, depending on the
current needs of the PS, but also on the expected customer
requirements. Based on the obtained statistical indicators,
a dynamic model of a large number of water heaters that
are used in a similar way - a dynamic model of one cluster
- was proposed. By analysing the possibility of working in
secondary frequency regulation, it was shown that such
system can achieve even better results in terms of response
time, relieve the existing, conventional generation units
and contribute to the stability of PS and the safe supply of
customers. In addition to technical analyses, in [31], a
simplified economic analysis of one such project was
performed. It was pointed out that the investment would be
returned to the user in about five months, and that the rate
of annual income in the first year is approx. 270%.

Heat accumulators, as targeted energy storages,
represent one of the cheapest forms of energy storage, with
a price of less than 15 USD/kWh, [32], while according to
[33], the price of large heat storages may range 15-
50 EUR/m®. Inexpensive heat accumulators most often
accumulate the heat in water, and accumulators of 50 litres
of water, up to seasonal heat accumulators with the
capacity of over 500,000 m? of water, are in use [34]. In
combination with a heat pump, which lowers the lower
limit of usable water temperature to below 20 °C, heat
accumulators represent an extremely elastic plant from the
point of view of manageability of consumption.

If the thermal storage is zoned as to have two separate
storages, the energy from warmer storage can be used
directly for heating the space when the price of electricity

is high, and in case of a favourable electricity price, the
heat from colder storage can be used for heating the space
after conversion via a heat pump. Heat sources are mainly
solar collectors (as in Figures 1 and 3), but also waste heat
from cogeneration or even the conversion of electricity into
thermal energy. Large thermal energy storages can reach a
capacity of over 40 GWh individually. In the areas where
27% of the final energy is spent on heating the space [26],
they can represent an ideal solution for the annual
balancing of V-RES electricity generation. Energy losses
of seasonal thermal energy storages can be reduced by up
to 10%.

Manageable consumption with storing the energy in
the form of potential energy is present in technological
processes in which the fluid is transferred from one place
to another at a higher altitude. Examples of end-consumers
of electricity that perform the described energy conversion
are public utility companies of water supply and sewerage.
In plain areas, it is common to maintain the water pressure
in the water supply system by pumping the water into a
water tower, the highest point of the settlement. A water
tower is a water reservoir having a level gauge, with a
maximum and minimum allowed value. Depending on the
water consumption, the pumps of the water supply systems
are manageable on an hourly basis, and the manageability
depends on permitted minimum and maximum volumes of
the water in the water tower. Sewage systems have
collectors that also have permitted levels and pumps that
are manageable, as in the case of water supply.

3. MANNERS OF AGGREGATION OF
PRODUCTION AND CONSUMPTION

3.1 Active manner of aggregation — EPS as a possible
Aggregator

Since EPS, among other things, performs the roles of
electricity producer, trader, and supplier, during the
optimization of the entire portfolio of EPS, different types
of plans are made, for several time horizons. When creating
medium-term (quarterly, monthly, and weekly) and short-
term (day-ahead and intraday) electricity generation and
trade plans, the goal is to optimize their production by
making maximum use of the flexibility of power plants, so
that the company achieves the highest possible profit. To
achieve this, it is necessary to place the largest possible part
of available energy in periods of the highest market prices,
taking into account already contracted
obligations/deliveries (supply and previously concluded
trade contracts) and existing constraints (primarily
technical characteristics of power plants, as well as
maximum and minimum levels of reservoirs, and coal
landfills). This is achieved by electricity trading so that in
periods of low market prices power plants are “pushed” to
technical or biological minimums, while the difference
between demand (consumption) and production is
compensated by purchases on the “spot” market, in which
way most of the primary energy (coal, water) is transferred
to periods of high prices. In this sense, in order to transfer
as much of the primary energy as possible from the period
of low to the period of high prices, it is necessary for the
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power plants to have as wide range as possible between
nominal power and technical (or biological) minimums,
i.e., to have as much flexibility as possible.

On the other hand, the same effect can be achieved by
using the available range of manageable consumption, that
is, by “shifting” a part of consumption from periods of
higher prices to periods of lower prices (Demand Side
Management - DSM). Nevertheless, the possibility of
applying DSM is quite limited, because there is a relatively
small number of large industrial/commercial consumers
(customers) of electricity to whom their production process
allows consumption management and where the cost of
electricity represents a significant share in the price of final
product (energy-intensive customers), so that they could be
motivated by adequate price signals. Otherwise, there is a
relatively large number of small customers and households
where “shifting” of consumption is possible, but there is no
adequate regulation, infrastructure, or price signals to
enable it, yet. In addition, more significant effects of
manageable consumption can only be achieved by

Cloud
level

anels |

aggregation (consolidation, grouping) of a large number of
(mostly smaller) end-users of PS, which is one of the main
reasons for the introduction of a new participant in the
electricity market — the Aggregator.

