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Forecasting the electricity pricing of energy islands with renewable sources

Abstract. The strategy for the development of local low-power systems involves the use of several sources. The efficiency
of functioning such systems depends on the purposeful reliability management and it is based on the rational hierarchical
connections of their structural components. Coordination of the structure of diversified sources and their participation in
the formation of energy balance of micro-energy systems in the conditions of dynamic development of renewable energy
is an actual research task. The purpose of research was to develop a method of reliability-cost optimization of structure
of micro-energy systems with dissimilar sources, which is based on the use of reliability indicators and cost of electricity. The
studies conducted are based on the modern methods of applied statistical analysis, the theory of reliability, the synthesis
of complex multi-aggregate systems. Through the implementation of the Markov model and simulation modeling of the
functioning of sources, it has been obtained the conditions for optimal formation of the energy balance of micro-energy
system with the lowest cost of electricity, considering the reliability indicators. Computational experiments made it possible
to obtain the regularities of cost evolution of electricity and to show its dependence on the structure and algorithms of the
sources’ functioning. Using a probabilistic modeling method, it has been proved for the first time that the cost of electricity
is sensitive to the ratio availability of renewable sources of primary energy. The practical application of results lies in the
increase in efficiency of energy islands through the structural and algorithmic optimization of diversified sources (traditional
and renewable) based on determining the cost of electricity

Keywords: diversified sources of electricity; reliability-cost analysis; the Markov model; simulation modeling;
efficiency of microgrids

Article’s History: Received: 01.07.2022; Revised: 18.10.2022; Accepted: 23.11.2022.

INTRODUCTION
Future low capacity energy systems depend on the devel- The study is devoted to the substantiation of need to
opment of systems with distributed generation capacity  use the renewable sources of electricity in energy islands
using multiple energy sources, primarily, the renewable ones. ~ with renewable sources (EIRS) with traditional sources, as
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well as considering the probabilistic nature of access to the
primary natural factors (power of solar insolation, wind
speed, etc.) for traditional and renewable sources. This
approaching is due the expected economic effect, namely,
a reduction in the primary fuel costs for internal combustion
engines. At the same time, the instability of operation of the
renewable sources (RES) over time (caused by seasonality,
natural factors, geographical location, etc.), the problem of
substantiating the installed capacity of sources (traditional
and renewable) is a rather difficult research issue. Provided
that the uninterrupted power supply in the EIRS is ensured.

The study is devoted to the development of power sys-
tems with small volumes of electricity consumption, hav-
ing an installed capacity of electricity consumers of up to
15 kVA. The island or autonomous operating mode of such
a micro-energy system is typical for the local facilities with
limited access to main grid (centralized power system).
The use of combined power supply with several dissimilar
sources is a feasible solution for such systems.

Forecasting the electricity prices of EIRS is the impor-
tant component for developing low capacity systems and
designing the hybrid systems combining multiple sources.
It is important to consider that the management of EIRS
efficiency is a relevant problem and it depends on the struc-
tures and algorithms of analyzing the prime electricity cost
of such systems.

In the study of complex multicomponent energy sys-
tems with a stochastic nature of the behavior of its ele-
ments, the mathematical modeling involves the description
of random processes that develop depending on a number of
random factors. Most models of discrete systems with a sto-
chastic nature of functioning are built on the basis of queu-
ing models, the processes of which are random, and in many
cases, the Markov ones. Therefore, to solve such problems, it
is expedient to use the mathematical apparatus of the the-
ory of the Markov processes. Mathematical description of
the Markov processes is usually represented as systems of
differential (in the case of non-stationary mode) or algebraic
(for stationary mode) equations, the solutions of which,
in general, cannot be obtained explicitly. This necessitates
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the application of numerical methods for solving systems
of differential or algebraic equations. In the power systems
with multiple sources, it is possible to apply the processes
of data transmission to the information network of dis-
patching systems of the corresponding levels, the perfor-
mance of tasks and data exchange with external devices in
the computer system, etc. for the analysis of reliability and
efficiency of the use of generating capacities.

