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NEW CONCEPTS FOR THE DEVELOPMENT OF ALTERNATIVE ENERGY HUBS
IN THE DIGITAL ECONOMY

HOBI KOHIENIII PO3BUTKY XABIB AJIbTEPHATUBHOI EHEPTETUKH
B IMPPOBIM EKOHOMINI

The development of alternative energy in the digital economy should currently be considered through the prism
of the development of energy hubs, taking into account the current situation with energy security and the need to
decentralize the energy system. The article aims to identify and analyze new concepts for developing alternative
energy hubs in the digital economy. Considering the importance of integrated development of alternative energy
in the digital economy, these aspects should be based on concepts aimed at ensuring an innovative approach to the
production, distribution, and consumption of energy, which unites various renewable energy sources into a single
macro, meso (regional), or microsystem, specifically through the concepts of intelligent energy hubs, decentralized
energy hubs, community energy hubs. Given the outlined concepts and their potential impact on energy security, fu-
ture research prospects include assessing the economic efficiency of different energy hub concepts and their impact
on the development of the local economy.

Key words: renewable energy sources, entrepreneurial projects, energy systems, entrepreneurs, digital
technologies, digitalization.

CrarTs cipsIMOBaHa Ha aHaJli3 HOBHX KOHIICTIII PO3BUTKY Xa0iB aJlbTEPHATHBHOI CHEPTETHKHU B TU(PPOBIH eKO-
HOMIIli. 3B)KaI0YX Ha BAXKJIMBICTh IHTETPOBAHOTO PO3BUTKY aJIbTEPHATHBHOT €HEPTETHKH Y IM(POBIN €KOHOMIII], I1i
ACTICKTH CITij] 0a3yBaTy Ha KOHIICTIIISAX, 3AaTHUX 3a0€3MeYnTH IHHOBAlIWHUH TTiIX11 IO BAPOOHUIITBA, PO3IIOLTY Ta
CTIOKHUBAHHS €HEpTii, SKnil 00'eTHy€E pi3HI JHKepesa BiTHOBIIOBAHOI €HEPTil B €MHY MaKpO-, ME30- Y1 MIKpOCHCTe-
My. 30KpeMa, 1€ CTOCY€EThCS KOHIICTIIIH iIHTeNeKTyalbHUX HEPIeTHIHNX Xa0iB, JCIIEHTPATI30BaHUX CHEPTeTHIHUX
xa0iB Ta TPOMAJCHKUX CHEPreTHYHUX XaOiB. JloBeleHO, 1110 KOHIICTIis iHTeNEeKTYalbHUX SHEePreTHYHNX XaldiB €
IHHOBAI[IHHUM MiJIX0ZIOM /10 BUPOOHHUIITBA, PO3MO/TY Ta CIIOKUBAHHS €HEPril yepe3 BUKOPUCTaHHS iX cy0'ekTaMu
Mepe/IOBUX TEXHONOTiH. BaxmBumu € Tpancdopmaii HeHTpaai30BaHOTO BUPOOHUIITBA €HEprii y riopuaHe, ri-
OpuaM3allis po3Moaily Ta iHTerpalis BipTyaJbHHUX eNEeKTPOCTAHIIIM y CHCTEMH CIIOKUBaHHS eHeprii. BpaxoByroun
OKpECIIeHI acleKTH, GOpMYIOThCsl YTBOPECHHS, 3aTHI CIIPaBUTH 3HAYHHUI TTO3UTHBHUI BIUIMB HA CHEPreTHYHY Oe3-
MeKy Ha HaIllOHAJLHOMY PiBHI, IMiIBUIIYIOYN CTIHKICTh Ta HAJIHHICTh EHEPrOCUCTEMH 1 3MEHIIYIOUN 3aJIC)KHICTh
BiJl IMIIOPTY eHepropecypciB. JloBeneHo, M0 KOHIEMIIIS JACIECHTPATI30BaHUX CHEPreTUYHUX Xa0iB 0a3yeThcs Ha
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PO3BHTKY 00'€KTIB aJbTEPHATUBHOI CHEPTETHKH, BUXOISUN 3 MPHHITUITY PO3MOAICHOTO BUPOOHUIITBA Ta CIIOKH-
BaHHA cHeprii. BpaxoBytoun 11i actiekTH, pOpMyIOThCS YTBOPEHHS, 3[aTHI CIIPaBUTH 3HAYHWI MO3UTHUBHUI BILUIUB
Ha CHEPreTUYHY Oe3IeKy Ha JIOKaJIbHOMY PiBHI 3aBISKH ITOCTYIIOBOMY 3HIKEHHIO 3aJIS)KHOCTI BiJI IIEHTpalli3oBa-
HUX TTOCTA4aIbHUKIB Ta IiIBUIICHHIO CTIHKOCTI OKpEMHX IpyH "BHPOOHUK-CIIOKUBAY" 0 30BHIIIHIX BIUIHBIB. J{0-
BEJICHO, [0 KOHIIEMIIisl TPOMAJICBKUX CHEPreTHYHUX Xa0iB 0a3yeThbes Ha 00'€KTax TeHepallii, 10 BKIFYATh Pi3Hi
JoKepenia BiTHOBJIIOBaHOI €Heprii, cucTeMu 30epiranHs eHeprii Ta iHQpacTpyKTypy AJsl 3apsiiKH €JIeKTPOMOO1TIB.
BpaxoByrouu 11i acieKTd, OpPMYIOTHCSI yTBOPEHHS, 3/1aTHI CIIPaBUTH 3HAYHUN TTO3UTUBHUH BILJIMB HAa €HEPTETHUHY
0e3neKy Ha PiBHI OKpEMOi rpoMajiy, 30KpeMa 3aBIsSKH MiJBUIICHHIO ii eHepreTUYHOi aBTOHOMIi Ta 3HUKEHHIO BH-

