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Background. Effective management of electricity distribution in microgrid networks is a key factor in ensuring such systems'
reliability, stability, and flexibility. Due to the decentralisation of energy systems and the active introduction of renewable energy
sources, there i3 a growing need for adaptive methods of electricity redistribution that can consider dynamic changes in load and
generation. Existing approaches are mostly based on rigid algorithms or centralised control, which makes it difficult to implement
flexible scenarios and leads to limited adaptability. The absence of a unified knowledge representation complicates the interaction
between Microgrid elements and creates obstacles to system expansion.

Objective. The purpose of this paper is to develop a method for redistributing electricity in a Microgrid using an ontological
model that will provide a consistent representation of knowledge about system elements, their interconnections, constraints, and
priorities. The proposed approach should facilitate context-oriented decision-making and increase the level of the power system
autonomy without the need for radical changes in control schemes.

Methods. The paper analyses typical scenarios of electricity redistribution, identifies conflicts of interaction between Microgrid
nodes, and proposes an ontological model that reflects the system structure, connections between sources and consumers, load
priorities, and decision-making rules. The main attention is paid to the construction of a formalised knowledge base that ensures
interoperability and flexibility in management.

Results. The analysis has confirmed that most existing electricity management systems have limited capabilities to adapt to
dynamic changes and do not take into account the semantic relationships between system elements. The proposed ontological
model allows for realisation of dynamic energy redistribution, taking into account the context and a set of factors. This ensures an
increase in the reliability of the Microgrid and also contributes to a faster response to changing operating conditions.

Conclusions. The proposed method of redistributing electricity in a Microgrid based on an ontological model is a promising
direction for building adaptive and intelligent energy systems. Further research is planned to be directed to the implementation of a
prototype of the software control module, as well as to the expansion of the ontology to take into account the specifics of various
Microgrid configurations.

Keywords: ontology; Microgrid, energy distribution, flexibility, scalability; semantic approach.

Introduction of interaction between Microgrid elements. In this regard,
the search for new approaches is relevant. The method of
redistributing electricity in a Microgrid based on an
ontological model proposed in this paper is aimed at
overcoming the above limitations. The ontological
approach makes it possible to formalise knowledge about
Microgrid objects, their characteristics, roles, and
interactions, which allows creating an adaptive decision-
making system taking into account a variety of factors,
from technical parameters to consumer priorities. The
development of the method is necessary for the
redistribution of electricity in the Microgrid using an
ontological model, which allows for increasing the
efficiency and reliability of energy supply through
context-oriented management of energy flows.

Modern energy systems are rapidly transforming
under the influence of renewable energy sources,
distributed generation, and the growing need for security
of supply. In this context, the concept of Microgrid has
become widespread as an effective solution to ensure
energy autonomy and increase the resilience of power
grids. One of the key challenges in the operation of a
Microgrid is the efficient management of electricity
redistribution between generation sources, storage
facilities, and consumers in the face of dynamic changes
in load and energy production. Traditional control
methods based on centralised algorithms or rigid rules are
not always able to provide sufficient adaptability to
environmental changes and take into account the context
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Stand-alone microgrids have been used for many years
in remote regions where connection to the centralised grid
is technically difficult or economically unprofitable. Due
to their scalability, relatively low capital investment, and
operational variability, fossil fuel-based power sources
have long remained the primary power supply option for
such systems. However, given the successful examples of
more environmentally friendly solutions, such as solar,
wind, and small hydropower, their integration into
Microgrid is receiving increasing attention as an effective
alternative to traditional approaches.

To effectively integrate distributed renewable energy
sources, numerous technical obstacles must be addressed.
This will facilitate the preservation of the current level of
reliability of the energy supply, maximizing the benefits
provided by distributed generation. In this context, the
key tasks are as follows [1]:

- Building effective algorithms for planning and
dispatching power plants that take into account the
unpredictability of demand and generation, as well as
ensuring an adequate amount of reserve capacity.

- Ensuring stable and cost-effective operation of the
Microgrid with a high level of integration of unstable
sources in an autonomous mode.

- Implementation of modern electricity consumption
management  systems (DSM - Demand Side
Management), which allow users to adapt their demands
to the needs of the power system.

- Development of new market mechanisms capable of
integrating unstable energy sources on a competitive
basis, while creating attractive conditions for investors.