The Aggregator can also consolidate smaller,
distributed (dispersed) electricity producers, and most
often those with controllable production, such as the
example of a prosumer with the possibility of electricity
storing, illustrated in Figure 3. It shows an energy “smart”
house, as well as a radially fed distribution network to
which a number of such, spatially distributed, houses are
connected. From the perspective of consumers and “local
green generation”, the edge concept is presented, the main
advantages of which are short data processing time (delay
reduction) and simpler local production and consumption
process management. Figure 3 shows a general case — a
household that can produce and store both thermal energy
and electricity. The aggregator can consolidate even fewer
complex cases, as in [31].
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Figure 3 A hybrid 1loT concept for composite virtual power plant aggregation and management

The aim is to provide as much flexibility as possible
which Aggregator valorise subsequently on the electricity
market. Depending on technical possibilities that the
Aggregator disposes of within its portfolio, beside shifting
of consumption/production, the latter realizes revenues
from flexibility and on the markets of system services and
balance energy. Accordingly, Aggregator makes a profit by
offering its services (flexibility) to various interested
parties (market participants):

o to other producers/suppliers for whom the flexibility
is important for production/supply portfolio
optimization, as well as for balance responsibility on
the balance energy market,

e to transmission system operator, through system
services (provision of secondary and tertiary reserve
power), indirectly reducing the required level of
reserve at the production side (and thus opportunity
costs of production),
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o to distribution system operator, bearing in mind the
fact that due to the increasing number of connections
of V-RES to distribution network there is a need for
flexibility for the purpose of efficient and safe
distribution network management, as well as possible
investment costs reduction (in distribution network).

Taking into account the volume of EPS portfolio,
business it performs, as well as potentials that the role of
Aggregator brings along, a clear interest of EPS is to
perform this role in order to complete the possibilities of
portfolio of EPS and provide additional source of revenues.
Considering the electricity supply function within EPS,
and that, in [2], the possibility that, beside independent
aggregators, suppliers also deal with aggregation in
electricity market is reviewed, one of the options that
should be explored in terms of feasibility is to register
“EPS Snabdevanje” (EPS Supply) as Aggregator, as well.

In this regard, the business activities of a similar state-
owned enterprise like GEN-I could serve as an exemplar.
The above company plays the role of an aggregator-
supplier in more than one country in central-eastern
Europe. As far as aggregation is concerned, GEN-I also
disposes of manageable consumption and distributed
generation, as well. Their virtual power plant concept is
based on development of unique platform consolidating
aggregator portfolio management, access to different
markets, e-mobility and advanced analytics. Such concept
enables GEN-I to participate in an active manner in
providing balancing services in Slovenia and Austria from
virtual power plant, [35].

3.2 Passive manner of aggregation — dynamic pricing

Dynamic pricing, option usually offered by traditional
electricity suppliers, is a type of supply contract containing
variable part of price that partly or completely reflects price
fluctuation on the wholesale electricity market. With such
contract form, buyers are encouraged to react on price
signals from the market and adjust their consumption
according to price changes (i.e., tend to reduce electricity
consumption during high price rate hours and to increase it
during low price rate hours). This type of proactive
approach of buyers may lead to electricity bill savings.
However, it should be highlighted that such approach bears
certain risks regarding sudden exposure to high prices in
particular periods. Therefore, it is very important that the
buyer is highly acquainted with all aspects and risks,
review well possibility of managing own consumption and
even maybe negotiate such contract that will contain some
limitations that would protect him from sudden price
change and its volatility in the short term.

Some of the examples of dynamic pricing from
European practice, [36], are described below:

o Octopus supplier (Great Britain): offers a tariff named
“Agile” with electricity price for customer changing
each 30 minutes. On the website of the supplier,
interactive presentation of exemplary buyer for whom
such form of pricing is the most applicable is offered
and a review and comparison with other static tariffs
the supplier may offer are presented. Contract
contains the limitation clause (“price cap”), i.e., the

clause on the highest price that the customer may be
exposed to.

o easyEnergy supplier (Netherlands): offers a tariff
reflecting the price for end user as combination of
variable part (hourly wholesale price) and fixed part
(fixed fee defined on a monthly basis). There is no
protection or alarm for the buyer that would indicate
the high prices and hence sudden increase in
electricity hill.

4. TECHNICAL AND ECONOMIC FEASIBILITY
OF VPP IMPLEMENTATION

There are relatively small number of large industrial
(commercial) electricity customers in Serbia to whom the
generation process would allow consumption management
and the electricity cost has a significant share in the price
of final product. These are energy intensive customers that
might be motivated by adequate price signals. The recent
increase in electricity price for commercial customers
further increased its share in final product for a large
number of energy intensive customers, so that the interest
of commercial customers in participating in possible
consumption management programs should be examined.