Low-power supply systems with several sources are
created for the modernization of existing networks and
they require technical and economical justifications to
choose the composition of generating capacities [1; 2].
The hybrid micro-energy systems usually include solar and
wind generators to reduce the use of hydrocarbons as primary
fuel from traditional sources [3]. The research of hybrid power
system recently requires new approaches to intelligent man-
agement of this kind of local power supply and forms a sepa-
rate conceptual direction of microgrid development as a low-
er-level smart grid system. This is the feature of operation of
such microgrids: the coordination of their modes with the
load and possibility of parallel operation with the main net-
work [4]. The autonomy class of such systems is primarily
due to the insufficient reliability of the main network. The
creation of micro-energy systems of energy island is both
a solution of the problem of power supply reliability and
the creation of prerequisites for the introduction of RES [5].
Management of the efficiency of the combined power supply
system can be solved on the basis of optimal distribution of
share in the energy balance between traditional and renew-
able sources according to the specific cost criterion for elec-
tricity. The introduction of renewable sources creates cer-
tain restrictions for the needs of autonomous power supply
systems of industrial, residential or other objects. The com-
bined use of heterogeneous sources allows both managing
the reliability of power supply, and considering the stochas-
tic supply of natural resources to coordinate the current load
or using energy storage [6; 7]. Based on the well-known pub-
lications [2; 3; 6], it is possible to generalize the composi-
tion of local micro-energy systems (Fig. 1), which are built
on the basis of the use of several heterogeneous sources.
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Figure 1. The principles of energy islands with renewable sources design
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Publications [8-10] are devoted to the development
of models for the search for optimal structures of autono-
mous power supply systems, as well as to the study of pricing
of electricity in the energy islands with renewable sources.

The purpose of research was to increase the efficiency
of island microgrid systems by means of structural optimiza-
tion of traditional and renewable sources through the indi-
cators of reliability and probability of supply of wind and
solar energy with an assessment of the cost of electricity.

MATERIALS AND METHODS

For the analysis of EIRS, it is used the graph theory, which
is one of the most convenient mathematical modeling tools
to determine the reliability of complex systems. There are
two sets of graph: (a) set of vertices and (b) set of edges [11].

The theories of the Markov processes is an effec-
tive tool for the analysis of reliability characteristics. It is
used for estimating the probabilistic indicators of com-
plex multicomponent systems [12-14]. The peculiarity of
construction of the Markov models lies in the considera-
tion of microgrid in different states such as operational and
refusal ones. Each state is characterized by different oper-
ational efficiency and resources ensuring reliability. Tran-
sitions between system states occur at the times of refusal
or restoration of one or another element of the system. It
is described the process according to the models of discrete
states for the selected time of system operation. A random
process is called the Markov process, considering the fol-
lowing factors: if the probability of system transition during
the time >, t for any moment ¢, depends only on the state
at the moment t=t, and does not depend on the fact how
the system entered this state. There are several conditions.
Since the transitions statistically independent, the intensity
of failures and the intensity of recovery are constant in time
and different from state to state. The time intervals between
the adjacent transitions are distributed according to the
exponential law. Thus, for the Markov process, the probabil-
ities of transitions from the i-th to the j-th state during the
time At will be determined by the intensity of failure A, as:

P (At=1-exp(-) Ab). (1)
For short time intervals At:
P (AD=1)AL. 2)

A circle with the identification number can be repre-
sented for reliability graph of each EIRS state (vertex) of
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the system. The transition from one state to another will
be depicted as the the lines (edges) connecting the states.
For the numerical analysis of the EIRS reliability, the math-
ematical theory of graphs can be used [12; 15].