- Modernization of protection systems in distribution
networks for efficient operation in the conditions of two-
way energy flow.

- Developing innovative methods of frequency and
voltage control to take into account the growing share of
power electronics-based generation.

- Development of control solutions that support the
plug-and-play principle, facilitating the simple and
reliable integration of new sources in the future [2].

Microgrids are seen as a promising solution for the
efficient integration of distributed energy resources
(DERs), including renewable energy facilities. They can
ensure a stable operation of local power systems
independent of the central grid. At the same time, despite
the positive potential, there are several technical and
organisational challenges that require further attention for

the comprehensive implementation of Microgrid in
widespread practice.

The concept of the Microgrid was first introduced in
the technical literature in [3] as a solution for the reliable
integration of renewable energy sources, including energy
storage systems (ESS) and controlled loads. Such a
Microgrid is perceived by the main grid as a single
element, responding to appropriate control signals.
Although the detailed definition of Microgrid is still
being discussed in technical forums, it can be described
as a cluster of loads, distributed generation (DG), and
ESS facilities working in a coordinated manner to provide
a reliable electricity supply, connected to the main grid at
the distribution level at a single connection point. The
adoption of Microgrid as a paradigm for the mass
integration of distributed generation will allow solving
technical problems in a decentralised manner, reducing
the need for extremely extensive and complex central
coordination and facilitating the implementation of the
Smart Grid [4].

In general, a Microgrid can be configured in a variety
of ways, for example, as shown in Fig. 1. However, some
organizations, such as the Consortium for Electric
Reliability Technology Solutions (CERTS), recommend a
structure in which loads are connected to feeders with
existing generation sources. In situations where there is a
close interaction between different energy systems, such
as heating, hot water, etc., Microgrids can combine these
energy sources and manage them efficiently. If necessary,
the system can manage all energy sources in a
coordinated manner and adjust the management strategy
according to current conditions [5].

Various initiatives around the world are contributing
to the further development of the Microgrid concept
through research, development, and demonstration of the
latest technologies. Among these projects are Bella Coola
and Hydro-Quebec in Canada, CERTS in the United
States, Microgrid and More Microgrid in Europe,
Huatacondo in Chile, and the New Energy and Industrial
Technology  Development  Organization  (NEDO)
programs in Japan [6].

Microgrid is capable of functioning in both a mode
connected to the main grid and in an autonomous mode,
while also being able to transition effectively between
these modes [7]. In the connected mode, the lack of
electricity can be compensated by the main grid, and the
excess energy generated in the Microgrid can be returned
to the main grid or used to provide ancillary services. In
off-grid mode, it is essential to maintain a balance
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between the real and reactive power generated in the
Microgrid, while also considering the temporary transfer
of energy from/to the storage facilities to satisfy the needs
of local consumers. The IEEE 1547 standard provides
guidelines for the incorporation of Distributed Energy
Resources (DER) modules [8]. Isolation of the Microgrid
from the main grid can be both planned and unplanned. A
planned disconnection can occur during maintenance or
due to a deterioration in the quality of electricity in the
main grid, which can affect the stability of the microgrid.
Unplanned outages can occur due to technical
malfunctions or other unforeseen events about which
Microgrid has no information; it is important to detect
such outages promptly to ensure the safety of personnel
and the stable operation of Microgrid, as well as to
implement necessary changes in management strategies.

DER1
PC1

PCC
Main grid

pups

DER 2

PC2 Microgrid
network

DERn +

PCn

Microgrid

Fig. 1. Schematic diagram of a universal Microgrid with several
DERs

Microgrids that do not have a switching point with the
main grid (PCC) are called isolated. This applies to
remote locations, such as villages or industrial facilities,
where connection to the main grid is not possible due to
technical or economic constraints. Therefore, these
Microgrids operate exclusively in an autonomous mode.

