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The article provides a comprehensive substantiation of the conceptual foundations and
strategic priorities for the transformation of power supply systems in the agricultural sector
amid contemporary global challenges. It is demonstrated that the traditional paradigm of
energy supply in the agro-industrial complex has exhausted its potential, necessitating a
transition to a qualitatively new management model based on the principles of
decentralization, decarbonization, and intellectualization. A thorough diagnosis of the critical
state of obsolete network infrastructure has been conducted, and an algorithm for its systemic
reengineering is proposed. Particular attention is paid to the development and
implementation of the Microgrid concept as a key tool for ensuring local energy resilience. The
mechanisms for transitioning agricultural enterprises to autonomous operating modes are
investigated, guaranteeing the continuity of critical technological processes even under
conditions of destabilization of the national power system. The scientific novelty of the study
is expanded through the substantiation of the synergistic effect resulting from the integration
of phytotechnologies and renewable energy sources. The role of energy crops and the
bioconversion of agricultural waste are described as a basis for forming a closed-loop energy
consumption cycle, allowing agribusiness to act as an active subject of energy generation. The
specifics of the “green transition” are detailed, where carbon footprint management is
considered not merely as an environmental standard but as a strategic asset. The shift in the
structure of capital and operating expenditures is analyzed, a methodology for the life cycle
assessment of energy facilities is substantiated, and a direct correlation between the
decarbonization of power supply and the investment attractiveness of enterprises is
identified. The article emphasizes the social and organizational aspects of this transformation.
The role of human resources and the necessity of forming new professional competencies
among personnel in the context of power facility modernization are highlighted. The
advantages of energy cooperation as a form of collective resource management, contributing
to the socio-economic revival of rural areas, are substantiated.
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Y KOMILJIEKCHO OOI'PYHTOBAaHO KOHLEMNTyasJbHi 3acaZji Ta CTpaTeriuHi NpiopuTeTH
TpaHcpopMallii cucTeM eJIeKTPONOCTaYyaHHSl arpapHOro CeEKTOpYy B YMOBaX Cy4aCHMX
rJ100a1bHUX BUKJIUKIB. JloBe/ieHo, 1110 TpaAuLlifiHa NapagurMa eHeprosabesneueHHs AIIK
BHUUepIiaJia CBill pecypc, 1[0 MOTPeOye Mepexoy A0 SAKiCHO HOBOI MOZeJsi yIpaBJIiHHS,
3aCHOBaHOI Ha NPUHIUINAX JAelleHTpasisalii, Jekap6oHiszamii Ta iHTesekTyasizalil
[IpoBefieHO peTesbHY [AIarHOCTUKY KPUTHUYHOIO CTaHy 3acTapijioi MepekeBol
iHQpacTPyKTypH Ta 3alIpONIOHOBAHO AJTOPUTM il CUCTEMHOTO peiHXKUHipUHTY. OCOGIUBY
yBary OpuJiZeHo po3pobLi Ta BOPOBaJKeHHIO KoHLemnwii Microgrid ik K/I1040BOTO
iHCTpyMeHTYy 3a6e3ne4eHHs JIOKAJbHOI eHepreTUYHOI CTiKoCTi. loc/imkeHo MexaHi3MU
nepexo/ly arpomiJJIPUEMCTB /10 aBBTOHOMHHUX PeXUMiB QYHKI[IOHYBaHHS, 1110 FAPaHTYIOTh
0e3MepepBHICTh KPUTUYHUX TEXHOJIOTIYHMX MpOLeciB HaBiTh 3a YMOB JecTabiizalfii
3araJibHOJlep>KaBHOI eHeprocucteMu. HaykoBy HOBU3HY AOC/IKEHHS PO3LIMPEHO Yepes
OOI'pYHTYBaHHSI CHHEpreTMYHoro edexkTy Bixg iHTerpanii ¢itoTexHosorii Ta
Bi/IHOBJIIOBaHUX JKepeJi eHeprii. OnucaHo poJib eHePreTUYHUX KYJIbTYpP Ta 6i0KOHBepcil
arpapHUX BiixoAiB K 6a3ucy A/1a GopMyBaHHSI 3aMKHEHOT'0 LIMKJ/Iy eHeproCloKUBaHHH,
0 [03BOJIsIE arpo6i3Hecy BUCTYNAaTH aKTUBHUM Cy6'eKTOM reHepalil eHepril
JeTtanizoBaHo cnenu¢iky «3eJIEHOTO MepexoAy», Jle YIPaBJIiHHSA BYyTJELEBUM CJIiIoM
pO3r/IAJla€TbC He JiMIle fK eKOJIOTIYHMM HOpMaTHB, a fK CTpaTeriyHui aKTUB.
[IpoaHasi3oBaHO 3MiHY CTPYKTYpH KamiTaJbHUX Ta ONEPALifHUX BUTPAT, 06T PYHTOBAaHO
MeTO/MKY OLIIHKH >KUTTEBOTO LIUKJIy eHEeProo6’eKTiB Ta BUSBJIEHO NMPSIMUM 3B’I30K MiX
JlekapOoHi3alji€lo eHepromnocTayaHHs Ta iHBeCTULIMHOI0 MPUBAGJIUBICTIO MiANTPHUEMCTB. Y
CTaTTi aKLIeHTOBAHO YBary Ha cOLliaJIbHUX Ta OopraHisaniiiHux acnekTtax TpaHncopmaril.
BuokpeMJ/ieHO poJsib KaZipoBOro 3abe3ledyeHHs] Ta HeoOXxifHicTb GOpMyBaHHSA HOBHUX
npodeciiHUX KOMIETEHL[il ¥ MepcoHally B YMOBaxX MO/JIepHi3alii eHeprorocrnosapcTaa.
O6rpyHTOBaHO llepeBaru eHepreTH4HoOI Koonepalyi sk GOpMH KOJIEKTHBHOr'O YIIPABJIiHHSA
pecypcaMmy, 1110 CIIPUSIE COLia/IbHO-eKOHOMIUHOMY BiZIpO/IP)KEHHIO CiJIbCbKUX TEPUTOPIH.

