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PRINCIPLES OF RESOURCE-PROCESS MODELING OF TERRITORIAL
COMMUNITIES COMBINED ENERGY SUPPLY IN THE CLIMATE
CHANGE PREVENTION CONTEXT

Abstract. The research is devoted to the theoretical and practical substantiation of the principles of
formation of systems of combined energy supply with heterogeneous sources to increase the energy
efficiency of territorial communities in the conditions of climate change resistance. New approaches and
structural models for the formation of local microenergy systems are proposed, which will encourage
territorial communities to a new type of activity related to their own energy generation based on the use of
local types of fuels and renewable energy sources. The principles of building such local energy supply
systems, in general, consist in the rational distribution of resources (renewable sources, sources of
combined energy generation using biofuels, energy from external networks) and coordination of the
processes of generation, transmission, accumulation, distribution and consumption of energy within the
boundaries of a separate territorial community by creating its own high-tech infrastructure assets. The
formation of the energy balance in the medium and long term is proposed to be carried out on the basis of
a resource-process analysis of the operation of local networks by finding the optimal use of local types of
biofuels and renewable sources in the combined generation of electricity and heat, taking into account their
current value. The cost of energy for the end consumer is determined by differentiated tariffs of energy
supply companies and the use of several heterogeneous sources that participate in the process of
decentralized energy production. Mathematical relations are obtained for calculating the values of the time
intervals of the execution of a set of parallel processes that arise during the interaction of competing
sources of distributed generation with end consumers and establishing the regularities of the formation of
the energy balance a micro energy system. The proposed method can be a tool for finding optimal energy
efficiency management scenarios of facilities with local energy supply, using operational redistribution of
energy flows in the system of combined energy generation and forecasting current costs for energy supply
in calculation periods. Such a concept can be a theoretical basis for the formation of principles of energy
independence of territorial communities.

Keywords: territorial community, combined-heat-and-power-system, renewable energy sources, biofuel,
energy balances.

1. Introduction

The modern experience of organizing structures of territorial communities in the context of the global
"green" energy transition [1] and the decentralization of energy supply systems shows a return to collective
ownership and management of resource assets related to own energy generation through the introduction of
distributed generating capacities with renewable energy sources (RES) and energy generation systems based
on local biofuels [2]. Due to the rational distribution of resources and coordination of the processes of
generation, transmission, accumulation, distribution and consumption of energy, it becomes possible to create
local high-tech infrastructure assets within a separate territorial community for the formation of independent
(island) energy supply [3, 4].

Today's energy policy at the community level is implemented on the basis of the market for the services
of corporate suppliers. This means that such companies don’t participate in filling local budgets, because of
profits from their activities are directed to the shareholders of these companies, who, in the vast majority of
cases, are outside the territorial community. This does not contribute to the inflow of investments in this area
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and the creation of additional jobs. Under such conditions, regional development is quite problematic, since
the community does not receive economic benefits and constantly bears costs for energy consumption.

There is a well-known experience when newly created local cooperatives undertake to generate
ecological energy in the region by establishing an independent supplier [5, 6]. In this case, the creation of a
new local energy infrastructure provides consumers with an alternative to reorganizing energy supply
technologies in a way that would correspond to the region's development strategy. Decentralized management
of energy resources helps to achieve three main goals: implementation of energy generation facilities both at
the individual level and at the community level; accumulation of financial resources in the community for the
purpose of investing profits in regional sustainable development projects; strengthening the influence of end
consumers on the economic model of energy supply of the territorial community.

The current increase in interest in solving the problems of energy supply of local communities, which
could use local alternative fuels and renewable sources, as well as the development of "smart" networks, draws
attention to project activities on the creation and improvement of local microenergy systems of combined
energy generation of electricity and heat with heterogeneous sources (CHPS). Local communities (especially
in developed countries) are transforming, trying to change their traditional identity as passive consumers. There
is already experience in the formation of so-called active consumers who are both consumers and producers
of energy [7, 8]. Local energy systems can potentially contribute to overall energy and climate goals by helping
to reverse trends in energy consumption and greenhouse gas emissions.