It is possible to perform the reliability analysis of
EIRS with graphs. Random failures of system elements can
be modeling with random graphs. The reliability character-
istics of individual elements (blocks) are used to quantify
the reliability of EIRS. It is assumed that the failures of ele-
ments are statistically independent.

The theories of the Markov and semi-Markov processes
are also used. In this case, the Markov chains with states are
considered, which can be represented in the form of matrix
of transition probabilities [13; 14]:

P11 P12 P1in
P=(p21 D22 DP2n
Pn1 Pn2 Pnn 1 (3)

The elements of transition matrix p; represents proba-
bility of the system transition to the state j from the state i
in one step. The diagonal element pij represents the prob-
ability that the system will be constant.

The transition from one state to another is described
according to the cumulative distribution function e, for
each state k for random variables. In case of the Markov pro-
cesses, all distributions F, | are exponential ones. Knowing
the transition probabilities such as: p;, parameters, 1, and dis-
tributions F , of the time during which the process remains
in state i, the weight of each edge is &, =p A, The semi-
Markov process is determined by the transition probabili-
ties of the embedded Markov chain p; and conditional distri-
bution F, , of the time duration; the system remains in state i
provided that the system moves into the pre-defined state j.

Thus, the graph representing the semi-Markov pro-
cess has to describe each edge transition probability p, and
conditional distribution F, , of time, so that the process
remains in the state corresponding to the state in transi-
tion of this edge.

Thus, one unreserved element can exist in three states:
s, — the element is in order, s, - the element is out of order,
it is not required the need to supply disconnection, and - s
the element is out of order (state of failure) (Fig. 2a). If the
failure stream has intensity A and restoration intensity p,
the system transits from state to state and back after a cer-
tain time [16]. The graph of state-to-state transitions of the

time dt) and p characteristics is shown in the Figure 2b.
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Figure 2. The time diagram of a single element transitions: from one state to another (a) and the graph of states (b)

Source: developed by the authors based on [16]
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The graph of transitions of the Markov process allows
system of differential equations of states [14]:

Z—f = Yjec Mijpj () — pi(t) Tjec Aijs 4

where G, is the subset of states of the Markov process which
allows transition into state i, and G, is the subset of states
that may be achieved from state i, and %, is intensity of the
transitions.

The system (4) is linearly dependent, and therefore, it
is required to add another equation (normality equation)
to make the solution unique:

2Lpel ©)

Let’s consider the structure of EIRS that combines three
sources of electric power: R, is the supply from the network;
R, is a set with electric energy consisting of static convert-
ers with accumulative features and a set with renewable pri-
mary energy.

R, is a set with combustion engines (gas/diesel, gas/pet-
rol, diesel, biofuels, etc.). Automatization is a specific fea-
ture of these sources, enabling the required activation time
(namely, the time from transition of unloaded/cold reserve
to the operating mode).

S1 TFI

V. Kaplun et al.

Probably, the changing restoration process is a source,
represented by two independent one-by-one variables. These
variables are performed identically and are free as a set.

The research of EIRS reliability indicators should be
reduced to structural optimization of sources [17]. There
are two approaches to solving the optimization task. It is
based on achieving the maximum reliability indicators. It
will be adhere to the directivity of established resource
costs, or it will minimize the average specific losses in the
system according to the established limit indicators of reli-
ability. Solving the optimization task will be guided to min-
imize the cost function by a set of variables corresponding
to the selected constraints [18; 19]. The choice of the struc-
ture of EIIR sources has a significant impact on the reliabil -
ity indicators of microgrid system, primarily on the current
specific resource costs and system efficiency. It is obvious
that in case of using the renewable energy sources, their
share in the energy balance should be maximal, provided
that the reliability (continuity) of power supply is ensured.
This is exactly for achieving the maximum reduction in the
specific cost of electricity [20]. In terms of reliability, the
process of EIRS functioning is a stochastic recovery pro-
cess (Fig. 3) [13]: The quantities are random, independent
and have the same distribution.