KJ/IIOYOBI CJIOBA

cTpaTeriyHe ynpasJiHHS, esiekTponocradyanHs AllK, cTasuii po3BUTOK, peiHKUHIpUHT
Mepexk, Microgrid, ¢iTtoTexHosorii, ByrJIeLeBUH CJiJ, €HeproMeHeHKMEHT,
BiJTHOBJIIOBaHI /pKepesia eHeprii, JeKapOoHi3alli, eHepreTH4YHa KooIleparlis,
aBTOHOMHICTb CUCTEM.
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1. Introduction

The current state of the global economy is characterized by a profound transformation of energy
systems, which is due to the need to counteract climate change and transition to the principles of
sustainable development. For the agricultural sector, which is one of the most energy-intensive and at
the same time vulnerable to environmental risks, the issue of reliable and environmentally friendly
electricity supply is of strategic importance. In the context of military challenges, volatility of energy
markets and physical deterioration of centralized networks, traditional approaches to energy supply of
the agro-industrial complex (AIC) demonstrate their inefficiency. This actualizes the need to develop
new management strategies aimed at reengineering infrastructure, decentralization of generation and
achieving carbon neutrality of production processes.

2. Literature Review

The problem of strategic management of the transformation of energy systems of the agricultural
sector is multifaceted and covers technical, economic and social aspects, which is reflected in the works
of modern scientists.

The fundamental principles of digitalization of the industry under martial law and post-war
recovery are revealed in the collective monograph by I. V. Blinov and S. P. Denysiuk [ 2], which emphasize
the transition to intelligent control systems. The issue of monitoring and identification of energy
facilities as a basis for their modernization is studied by V. P. Babak [1]. Methodological approaches to
the design of power supply systems in the agro-industrial complex using modern CAD are covered in
the works of L. G. Vikhrova [24] and P. V. Potapsky [18], and applied aspects of improving the reliability
of agricultural enterprise networks are covered in the work of I. I. Mytrazhyk [13]. The problem of
reliability fluctuations and reactive power compensation to improve energy efficiency is detailed by
N. V. Oberska [15] and O. I. Kovalenko [9].

