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THE FUNCTIONING MODEL OF INTEGRATED ENERGY SUPPLY
SYSTEM WITH CO-GENERATION UNITS OPERATION, TAKING
INTO ACCOUNT PROSPECTS OF BIOENERGY DEVELOPMENT IN
UKRAINE

In conditions of renewable energy sources development and implementation of modern technologies in the
energy sector, energy from biomass in the structure of power supply systems is an actual topic. The development
of bioenergy is an important part of ensuring the energy security of many countries, as it enables to reduce fossil
fuel consumption, dependence on imported energy sources and ensure sustainable local energy supply. The article
presents the functioning model of integrated energy supply system (energy hub) with co-generation units
operation, taking into account prospects of bioenergy development in Ukraine. This paper studies the optimal
operation problem of an energy hub with multiple energy sources to serve electricity and heat loads in the presence
prices. The main task was solved to make full use of its own energy sources to meet the needs of consumers in
energy carriers with the most effective financial performance. The availability of electric and thermal energy
storage devices will allow more efficient usage of available energy resources and equipment. Usage of a
cogeneration plant in the structure of the energy hub gives the opportunity to provide energy resources and the
possibility of generated electricity trading. A multicriteria approach to the planning and optimization of the
operation of such energy hub is proposed. According to the simulation results using the example of an energy hub,
it is shown that this method is suitable for planning hourly energy consumption with a compromise in terms of the
minimum cost of these energy resources and CO2 emissions.

Keywords: integrated power distribution systems, distributed generation, active consumer, cogeneration
technology, energy hub, CHP based microgrid, biomass, biogas.

1. Introduction

Current energy policy of developed countries is based on understanding an exhaustion of traditional fuel
and energy resources, the need to preserve the environment and prevent global climate change. That is why in the
world so much attention is devoted to issues of energy saving, energy efficiency and the use of renewable energy
sources (RES). Ukraine does not stand aside too; renewable energy development issue is a priority today.

The development of unconventional and renewable energy sources should be considered as an important
factor in improving energy security. The large-scale use of the potential of such energy sources in Ukraine is not
only a national priority, but also has significant international significance as an important factor in countering
global climate change, and improves the overall state of energy security in Europe. That is why increasing the
level of use of alternative (non-conventional and renewable) energy and fuel sources is one of the main areas of
implementation of the state policy of energy saving in Ukraine.

According to the Energy Balance of Ukraine from 2014 to 2017, the share of energy produced from
renewable energy sources in gross final energy consumption, calculated according to the rules of Directive
2009 /28 /EU, increased from 3.9 % to 6,7 %.

A ssignificant increase in the share of «clean» energy in final energy consumption is noted in specific sectors:

— power industry — from 7.4 % to 8.6 %;

— heating, cooling systems — from 3.4 % to 7.6%;

Noteworthy is the fact that bioenergy is actively developing in Ukraine. In 2017, biofuels and wastes occupy
the largest share in the energy recovery from renewable sources, 80 %. Thus, according to the Bioenergy
Association of Ukraine [1], the total supply of primary energy from biofuels and wastes in 2017 amounted to 3,046
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thousand tons of oil equivalent, which is equivalent to replacing about 3.8 billion m3 of gas.

In addition, the data analysis conducted by the Bioenergy Association of Ukraine for the 2010-2017 period
indicates that the average rate of bioenergy sector development in Ukraine is:

— 43 % per year according to «production of biofuels and wastes» indicator;

— 33 % per year by the indicator «Total supply of primary energy from biofuels and wastes».

Electricity production from biogas begins to develop dynamically in Ukraine. Thus, in the year the biogas
capacity has increased from 34 MW — 2017 to 46 MW - 2018. (Figure 1). Particularly promising is the production
of biogas from garbage. In Ukraine, about 10 million tons of waste are generated annually and there are almost
5.5 thousand dumps. Figure 2 shows the dynamics of growth of biomass capacity in Ukraine.
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Figure 1 — Dynamics of growth of biogas capacities in Ukraine
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Figure 2 — Dynamics of growth of biomass capacities in Ukraine

According to the Energy Strategy of Ukraine [1-2], by 2035, Ukraine intends to reduce fossil fuels
consumption and increase the share of renewable energy sources from 6.7 % (in 2017) to 25 % (in 2035) of the
total primary energy supply. In Ukraine, biomass share from all renewable energy sources is 80 %, and it is
expected that this share will remain the main one in future. Consequently, projects that replace fossil fuels (coal,
natural gas) with biomass are popular in Ukraine now, and their number will increase in future.