Tpar Ha EHEProHOCii.

KirouoBi cioBa: mkepena BiTHOBIIOBAIGHOI €HEPTil, MiIIPHEMHHIBKI IPOEKTH, CHEPTETHYHI CHCTEMHU,

MIPUEMIIL, TTUPPOBI TEXHOJIOTIT, IIE(poBi3allis.

Statement of the problem. Alternative energy
development in the digital economy should currently be
considered through the lens of energy hub development,
taking into account the current situation with energy
security and the need for decentralization of the energy
system. The effectiveness of energy hub development is
driven by several reasons. At the core lies the role of hubs
in activating the integration processes of various renewable
energy sources (solar, wind, hydro, biomass) and ensuring
their efficient interaction. Digital technologies (such as
artificial intelligence and the Internet of Things) optimize
energy production, distribution, and consumption,
enhancing efficiency and reducing costs.

Furthermore, energy hubs stimulate the development of
digital infrastructure (such as smart grids, energy storage
systems, and digital platforms for managing energy flows).
It contributes to the digitalization of the economy and
enhances its competitiveness. Additionally, it is important
to note the significant impact of energy hubs on the
energy system flexibility, aimed at improving its ability
to adapt to changes in energy demand and supply. Due to
decentralization and the use of digital technologies, hubs
enhance the resilience of the energy system to external
influences such as accidents or cyberattacks. Energy
hubs also actively engage communities and businesses
in alternative energy development. They can invest in
renewable energy sources, participate in energy production
and consumption, and reap economic benefits from these
activities.

Furthermore, energy hub development contributes
to reducing greenhouse gas emissions and transitioning
towards cleaner energy sources, which is crucial for
achieving sustainable development goals and addressing
climate change. Digital technologies play a key role in the
development of alternative energy hubs, enabling more
efficient management of energy flows, attracting investments,
and ensuring transparency in the energy market.

The analysis of recent researches and publications.
The question of developing alternative energy, both in
general and specific types, within the context of innovative
production aimed at integrating various renewable energy
sources has been addressed in scientific literature.

In particular, research on specific issues of innovative
production in alternative energy and the fundamental
principles of their digitalization has been conducted by
Narayevsky S.V., Bila S.O., and Shvayuk Yu.E.

The issue of enhancing energy security in Ukraine
through digitalized innovative production in alternative
energy has been explored in the works of Bilyavsky M.,
Heletukha H.H., Cherevatsky D., and Novak L.K.
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Also noteworthy are the contributions of Pavliy O., who
has focused on enhancing digitalization and integrating
production processes in alternative energy.