General _overview of Microgrid management
approaches. The basic principles of Microgrid control
include Droop Control, which enables distributed
generators to autonomously modify their output by
mimicking the behaviour of traditional generators. This
facilitates decentralised load distribution, eliminating the
necessity for a centralised controller. Another important
method is Model Predictive Control, which uses

mathematical models to predict future system behaviour
and optimize control actions, providing more accurate
and adaptive control. In addition, Multi-Agent Systems
are used, where autonomous agents interact with each
other to achieve a global goal, such as optimal energy
distribution or load balancing. However, the
implementation of these methods faces several
challenges, including the integration of renewable energy
sources, which are variable and unpredictable, creating
difficulties for stable Microgrid operation. It is also
important to ensure the stability and reliability of the
Microgrid during changes in loads and generation
conditions, as well as to protect the system from cyber
threats, as the growing dependence on digital
technologies increases the vulnerability of the Microgrid.
Future trends include the development of intelligent
control algorithms using artificial intelligence and
machine learning to improve adaptability and efficiency,
integration with smart grids to improve grid efficiency,
and the development of common standards and protocols
to ensure interoperability of Microgrid components [9].

There are different approaches to Microgrid
management, including centralised, decentralised, and
hybrid management. In the centralised approach, all
decisions are made by a single central controller that has
complete information about the system state, ensuring
resource  optimization and coordination of all
components. However, this method has its drawbacks,
including high vulnerability to central controller failure,
high requirements for communication infrastructure, and
limited scalability. Decentralised control implies that each
element of the Microgrid, including generators, storage,
and loads, has its controller and makes decisions
autonomously based on local information. This increases
reliability, reduces communication requirements, but can
lead to coordination problems between components. A
hybrid approach combines centralised and decentralised
management, with a central controller responsible for
strategic decisions and local controllers for operational
decisions. This ensures a balance between global
optimization and local autonomy and system reliability,
but requires complex coordination between levels of
management.

Traditional microgrid management methods have
several limitations. In particular, they do not always
effectively cope with the integration of renewable energy
sources, such as solar and wind, due to their
unpredictability and instability, which can lead to system
stability problems. Also, traditional systems are often
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unable to quickly adapt to changes in load or generation,
which reduces control efficiency. With the increasing
number of components in a Microgrid, traditional
methods may have difficulty coordinating and managing.
In addition, centralised systems have a single point of
failure - the central controller - and if it fails, the entire
Microgrid can lose control, which negatively affects
system reliability.

Definition and classification of resilience in a
Microgrid. Consider a Microgrid in a steady state, where
all system parameters have constant values that do not
violate operational limits, such as permissible levels of
voltage, current, and frequency [10]. Such a system is
considered to be stable if, after a disturbance occurs, its
parameters return to new or previous steady-state values,
while remaining within acceptable limits, and without
unforeseen consumer outages. It is worth noting that
controlled load shedding within the framework of the
demand response concept, when consumers voluntarily
participate in the management of the Microgrid [11], is
not considered a destabilizing factor if performed within
certain technical limitations. In cases where load
disconnection occurs to isolate faulty equipment rather
than to resolve voltage or frequency problems, and the
system remains within the limits of operational stability,
it is also considered stable. Unlike centralised power
systems, where, due to the large number of consumers, it
is permissible to disconnect part of the load for the sake
of overall stability [12], a Microgrid serves a relatively
small number of consumers. This allows operators to
prioritize certain feeder lines, such as those that supply
electricity to medical facilities. In this case, if a critical
consumer is disconnected, the Microgrid loses its main
function. Therefore, disconnecting such loads to keep the
rest of the system running, except in the above cases,
indicates a loss of system stability according to the
criteria presented in this study. The classification block
diagram is shown in Fig. 2.

In this definition, disturbances are defined as any
external influences on the system, such as changes in
load, equipment failure, or adjustments to the operating
mode or set parameters. If the disturbances are small and
allow the use of a linearized model to describe the
behaviour of the system, they are considered small. In
cases where the impact is significant, for example, a short
circuit, a sudden change in the Microgrid's mode of
operation from a connected to an autonomous source, or
the loss of a generation source, such disturbances are
classified as large. It should be emphasized that pre-

planned transitions of the Microgrid to isolated mode are
accompanied by less significant voltage and frequency
fluctuations, as the protection and control parameters are
pre-adapted to the new conditions. The instability caused
by small disturbances can manifest itself in both the
short-term and long-term horizons, depending on its
source. For example, inefficient power distribution
between several inverters can cause steady fluctuations
that quickly go beyond the permissible limits. In turn, a
microgrid with a high load level can demonstrate similar
fluctuations even with minor changes in load, but in the
long term.