Considering that combined heat and power production is a promising technology that largely solves energy
saving problems and has been reflected on a legislative level in Ukraine. According to strategic goals [3—4] of the
energy systems development for high-quality and safe energy supply with the predominant use of combined heat
and power generation based on cogeneration technologies.

There is a need to ensure the effective functioning of unconventional and renewable energy sources and
their integration with existing energy systems. The concept of an integrated power supply system is to combine
elements of the energy infrastructure, in particular related to providing consumers with electricity and heat, thereby
ensuring the exchange of power between previously separated systems.

The integrated power supply system provides the functions of receiving, supplying, converting and storing
various types of energy. The concept of an integrated power supply system uses the concept of «energy hubs»,
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which can be viewed as a generalization of the concept of network nodes in traditional electrical networks to a
larger number of types of energy carriers, considering the possibility of their mutual transformation.

The problem of operating energy hubs is to ensure the optimal choice of the components of energy hubs
and to ensure their integration into one system. Investigating the flows of various energy carriers, they perform an
analysis of the interaction between sources of energy generation and end users [5-6]. In the article [7] is to solve
a multi-objective model that includes reducing carbon emission and operation cost in the presence of real time
demand response program (DRP).

This paper studies the optimal operation problem of an energy hub with multiple energy sources to serve
stochastic electricity and heat loads in the presence of uncertain prices [8].

In order to determine the optimal levels of energy acquisition costs, the task of operational planning of the
work of the various elements of the energy hub is important, which is decided on the operational time horizon.
Development and implementation of approaches to optimize the functioning of such energy hubs are promising
issues in the context of sustainable energy development in Ukraine, attracting new investments in non-traditional
and renewable energy sources, stimulating the activity of an active consumer, ensuring regulatory quality of
electricity, implementing the Smart Grid concept [9].

2. Energy hub optimal energy consumption planning
Analyzing technology development results of thermal and electric energy production from biomass, it is
possible to propose a concept of an energy hub with bioenergy equipment.

2.1. A model of integrated energy supply system of agricultural enterprise functioning

Let's introduce a model of integrated energy supply system of agricultural enterprise functioning, which
aim is the fullest possible use of its own energy sources. The main energy sources consumed by enterprise are
electricity for equipment process operation, lighting systems, ventilation and needs of personnel, hot water for the
heating system and other needs. In order to obtain these energy sources, following sources are used: electricity can
be purchased from the grid, produced by wind turbines installed in an enterprise and generated on two cogeneration
plants, one of which works on biogas, and the other on solid biomass. Hot water for the heating system is obtained
at the cogeneration plants. Enterprise buys electricity at the market with hourly prices, it is also possible to sell
generated electricity surplus at the market. A source of biogas is a biogas generator that works on stockbreeding
waste. Biogas generator does not provide a possibility for significant volumes of biogas accumulation, so it is
desirable to immediately burn all generated amount. Biomass is a crop residue remaining after harvest (e.g. straw)
and can be stored for a long time for use in the cold season of the year.

2.1.1. Energy consumption

Electricity consumption is characterized by maximum consumption in daylight hours and low seasonality.
Hot water consumption for heating correlates with the average daily temperature of the ambient air and maximum
in the winter period. The purpose of agricultural enterprise energy supply system is such a mode of its functioning,
when consumers needs in energy are fully met with the most effective financial indicators, that is the maximum
difference between the proceeds for the sold and purchased electricity, since other energy resources are not bought
by the enterprise.