TFZ TF3

TRl

i
|
|
|
|
|
I
Sy fommm—— 4--
I
|

hﬂ
>
T R S

\/

Figure 3. The alternating restoration process of EIRS operation

Source: developed by the authors based on [13]

If one source fails, another source out of the set ones
is available and can operate. In general, the sequence of
activation sources (if the source fails) is presented by
the general EIRS algorithm. Sources of the set are oper-
ating in unloaded reserve with time delay and they are
required for activation.

GPSS World (General Purpose Simulating System) sim-
ulation system [8] was used to build a simulation model of
the studied system. The choice of this software environment
is based on the availability of a specialized and object-ori-
ented language with the ability to display dynamic processes
in real systems, generate arbitrary laws of distribution of
stochastic values, diagnose errors during the execution of
a simulation program, etc.

RESULTS AND DISCUSSION
It is supposed that the time of failure, the time of system
elements restoration (sources D,, D,, D., as well as the con-
nection expiration time are distributed by an exponen-
tial law with parameters A, X,, A, 1, H,, H,, and 1, respec-
tively. In fact, these parameters depend on the choice of

a “candidate” among the selected sources from the sets
D;,...,D}and D},,... D! respectively.

That is A=A, (x), i=1,4; pi=p, (x), i=1,3, where x,, i=1,3 is
the integer value characterizing the selected model of the
source Di; and x, is the selected expiration time value to
activate the source D,.

Considering that all random variables of the model are
distributed according to the exponential laws, the mathe-
matical model of the process of EIRS operation with hetero-
geneous sources is presented as a semi-Markov process with
a set of system states. The system states are represented by
a vector with three components d=(d,, d,, d ), where

_ 1, when D; works
dy = {O, when D, is restored (6a)
d, = { 1, when Dll works (6b)
0, when D, is restored

0, when Dj is restored,
1, when D; operational and in unloaded mode, (6c)
2,when D5 operational and is in standby mode,
3,when D; works.

d3
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This is a set of possible states of system D:

D={(d,, d,, d,)}={(0,0,0); (0,0,2); (0,0,3); (0,1,0);(0,1,2);
(0,1,3); (1,0,0); (1,0,1); (1,1,0); (1,1,1)}.

After analyzing the peculiarities of the system function-
ing, it is proved that:

O the state (0,0,1) of the system is impossible as the
restoration of sources D,, D, and D, must be in the state (2),
in operating state (3), or in restoration state (0);

O the state (0,1,1) of the system is impossible during
the restoration of source D, the source D, is in operating

D:

state, and the source D, cannot be in unloaded mode (1):
the source D, must be prepared for activation (2), work (3),
or restoration (0);

O the states (1,0,2) and (1,0,3) of the system cannot be
considered when the source D, is in operating state and the
source D, is in restoration state (0), the source D, cannot be
prepared for activation (2) or work (3);

O system states (1,1,2), (1,1,3) are impossible, when the
sources D, and D, are operating, that is, they are in state (1),
the source D, cannot be prepared for activation (2) or work (3).

The graph of the system transitions from one state to
another is represented in the Figure 4.

Do

Figure 4. The graph of the system transitions from one state to another in one step

Continuing the analysis of the system function-
ing, it can be stated that some transitions from one state
to another are simply impossible. For instance, only one
source may fail at one point of time (therefore the transi-
tion is forbidden); the source D, may fail if it is activated
(therefore the transition is forbidden), etc.

In terms of system efficiency, the set of states of the
system D can be divided into two subsets D, and D,,

D=D,-u-D,, D, -n-D_0=(, (7)
where:

D ={(1,1,1);(0,1,2);(1,0,1);(0,1,3);(1,1,0);(0,0,3);(0,1,0);(1,0,0)}

is the set of the system operating states;
D={(0,0,2);(0,0,0)}

is the set of the system disabling states.