Local micro-energy networks have wide opportunities for the integration of renewable energy sources
by taking into account the peculiarities of their interaction in ensuring the demand of end consumers and
coordinating the use of the external energy system and require new organizational approaches in solving their
management tasks. New energy initiatives are aimed at using a different logic for structuring local energy
supply. This is consistent with the concept of "mass innovation™, which aims to replace existing socio-technical
structures. The material manifestations of the new structure are facilities for local sustainable energy
generation, such as solar and wind power plants, biomass and biofuel generation facilities. In addition, local
cooperatives are experimenting with such innovations as energy storage and the creation of "smart" grids [7, 9].

In recent years, a number of fundamental and applied research works have been carried out, which touch
on the structural-parametric synthesis of combined power supply systems of energy-efficient buildings based
on smart technologies, management systems of micro-energy networks of local objects based on a conditional
dynamic tariff, etc. [10]. The decarbonization policy requires a further increase in the share of RES energy in
the balance of regional energy systems, which traditionally depended on fossil fuels. This leads to the need to
find solutions for the optimal combination of the processes of generation, transmission and distribution of
thermal and electrical energy. Traditionally, such energy networks were designed as separate independent
systems, but their integration in load nodes means that a deeper study of heat-electric processes at the level of
primary fuel conversion technologies and energy consumption management at the end consumer level is
necessary [11, 12].

Theoretical studies of the processes of formation of dynamic tariffs for the formation of daily
management scenarios at local energy facilities allowed to establish regularities in the development and
implementation of combined energy supply systems [13-15]. The basic objects in Ukraine for their use at the
initial stage of energy supply projects are solar power plants of households with a capacity up to 30 kW, the
number of which reaches almost 40 thousand as of 2023. This circumstance can significantly affect the level
of the current cost of electricity during the day and more long time intervals (month, year). Such systems in
the summer period are characterized by the use of significant amounts of electricity in the structure of
consumption for the generation of cold (air conditioning).

It is the formation of the overall energy balance of such a microenergy system in the absence of
expensive electricity storage technologies that opens up opportunities for finding optimal energy efficiency
management scenarios based on forecasting current energy supply costs. Such a concept can be the theoretical
basis of our approaches to the formation of energy independence of territorial communities.
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Several methods of modeling integrated energy systems are known. Such systems are often called
differently, but the key principles of their construction are similar: for example, multi-component energy
networks (MCEN) [16, 17], multi-flow energy systems (MEFS) [18], multi-vector energy networks and
integrated energy systems (IES). [19]. Energy networks with several different energy carriers are able to meet
demand and efficiently combine their use, including energy storage. Even in networks that do not have a clear
coordination of the work of sources (like MCEN), there is a growing number of elements that create additional
connections within local networks and between external networks. In principle, such networks cannot be
considered as independent from each other [20].

The scientific idea of using a resource-process analysis of the operation of local networks as a tool for
increasing the energy efficiency of objects with a separate formation of energy balances is increasingly
receiving support from clients acting as long-term investors. The development of new principles for the
construction of micro-energy systems became the main basis for the formation of energy independence of the
selected objects. The idea is not simply to use energy effectively, but, first of all, to change the attitude of the
end consumer towards the processes of own generation based on local fuels and renewable sources, taking into
account its present cost. The cost of energy is determined not only by differentiated tariffs of energy supply
companies, but also by the use of several heterogeneous sources that participate in the process of decentralized
energy production.

2. Research methodology

The principles of forming the energy independence of territorial communities are a modern approach to
the integration of several sources of distributed generation of small power to external power grids. The key
feature of such CHPS is their ability to predictably change the structure of the energy balance by replacing the
main component of energy consumption from external networks and, under certain conditions, to switch to an
isolated (island) mode of operation without reducing the quality of energy supply. At the same time,
synchronization with external networks makes it possible to maneuver distributed generation in a microenergy
system with stochastic parameters of its own generation and to have operational flexibility when using sources
of distributed generation.