2.1.2. The objective function and the limitation of the optimization model
According to the approach proposed in [10-11], we formulate the objective function and the limitation of
the optimization model. The objective function will look like this

T-1
EOCEI (k)PESI (k)—cllzr} (k)PE'?(k)—> max, (1)

where CEI (k), cg; (k) - cost of electricity for the k-th time interval (hour), UAH / kWh;

PESI (k), Pé? (k) - volume of sales and purchases of electricity at the k-th time interval (hour), kWh.

In addition to the economic criterion in determining the optimal modes of operation of the energy hub,
environmental criterion can be considered. In this case, the objective function can be the minimization of CO2
emissions during the production and transportation of energy.

The objective function for the criterion for minimizing CO2 emissions will be as follows:

T1 T4 T4
I S CHP CHP :
OE] kZO [PE? (k)- Pel (k)]+ 0BioGas kZO PioGas (K)+ 0BioMas kZO Paionas ()= min, )

ISSN 2308-7382 (Online) 31



ISSN 1813-5420 (Print). Enepzemuxa: ekonomixa, mexnonocii, exonozis. 2019. Ne 1

where O.F|, ABjoGas: ®BioMas — CO2 emissions for electricity generation in centralized power supply

systems, as well as emissions from gas combustion in cogeneration units, kg/kWh.

A balance of income and consumption of energy is given in a form of restrictions. VVarious types of energy
resources transformation will be represented by the transformation metric @ . Also, the balance equation considers
the possibility of energy accumulation (in batteries and electric insulated tanks of hot water). Considering
approaches proposed in [12-13], the restrictions have a form:

E(k+1)= E(k)+ Acthh( ) pdis d|5(k)
L(k)=0P " (k)- Q%" (k)+ Q" (k )—Ps(k),
P()TIM < P()< P, PN < PS (k) < P(K)X
0<QM(k)<3f" (k™ (k). i=1..M,
0<Qf (k)< (M (k). i=1...M,

58N (k)+ oS (k)<1, i=1..M,
E(K)™" < E(k)< E(k)™, Eg=Er,
where ¢ — row vector denoting energy purchasing costs for each input power flow;

P In -
— column vector denoting input flow of energy resources;

S .
P~ _ column vector denoting flow of energy resources sold;
L — column vector denoting output power flow;
O _ converter coupling matrix, elements could be zeros, efficiencies or product of efficiencies;

P min p Max . - . S
) — column vector denoting minimum and maximum capacity limits for power flow;

QCh , les — column vectors denoting power exchanged with storing devices;
ch ,dis . . . . . . . .
A¥ AT diagonal matrices for the charging and discharging efficiency of each storing device;
E — vector denoting level of the energy stored in the storing device;
EL - vector denoting energy loss per time unit in the storing device;
Eo - vector denoting the level of the energy stored in the storing devices at time k = 0;

Q" - a storage device capacity:

5$h ' 59|5 — binary variables for each storing device which provide condition that storage device cannot
be charged and discharged at the same time.

In addition to single-criterion objective functions, we consider a multicriteria approach to determining the
optimal modes of operation of an energy hub. The task will be presented in the form

y—>min, F(P)-wmy<F, F(P)-wyy<Fp ®3)

where Fl(P) — objective function by economic criterion:
T-1
F(P)= kzocé. (k)P (k)—cg (k)Pef (k)
F (P) - objective function by environmental criterion'

F2(P)=ag z [P RS () 5

CHP CHP
JrO‘BloGaskZ Pgloeas(k)JfaBloMaskZ P|3|0|v|a5(k)'
0 0

W1, W2 _ weighting factors expressing a measure of relative trade-offs between goals,

* *
F1 . F2 —the value to which we strive to approximate the result of the objective functions.

2.1.3. Installations and output flows of the energy hub
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Consider the energy hub shown in Figure 3. It consists of three converters, four streams of energy and
storage devices. Converters: transformers 10/0,4 kV, electrical heating system and wind power plant. Energy
flows: biogas, biomass, wind’s energy, electric energy. Each of the three plants is characterized by its efficiency
(efficiency of converting one form of energy to another).
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Figure 3 — Functional diagram of power hub for agricultural enterprise

Let’s analyze possible sources of energy in an energy hub, as well as consumers of energy. Electricity can
flow from the grid through lowering transformers 10/0,4 kV and be generated by a wind generator and
cogeneration unit. Heat for a heating system may be generated from biogas and biomass. For the purposes of heat
supply, energy is generated by an electrical heating system. Energy storage can occur in electric batteries. Hot
water can accumulate in heat insulated tanks.