To calculate EIRS reliability indices (availability factor,
average failure rate, average recovery time), it is necessary
to determine:

O average time of the semi-Markov process in all pos-
sible states of the system;

O probabilities of transition from a state to the embed-
ded Markov chain;

The average system time in states is as follows:

m(1,1,1) ——,m(0,1,2) = — ®)
A1+, Aty

1
At tus

m(0,0,3) = ,m(0,1,0) =

Astpg+,

The matrix of probabilities of transitions in one step of
the embedded Markov chain is as follows:

P=IP((d, d,, d,); (k,, k, k,))I

To conclude, it is necessary to choose a source of elec-
tricity among a number of possible “candidates” in the struc-
ture of EIRS model. However, the types of sources must be
selected by the system structure. Generally, one of the two
approaches is considered in the formulation of optimization
problem (although the others are possible): the first task is
to maximize the reliability index; the second task is to min-
imize the average specific losses of the system operation.

The problem in such definition is considered below.

The problem of optimization is to find the minimum
prime cost with a few variables with several constraints. The
prime cost of electricity is the most important criterion for
evaluation EIRS effectiveness (which was generated by it).

This is the calculation of electricity generation cost:

Zy _(w1311+w2322 +w3333+...+wiBim)+E/q __ gB+E

€EIRs = )

WEiRrs WEiRrs WEiRrs

where: Z_ is the total discounted expenses; W, is the aver-

age amount of electricity generated by EIRS; B=w B, +w-

By tW.B.+..4wB. 1is a total cost of electricity generation
from the sources of the first year of project implementa-

tion; E is total operational expenses; q is a rate of return on
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capital investments; E/q — the operational expenses given
by the first year for n years.

A3

Ay
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The stationary distribution of the embedded Markov
chain is found from the system of equations (10).

p(0.00) =% p(003) = m,p(010)+1+ L-p(1,0,0);
p(0,0,2) = -
p(0,0,3) = Mﬂ”u p(0.00) + - (002)+“A+ p(0,1,3);
p(01,0) = —"=—0(0,00) +3 p(013)+l+l+ p(1,1,0);
p(0,1,2) = ﬁ (002)+/11/1 p(1,1,1) a0
p(013) == p(003)+l+ =
p(10,0) =t (000)+“A+ (110)
p(L01) = —-p(0,0,2) + - p(0,03) + 52— p(1 00) —p(L1,1);
p(llO)—}H_ L -p(01,0) + i p(1,0,0)
p(1,1,1) = s P013) + 77 p(101)+l+l+ p(1,1,0).

Considering the above mentioned facts, it is important
to solve two simulation optimization problems [20]:

1. To find the structures and algorithms of EIRS allow-
ing the average specific costs of the EIRS electricity genera-
tion with the failure source R, attaining a minimum C—min,
under constraints imposed on system reliability. Herewith,
the availability factor K, (operative availability K ,) should
not be less than a normahzed value K, (K,>K).

2. To find such structures and algorithms of EIRS, allowing
the availability factor of the system to achieve the maximum
K,—max by limiting the average specific costs of the EIRS for
electricity generation. It should not be more than the preset value.

3. Further research will focus on the study of structures
and algorithms of EIRS with RES (Fig. 5).

The software algorithm consists of three stages, the pro-
cedure and the content represented graphically in the Figure 5.
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Figure 5. The structure and algorithms of EIRS operation
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In the Figure 6, it is shown the algorithm of EIRS func-
tioning through the simulation modeling with GPSS [18].
The study was performed within the following stages:

O development of a conceptual model,

O design and implementation of a simulation model
software;

O checking the model adequacy;

O reliability evaluation of simulation results;

O planning and carrying out the experiment.

The adequacy of mathematical models of real system
depends on the reliability of probability of distribution
determination of random variables that describe the pro-
cess of EIRS elements [21].