Otherwise, there is relatively large number of small
customers and households who have possibility of
consumption “shifting” but without adequate infrastructure
for implementation so far (for example “smart” meters,
remotely controllable switches, etc.). Besides, the price for
guaranteed supply is still significantly lower than the
market price, thus there are relatively rare periods with
possibility of motivating the households and small
customers to change the manner and time of use of their
electrical appliances. Namely, it is rare that the market
price is lower than the price for guaranteed supply.

Due to the above mentioned reasons, and above all due
to the lacking regulations (see Chapter 5) and actual
inability for assets management related to the assets that
does not belong to EPS (such as storage water heaters in
example from [31]), EPS in the capacity of a supplier
exclusively (when it comes to consumption) cannot make
any savings on the account of the existing customers that it
could have as an aggregator of a VPP and after providing
technical conditions for such active approach. Cost
estimation and estimation of possible benefits from VPP
establishment is given in this chapter, but only for the
component of manageable consumption based on remote
controlled preparation of sanitary hot water.

4.1 VPP implementation costs — estimated costs of
required hardware and software resources

Depending on the type of switches and a number of
sensors (symbolically presented on the Figures 1 and 3, as
far as manageable consumption is concerned), price of 10T
devices for acquisition with remote switch, with
installation, amounts to 50+300 EUR per consumer/switch.
Total price per consumer depends on number and type of
devices of an entity (for example household). Funds are
also needed for the purchase or rent of server, as well as for
software maintenance and development. Depending on the
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complexity and expected number of users, funds for
software development are estimated in the range of
300,000 — 1,000,000 EUR. For the range of 10,000 —
100,000 users, software maintenance and server lease costs
would be 30,000 — 60,000 EUR/year. Investment and
exploitation cost estimation for 10,000 users,
corresponding to the framework range of one 50 MW
composite VPP are presented in Table I. It is important to
notice that software development costs practically do not
depend on number of users, thus their percentual share
decreases as the number of users increases.

Table I Cost estimation for 50 MW VPP

10,000 users | cost amount
10T devices 1,000,000
?EAL‘JPRI,E)X software development 500,000
total CAPEX 1,500,000
server 40,000
%LEéy) personnel costs 40,000
total OPEX 80,000

4.2 Market opportunities for using virtual power
plant and examples of benefits

Greater flexibility on the side of electricity
consumption and distributed production, aggregated and
managed through the virtual power plant concept, can lead
to numerous benefits in terms of efficiency and operating
costs of PS. The virtual power plant operator, depending
on technical characteristics and the possibility of
aggregated production and consumption, can use it for
trading and optimizing its own portfolio on the wholesale
market, as well as for providing the system services to
transmission and distribution system operators.

In this context, the market value of a virtual power
plant consisting of 50 MW of aggregated flexible
consumption, managed by an independent aggregator, was
considered as an example of the effects of introducing the
virtual power plant concept. It is important to note that the
mentioned 50 MW refer to the equivalent flexible part of
consumption from the total consumer portfolio, which will
be available and which the aggregator optimizes on the
market. A proper assessment of this level of available
flexible capacity to create a VPP offer is very important.

Quantity [MWh/H]

Should the aggregator make a wrong assessment, i.e.,
overestimate the level of available flexible part of
portfolio, it will be exposed to a higher financial risk in
case of inability to provide the contracted services (for
example imbalance on balancing market, penalties for not
adequate level of reserve, etc.). Flexibility of aggregated
consumption is presented through the option of possibility
of intra-day “shifting” (“Load Shifting”) up to the
maximum of 4-hour duration. The described virtual power
plant is modelled in commercial software tool for energy
market simulations, PLEXOS, and optimized as market
participant according to market conditions in Serbia
recorded in 2021 (hourly profile of wholesale prices from
SEEPEX, [37]). This optimization is illustrated under the
Figure 4. Potential revenues for Aggregator that may be
realized on wholesale market have been reviewed without
considering further services that the virtual power plant
could possibly provide. Such revenues are shown in
Table II.