Microgrid stability

\ [

Control system stabllity Power supply and balance
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Fig. 2. Classification of stability in Microgrid

The stability of power supply and power balance in a
Microgrid includes ensuring that generation and
consumption are matched, as well as rational load
distribution between distributed energy resources (DERs).
Problems arise in cases of loss of generation capacity,
excessive loads on DER, incorrect redundancy, or
undesirable response of sensitive consumers (e.g.,
induction motors). This can lead to frequency and voltage
stability disturbances.

Frequency stability: A microgrid with low inertia and
a significant share of renewable generation is particularly
vulnerable to generator failures. In such conditions,
frequency changes occur quickly, and traditional
regulators may not have time to respond. Furthermore,
the close relationship between frequency and voltage
makes it difficult to control. Frequency stability can be
disturbed due to a sharp increase in consumption,
insufficient power reserves, or uncoordinated operation of
controllers, which manifests itself in the form of
frequency fluctuations or even emergency shutdowns.

Voltage stability: In most cases, the Microgrid
demonstrates voltage stability due to short transmission
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lines. However, problems can arise in weak or outdated
networks. The situation becomes even more complicated
if there are loads with high sensitivity to voltage
fluctuations or if induction motors dominate the system.
In the event of component failures, delayed voltage
restoration can occur, leading to excessive reactive power
consumption. To ensure stability, it is important to
coordinate the distribution of reactive power between
DERs, as the voltage is not the same throughout the
system. Conventional droop control does not always
provide a balanced distribution of reactive power, so
communication methods are considered to improve the
situation. In addition, stabilization of the voltage on the
DC bus of the inverters is important, as large fluctuations
can cause instability of the entire Microgrid [13].

Functional requirements for the Microgrid control
system. The design aspects of the energy management
system (EMS), which is a key element of the new
Microgrid, address both the functional needs and the
technical challenges associated with its implementation.
The EMS is responsible for monitoring and controlling
distributed energy sources (DERs) and consumers to
achieve optimal functioning of the entire system. It also
processes data from energy companies and weather
services, ensuring interaction with DER, loads, and
external platforms.

Basic functional requirements for EMS:

1. EMS forecasting uses historical information and
other available data to predict DER generation,
load behaviour, and market dynamics. This
happens on different time scales and is the basis
for further optimization decisions. In the context
of a Microgrid, forecasting is complicated by the
high variability and unpredictability of renewable
energy sources and the behaviour of some types of
loads.

2. Real-time optimization ensures uninterrupted
power supply and reduced generation costs.
Different scenarios use different algorithms,
which are usually formulated as nonlinear
optimization problems with different objective
functions. In particular, strategies can be applied
to manage consumption, Demand Response,
electric vehicle charging management, and the
implementation of V2G  (Vehicle-to-Grid)
technologies.

3. In data processing and communication,
information about DER, load, and market
conditions is used for analytics to help EMS better

understand system performance, adjust forecasts,
and improve optimization efficiency. It also serves
as a basis for developing control strategies for new
applications. The Microgrid operator interacts
with the EMS through an HMI (human-machine
interface), which allows for control of key
processes.

Given the diversity of energy resources that make up
the Microgrid, the EMS must ensure interoperability
between the various components and external systems.
External data must be adapted to internal EMS formats
using appropriate protocols and transcoding. The EMS
communication interface must be flexible and scalable to
support expanding functions and a stable electricity
supply.

Energy management plays a key role in ensuring the
stable and efficient operation of the Microgrid in both
grid and isolated modes. Its main task is to regulate the
output power and/or voltage of each generator in the
system. In general, control approaches can be divided into
two categories: those that use communication channels
and those that do without them. In a communication-
based system, data on the state of the Microgrid is
transmitted between components to coordinate the
operation of each energy source. The choice of
communication method depends on several factors:
distance to sources, safety requirements, costs, and
available technologies (fiber optic lines, microwave
channels, PLCs, radio, etc.). These systems are
implemented in the form of centralised or decentralised
control, or a combination of both. Centralised energy
management implies that a single control center makes
decisions about the optimal parameters of generator
operation. It receives all the necessary measurement data,
based on which the operating points for each source are
calculated and set. The purpose of such control is to
minimize operating costs, reduce the negative impact on
the environment, and increase the overall efficiency of the
system. Generator control systems execute commands
after a decision has been made on the optimal operating
modes. This is illustrated in Fig. 3.
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Fig. 3. Centralised electricity management scheme