From a mathematical perspective, two procedures are
important: solving the systems of linear algebraic equa-
tions and the procedure for generating the random varia-
bles (given in advance by the distribution functions of ran-
dom variables) [12]. The Gaussian method is used to solve
the systems of linear algebraic equations after eliminating
the linear dependence of the equations [12]. As for the ran-
dom variable generation procedure, the use of random var-
iables lies in the basis of simulation modeling method. It
is necessary to generate random variables with given dis-
tribution laws [12]. The inverse function method is used,
which is based on the following statement of probability
theory [12]. For example, F(x) — a distribution function, and
R - arandom variable uniformly distributed in the interval
[0, 1]. Then the random variable X=F — will have a distri-
bution function F(x):

P(X<x)=P(r<F(x))=[F0f(r)dr=F(x). (11)

The sequence of random numbers r, r,, r.... is con-
verted into a sequence x, X,, X...., which has a given law
F(x) (distribution density function f(x). The general algo-
rithm for modeling the random continuous variables with
a given probability distribution function follows from this:
a random number is generated r,€[0 1]; a random number
is calculated x=F"'(r).

FY(r)F*(-1) (r_i), it is used a piecewise linear approxi-
mation of the corresponding continuous functions [21]. To
obtain the function of normal distribution of a random vari-
able X with mathematical expectation m #0, the square devi-
ation ¢ #1 calculation is as follows:

X=m+c Z, (12)
Z - a random variable with a standard normal distribu-
tion function, for which the function has been approxi-
mated F!(z).

To specify other laws (non-exponential, non-uniform,
and non-normal), special programs are used. It is allowed
to perform the numerically tabulation of inverse functions,
that is, to calculate the necessary values of the points of
piecewise linear approximation functions.

This simulation does not impose restrictions on the
types of the used probability distributions of random
variables.

There is a problem of probabilistic description of the
random processes with an incomplete statistical informa-
tion (there are no reliable data of the energy potential of
wind and sun and the principles of their distribution). It
leads to significant errors in the simulation.

Creating a software module for the

© Identification of Definition Calculation of EIRS\

%’3 possible states of of stay parameters using

2 sources in the costs in the simulation
structure of EIRS states of modeling

( Implementation of )
statistical

experiment using

simulation modeling )

|

|
Data processing !
and analysis of the |
research results of | |

\ EIRSoperation J |

Figure 6. The operating algorithm of the software for researching EIRS using simulation modeling with GPSS

This is a solution to this problem: to determine the prob-
ability of a sufficient daily supply of wind or solar energy
potential for Wind-driven electric power station (WEPS) and

Photovoltaic station (PS), determined for a specific area. In the
Table 1, it is shown the results of analytical solution and simu-
lation modeling for some of 75 variants of the EIRS structures.

Machinery & Energetics. Vol. 13, No. 4

4



V. Kaplun et al.

Table 1. The results of analytical solution and simulation modeling for some of 75 variants of the EIRS structures

Serial number of source (model series

Specific cost of EIRS electricity, $

Serial number of of source)
variant The result of The result of
analytical solution simulation

1 1 1 4.3084 4.2528 1.29
16 2 1 3.4453 3.5126 1.95
46 4 1 2.1530 2.2074 2.52
61 5 1 1.4255 1.4569 2.20
75 5 15 1.4149 1.4256 0.76

The research result of this work is the development of
a method for the reliability management and functional
analysis of systems of this class at the stage of preliminary
design for solving the optimization problem, considering the
specific cost of electricity. Moreover, this approach allows
developing control algorithms for such systems, considering
the power consumption levels of a local object.

Thus, the description of these sources as a scheme of
reliability and functioning can be represented as a series of
connections of two hypothetical elements (the EIRS struc-
ture with a set of sources is shown in the Figure 5). Using
simulation results, it is shown that the system components
are characterized by the period between failures, resto-
ration time, cost of unit of electricity generation, specific
losses due to power failure. The probabilities of availabil-
ity of energy natural factors are added for WEPS and PS
(throughout the year, the source ones are supplemented
with delay time for activation). Every time, the parameters
are described by the distribution of random variables.