Table Il Potential revenues of Aggregator for example of
50 MW VPP optimization, as per the Figure 4

Indicator Unit Value
Energy offtake GWhly 72.8
Delivered energy GWhly 72.8
Average purchase price EUR/MWh | 79.8
Average selling price EUR/MWh | 144.74
Average market price EUR/MWh | 114.02
Expenses for purchased energy | MEUR/y 5.80
Energy sales income MEUR/y 10.54
Market profit MEUR/y 4,74

The goal of the analysed example is to illustrate the
market needs for sources of flexibility, i.e., possible
income for one form of use of virtual power plant. Based
on the conducted analysis (Figure 4, Table Il), it can be
concluded that there is a significant potential in terms of

Hours [H]

Delivered energy

economic income from the virtual power plant

management.
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Figure 4 Example of 50 MW VPP optimization on the wholesale electricity market, on a week sample basis
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We emphasize that for each potential business case of
implementing a virtual power plant, it is necessary to
analyse the costs and benefits in detail, i.e., to conduct a
complete technological and economic analysis with an
sensitivity analysis of the results to the changes in input
parameters. This is especially important considering the
last energy crisis and the enormous increase in electricity
market prices (in this regard, it should be noted that the
average prices in Table Il are lower than those that
occurred in the meantime).

It should be also emphasized that a prerequisite for the
effective implementation of aggregation is the existence of
a legal-regulatory framework with removed barriers for the
appearance of aggregators in different markets, especially
in terms of providing auxiliary services to transmission and
distribution system operators. Namely, the profitability of
implementation of such a concept will largely depend on
adequate valuation of these services.

5. LEGAL FRAMEWORK AND CURRENT
LIMITATIONS IN SERBIA

Amendments to the Energy Law (Official Gazette of RS,
no. 40/2021, hereinafter referred to as: EL) introduce new
electricity market participant — Aggregator, but its role, the
same as its rights and obligations in the electricity market, has
not been fully defined and elaborated in secondary legislation
yet. Notion of aggregation is defined by Article 2 of EL as
“aggregation of electricity consumption and/or generation for
the purpose of purchasing, selling or auctioning on electricity
markets”, while Aggregator as one of the electricity market
participants is defined as “legal entity or natural person that
provides the service of aggregating electricity consumption
and/or generation for further sale, purchase or auctions in
electricity markets”. The role of Aggregator is defined by
Acticle 210b of EL as follows: “Aggregator acts in electricity
market on behalf and for the account of market participants
for whom it provides the service of aggregating electricity
consumption and/or generation”, and it shall:

1) act toward the market participant
discriminatory manner;

2) publish the general conditions of the offer for contract
conclusion, i.e.,, to inform market participants 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;

4) inform market participants about the aggregation
function on its website or in any other convenient way.

Aggregators and market participants conclude contracts
regulating mutual relations (see Figure 1, above).

Law on the Use of Renewable Energy Sources (Official
Gazette of RS, no. 40/21, hereinafter referred to as: LOURES)
indirectly also provides for an aggregator and a role of
aggregator; Article 58 of LOURES defines that “prosumer is
entitled to independently or by means of an aggregator
generate electricity for own consumption, store the electricity
for own needs, deliver surpluses of generated electricity into
transmission, distribution and/or closed distribution systems
and may not use incentive measures in the form of market

in a non-

premium or fid-in tariffs, nor may it be entitled to guarantees
of origin.” Article 66 of LOURES also defines that
“aggregation of renewable energy sources, and/or legal entity
established on a principle of open and voluntary participation
of its members”... “has right of production, consumption,
storage and sale of renewable energy and right of access to
all energy markets, directly or by means of an aggregator, in
a non-discriminatory manner, as well as other rights and
obligations of producers under this law.”

Although the above mentioned laws regulating energy
sector in the Republic of Serbia foresee an aggregator as a
market participant/system user and define aggregation
activity, legal regulations in this part have not been fully
completed. In particular, the fact that aggregation is not
intended to be an energy activity must be taken into account,
and therefore the aggregator (natural or legal entity that
provides the service of consolidating electricity consumption
and/or generation for resale, purchase or auctions in electricity
markets) cannot obtain a license or other consent to provide
this service.

Therefore, to further define the role of aggregator, it is
necessary to amend national secondary legislation in
accordance with the “Clean Energy Package” of the European
Union, which entered into force in June 2019, and the
guidelines from the EU Directive 2019/944. This package
defines new participants in the market such as aggregators,
i.e., independent aggregators, and more precisely defined
energy activities such as aggregating and energy storing.
According to the Directive, in general, each electricity market
participant is obliged to regulate his balancing responsibility
by contract; to transfer it to another electricity market
participant, to sign a full supply contract or to register as a
balance responsible party. By Article 17(3.d) of this Directive,
not even the new market participant — the Aggregator is
exempt from this obligation. In this sense, there is no essential
difference between the Supplier and the Aggregator.
Nevertheless, one of the main differences between these two
market participants is that the Supplier manages consumption
implicitly (the customer reacts to the Supplier’s price signals
from the bill, and the tendency is to move towards dynamic
pricing with the introduction of “smart” meters), while the
Aggregator has the ability to manage consumption explicitly
(directly, actively). This should include defining/contracting
the conditions under which the Aggregator manages the
customer’s consumption and at what price, within an
individual contract or within the Supply Agreement.
Consumption explicit management would enable the
Aggregator to make a profit on the markets of system services
and balance energy, but it requires, in addition to currently
lacking regulations, adequate infrastructure which implies the
mass use of appropriate “smart” meters, which is another
obstacle that needs to be eliminated to fully implement the
concept of Aggregator on the market of the Republic of
Serbia.