The main limitations of the centralised scheme are
high computing resource requirements and vulnerability
to communication failures that can disable the system. At
the same time, this architecture allows for global
optimization. In the decentralised energy management
variant, all local generator controllers are connected by a
common communication bus through which data is
exchanged between them. Loads are also connected to
each of the local controllers. The concept of this system
organization is shown in Fig. 4. Based on the information
received, each controller independently determines the
operating parameters for the corresponding energy
source. This approach reduces computational costs and
redundancy in communications.
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Fig. 4. Decentralised energy management scheme

In cases where the organization of communications is
technically difficult or economically unprofitable, each
generation module (DG) must function autonomously.
Each power source has a separate controller that operates
without coordination with the others. The main
advantages of this approach include no need for
communication infrastructure and easy scalability of the
control system [14].

Microgrids are becoming an integral part of modern
methods of optimizing energy distribution. Capable of
operating both in grid-connected and autonomous mode,
they open up new opportunities for both grid operators
and end users. In particular, Microgrid helps to improve
the reliability of power supply by enabling islanding,
which reduces the duration of outages. They also improve
the quality of electricity through local load management,
ensure economic profitability by selling excess energy to
the grid, reduce transportation costs, and reduce CO:
emissions through the active use of renewable sources of
distributed generation [15].

Overloads in distribution lines or failures in the
higher-level grid can lead to the inability to fully supply
all consumers in the distribution network. In addition,
when connecting new loads, there is often a need to
modernize or strengthen the existing infrastructure.
Various approaches to optimizing distribution networks
have been proposed in scientific publications. For
example, [16] describes a two-level methodology for
expanding networks that takes into account both
emergencies and equipment relocation, with investment
tasks being solved first and then operational tasks. An
algorithm is presented in [17] that considers load
fluctuations, generation instability, and the variability of
renewable energy sources, optimizing voltage control
through Smart Grid technologies, taking into account the
number of distributed generation sources. Study [18]
proposes a methodology for improving network planning
based on the analysis of the load profile of medium and
low voltage substations. In [19], an approach is developed
for distribution system operators (DSOs) that can be
applied to both radial and mesh networks. In this context,
both active and passive network modernization measures
are considered, including the need to build new lines or
replace equipment. Approaches to Microgrid planning
where we are talking about models under uncertainty,
where the problem is divided into investment and
operational subtasks, AC, DC and hybrid Microgrid
options are studied, with an emphasis on choosing the
optimal size and location of energy sources, although
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aspects of line losses and power flow are not included in
the analysis [20-22].

The above studies have solved the key tasks related to
Microgrid planning. However, certain limitations persist,
particularly regarding accounting for uncertainty in
renewable energy generation. Most previous approaches
focus on only one type of generation, either wind turbines
(WT) or solar photovoltaic systems (PV), and do not take
into account their joint impact in the context of demand
response strategies. To the best of the authors' knowledge,
there are very few studies that comprehensively analyse
the interaction between demand response and uncertainty
arising from fluctuations in the production of several
types of renewable energy sources, taking into account
the interests of different participants in the Microgrid
energy system. The study [23] considers the coordination
of demand response strategies, taking into account the
instability of both types of DER - wind and solar energy.
The two-level planning model covers the interests of
several stakeholders, including Microgrid operators and
end users. Both parties seek to maximize their benefits in
the face of variable electricity tariffs. In addition, the
paper proposes a hybrid approach that combines
analytical methods to achieve the balance. The planning
model for isolated microgrids takes into account the
characteristics of many stakeholders and the need to
achieve a multi-criteria balance. The proposed model is
based on a two-level stochastic approach that allows for
the coordination of demand and variability of renewable
energy generation. The novelty is the use of a real-time
dynamic pricing mechanism to balance supply and
demand between users and the Microgrid. To solve the
formulated model, an approach based on the theory of
operational sequences (SOT) is implemented, which
allows for effective work with the uncertainty of DER
generation. In addition, a combined algorithm, Jaya-IPM,
which combines the heuristic Jaya method with the intra-
point method (IPM), has been developed to achieve high
accuracy and speed of computation. The proposed
methodology was tested on a specific Microgrid system,
and the results were compared with existing approaches.
The comparison showed the effectiveness and advantages
of the proposed approach in planning and managing
energy resources.