EIRS, as a stochastic system, cannot be described by
analytical mathematical models. In the further research, it is
suggested to apply the method of simulation modeling. The
simulation model and algorithms of functioning of autono-
mous systems with renewable energy sources are developed.
The proposed approach provides for the use of probabilis-
tic model of availability for renewable sources, which allows
evaluating the reliability and efficiency of the system, given
that it is impossible to obtain them analytically.

Based on the analysis of simulation results of 75 inves-
tigated variants of the system structure (Table 1), it has been
found that the use of renweable sourse leads to a reduction
in the cost of electricity. At the same time, the formation of
energy balance by increasing the share of renweable sourse
leads to an increase in the efficiency of EIRS by more than 13%.

Finally, it is important to emphasize that EIRS struc-
tures are characterized by a set of possible states of each
element of the system, the set of possible states of the sys-
tem and matrix of transition probabilities (transition graph).

The results obtained can be used to develop a meth-
odology for determining the economic efficiency with
implementation of local energy systems. Reliability-cost

indicators can be additional indicators of investment effi-
ciency of long-term projects, based on the projected total
volume of electricity generation, as shown in the figure [5].
The principles and approaches for evaluating the effective-
ness of investments and adapted for transitional market
economies are the basis of the development of technical
and economic indicators [20-22]. It is proved that the pro-
jection of island microgrid systems with renewable sources
is possible with two compromise approaches to determin-
ing investment efficiency indicators: deterministic levels
of power supply reliability and cost of electricity. The first
approach is based on the calculation of present value of
EIRS implementation, which includes all costs for n years
of project implementation; the second one — on obtain-
ing a specific indicator — the reduced cost of electricity
at the beginning of investment project, based on the pro-
jected total volume of electricity generation and analysis
of structural implementation in terms of its economic effi-
ciency — comparing NPV (Net Present Value) with possible
losses (loss of profits) in the interruptions in energy supply
during the project.

CONCLUSIONS

On the basis of Markov model and simulation model of EIRS
functioning with two dissimilar sources through the com-
putational experiments, the evolution of the prime cost of
electricity was developed and its dependence on the struc-
tural composition and algorithms for sources operation was
proved. To obtain these results, the probabilistic method was
used for modeling the availability energy potential of renew-
able sources. It is obvious that the prime cost of electricity
is sensitive to the availability factor, which depends on the
structure of EIRS. EIRS availability indexes (in particular
availability factor) can vary in all structural variants of EIRS.

The prime cost of electricity varies widely from $1.42 to
$4.31 per kWh throughout the simulation interval, and it is
particularly sensitive to the reliability of the main source.
The analysis of simulation results shows that the structur-
al-algorithmic implementation of the EIRS using RES allows
(at the pre-design stage) ensuring the given (directive-de-
fined) levels of power supply reliability with restrictions on
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capital costs, and reaching the economically advantageous
levels of cost of electricity, which will allow reducing the
payback period of such systems by 18-20 months.

reliability-cost analysis of microgrid system with the pos-
sibility of forecasting the generation levels of renewable
sources in real time.

Further research related to the justification of choice of
the model series, first of all, the installed generating capac-
ities of traditional and renewable sources in the structure
of EIRS and the improvement of analytical model of the
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MporHosyBaHHS LiHOYTBOPEHHSA Ha eNleKTpoeHeprilo
eHepreTUYHUX OCTPOBIB 3 BiAHOBNIOBAaHUMMU A)Kepenamm