Additional limitation and possible problem, primarily in
regulating the relationship between Aggregator and DSO, is
represented by the legislative provision that the management
of renewable sources over 160 kW is responsibility of DSO,
“Elektrodistribucija Srbije” (EDS).
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The position of the authors of this article is that EDS
should operate RES power plants of individual capacities
higher than 160 kW only to ensure safe operation of the
distribution system. In such terms, Aggregator should
dispatch and control these assets, while EDS would have a
possibility to change their power (including power
curtailment) only when safety of the distribution system is
endangered (so-called “Re-dispatching” — a measure of
change in generation and/or consumption implemented by the
system operator, changing physical power flows in the system
to ensure the safety of the system and eliminate congestion in
the system. Assets (RES power plants, manageable
consumption, storages) re-dispatched by EDS (due to
threatened system safety), should be financially compensated
for the lost profit.

Practically, operating RES power plants of individual
capacities higher than 160 kW by DSO (EDS) should be
regulated based on similar technical and market principles as
those when TSO (in Serbia: EMS JSC) operates power plants
of higher capacities connected to the transmission system in
the moments of compromised system safety.

6. CONCLUSION

On the side of end-users of PS, there is significant
capacity in manageable consumption. With dispersed
(distributed) electricity generation and its expected expansion,
including “prosumers” that were put under legal framework in
Serbia in 2021, the need, but also the interest, to effectively
and efficiently manage consumption and generation will
strengthen at the users’ level. When you add to that the
necessity of improving energy efficiency on the consumption
side, as well as the fact that perhaps the greatest potential —
both for savings and for manageability and flexibility — lies in
water and space heating devices, the concept of aggregation
into a multi-energy composite (cooperative, collaborative)
virtual power plant is imposed as a possible solution. Investing
in its creation, development, technical implementation and
expansion can turn out to be a more favourable solution than
investing in dilapidated thermal energy capacities whose
production is based on low-caloric and less environmentally
acceptable lignite. In this regard, the composite virtual power
plant can facilitate the expected greater scope of V-RES
integration and actually represents a replacement capacity in
the PS of Serbia.

For the realization of a virtual power plant, it is first
necessary to define a methodology based on which the
technical conditions of manageability would be evaluated for
end-users who want to be a part of the virtual power plant. The
methodology would have to include an assessment of
availability of the end-user’s manageable consumption,
storage and reserve capacities, as well as the maximum active
power of the storage. A large number of end-users who would
be involved in the realization of virtual power plant, would
generate large administrative costs. Larger storages should be
used primarily. First of all, it is necessary to take advantage of
the manageability of significant users of PS. From the point of
view of the utilization of storage capacities, the order in the
strategy of investing in this component of the composite
virtual power plant would be as follows:

* use existing thermal storages,

* use existing potential energy stores,

« investing in new thermal storages,

* when all options for the construction and application of
thermal storages have been exhausted, include the battery-
based and hydrogen-based storages in the implementation
project.

It is clear that one of the prerequisites for the realization
of virtual power plant is the application of modern, “smart”
devices, such as remotely controlled switches, followed by the
application of appropriate management and control software
and appropriate protocols for two-way communication and
data transmission. Regarding the complex structure of the
virtual power plant system, the concept based on IloT was
evaluated as the most suitable to make an efficient system of
control, data processing, management, and decision-making.
Greater flexibility on the side of electricity consumption and
distributed production, aggregated and managed through the
concept of a virtual power plant designed in this way, can lead
to numerous benefits in terms of efficiency and operating
costs of PS.

Depending on technical characteristics and the possibility
of aggregated generation and consumption, the Aggregator,
i.e., the virtual power plant operator can use it for trading and
optimizing its own portfolio on the wholesale market, as well
as for providing the system services to transmission and
distribution system operators.