One of the key advantages of using an ontological
approach in Microgrid management is the unification of
knowledge about grid objects. The ontology allows for
the creation of a formalised system model that includes
characteristics of distributed energy sources (DER),
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loads, network topology, consumer priorities, types of
generators, and other important components. This
approach helps to improve accuracy in stochastic models,
as it allows you to more accurately set the constraints and
characteristics of the elements, which, in turn, reduces
modelling errors. In addition, in co-optimization tasks, an
ontology can act as a source of structured data that allows
automating the formation of input parameters, increasing
the efficiency of computing processes.

Context-aware _decision-making. The ontological
model in the context of Microgrid management allows for
taking into account not only purely physical parameters
of the system, but also contextual aspects that are critical
for decision-making. In particular, such a model can
include load priorities, such as the higher importance of
power supply to hospitals compared to residential
buildings, time preferences, such as increased
consumption at night, as well as logical rules, such as
automatically ~excluding a generator from the
optimization process in case of overheating. This
approach significantly extends the functionality of
classical optimization models, which typically operate
only with numerical parameters and mathematical
constraints, without taking into account complex logical
and contextual dependencies.

The use of ontology in Microgrid modelling ensures
flexibility and scalability of the system, allowing you to
add new types of objects, events, or scenarios without
having to change the core of the algorithm. This is
especially important for adapting to dynamic power
system conditions. For example, if a new type of
consumer or energy source is added, the ontological
model provides an immediate interpretation of its role and
impact on the optimization process, which eliminates the
need to reprogram the entire system and reduces the time
to implement changes.

The  ontological  approach  facilitates  the
implementation of inter-agent or decentralised control in
Microgrid systems. In particular, in architectures such as
Commelec, each agent can learn about the characteristics
and behaviour of other agents through a common
ontology. This enables efficient knowledge sharing
between distributed energy resources (DERs) even in the
absence of a centralised controller, which directly
enhances hybrid Microgrid control models. In addition,
the ontology provides a semantic justification for the
optimization results, which solves one of the key
problems of traditional mathematical models - the “black
box” effect. Thanks to ontological structures, it is
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possible to explain why a certain solution was chosen:
based on logical rules, priorities, or categories of objects,
which is especially important when managing critical
infrastructure.

In the two-level Microgrid management model, as
shown in Fig. 5, the ontology plays a key role at both
levels of decision-making.

Input
(DER, load, topology, consumer
classes, generators, rules)

Ontological model

X J

< Strategic planning > <perational manageme>

4 4
Constraints and
scenarios for the

management task

System structure for|
optimization

Fig. 5. Using ontology in a two-level Microgrid model

At the strategic planning level, the ontological model
is used to automate the construction of the grid structure,
classify nodes, and determine types of generators and
categories of consumers. This allows for a formalised
representation of the system, which serves as the basis for
further optimization. At the operational level of
management, the ontology provides logical rules that take
into account contextual conditions, such as the priority of
objects (for example, the impossibility of shutting down a
hospital), time modes of consumption, or technical
limitations of equipment. Such rules are transformed into
constraints for optimization tasks, increasing the accuracy
and validity of decisions.

The application of the ontological approach to the
management of Microgrid systems allows for a
significant change in the decision-making structure
compared to traditional methods. Table 1 shows the key
differences between these approaches by critical criteria.

In traditional systems, the network structure is formed
manually based on fixed configurations. Instead, the

ontological model allows you to automatically create the
system structure through a semantic description of its
components - generators, nodes, and loads. Another
important difference is the way parameters are defined. In
classical approaches, they are set manually or through
predefined algorithms. An ontology provides dynamic
extraction and updating of object attributes, which
significantly increases the relevance of input data.
Decision-making logic in traditional systems is mostly
limited to numerical constraints, while the ontological
approach allows for the inclusion of logical rules, time
dependencies, priority hierarchy, and other semantic
aspects. This makes it possible to implement more
flexible and realistic management scenarios. In classical
systems, decentralised control is usually based on a
centralised controller that creates a single point of failure.
The ontology, on the other hand, allows each agent to
independently obtain knowledge from the overall model,
ensuring efficient operation even in the absence of a
central node.