The use of several sources of distributed generation, which form the CHPS structure and are integrated
into existing networks, requires the following tasks to be solved:

- implementation of automatic switching between external networks and the micro-energy system,
determination of the conditions for switching to the island mode of energy supply;

- development of principles of construction and algorithms of operation of network control systems of
CHPS with several heterogeneous sources;

- development of the principles of building a system of intelligent control of energy consumption on the
end consumer’s side and functioning algorithms to ensure the stability of the operation of the micro-energy
system when exchanging energy with external networks and when operating in island mode.

It is advisable to analyze the behavior of CHPS with several energy sources in several stages:

1) determination of annual energy consumption/production by companies, assessing the main variables
related to energy;

2) evaluation of the energy balance (demand/supply) for the calculation period (it is assumed that energy
generation should cover only current energy needs. Surplus energy produced in previous periods cannot cover
needs in future periods in which generation is insufficient);

3) determination of the short-term, medium-term and long-term energy profile for the generation of
electricity and heat and the consumer;

4) modeling of the formation of the energy balance in the combined CHPS and analysis of cost indicators
in the energy supply system to forecast future end consumer energy management scenarios.

We will assume that the mathematical model of a scalable distributed microgrid includes:

n = 2 — the number of sources participating in the territorial community's own energy production;
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C = 2 —the number of final consumers of electricity (a building with a defined specific energy
consumption);

W = 2 —the number of structured competing energy flows from sources of distributed generation,
taking into account their specific present values (price ranges V);

T = [tij], i =1,n j = 1,m — the matrix of time intervals of energy transmission by the i-th source
from the j-th price range;

V= [Vi j]nxm — matrix of the cost of a reduced unit of energy from the j-th price range when generated

by the i-th source;

&> 0 is a parameter characterizing the system time that is spent on the organization of parallel
transmission of energy from n sources C to final consumers.

It is assumed that all sources of electrical energy are distributed, that is, energy flows are transmitted to
various end consumers who are connected to the network infrastructure. We will call a distributed microgrid
heterogeneous if the time intervals of energy transmission to end consumers are different for different sources.
We will call a distributed microgrid homogeneous if each end consumer has the opportunity to receive energy
from all selected sources of the micro energy system t;; = t;, i = 1,n,j = 1,m. Adistributed microgrid will
be called uniformly distributed if the times of energy transmission by each source to all final consumers
coincide, that is, a fair sequence of equalities, t;; = tip = - tiy, = t;, foralli = 1,n.

The approach to the selection of a technological base for the generation of electricity and heat and the
distribution of energy flows is proposed to be presented in the form of a local power node of the CHPS (Fig. 1,
Fig.2), which includes:

- at the system level: heterogeneous sources (centralized power supply system (CPSS), local heating
network (HG), solar power plant (SPP), wind power plant (WPP), thermal power plant (HPP), biofuel
cogeneration plant (BCP);

- at the local resource level: primary fuels (firewood, wood chips, agricultural waste, bioenergy crops,
peat, biogas);

- at the local consumer’s level: elements of individual energy supply of the end consumers (gas boiler,
solid fuel boiler, electric boiler, heat pump).

Local energy
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Fig. 1. The structure of energy flows of a local node CHPS
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Fig. 2. Structure of combined energy supply with heterogeneous sources

In general, the following criteria can be chosen to evaluate the effectiveness of CHPS of this class:

- economic and financial efficiency;

- ecological neutrality;

- social orientation and increase of jobs in the community;

- priority use of local fuels with a competitive cost;

- minimal use of material and energy resources (implementation of energy management);

- energy quality indicators;

- indicators of reliability of energy supply;

- indicator of energy independence (indicator of the ratio of network and local components of energy in
the balance of CHPS).