It should be emphasized that a prerequisite for the
effective implementation of aggregation is the existence of an
appropriate legal-regulatory framework with removed
barriers for the Aggregator’s performance in various markets,
including the market of ancillary services.
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Highlights

e Cable terminal boxes can be a significant magnetic field source when located in close proximity to
areas of increased sensitivity

e Itis necessary to carry out the first non-ionizing radiation testing in the areas of increased sensitivity
with cable terminal boxes on their walls

o Cable terminal boxes can be the non-ionizing radiation source of special interest

Abstract

The paper analyzes the levels of magnetic flux density in the apartment that occur due to the influence of
cable terminal boxes. The analysis is based on the results of magnetic flux density measurements in the
apartment. In the considered example, the cable terminal boxes are located on the outer wall of the apartment,
which leads to increased levels of magnetic flux density in the room located on the other side of the wall. It
has been shown that the values of magnetic flux density in the apartment can exceed the value of 4 uT, which
is a criterion for the source to be categorized as a source of special interest, in accordance with the provisions
of the current national legislation in the field of non-ionizing radiation. The aim of the paper is to show that
in the aforementioned configuration the values of magnetic flux density in the apartment can be significant, in
order to avoid such technical solutions in the future during the design and construction of new facilities which
represent areas of increased sensitivity. The significance of performing testing in apartments and other areas
of increased sensitivity with cable terminal boxes in their proximity is also emphasized.

Keywords
Area of increased sensitivity, cable terminal box, magnetic field, magnetic flux density,
non-ionizing radiation, reference level
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Highlights
e Reasons of complaints of end-users of the distribution system
o Measurement of the desired parameters of the quality of electricity
e Analysis of measured values and consideration of the causes of events
e Mutual influences between the end-user and the distribution power system

Abstract

The Distribution System Operator “Elektrodistribucija Srbije" (DSO), when issuing Design and
Connection Conditions (DCC) to the users of the distribution system (UDS) under paragraph 4 of those
Conditions, clearly defines the basic technical data on the distribution electric power system (DEPS) at the
user’s connection point. With this data, industrial UDS receives information about the technical
characteristics of the settings in DEPS according to which it adjusts its production processes. Otherwise, the
production process will be sensitive to the delivery of electricity of technical characteristics defined through
DCC.

In the operational management of DEPS, UDS complaints about the quality of delivered electricity occur.
Professional services of DSO, after filing a complaint, install an electricity quality analyzer of high technical
performance, at the point of connection to UDS. The goal is to obtain a technically high-quality analysis that
will determine the causes of the production process stoppage problem at UDS.

This paper aims to present an example from practice in the distribution area "DA Novi Sad" in the area of
the branch "Elektrodistribucija Novi Sad", where UDS "Barry-Callebaut-chocolate factory Novi Sad" filed a
complaint about the quality of electricity. The results of the monitoring of the delivered electricity are
presented in this paper.

Keywords
Power quality, Customer’s complaint, Measurement analysis
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EDITORIAL POLICY AND TOPICS OF THE JOURNAL

When re-starting publishing the Journal “Elektroprivreda”, it has been decided for it to be of scientific and professional
nature and to be prepared and published in a new, broader concept and in two languages, in Serbian and English. However,
only those manuscripts for which authors from Serbia and region wish so and which are evaluated by reviewers and
Editorial Board to have adequate contribution and might be of interest for readers beyond the Serbian speaking area, will
be published in English. The Journal is, naturally, open for manuscripts by foreign authors which originals are in English.
With the consent of these authors, the approved manuscripts will be translated and published in Serbian, too. Both Cyrillic
and Latin versions of published articles are available in Serbian.

The Journal is, typically, published twice a year, and only as an e-version (on line). The Journal is an Open Access type,
where publishing of the accepted manuscripts is free of charge, without any financial charges to the author. On the other
hand, there are no financial liabilities for the Publisher towards the authors, either for submitted or published articles.

The contents of the manuscript submitted for publishing in the Journal has to be an original work of author(s) and it should
not be published or publicly presented (either published or presented in a meanwhile, before its first publishing in
“Elektroprivreda”), anywhere in the world, or in any form. This rule will not be applied to manuscripts submitted for
exceptional, special issues of the Journal that are dedicated to already presented, selected papers from partner conferences,
and in this case, such manuscript has to be expanded at least by 30% in comparison to the presented conference paper,
improved and additionally reviewed as per the procedure for the manuscripts submitted for regular issues of the Journal.

Only manuscripts having at least two positive reviews by respective experts in the discipline the manuscript refers to, or
with majority of positive reviews when more reviewers are engaged, will be published in the Journal.

The Journal accepts manuscripts for consideration and publishes papers of scientific and research nature, particularly
manuscripts/papers within the scope of:

« new technologies for providing, processing and exploitation of primary energy resources,
* generation, transmission and distribution of electricity,

» storage and conversion of electricity and heating energy,

« rational consumption of electricity and heating energy,

» development of renewable energy sources,

« information and telecommunication systems,

» organization of power system operations,

« environmental protection,

« rehabilitation of power facilities,

* inventions and innovations,

«  restructuring and privatization process in an energy sector,

» electricity markets,

« application of EU legal regulations within the scope of energy; and
» other related disciplines.