Table 1. Comparative analysis of traditional and ontological

approaches
Criteria Traditional Ontological
approach approach
Formation of the Manually based on | Automatically
system structure fixed using the
configurations semantic
descriptions
of objects
Defining the parameters Parameters are Object
entered manually | attributes are
or using prescribed extracted
algorithms from the
ontology and
updated
dynamically
Decision-making logic Based on May include
numerical logical,
restrictions and temporal,
conditions hierarchical
rules and
priorities
Support for A centralised The agent can
decentralised controller is get
governance required knowledge
from the
ontology, and
it works
without a
central node
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To demonstrate the qualitative difference in system
behaviour before and after the implementation of the
ontological approach, it is advisable to consider a typical
emergency scenario, such as a line break or a failure of
one of the generators (Fig. 6).
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Ontology blocks unwanted strategies and
finds a logical alternative

Fig. 6. Using ontology in a two-level Microgrid model

In a traditional control system, the optimizer performs
a simple load redistribution between available resources.
Such an approach can lead to overloading of critical
network elements, including high-priority nodes such as
medical facilities. Instead, the ontological model allows
taking into account not only technical parameters but also
logical rules, priorities, and context. The system uses a
CNG (Central Node of Generation) and “understands”
that a hospital cannot be shut down, and, guided by
semantic knowledge, blocks unacceptable options by
offering a logical alternative. A summarized comparison
is shown in Fig. 7.

Traditional Optimization Ontology-Based Approach

Data Sources
(Semantic Objects with

Data Sources
(Tables/Arrays of numbers)

—

Properties)

Optimization Optimization
(Formulas) (Logical Rulas/Formulas)
Result Reasoned Decialon
(Distributions)
(Set of actions)
-

B @ @

Generators Loads Loads

Fig. 7. Comparison of traditional optimization with an
ontological approach

The system can justify the choice of a particular
option. This approach ensures transparency of
management, which is critical for critical infrastructure
facilities. On a graphical level, this can be represented as
a decision tree or flowchart, where arrows point to factors
that influenced the choice: consumer priority (e.g., a
hospital is more important than a residential building),
current state of energy sources (DER), safety policies
(e.g., prohibition of overloading key elements), and
contextual conditions such as time of day.

Conclusions

Microgrid, as a promising distributed energy
architecture, demonstrates significant advantages in
improving the reliability and environmental friendliness
of local energy supply, especially in conditions of
autonomous operation and isolation from centralised
networks. The article proposes a method for redistributing
electricity in a Microgrid based on an ontological model,
which allows for increasing the efficiency of energy flow
management. Particular attention is paid to the principles
of Microgrid sustainability, in particular in the context of
dynamic changes in load, generation, and transitions
between operating modes. It is established that the
effective functioning of a Microgrid is possible only with
the introduction of adaptive control systems based on
predictive modelling, multi-agent interaction, and the
principles of energy sustainability.
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Cmenanos I.0., Hosozpyocvka P.JI.
Cnocid nepepo3noziny enexrpoeneprii B Mepe:xi Microgrid Ha 6a3i ontosoriunoi moaeni
Hasuanvro-nayxosuii incmunym menexomynikayiunux cucmem KIII im. leopsa Cikopcvkoeo, m. Kuis, Yrpaina

Ipo6aemaTuka. EQekTrBHE yIpaBIiHHSA PO3MOJIOM €NEKTpOeHEPrii y Mepexkax Tumy Microgrid € Kimro4oBUM (HakTopoM it
3a0e3medeHH s HaJIHOCTI, CTAOLTBHOCT] Ta THYYKOCTI TAKHX CHCTEM. Y 3B’S3KY 3 JCLEHTPANI3AIi€l0 CHEPreTHYHNX CUCTEM Ta
aKTHBHHUM BIIPOBA/DKCHHAM BiTHOBTIOBAHHX JUKEpEd EHEpTii, 3pocTae TOoTpeba B aJAaNTHBHHX METOAAX IEpepo3MOily
€JIEKTPOCHEPTIi, 3IaTHAX BPaXOBYBATU JUHAMIUHI 3MiHM B HABAHTAXCHHI Ta reHepalii. [CHyroUi miIxou NepeBakHO 6a3yrOThCS
Ha KOPCTKHX alropuTMax abo IEHTPaNi30BaHOMY YNPABIiHHI, IO YCKIAIHIOE Peali3alilo THyYKHX CLECHAPIiB i MPU3BOIUTH J0
00MeskeHOi aJanTUBHOCTI. BifCyTHICTh €MHOTO MPEICTABICHHS 3HAHb YCKIAJHIOE B3a€EMOJiK0 Mik ereMeHTamu Microgrid Ta
CTBOPIOE MEPEIIKOAY /ISl PO3IMIUPEHHS CHCTEM.