All the criteria listed above have a complex hierarchical structure and are described by a set of partial
criteria that reflect their different specificities. The transition from general goals to partial ones is accompanied
by competition in the system of main priorities, which often leads to their mutual contradictions.

At the beginning of the analysis of the micropower system (Fig. 1, Fig. 2), let us denote the vector of
parameters of external factors (traditional energy sources) of the formation of the energy balance D(t), the
vector of structuring parameters R(t) (this includes primarily the structural implementations of CHPS with
heterogeneous sources, including RES with a stochastic nature of generation), the vector of control influences
Y (t) and the criterion vector functional Fi.

The vector criterion (objective) functional is integral, since in multicomponent systems, optimal
solutions are usually determined not by the instantaneous response of the system, but by a certain calculation
period T

T
Fp = f F;(D(6),R(6),Y(®))dt, i= 1,n. (D
0

With this representation (1), the value of the vector functional is a function of the input parameters, and
ultimately in the form of a function of the controlling influences Y (t).

The parameters D(t), R(t), Y(t) are usually variables and are specified by an expression of type
Dinin =D = Dpax-

The change of these parameters is also mutually dependent
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4,(D(@®),R(0),Y(®)) = 0.

We believe that for the system shown in fig. 3, there is some information about the internal connections
between its elements, which allows the parameters of the system to be presented in the form of internal
(endogenous) D4 (t) and external (exogenous) D, (t) connections. The production of control influences by
the control system, the reaction of which occurs through feedback. The values acquired by the endogenous
variables depend on the values of the exogenous and control variables

Dena(t) = A(Dex(t);R(t)v Y(t)) = 0.

For the case of probabilistic conditions, parameter D can take different values X1, X, ... X,, with known
probabilities of occurrence of these parameters py, ps ... Pn,

7:1 p; =1. (2

From the logic of building microenergy systems building and their control systems, we consider
endogenous and control parameters to be dependent, and exogenous parameters to be independent. In addition,
the conditions for the formation of the system structure can be deterministic (defined), probabilistic and
uncertain. In the case of deterministically given parameters, the optimal solution search function can be written
in the form F(Y) — min. The parameters of internal and external influences in this case do not affect to the
search for the optimal solution, as they are set prescriptively.

3. Results

Obtaining mathematical ratios for calculating the exact values of the total execution time of a set of
parallel processes that occur during the interaction of competing sources of distributed generation with end
consumers will allow in real time to optimally control any segments of the microgrid, plan the connection of
new objects, quickly redistribute energy flows, manage the efficiency of the use of primary fuels.

& _ [.$
IF7¢ = ¢
i-th price range, taking into account the parameter &. Then, if we establish a mutual and unambiguous
correspondence between the sources and the requirements for the formation of the energy balance based on

], and n X m is matrix of time intervals of energy transmission by the i-th source from the

seasonal schedules of energy consumption, then the matrix of time intervals of energy transfer [tf; Ji=1,n,

j = 1,m will coincide with the matrix of time intervals for the formation of the energy balance structure from
selected sources n with characteristics m as a single-route Bellman-Johnson task [21]. Therefore, to calculate
the minimum total time Ty (C,n,m,§) of energy transfer by n > 2 heterogeneous distributed competing

sources that use m = 2 structured flows in a microenergy system with C > 2 final consumers, taking into
account the parameter & > 0, then for our case the Bellman-Johnson functional can be written:

U Uy n
€ §) = M s sunem | D1+ bk D il @)
i=1

i=u1 i=um_1

& _ . T e
where t;; = tij+ &, =1,n,j=1,m, auq,uy,..,u,_, are positive integers.