A significant part of the research is devoted to microgrids as tools for local resilience. . V. Blinov
[3] substantiates the implementation of international standards for the operation of Microgrid in
Ukraine. Technical aspects of the implementation of microgrids with alternative energy sources directly
for the needs of agricultural enterprises are disclosed by M. Y. Oliinichenko [16] and A. Vorushil [25].
M. P. Kuznetsov [10]. The possibilities of autonomous systems based on renewable energy sources for
household and local consumers are described by N.P. Savchenko [19].

The realization of the bioenergy potential of Ukraine as a means of energy substitution is the
subject of research by A. V. Pechenyuk et al. [17]. The prospects for growing energy crops are described
in detail by O. V. Tryboi [23]. The practical use of solar energy and the introduction of agrovoltaics in
agribusiness as a response to climate change are analyzed by Y. Kastornova [8] and V. Sokolovskyi [21].

The conceptual foundations of the energy transition and the formation of new economic relations
are studied by I. Novosad [14] and S. Huz [7]. The financial and economic efficiency of engineering in the
energy sector is revealed in the work of L. Horal [6]. The issues of “green” financing, investments and
legal incentives for the decarbonization of the energy sector have been thoroughly studied by
0. Sholudko [20] and N. Yakymchuk [26].

The role of communities in ensuring energy security and decarbonization is highlighted by
N. Lytvyn [11], and the benefits of decentralization of the energy system are highlighted by
A. Moskalenko [12].

The analysis of the sources of information confirms a high level of interest in certain aspects of
energy modernization. However, the strategic management of the transformation of power supply
systems in the agro-industrial complex as a comprehensive integration of reengineering, microgrids and
phytotechnologies into a single system of sustainable management requires further in-depth research,
which led to the choice of the topic of this article.

3. Problem Statement
The purpose of the study was to develop and theoretically substantiate a comprehensive model

of strategic management of the transformation of the energy circuit of agricultural enterprises. This
involves rethinking the role of power supply systems: from perceiving them as a passive auxiliary
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infrastructure to transforming them into an active strategic asset operating on the principles of
sustainable development and carbon neutrality.

Within the framework of the defined goal, the work is aimed at sequentially solving a number of
interrelated research tasks:

— to justify the transition from the strategy of reactive maintenance of obsolete network assets to
their deep reengineering;

—to reveal the conceptual logic of the development of agricultural microgrids (Microgrids);

—to investigate the mechanisms of synergy of modern phytotechnologies with renewable energy
sources;

— to detail the financial architecture of the “green transition” in agribusiness;

—to outline the trajectory of human capital development and cooperative management models.

Thus, the tasks set cover the full cycle of transformation - from technical diagnostics of equipment
to the formation of a new philosophy of management of the agro-industrial complex, focused on full
energy independence and high environmental responsibility.

4. Methods and Materials

The methodological basis of the study is a dialectical approach to the study of economic and
technological processes in their interconnection and development. To achieve the set goal and solve the
defined tasks, a set of general scientific and special methods was applied.

The theoretical basis of the study is made up of the fundamental provisions of modern economic
theory, the concept of sustainable development, the theory of strategic management and engineering
redesign (reengineering) of business processes. The paper uses scientific works of domestic and foreign
scientists related to the introduction of renewable energy sources, digitalization of the electric power
industry and the development of decentralized Microgrid systems.

The method of system analysis and synthesis was used to study the structure of modern power
supply systems in the agro-industrial complex as integral objects, which made it possible to identify
critical vulnerabilities of obsolete infrastructure and justify the need for its comprehensive
transformation. The method of abstract and logical generalization is used in the formation of the
conceptual model of the agricultural microgrid (Microgrid) and the theoretical substantiation of the
synergy of phytotechnologies with technical energy supply systems.