Matrix P, L, ®, QN QUis AN " ALIS £or the selected object, such as an agricultural company was
developed. Using the above considerations, we got:

In S
F)El IDE|
i L
pin_| Wind | ps |0 | LE | @)
P L
BioGas 0 Heat
CHP
_PBioMas_ 0
Electricity is an input for transformer and electric heater Pg|. Wind energy is an input for a windmill
Rwind - The biogas is an input for the cogeneration system (i.e. biogas turbine) Pé:iggas and biomass is an input

for cogeneration system Pé:igl\ljlas" Energy consumers at the output of energy hub are domestic electricity

consumers Lg| and heating system Lpeat -
Installations and output flows of the energy hub are shown in Figure 1.
The transformer characterized by it’s electric efficiency @pgwsys . A wind generator transforms the wind

energy into electricity with energy conversion factor @yjnd - A cogeneration system transforms the biogas into

electricity, heat for heating systems; it is characterized by biogas-electric and biogas-heating systems energy

; BioGas BioGas : . . .
conversion factor TCHP El and TCHP Heat respectively. A cogeneration system transforms the biomass into

electricity, heat for heating systems; it is characterized by biogas-electric and biogas-heating systems energy
; BioMas BioMas .
conversion factors TCHPE and TCHP Heat respectively.

Converter coupling matrix, energy conversion factors or product of efficiencies:

. BioGas BioMas
@ | ZPowSys @Wind  @cHpEl  “CHP.EI )
0 0 BioGas BioMas

@CHP.Heat “CHP.Heat
The coefficients included in the transformation matrix of energy resources characterize individual power
plants processes and are determined by the following formulas

BioGas BioGas BioGas
TeoppEl =95 NGenNEg| kTKLoad -
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BioGas BioGas BioGas
TCHP Heat = Yt NGen"E| kT KLoad KHeat/EL -
BioMas BioMas BioMas
TonpEl = Uf NGenMEg| kTKLoad -
BioMas BioMas BioMas
TCHP.Heat =Y+ NGenMEg) kT KLoad KHeat /EL - (6)

@Wind =NGenNMechNConvé .

@powSys = MDistTr -

where q?iOGaS — the value of a specific heat released during the complete combustion of biogas, J/m?,

which depends on the sources (basins / deposits) of its extraction, the numerical values of the heat of combustion
of fuel can be obtained from the International Energy Agency (IEA);

NGen — the conversion efficiency of the generator (synchronous or asynchronous), it is acceptable to take

close to the value of 0.87-0.9;

nE:OGaS — the electricity conversion efficiency at full biogas burning;

kT - the electricity efficiency at full biogas burning;

Kload — the coefficient, which shows the dependence of cogeneration unit efficiency on the level of
loading — more loaded cogeneration unit, higher efficiency value of the cogeneration unit;
KHeat/EL - the ratio of the generated thermal energy to the electric cogeneration unit;

q ?ioMas — the value of the specific heat released during the complete combustion of biomass, J/kg, which

depends on the sources (pools / deposits) of its extraction, the numerical values of the heat of combustion of fuel
can be obtained from the International Energy Agency (IEA);

nE:oMas — the electricity conversion efficiency, with complete combustion of biomass;

NMMech — the mechanical conversion efficiency (enhancement gearbox) is at the level of 0.93-0.95;

NConv — the conversion efficiency of the converter unit, which includes the presence of a rectifier and /

or inverter, can be taken as equal to 0.81-0.93;
& - the coefficient of wind energy used in calculating the power developed by the wind wheel, we accept

0.3-0.35;
NDistTr — the 10/0.4 kV transformer conversion factor.
Energy storage can occur in electric batteries Qg; . Heat can accumulate in heat insulated tanks QIERaat .