The Journal is conceived as a platform and tool for presenting experience, constructive expression and confrontation of
views, professional discussion of experts from a profession and practice and from scientific and research institutions and
innovation centers. Namely, open exchange of their opinions and experience, regarding strategic development and opting
for new technologies may contribute to finding adequate and optimal technical and technological, legal and economic,
and organizational and business responses to all challenges coming from decarbonization, digitalization and transition of
electric power toward sustainable development.

On behalf of the Editorial Board,

Mr. Vladimir Siljkut, PhD
Editor-in-Chief
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CLASSIFICATION (RANKING) OF MANUSCRIPTS

When reviewing manuscripts and completing a Reviwer’s Report, reviewers propose and Editorial Board - in case
manuscripts are accepted for publication - determine their category (rank). Classification (ranking) of manuscripts will
be done as per the Rulebook for classification and ranking of scientific journals (Official Gazette of Republic of Serbia,
No. 159 as of 30 December 2020) and the table provided herein:

Scientific articles:

Original scientific and research
paper

Paper presenting previously unpublished results of own research
done by a scientific method

Review paper

Paper including original, detailed and critical view of a research
problem or discipline where the author(s) made some
contribution

Short or pre-communication

An original scientific paper in full form, but less extensive or
preliminary in nature

Scientific critique, i.e.,
discussions and reviews

Discussion of some scientific topic based only on scientific
arguments and by applying scientific methods

Professional articles:

Professional paper

Article offering experience useful in promoting professional
practice, but which are not necessarily based on a scientific
method

Information article

Editorials, comments, and similar

Report

A book report, computer program report, case report, scientific
event report, and similar

Expert critique, i.e., discussions
and reviews

Discussion of a certain professional topic
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1. INTRODUCTION

The Elektroprivreda journal publishes categorized
articles: original scientific  papers, previous
announcements, reviews and technical papers in the field
of electrical engineering and energy.

All papers are subject to review. The authors are solely
responsible for the originality of the paper, the quality and
reliability of the results. By submitting the paper, the
authors accept all the rules specified in these Instructions.

This document contains paper preparation instructions.
Authors are requested to fully comply with these
Instructions when preparing their paper to avoid any
problems when printing the paper.

The document is a sample for Microsoft Word (version
7 and higher) and is also an example of the desired paper
formatting. It contains all the necessary information about
the paper format, font type and size, as well as the rules
explaining the procedures related to equations, units of
measurement, figures, tables and other parts of the paper.

The complete paper containing the manuscript, tables,
diagrams, drawings, photographs and full names and
surnames of authors with affiliations should be submitted
by uploading it to the Manuscript Handling Application,

available on the Journal’s website,
https://epijournal.eps.rs/prijava or, alternatively, by
sending it to the following e-mail:

epijournal.editor@eps.rs.

The paper should not be more than ten pages long (without
the list of references and the title, key messages, short
content and keywords in English), except in the case of
review papers and special editions of the Journal with
extended award-winning papers from conferences, in
which case the number of pages is not limited, nonetheless
it is recommended that it should not be more than 16 pages
long.

The original paper should be presented in A4 format
(210x297) mm. The text of the paper should be justified. All
margins should be set to 2 cm. The text of the paper should
be single-spaced. The paper can be written in Serbian or
English. (The editorial board decides which paper will be
translated into another language, in order to make them
available to as many readers as possible.) The font size for
individual parts of the text is as in these Instructions.
Complete mathematical derivations should be avoided in
the paper. The necessary derivation may be given, if
necessary, as a whole, in the form of one or more
attachments.

This document can be downloaded directly from the
following web address https://epijournal.eps.rs and used as
the basis to prepare the manuscript, simply by entering
parts of the paper text in certain places in this document.

It is recommended that the paper text begins with an
introduction where the problem and task of the paper are
formulated. An overview and commentary of the used
literature from the specified area should be given and the
position and contribution of the paper in relation to the
specified literature should be indicated.
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2. CHAPTER TITLE
(for example: TEXT PREPARATION)

For greater clarity, the text of the paper should be
divided into chapters and subchapters. Chapters and
subchapters should be numbered with Arabic numerals,
subchapters with numbers separated by a period. Please
separate the titles of chapters and subchapters from the text
before and after the title with one blank line. Line breaks
in the text title or subtitle should be avoided.

2.1 Subchapter levels

With subchapters, it is not desirable to go lower than
the second level, for example 2.1, 3.3, etc.

2.1.1 Third subchapter level. It is allowed only
exceptionally, if this contributes to the methodological and
general clarity of the paper text and if written, similar to
the subchapter titles, in bold lowercase letters, but ending
with a period, after which, in continuation of such line and
written in normal font, the first sentence of this subchapter
begins.

2.2 Positioning of tables and diagrams

Tables, figures and diagrams may, if necessary, be in
one or both columns. All figures and tables should be
placed in the text close to, but not in front of, the place in
the text where they are first mentioned. Figures and tables
in the appendices should be marked in the same way as in
the text of the paper.