While acknowledging the substantial contributions of
researchers, it should be noted that the issue of innovative
production concepts in alternative energy and their impact
on Ukraine's energy security within the context of the
digital economy requires further scientific investigation.

Formulation of the research task. The article aims
to identify and analyze new concepts for developing
alternative energy hubs in the digital economy.

Summary of the main research material. An energy
hub is a modernized approach to energy production,
distribution, and consumption, integrating various
renewable sources such as solar, wind, hydro, and biomass
into a unified system. Hubs can vary in scale from small
local projects (clusters) to large regional centers. The main
components of an alternative energy hub include:

1. Renewable energy sources (such as solar panels, wind
turbines, hydroelectric stations, biogas installations, etc.).

2. Energy storage systems (battery storage, pumped
hydroelectric storage, thermal storage systems, etc.).

3. Intelligent grids (energy management systems that
optimize production, distribution, and consumption of
energy).

4. Digital platforms (online platforms ensuring
transparency and efficiency in managing energy hubs,
facilitating investment attraction, and enabling transactions
between participants).

The authors emphasize that due to the integrative
features and variability of existence, alternative energy
development through the prism of energy hubs should
become a primary strategic direction for Ukraine.
Such development will help restore national energy
security, stimulate the country's energy development,
and simultaneously achieve sustainable development
goals. Hubs are already operational in various countries.
Specifically, among such hubs are "Energiewende Bridge"
in Germany (which uses blockchain technology to manage
energy flows between different countries), "Brooklyn
Microgrid" in New York (which integrates solar panels
on rooftops, energy storage systems, and smart meters),
"Schoonschip" in Amsterdam (which is an energy
community where residents of floating houses collectively
generate and consume energy), "The Green Deal Hub"
in the Netherlands (which combines renewable energy
production with innovative energy storage technologies
and demand management), and others.

In Ukraine, before the onset of full-scale military
aggression by Russia, some entrepreneurial projects began



HaykoBo-B1pobHMYNiA XxypHan «bidHec-HagiraTop»

to emerge aimed at creating energy hubs that integrated
various renewable energy sources and utilized digital
technologies to manage energy flows. One such project
was the energy hub in the Chornobyl Exclusion Zone,
which initially planned to create a large-scale energy
hub integrating solar and wind power plants, energy
storage systems, and infrastructure for producing "green"
hydrogen. Due to its extensive area and high level of solar
radiation, the Chornobyl Zone has significant potential for
developing renewable energy. However, the project has
currently been suspended.

With the deterioration of energy security in western
regions of Ukraine, initiatives have been launched to
develop local energy hubs that integrate various renewable
energy sources (solar, wind, biogas) to provide energy
for local communities and businesses. Examples include
the energy cluster in Yavorivskyi district of Lviv region
(involving construction of solar and wind power plants,
biogas facilities, and energy storage systems), the "Green"
energy hub project in Lviv (establishing infrastructure for
production and consumption of energy from renewable
sources within the city), the "Smart" energy hub project in
Ivano-Frankivsk (creating an intelligent energy network to
efficiently manage energy flows and ensure stable energy
supply), and the energy cluster project in Vinogradivskyi
district (construction of a solar power plant and small
hydroelectric power plant), among others. These are just
some examples of projects being implemented in western
regions of Ukraine. It's worth noting that the number of
such initiatives is constantly increasing, indicating the
active development of hubs for alternative energy and a
desire for energy independence in the region.

Considering the importance of integrated development
of alternative energy in the digital economy, these aspects
should be based on concepts aimed at ensuring an
innovative approach to energy production, distribution,
and consumption, which integrates various renewable
energy sources into a unified macro, meso, or microsystem.
In particular, to achieve this goal, concepts such as intelligent
energy hubs (as seen in projects like "Energiewende
Bridge" in Germany and the macro hub "The Green
Deal" in the Netherlands), decentralized energy hubs
(as seen in projects like "Brooklyn Microgrid" in New York,
the energy community "Schoonschip"” in Amsterdam),
and community energy hubs (as exemplified by projects

like the energy cooperative "Ecopower" in Belgium, the
community solar power station "BiirgerEnergie Berlin" in
Germany) are applied.