dis

Accordingly, can be used as the accumulated electricity QEI , as well as accumulated hot water for water supply
dis
system QHeat'
ch dis
Qth QE| qQdis _ Qg
Qch ‘ Qdis
Heat Heat

We also introduce a diagonal matrix ACh for the charging efficiency of each storing device and a diagonal

matrix Adis for the discharging efficiencies:

1
ch ch
ach_|MEl O | dis _| MEl
B ch ' - 1
0 Mfjeat 0
ch
NHeat
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The values included in the matrix of energy input flows represent the consumption of energy resources for
one sampling time interval (usually one hour) and have the following dimensions: Pé? Runind - kWh,

CHP CHP
PBioGas -m3, F)BioMas -ko.
In addition, we introduce restrictions on the daily consumption of biogas in the form of equality of
generation and combustion, and set the maximum daily volume of solid biomass burning. The corresponding
restrictions will come in this form

-1 T-1
kZ PBioGas (k) = PBioGas.Tot - kZ PBioMas (k) < PBioMasTot - (N
=0 =0

3. Simulation results analysis

Let's perform a numerical simulation of the considered power hub to evaluate the peculiarities of the results
and model adequacy. The simulation will be performed for a duration of 24 hours with a sampling of 1 hour. Thus,
the number of intervals is T = 24. Such a scenario can be considered typical, since during the operation of the
power hub, statistics can be accumulated on the peculiarities of the daily schedules of the enterprise consumers
load and it is quite possible to predict the next day energy demand. Forecasting of electric energy market prices
can also be performed by one of the known methods [14-18].

For simulation purposes, used data on electricity market prices for one day, which are presented in Figure 4.
Typical enterprise charts of electricity consumption and the power of heating system are shown in Figure 5.
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Figure 4 — Electricity market prices Figure 5 — Electric and heat power demand

The values of the energy conversion factors given in Table 1.

Table 1 — Values of transformation coefficients

PowSys Wind CHpBioGas CHPpBioMas
Electric Power 0.95 0.26775 7.7328 5.13
Heat 0 0 11.5992 7.695

The maximum power values of the energy hub installations, which were user to run the simulation, is given
in Table 2.

Table 2 — Maximum input power of the energy hub elements
Distribution transformer, KVA Wind farm, kW Biogas CHP, m%/hour Biomass CHP, kg/hour
2500 1000 300 3000

The capacity of electric storage batteries is assumed to be 500 kWh, and the amount of heat energy that can
be stored in a heat-insulated tank is 5000 kWh.

For the case of using the environmental criterion, emissions from electricity generation can be calculated
considering the national significance of the CO2 emission factor for electricity according to [19] developed in
2013-2014 by the Joint Energy and Transport Research Center (European Commission), which for Ukraine is
0.924 kg/kWh. For the case of gas combustion in cogeneration plants, the average value for this type of equipment
was taken.

In order to take into account, the volumes of electricity generated by the wind turbine, one must take into
account the daily volatility of the wind. It is not possible to predict the direction of wind speed on an hourly basis;
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therefore, it is proposed to perform simulation modeling of wind power plants based on statistical data measured

for this object.

Simulation of the optimization problem was performed using MATLAB's Optimization Toolbox package.
The results using only economic criterion are shown in Figures 6-12.

On Figure 8 positive values of Pg| correspond to the purchase of electricity in the market (PEI?)

negative — the sale of electricity ( PZ) ).
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Figure 9 — Energy stored in electric accumulator
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Figure 11 — Power exchange with heat storage
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Figure 12 — Power exchange with electric
accumulator

As can be seen from the graphs, the surplus of generated electricity was observed during the day. This is
due to the need to provide a fairly significant constant demand for heat, which is covered by the work of
cogeneration units. Combustion of biogas was not enough to produce the required amount of thermal energy;
therefore, a biogas cogeneration plant should operate almost all the time, and biogas installation is included only

in certain hours.

The graphs show that the presence of electricity and thermal energy storages has enabled better use of
available energy resources and facilities. Figure 10 and 13 indicate intense accumulation of energy in batteries in
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hours of minimum power system, when the market price is minimal. At the same time, in the hours of maximum
loads, the accumulated electricity is sold at the most favorable price. Also, in these hours, we observe peak
performance of energy that contributes the most advantageous electricity sales. The received heat excess is
accumulated in a thermal accumulator.