Meta pochuimkennsi. Meror 1€l poOoTH € po3polneHHs croco0y mepepo3nofiny enekrpoeHeprii B Microgrid i3
BUKOPHCTAHHAM OHTOJIOT1YHOI Mojeni, fKa 3a0€3MeUnTb Y3TOIKEHE IMPEACTABICHHS 3HaHb IPO ENEMEHTH CHCTEMH, iXHi
B32€EMO3B’3KH, OOMEXEHHS Ta MPIOPUTETH. 3aNpOTOHOBAHMM IMIJAXiJ MA€ CHPUSTH KOHTEKCTHO-OPIEHTOBAHOMY HPHHHSTTIO
PpillIeHb 1 TTiIBUIIEHHIO PiBHS aBTOHOMHOCTI €HeProcHCTeMH 0e3 HeOOXITHOCTI pafMKaNbHUX 3MiH y CXeMaxX YIpaBIiHHS.

Metoquka peanisanii.. Y poOoTi mpoaHami3oBaHO THIOBI CLEHApii MEPepo3NOJiny eIeKTpOCHeprii, BU3HAYCHO KOH(IIKTH
B3aeMoJii Mixk By3namu Microgrid, a Takox 3ampoIIOHOBAHO OHTONOTIYHY MOJIENb, SIKa BITOOpaKae CTPYKTYPY CHCTEMH, 3B’ S3KH
MK JDKepenaMu Ta CIIOKMBayaMH, MPIOPUTETH HABAHTAXKEHb 1 MpaBuia IPUIHATTA pimeHs. OCHOBHA yBara mpupijieHa no0ynosi
(opmaizoBaHoi 6231 3HaHb, ska 3a0e31euye iHTepOTepaOeNIbHICTh | THYUKICTh B YIIPaBIIiHHI.

PesynbTaTn pociigkenns. IIposenenuil aHani3 mifTBEpANB, IO OLNBIIICTh HASBHUX CHUCTEM YIPABIIHHS €IEKTPOECHEPri€r0
MalOTh OOMEXEHI MOXIJIMBOCTI W00 AJANTaIlii 10 AMHAMIYHAX 3MiH 1 HE BPaxXOBYIOTh CEMAHTHYHI 3B’SI3KM MK €JIeMEHTAMH
cUCTeMH. 3amlpoNoOHOBAHA OHTONOTIYHA MOJENb J03BONSE peani3yBaTH JUHAMIUHMN MEPEpo3MOALT EHeprii 3 ypaxyBaHHAM
KOHTEKCTY Ta MHOXMHH (akTopiB. Lle 3abesmeuye minBumeHHs HapiHocTi Microgrid, a Takox crpuse OiTbII MIBUAKOMY
pEearyBaHHIO Ha 3MiHY YMOB €KCILTyaTaIli.

BucnoBkn. 3anpormoHoBaHMH crmocid Tepepo3moainy enextpoeHeprii B Microgrid Ha 0a3i oHTONOTIYHOT Mozeni €
TEPCIICKTUBHIM HATPSAMOM JUIl MOOYIOBH aJAaNTHBHHUX Ta IHTEICKTYaNbHUX EHEPreTHYHMX cHcTeM. [lomaiplmi mOCIiKeHHS
IIAHYETHCS CIPSAMYBATH HA Peati3alilo MPOTOTHIY IPOTPAMHOTO MOAYJIS YIPABIIHHA, 2 TAKOXK HA POIMIUPEHHS OHTOJOTII UL
BpaxyBaHH crelu(iku pi3HUX KoHPirypanii Microgrid.

Kntouosi crosa: onmonocis; Microgrid; po3nodin enepeii; eHyuxicmp, Maummado8anicnb, ceManmuiHuil nioxio.
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