2.3 First page

In the middle of the first page, the paper title is
indicated in bold letters, size 16, Times New Roman type.
Below the title, the full names and surnames of the authors
are listed in size 11 letters. The author’s affiliations are
listed below the names and surnames, in size 10 letters.
After specifying the authors’ data, the first page lists the
key messages of the paper, a summary of the paper and
keywords, in size 11 letters.

If the paper is written and approved for publication
only in the Serbian language, after the content described in
the previous paragraph, the title of the paper, key messages,
summary of the paper and key words in English are listed
in the final version of the paper for publication.

If the work was written in English and approved for
publication, it will be fully translated and published in
Serbian, with identical formatting.

If the paper was written in Serbian and approved for
publication in both languages, it will be fully translated and
published in English, with identical formatting.

In the lower left corner of the first page, the full
information needed to contact the first author of the paper
should be specified.

All this is easily realized by using the provided first
page template by simply entering the anticipated text in
places provided under the Instructions.
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2.4 Subtitle (for example: Text of the paper)

The text of the paper should simply be entered instead
of the text of the Instructions in this format by entering or
copying parts of the text that have been done in accordance
with these instructions in places provided for this in the
Instructions.

2.5 Equations

Equations should be placed in the middle of the text
and numbered with Arabic numerals in small (round)
brackets along the right margin of the text. Mathematical
software (Microsoft Equation Editor for MS Word or
MathType) should be used for equations. E.g:

| = —I3E, @
7,427,

Equations should be separated from the text before and
after the text with a 6pt space. Symbols used in an equation
must be defined before they appear in the equation or
immediately after the equation. Reference to an equation in
the text is made by specifying the equation number in
round brackets (1). If the sentence begins with a reference
to an equation, then please use “Equation (1) is ...”.

2.6 Tables

Tables should be inserted in the text where they are
first mentioned or immediately after. They should be
marked with Roman numerals, and the number and name
of the table should be placed above the table. E.g:

Table | Duration of simulations and memory usage

ISCAS circuil CPU time [s] Memory usage [MB]
cl7 2 3.9
c432 62 68.7
€880 160 152.6
c1355 283 178.8
2.7 Figures

Figures should be carefully prepared and inserted into
the text in the designated place. The figure number and
name must be below the image. Figure number should be
marked with Arabic numerals. For the sake of better
understanding, please avoid excessive information in the
figures. All comments related to figures should be in the
header. Typescripts should be chosen carefully to ensure
clarity. Please attempt to describe the figure axes with
words, not just symbols. For example, it is better to specify
the time t, rather than just t. Symbols for units of
measurement should be placed in parentheses.
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Figure 1. Figure description
3. CONCLUSION

Although the conclusion should contain an overview of
the key results of the paper, it should not repeat the part stated
in the Summary. The conclusion may explain the importance
of the paper or suggest possible applications of the achieved
results and provide guidelines for further research on the
issues covered by the paper.
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Appendices, if necessary, should be listed after the
References. If there are more, they should be numbered
with Arabic numerals. In case the attachments contain

Table A.l Name of the first table of the appendix

53

tables or figures, they should be numbered with the letter
“A” followed by a period and a serial number (namely: for
tables in Roman, from “I”” onwards, in a uniform order for
all attachments; and for figures in Arabic, from “1”
onwards, uniform for all attachments).

APPENDIX (ATTACHMENT) 2

Depending on their content, attachments can be
formatted as double-column or single-column. In the case
when this allows better visibility for the reader, figures and
tables in attachments can be rotated to the left by 90°.

Heading | Columnl1 | Column 2 Column 3

Column 4

Column 5 Column 6 Column 7

Row 1

Row 2

Row 3

Row 4

Row 5

Row 6

BIOGRAPHIES

A short biography should be provided for each author.
Please start with the author’s first and last name and give
his/her short, mostly professional biography. A photo of
the author should also be included. A sample biography is
provided below.

Nikola Tesla was born in Smiljan in
the Austrian Empire on 9 July 1856.
He graduated from the Austrian
Polytechnic School in Graz and
studied at the University of Prague.
His work experience included
American  Telephone  Company,
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Budapest, Edison Machine Works, Westinghouse Electric
Company and Nikola Tesla Laboratories. His particular
fields of interest were high frequency fields. Tesla received
honorary degrees from institutions of higher learning

including Columbia University, Yale University,
University of Belgrade and University of Zagreb. He
received the Elliott Cresson Medal from the Franklin
Institute and the Edison Medal from the IEEE. In 1956, the
term “tesla” (T) was adopted as the unit of magnetic flux
density in the MKS system of units. In 1975, the Power
Engineering Society established the Nikola Tesla Award in
his honor. Tesla died on 7 January 1943.
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