For micro-energy systems with combined energy supply, it is advisable to use a method that allows you
to solve the problem of determining the minimum total time T (C,n, m, §) of transmission of heterogeneous

distributed competing energy flows in the form of an n X m transmission matrix from the j-th price range i-th

source T¢ = [tf

l.j], i = 1,n,j = 1,m. Todo this, we build a network vertex-weighted graph G,, which contains
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nm vertices located at the nodes of a rectangular n X m — lattice (Fig. 3), the formation of which consists in
a tabular record of the time intervals for servicing applications (demand for energy), which consist of n rows
and m columns. The minimum element is defined in the table. If it belongs to the first column, its row number
is written in the first free position on the left of the prepared row. If this minimum belongs to another column,
its row number is written in the first free position from the right. In any case, the row where there was a
minimum is deleted from the table of the service interval. This sequence is repeated until all the empty positions
of the prepared line are filled.

This determines the optimal schedule, which sets the priority for the participation of sources in the
formation of the energy balance of the CHPS. If you need to select several identical minimums, you can select
any of them. When choosing a different minimum, a different optimal set of components of the energy balance

can be obtained.
|
|

@ @ - @ @
Fig. 3. Network vertex-weighted graph for determining the minimum total time Ty,(C,n, m, §)
for the transfer of heterogeneous distributed competing energy flows

Each vertex of the graph G, corresponds to the value tfj =t,i=1n,j=1m,and tt is the initial

vertex, tflm is the final vertex. The arcs in graph G, reflect the linear order of transmission of structured
competing energy flows by each source of distributed generation, as well as the linear order of reception of the
same flows by different end consumers.

The basic configuration of a local microgrid with inputs from a centralized power system, wind-solar
power plants, autonomous generators with internal combustion engines, heat energy and cogeneration plants
(on biogas, biodiesel, biofuel), static power sources, a system for monitoring and managing the energy
consumption of end consumers will allow the formation of adaptive energy balances of the community, taking
into account the costs of primary fuel, transmission and distribution of electric and thermal energy among end
consumers.

For a conditional optimal solution selected from a set of solutions, Y; () and the value F;(x)) will be
reached with the same probability as the parameter D; will be formed. Therefore, the value of the functional
can be written in the form of a formula for finding the mathematical expectation:

n
ME(Y.) = mingzr > piFiy (DY), @)
=1
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In this case, the order of calculations can be carried out in the sequence outlined in Table 1.

Table 1. The order of calculations when searching for the optimal solution in the conditions of probabilistic-
deterministic determination of the initial data

D X Xz X;
MF
P1 p2 Pi
Y
Y1 Fi1 Fi Fij n
j MF, = Zj=1pj Fyj
j MF, = Zj:1pj Fy;
. . . ) n
Y| F|1 F|2 oo F” MFl — p] FU
=1
Y Fin1 Fmz Foi ME, = Zn Dj Fin,j
m j=1 ] mj
mlanFl

It is clear that the task of optimization based on the resource-process approach in probabilistic
deterministic should be based on the demand of the energy supply system D;,j = 1,n and the probabilities

p; with which these values are realized. If Y;,j = 1,m are options for forming the energy balance of a
microenergy system based on generation by several sources, and F;; is an integrated reduced cost indicator
that takes into account the specific cost of electricity and heat energy. The optimal solution will be the one in
which the structure of the sources of the micro-energy system will provide the minimum integral indicator of
costs in the long term (from one calendar year).

The values of the functional F, obtained with comparable variants of alternative Y; and various external
conditions X form the so-called payment matrix (highlighted in bold letters in Table 1). The value of the
function F, in this case can be rightfully interpreted as resource costs that we seek to minimize.
Recommendations or rules for choosing the best solution in such a situation are the subject of further research.

Based on the concept of creating a CHPS justified in this study and determining its functional
capabilities in relation to the insular character of replacing the share of electric and thermal energy in the
energy balance of the territorial community in Fig. 4 proposed a generalized structure from heterogeneous
sources of the network level (centralized power supply system (CPSS), local heating network (HG), solar
power plant (SPP), wind power plant (WPP), thermal power plant (HPP), biofuel cogeneration plant ( BCP)
and equipment for the end consumers energy supply (gas boiler, solid fuel boiler, electric boiler, heat pump).