So, the concept of intelligent energy hubs relies on
the adoption of advanced technologies (such as artificial
intelligence, machine learning, and the Internet of Things)
by their stakeholders to transform centralized energy
production into hybrid systems, hybridize distribution, and
integrate virtual power plants into energy consumption
systems (which are provided to the overall grid).
The development of this concept is implemented according
to the specifics outlined in Table 1.

Due to this, energy systems of such formations
gain the ability to integrate various renewable energy
sources (solar, wind, hydro, biomass) and ensure flexible
management of energy flows, resulting in the following
advantages:

1. Optimization of energy production, distribution,
and consumption reduces losses and enhances the overall
flexibility and efficiency of the energy system.

2. Effective integration of various renewable energy
sources contributes to reducing dependence on fossil fuels
and lowering greenhouse gas emissions.

3. Ability to rapidly adjust to changing conditions such
as fluctuations in energy demand or weather, ensuring
stability and reliability of energy supply.

4. Optimizing the operation of the energy system
to reduce production and distribution costs, potentially
leading to lower tariffs for consumers.

Considering these aspects, formations capable of
significant positive impact on national energy security are
formed, taking into account their influence on enhancing
the resilience and reliability of the energy system and the
potential to reduce dependence on energy imports.

In Ukraine, there are already examples of implementing
intelligent energy solutions (such as smart grids and energy
management systems integrating energy producers).
The development of intelligent energy hubs is a promising
direction for Ukraine, which can contribute to modernizing
the energy system, enhancing its efficiency, and integrating
renewable energy.

The concept of decentralized energy hubs is based
on developing alternative energy facilities, following
distributed energy production and consumption principles.
It means that instead of relying on large centralized

Table 1

Implementation specifics of the concept of intelligent energy hubs

Elements
of the concept

Implementation specifics
of the concept

Specifics of hub development

Features of the concept

Integration of centralized

Allowing to leverage the advantages of both

Requires

(solar, wind, biomass, etc.)

energy distribution into a unified system

Hybrid production |and distributed energy approaches, ensuring stability of electricity
production supply and utilizing renewable energy sources
Hybridization Integration of various Increasing the efficiency of renewable energy
. renewable energy sources R - : e
of alternative utilization, ensuring uninterrupted electricity

supply even under adverse weather conditions.

a comprehensive
approach, taking into
account national specifics
and needs, as well

Integration

of virtual power
plants into energy
consumption
systems

Unification of distributed
energy sources into a single
management system

Optimization of distributed resource utilization,
increasing flexibility and efficiency of the 20 ¥
energy system, enabling consumer participation | civil society).
in energy system balancing.

as cooperation among
various stakeholders
(government, businesses,

Source: formulated by the author based on [1; 3-4; 6]
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power plants, energy is produced and consumed locally
(by individual businesses and households), as outlined in
Table 2.

These hubs should include small-scale solar and wind
power plants, energy storage systems, and smart grids that
facilitate energy exchange among different participants,
thereby offering the following advantages:

1. Reducing reliance on centralized energy providers
and improving the resilience of the energy system against
external factors.

2. Transitioning towards local energy production and
consumption, thereby reducing losses in transmitting
electricity over long distances.

3. Enabling residents and businesses to actively
participate in energy production and consumption, as well
as reap economic benefits from these activities.

Considering these aspects, formations capable of
significantly impacting energy security at the local level are
being shaped, particularly through the gradual reduction of
dependence on centralized suppliers and the enhancement
of resilience among individual "producer-consumer"
groups against external influences.

The community energy hubs concept is based on
generation facilities created and managed by local
communities. It means that these facilities can include
various renewable energy sources, energy storage systems,

and infrastructure for electric vehicle charging, with the
generated energy consumed by the community according
to the specifics outlined in Table 3.

Thus, these hubs are developed taking into account
the needs and development features of each element,
considering local conditions and needs aimed at reducing
costs, creating jobs, and increasing energy independence,
due to which the following advantages are formed:

1. Reduction of energy costs and creation of jobs in
renewable energy.

2. Optimizing the use of generated energy and reducing
the load on the power grid.

3. Reducing electricity costs, increasing the energy
independence of the community

Considering these aspects, formations are established
that can have a significant positive impact on energy
security at the community level due to increased energy
autonomy, energy awareness, and reduced energy costs.