AHoTauifa. CtpaTerist pO3BUTKY JIOK&JIbHUX €HEPrOCUCTEM MaJoi MMOTY)XKHOCTI repef6adae BUKOPUCTAHHS JEKiIbKOX
mxepest. EQekTMBHICTh QYHKIIIOHYBAHHSI TaKMX CUCTEM 3aJI€KUTH BiJl I1iJIeCIIPSIMOBAHOTO YIIPaBIiHHS HaIiMHICTIO i
6a3yeTbCsT Ha pal[ioOHaTbHMX iepapxXiuHMX B3a€MO3B’A3Kax X CTPYKTYPHMX CKIAL0BUX. Y3TOIKEeHHS CTPYKTYPU Pi3SHOPIZHUX
IoKepers Ta iX yyacTi y popMyBaHHI eHepreTMUHOTOo 6asaHCy MiKpOeHepreTUYHMUX CUCTEM B YMOBAX IMHAMiIUHOTO PO3BUTKY
BiIHOB/IIOBAHOI eHEePreTUKM € aKTyaTbHUM HAYKOBUM 3aBIaHHSIM. MeTO0 JOC/TigkeHHs 6y/10 pO3pOOIeHHSI METOLY
HaJiliHiCHO-BapTiCHOI ONTMMi3allil CTPYKTYp MiKpOEHeprocucTeM 3 pisHOPIIHUMU JyKepesiaMy, B OCHOBY SIKOTO TMOK/IaZeHO
BMKOPUCTaHHS TIOKAa3HUKIB HAAiHOCTI Ta co6iBapTOCTi efekTpoeHeprii. IIpoBeeHi LOCTiIKeHHSI IPYHTYIOTbCS HA CYyYacCHUX
MeToJax MPUKIALHOTO CTATUCTUYHOIO aHasli3y, Teopii HaAifHOCTI, CMHTe3y KOMIUIEKCHUX 6araToarperaTHuX CUCTEM.
IInsxom peanizaiii MapKOBCbKOI Mozeni Ta imMiTaliiiHoro MogenoBaHHs QyHKI[IOHYBAaHHS IKepes ofepskaHi yMOBU
ONTUMAaIbHOTO GOPMYBaHHS €HePreTUYHOTO 6aIaHCY MiKpOEHeproCcucTeMy 3 HaliMeHILOI0 BapTiCcTIO eJleKTpoeHeprii Ta
ypaxyBaHHSIM IMOKa3HUKIB HaAitHOCTI. O6UMCITIOBaIbHI eKCIIepMMeHTH JO3BOIUIN OflepyKaTy 3aKOHOMIPHOCTI eBOJIOLii
BapTOCTi efleKTpoeHeprii Ta mokasaTu ii 3aJIeXKHICTh BiJl CTPYKTYpH Ta aaropuTMiB GyHKIIOHYBaHHS Ikeper. [nsxom
BUKOPUCTaHHS IMOBipHICHOTO MeTO/ly MOZe/NI0BaHHS BIIeplilie TOBeJeHO, 0 CO6iBapTiCTh eleKTpoeHeprii 4y TimBa 1o
KoedilieHTa JOCTYITHOCTI BiZHOBIIOBAHMX Kepes 0 IIepBUHHOI eHeprii. [IpakTMuHe 3aCTOCYBaHHS Pe3y/IbTaTiB IOJSTaEe
B MigBUILEeHHS e()eKTUBHOCTI eHePreTMYHUX OCTPOBIB IIJISIXOM CTPYKTYPHO-aATOPUTMIUYHOI ONITMMIi3allii pi3HOpPiIHMX
IoKepest (TpaaMIIiiiHMX Ta BiHOBIIOBaHMX) HA OCHOBI BU3HAUEHHS COOiBapTOCTi efleKTpoeHeprii

KniouoBi cnoBa: pisHopiaHi Akepeia eleKTpoeHeprii; HailiHicCHO-BapTiCHUI aHasIi3; MapKiBChbKa MO/IeNb; imMiTalliiiHe
MOJIeTI0BaHHS; e(PeKTUBHICTh MiKPOHEPTIOCUCTEM
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