The results using only ecological criterion are shown in Figures 13-16. It can be seen that in this scenario,

the volume of exchange of electricity with the power grid has significantly decreased. Electricity on the market
is sold significantly less, which leads to a decrease in the total profit of the energy hub, which is expected
because the economic criterion is not considered. It can also be seen that the loading of the cogeneration unit on
biomass has become more uniform, and the heat accumulators are used significantly less. Electric batteries for
the use of ecology criterion are also practically not used.
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Figure 13 — Electric power exchange with power Figure 15 — Biomass CHP productivity using only
system and generated on the wind generator using ecological criterion
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Figure 14 — Biogas CHP productivity using only only ecological criterion

ecological criterion
The results using multicriteria approach are shown in Figures 17-20.

The value of the objective functions obtained for the various study cases are presented in Table 3. As can
be seen from Table 3, when using the economic criterion, CO2 emissions are significantly higher than the
minimum achievable value. Similarly, for an ecology criterion, energy hub profit is 30 % less than the optimal
one. At the same time, sharing the two criteria allows for an effective compromise, in which profit are only 8 %
less than optimal, with CO2 emissions close to the minimum.

An interesting scenario of using the proposed model is the selection of optimal parameters of the power
hubs elements. For example, the actual task is to select the capacity of storage batteries [20] for the electricity
accumulation.

With the growth of this capacity, increases the power supply system's opportunities to redistribute the
amount of electricity consumed and sold during the day and accordingly, the economic effect of its purchase and
sale prices.

Table 3 — Values of the objective functions for different criteria

Economic criterion Ecology criterion Multicriteria approach
Energy hub profit, UAH/day 10550 7294 9678
CO2 emissions, kg/day 11703 8331 8407
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Figure 19 — Biomass CHP productivity using
multicriteria approach
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Figure 20 — Power exchange with heat storage using

Figure 18 — Biogas CHP productivity using multicriteria approach

multicriteria approach

Using the proposed model, it is possible to estimate the influence of the energy hubs elements parameters
on the value of the target optimization function, which in fact is the profit of the enterprise. For this purpose, a
multiple simulation of the operation mode of the considered power hub was performed at the values changes of
the electric battery capacity. The results are shown in Figure 21.
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Figure 21 — Mode of the energy hub operation while changing the values of the electric battery capacity

It can be seen that with an increase of the battery capacity to 1500 kWh, the profit from electricity sales
increases from 9.8 thousand UAH to 11.6 thousand UAH. However, with a further increase of the battery capacity,
the profit remains unchanged. It can be concluded that with the energy consumption values and the parameters of
the energy hub, which were used in the simulation, the most expedient batteries capacity is just 1500 kWh.
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The designed energy hub system with the use of renewable energy sources (wind, biomass) in the modern
conditions, enables effective use of the bioenergy potential of agricultural enterprises in Ukraine.

4. Conclusions

The energy sector of the country depends on the degree of energy resources diversification used to meet its
energy needs. The development of bioenergy is an important part of ensuring the energy security of many
countries, as it enables to reduce fossil fuel consumption, dependence on imported energy sources and ensure
sustainable local energy supply. At the same time, the restructuring of power generation on the basis of
decentralized power generating capacities of renewable energy sources into energy hubs enables the efficient use
of energy resources.

Usage of a cogeneration plant in the structure of the energy hub gives the opportunity to provide energy
resources and the possibility of generated electricity trading. A multicriteria approach to the planning and
optimization of the operation of such energy hub is proposed. According to the simulation results using the
example of an energy hub, it is shown that this method is suitable for planning hourly energy consumption with a
compromise in terms of the minimum cost of these energy resources and CO2 emissions.
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HanionanbHuii TexHiYHUIA YHiBepcuTeT YKpaiHu
«KuiBcbkuii noaitexniynuii inctutyT imeHi Iropst Cikopcbkoro»