Conclusions. Given the importance of integrated
development of alternative energy in the digital economy,
these aspects should be based on concepts that ensure
an innovative approach to production, distribution, and
energy consumption, combining different renewable
energy sources into a single macro, meso, or microsystem.
Specifically through the concepts of intelligent energy
hubs, decentralized energy hubs, and community energy

Table 2
The specifics of implementing the concept of decentralized energy hubs
Elements Implementation specifics . Features
of the concept of the concept Specifics of hub development of the concept
Energy is generated using small-scale

. renewable energy installations such as The generating units should be
Decentralized | 1 f £ buildi ind i 4 . ds th )
production solar panels on roo t.ops of buildings, win Integrate mto' microgrids that power Requires a

turbines on farms, biogas plants local communities. comprehensive
at enterprises, etc approach,

. Locally generated energy is consumed Excess energy should be stored in consideration of
Decentralized . . . P
consumption directly at the site, reducing losses from battery storage systems or fed back local specificities

P transmitting electricity over long distances | into the grid and needs, as well
. 0 The ability to locally manage energy | as collaboration
Smart grids Dr?(i:ntrahzed energy hubs utilize smart flows, balance supply and demand, among various
gras. and integrate various energy sources | stakeholders
The ability to manage energy (local businesses,
Digital Focus on proprietary digital platforms production and consumption from the community)
technologies and applications own sources and participate in energy
markets

Source: formulated by the author based on [1-2; 4: 6]

Table 3

The specifics of implementing the concept of public energy hubs

Elements of the concept

Implementation specifics of the concept

Specifics of hub development

Use of local natural
resources (sun, wind, water,
biomass) for electricity
generation

local energy demands

Community-based energy generation to satisfy

Generation facilities are created and
located in places with the highest
potential for renewable energy sources

Community energy
storage systems

(public energy bank) periods

Utilization of diverse energy storage solutions
(batteries, pumped hydro storage) for maintaining
reliable power delivery during peak demand

The selection of energy storage
technology is determined by regional
characteristics and the type of power
generation

Digital solutions
for community energy
management of the community

Public energy hubs employ smart grid technologies
(Smart Grid) tailored to the specific requirements

Capability to control community energy
flows, optimizing the balance between
energy supply and demand

Source: formulated by the author based on [1-2; 5—6]
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hubs. Considering the outlined aspects, we can highlight  as intelligent networks that allow the exchange of energy
several general conclusions regarding each of the concepts ~ between different participants. Considering these aspects,
that can become the basis for the integrated development formations can have a significant positive impact on energy
of alternative energy in the digital economy: security at the local level due to the gradual reduction
1. The intelligent energy hubs concept is an innovative  of dependence on centralized suppliers and increased
approach to the production, distribution, and consumption  resilience of individual "producer-consumer" groups to
of energy through the use of advanced technologies by their ~ external influences.
subjects. Important are the transformations of centralized 3. The community energy hubs concept is based
energy production into hybrid, the hybridization of on generation facilities created and managed by local
distribution, and the integration of virtual power plants into ~ communities. It means that these facilities can include
energy consumption systems. Considering the outlined various sources of renewable energy, energy storage
aspects, formations can have a significant positive impact  systems, and infrastructure for charging electric vehicles,
on energy security at the national level, given their impact  and the generated energy is consumed by the community
on increasing the stability and reliability of the energy according to its specifics. Considering these aspects,
system and the possibility of reducing dependence on formations can have a significant positive impact on energy

energy imports. security at the community level through increased energy
2. The decentralized energy hubs concept is based autonomy, awareness, and reduced costs.
on the development of alternative energy facilities based Given the presented concepts and their potential impact

on the principle of distributed energy production and on energy security, the prospects for further research are
consumption. It means that energy is produced and to assess the economic efficiency of various concepts of
consumed locally. Thus, these hubs include small solar energy hubs and their impact on the development of the
and wind power plants, energy storage systems, as well  local economy.
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