Electricity generation technologies are based on the use of solar photovoltaic installations, wind power
plants and installations of combined energy generation on solid biofuel and biogas, allowing to maneuver
capacities to cover demand. Consumers united in energy communities independently consume the produced
energy and thus become collective end consumers of energy. Any additional electricity generation from such
sources can be exported to the main (centralized) grid, sold to third parties or accumulated.

Such approaches show a conceptual way of finding the best solution, which allows you to build several
chains of logical trends regarding the justification of the choice. This is precisely the principles of resource
and process optimization.
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Fig. 4. Generalized system of combined energy supply of the territorial community

Measures to increase the energy efficiency of territorial communities (as main or auxiliary) should
motivate community members to reduce energy consumption and invest in the modernization of buildings (for
the population) and production technologies (for businesses). An important factor is the further implementation
of the dynamic energy management system, which will allow for parity formation of tariff plans within the
territorial community and show investment-attractive directions for further energy efficiency improvement and
reduction of greenhouse gas emissions.

4. Conclusions

The current state of implementation of renewable energy facilities and the development of the latest
technical and technological solutions for biofuel conversions for the combined generation of electricity and
heat creates opportunities for managing the efficiency of energy supply of territorial communities in the context
of greening the energy sector. The obtained results give an idea of further directions of research related to the
justification of economically achievable levels of energy independence of territorial communities based on the
development of their own generation and network infrastructure.

The work formulates theoretical and applied principles of structural implementations of combined
energy generation systems for energy supply of territorial communities with heterogeneous sources. The
formal presentation of results is related to the variability of competing resources and processes in CHPS when
forming energy balances on the basis of the reduced integral indicator of costs, which takes into account the
specific cost of electricity and thermal energy. The search for the optimal solution aims to consider the model
series of the structure of the sources of the micro-energy system to ensure the demand for electricity and heat
in the medium and long term at the minimum integral indicator of costs.

RES electricity generation and energy generation based on local biofuels are the basis of the structure
of energy flows of the local node as a basic element of the energy supply system of the territorial community,
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a generalized structure of CHPS sources integrated into centralized networks is proposed. It is obvious that in
this form CHPS constitute a new type of economic entities with a special organizational structure in the
conditions of the functioning of the new energy market and the decarbonization of the economy.