The empirical basis of the study was made up of legislative and regulatory legal acts of Ukraine
and the European Union on energy policy and decarbonization. The materials of scientific and practical
conferences, the results of field research on the cultivation of energy crops, were also used. The totality
of the methods used and the completeness of the information base ensure the reliability of the results
obtained and the validity of the proposals formulated in the article.

5. Results and Discussion

The process of managing the development of power supply systems in the agricultural sector
cannot be effectively established without a critical rethinking of the existing base. Most of the networks
that serve agricultural facilities today were created according to Soviet standards of the 1970s-1980s,
requirements of the digital economy [7].

The first step of strategic management is the transition from reactive maintenance (repair when
broken) to predictive (predictive) diagnostics [1]. An in-depth audit involves not only an inspection of
substations, but also instrumental measurement of energy quality indicators. Management must receive
answers to key questions:

- Load profile - analysis of consumption dynamics during the day and season (this is critical for
further design of solar power plants).

— Harmonic distortions and voltage drop - modern equipment (frequency converters, digital
sensors) is extremely sensitive to signal quality. The audit allows you to identify “weak points” where
losses occur due to old transformers, leading to the shutdown of processing lines.

- Transportation losses: in the agricultural sector, objects (farms, currents, pumping stations, etc.)
are often scattered over a long distance. Management analysis allows you to calculate how much money
an enterprise “loses into the air” due to heating of old wires with insufficient cross-section.
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In the context of modernization of the agricultural sector, the reengineering of power supply
systems should be considered not as a mechanical replacement of worn-out assets, but as a fundamental
transformation of the organizational and logistical model of energy supply [6]. The transition from
linear radial structures, characterized by high vulnerability to local failures, to extensive adaptive
networks is a prerequisite for ensuring the infrastructural stability of agricultural enterprises.

The implementation of the reengineering strategy in the agricultural sector requires the adoption
of a number of systemic management decisions aimed at radically changing the architecture and
functionality of the power system.

From the point of view of management, this solution creates an automatic redundancy
mechanism: in the event of destruction or emergency failure of one section, the system maintains its
operational viability, redirecting energy flows by alternative ways. Thus, the continuity of critical
technological processes is ensured, which is a basic condition of sustainable production [25].

In parallel with the optimization of the network topology, the management focus is shifting
towards the intellectualization of protective mechanisms through the integration of vacuum circuit
breakers and reclosers. These devices act as digital control agents capable of selective localization of
emergency zones in an autonomous mode, reducing the Power Outage Duration Index (SAIDI) from
critical hours to milliseconds [15]. This minimizes the risks of manufacturing defects and losses caused
by equipment downtime.

In addition, the reengineering strategy envisages a change in approaches to energy transportation
by switching to higher levels of rated voltage. Instead of operating traditional 0.4 kV lines, which are
characterized by a significant voltage drop over long distances, it is advisable to transfer the energy
infrastructure to the level of 10 kV with the simultaneous deployment of local compact transformer
substations directly near the consumption facilities. This approach radically neutralizes technological
power losses in networks and guarantees stable electricity parameters necessary for the uninterrupted
operation of high-tech agricultural equipment [12].

An important aspect of management is working with reactive power. A large number of electric
motors (on mills, pumps, fans) creates an additional load on the network, which does not perform useful
work, but for which the company has to pay. Reengineering involves the installation of automated
condensing units. From the point of view of management, this is a direct investment in energy efficiency,
which pays off during the first year of operation due to reduced payments and unloading transformers,
which makes it possible to connect new equipment without buying additional capacities from the state
[9].

The final stage of transformation is the introduction of intelligent metering systems. Management
should see the “energy picture” of an agricultural enterprise in real time on a smartphone or computer
screen. This allows you to implement a demand management strategy [2]:

— detection of unauthorized connections or losses;

- postponement of the operation of the most energy-intensive units to nighttime (if a
differentiated tariff applies);

— automatic load management during periods of power shortage.