MOJEJIb ®YHKIIOHYBAHHS IHTETPOBAHOI CUCTEMHU
EHEPI'OIIOCTAYAHHSA 3 BUKOPUCTAHHSAM BJIOKIB
KOI'EHEPAIIIl TA BPAXYBAHHAM NEPCIIEKTUB PO3BUTKY
BIOEHEPTETUKU B YKPAIHI

AKMYansHUM Ha CbO20OHI € PO3BUMOK OloeHepeemUKU Y CMPYKMYPI CUCEMU eHeP2ONOCMAYanH s 3a YMO8
PO36UMKY GIOHOGNIOBAHUX OJicepell eHepeii ma 6NPOBAdIICEHH sl CYyHACHUX MeXHON02Il 8 eHepeemuyi. Pozeumox
blioenepeemuKy € 6adiCIUBOI0 CKIAO0B0I0 eHepeemudtol be3nexu 6a2amvox Kpain, OCKiNbKU 0de 3M02y 3MEHUUTNU
CHOJCUBAHHA GUKONHO20 NAUBA MA 3AJLENCHICMb 8I0 IMNOPMHUX Odcepel eHepeil, 3abe3neuumu nocmiine
eHepeonocmauanus Y Oe3nocepedrinl Oauzbkocmi 00 cnodcusauie. Y pobomi npedcmasieHo Mooeib
@yHKyionysants iHmMesposanHoi cucmemu ewepeonocmavanis (energy hub) 3 3anyueHHIM KO2eHepayitHux
VCMAHOBOK NPU 8PAXYS8AHHI NEPCREKMUE po38umky bOioenepzemuxu 6 Yipaini. OCHOBHUM 3a60anHAM OO Y
nosHIll Mipi euxkopucmamu 61acHi Odicepena eHepeii energy hub ons 3adoeonenHs nompebd cnoxcugauie 6
€Hep2OHOCIAX 3 HallepekmusHimumu  Qinancogumu noxkasnukamu. Hasenicms  3acobieé  axymymosamnHs
eeKmpPUYHOI ma mennoeoi enepeiti 0acmv  MONCIUBICINL  OLIbUL  eheKMUBHO GUKOPUCMOBY8AMU  HASGHI
eHepzopecypcu Ul 001A0HAHHS (MexHoN02IL). Bukopucmanis Ko2eHepayiliHol yemanosku 6 cmpykmypi energy hub
oae 3mo2y 3abe3neuumu eHepeopecypCamis CHONCUBAUIE A MONCTUBICIND NPOOAICY HAOTUWKY eleKmpoeHep2iiy
Mepedrcy. VY pobomi sanpononosano 6azamoxpumepiaivull Nioxio 0Jis NIAHYS8AKHHS 1 onmumizayii pobomu energy
hub. 3anpononosana cucmema energy hub 3 suxopucmanHsm 8IOHOGIIOBAHUX Oxcepen eHepeii (imep, biomaca) y
CYYACHUX YMOBAX O0ACMb  MOMNCIUBICIL — eEKMUBHO  BUKOPUCTIOBY8AmMU  DIOeHepeemuyHULl  NOMeHYia
CLbCbKO20CNO0apCcbKux nionpuemcmes ¢ Ykpaini. Bionogiono 00 pe3yiomamie MoOento8ants Ha NPUKIaoi energy
hub, noxazano, wo yei cnocid nioxooums O/ NPOCHO3YEAHHS NO2OOUHHO20 CHONCUBAHHS eHepeli 3 MOUKU 30pYy
MinimanvHoi sapmocmi enepeopecypcie ma sukudie COo. Llikasum cyenapicm 8UKOPUCMAHHA 3anPONOHOBAHOT
MoOerni energy hub € nio6ip onmumanvHux napamempie elemMeHmie HeUsIeHHs.

Knrwouosi cnosa: iHTErpoBaHi po3NOAUIEHI €HEPTOCUCTEMH, PO3IIOAITIbHA TeHEepallisl, AKTUBHUH CIIOXKHBAY,
TEXHOJIOTisl KoreHepaii, energy hub, Mikpomeperka Ha OCHOBI KoreHeparii, 6iomaca, 6ioras.
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