The method of determining the integral indicator of costs for the energy supply of selected CHPS
structures can be used to develop a system of dynamic energy management, which will allow the formation of
tariff plans within the territorial community on a parity basis, taking into account the supply of energy from
external networks, the possibility of accumulation, and show investment-attractive directions for further
increasing energy efficiency and reducing greenhouse gas emissions gases This can play an important role in
starting a new cycle of sustainable regional development.
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AHoTauis. Jocniodicennsi npucesiuene meopemuyHoMy ma RPAKmMuidHoMy OOIPYHMY8AHHIO NPUHYUNIE
@opmysanna cucmem KombiHO8aHO20 eHepeo3abesneyents 3 pisHOPIOHUMU Odcepenamu 05 NiO8UUeHHS
eHep2oeheKmueHOCi MePUMOPIAIbHUX 2POMAO 8 YMOBAX NPOMUOLL 3MIHU KAIMamy. 3anponoHo6ani HO8L
nioxoou i CmpyKmypHi MOOei YOPMYBAHHSL TOKALLHUX MIKPOECHEPLEMUYHUX CUCHEM, SIKI CHOHYKAMUMYMb
Mepumopianvhi 2pomacu 00 H08020 8Udy JiIbHOCHI, N08 SA3AH020 3 GIIACHUM eHep2O0BUPOOHUYMEOM HA
OCHO8I 8UKOPUCMAHHS MICYedux 6udie Naiue ma 6iOHOBNI08aHUX Oxcepen enepzii. Ilpunyunu nodydosu
MAKUX cucmem JOKAIbHO20 eHep203a0e3NeUents y 3a2albHOMY GUNAOKY NONAAIOMb Y PAYIOHANLHOMY
PO3n00ini pecypcis (8i0H061I08AHUX dicepel, Oxcepesl KOMOIHOBAHO20 eHepeo8UPOOHUYMEA HA DIONAIUE,
eHepaii 308HIUHIX Mepedc) ma Yy320024CeHHI npoyecie cenepayii, nepeoayi, aKkyMya08aHHs, PO3NOOLLY ma
CNOJICUBAHHA eHepaii y Medcax OKpemoi mepumopianbHoi 2pomaou WIsAXOM CMBOPEeHHs BIACHUX
BUCOKOMEXHONOTUHUX THpacmpyKmypHUX akmueie. PopmysanHs enepeemudHo20 6aiancy y cepeonbo-
ma 00620CMpPOKOGI NepCReKMUGE 3anpOoNoHOBAHO 30IUICHIOBAMU HA OCHOGI PeCYPCHO-NPOYECHO20 aHANIZY
DYHKYIOHYBAHHS TOKATIHUX MEPEdIC WLISIXOM NOULYKY ONMUMALLHO20 BUKOPUCMAHHS MiCYesux 6udis
Oionanusa ma BiOHOGNIOBAHUX Odiceper V) KOMOIHOBAHOMY GUPOOHUYMGEI elekmpoenepeii i menia 3
ypaxyeauuam ix npueedenoi eapmocmi. Bapmicmo enepeii 015 KiHYe8020 Cnoicusada 00ymo8iioemves
ouepenyitioganumu mapugamy eHepeonoOCmaiaibHux KOMRAHIU Md  GUKOPUCAHHIM OeKilbKOX
Pi3HOPIOHUX Odicepen, KT bepymb yuacmyv y npoyeci 0eyeHmpaizo8ano2o enepeosupobnuymea. Ompumani
MamemamuyHi Cnig8iOHOWIeHHs OJid OOYUCHEHHA 3HAYEeHb YACOBUX MPOMINCKIE BUKOHAHHA MHONCUHU
napanenvbHux NPoyecis, wo SUHUKAIOMb NPU G3AEMOOIL KOHKYPYIOUUX 0dicepesl po3nodineHoi cenepayii 3
KiHYeuUMU CROJMCUBAYAMU, | 6CIMAHOGIEHHS 3AKOHOMIPHOCMEN (QOPMYSAHHS eHepeemuidno2o0 0anaucy
makoi Mikpoenepeocucmemu. 3anponoHOGaAnUl Memoo Modce Oymu IHCMPYMEHmoM Ol HOULYKY
ONMUMANLHUX CYeHapiie YNpasinHa eHepeoe@ekmugHicmio 00 eKmie 3 T0KAIbHUM eHep203abe3neyeHHIM
npu  BUKOPUCIMAHHI ONEPAMUBHO20 NEPepO3NOOLy NOMOKI@ eHepeil y cucmemi KOMOIHOBAHO20
eHepeosUPOOHUYMEA Ma NPOSHO3YEAHHI NOMOYHUX GUMPAM HA eHep203a0e3neyeHHs Y PO3PAXYHKOBUX
nepiodax. Taka Konyenyis Mmooice Oymu meopemuyHol0 OCHOB0I0 Ol (HOPMYBAHHI NPUHYUNIE
EHep2OHe3aNedCHOCII MEPUMOPIATbHUX 2POMAO.

KarouoBi cioBa: TepurtopiaipHa Tpomana, KOMOIHOBaHE BHPOOHHUITBO e€JIEKTpOeHeprii 1 Teruia,
BIJIHOBJTIOBaHI JKepesia eHeprii, 0101ainBo, eHepreTUyHI OalaHcH.
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