Thus, diagnostics and reengineering of obsolete power grids are aimed at creating a “foundation”
without which the transition to carbon neutrality is impossible. Only a reliable, digitalized and flexible
grid will be able to accept electricity from renewable sources (solar or biomass) in the future and
distribute it efficiently, ensuring the sustainable development of the agricultural sector.

In the context of decentralization of energy markets and the growth of systemic risks, the most
promising model of energy supply management in the agricultural sector is the concept of Microgrid. In
the scientific sense, Microgrid is not just a set of generation sources, but an integrated intelligent system
that combines local energy sources, energy storage systems and controlled load [5]. The key managerial
advantage of such an architecture is its ability to function both synchronously with the unified energy
system of the state and in a completely autonomous (“island”) mode.

The management decision on the implementation of Microgrid at an agricultural enterprise allows
transforming the energy infrastructure from a passive consumer into an active market participant. This
is achieved thanks to three fundamental components [16]:

1) diversified generation (integration of solar photovoltaic systems, wind turbines and biofuel
cogeneration modules directly into the farm circuit);
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2) energy storage systems (the use of industrial battery complexes allows management to
neutralize the stochastic nature of renewable sources, accumulating surplus energy during periods of
low demand and issuing it during peak loads);

3) intelligent control (software and hardware complexes that carry out automated distribution of
energy flows between sources and consumers).

From the point of view of risk management, the most valuable property of the Microgrid is the
ability to function autonomously. In case of emergencies or stabilization shutdowns in the main
networks, the microgrid is automatically separated from the external circuit [25].

For agricultural management, this provides a strategic advantage: critical equipment (e.g.,
microclimate systems at poultry farms, automated irrigation systems, or refrigeration units for storing
products) continues to operate without interruption. This avoids significant direct losses, which in the
agricultural sector are often irreversible due to the biological characteristics of the production cycle.

The implementation of Microgrid allows the implementation of modern strategies for managing
electricity consumption. Instead of a passive perception of tariff plans, the manager receives tools for
dynamic load regulation [19]:

— peak shifting (reducing costs by using energy from storage during periods of the highest market
prices for electricity);

—load prioritization (automatic shutdown of secondary consumers in favor of critical nodes in
case of limitation of available power.

The managerial transition to Microgrid is an investment in the long-term stability of production
costs. By fixing the costs of its own generation, the company minimizes dependence on the energy
market conditions. In addition, the localization of generation brings the energy source as close as
possible to the place of its consumption, which practically eliminates transportation losses in the
networks [3].

From an environmental point of view, Microgrid is the main tool for achieving carbon neutrality,
as it allows you to integrate green energy into the technological cycle as efficiently as possible,
minimizing the carbon footprint of each unit of agricultural products produced.

Thus, the Microgrid concept transforms the role of an agricultural enterprise in the energy system,
turning it into an autonomous node with a high degree of reliability. This creates a solid foundation for
the implementation of the “Smart Agriculture” concept and ensures the infrastructural resilience of
business in the face of global turbulence [10].

The modern strategy of energy supply management in the agricultural sector goes beyond purely
technical solutions and is increasingly integrated into biological production cycles. Phytotechnologies
in combination with renewable energy sources (RES) form a unique ecosystem in which land acts not
only as a means of growing food, but also as an active platform for energy generation and storage. The
management approach in this context is based on the principle of a closed cycle and minimization of the
“carbon footprint” [4].

The foundation of energy sustainability of an agricultural enterprise is the effective management
of organic residues. The phytotechnological approach considers crop by-products (straw, corn stalks,
husks) not as waste, but as strategic energy raw materials.

The management decision on the implementation of biogas complexes allows transforming
organic matter into electrical and thermal energy through anaerobic digestion. In addition to generating
current, this process solves the problem of utilization of livestock waste and provides the farm with
high-quality biofertilizers (digestate), which reduces dependence on energy-intensive mineral
fertilizers, the production of which is associated with high CO, emissions [17].

Strategic reengineering of energy supply involves the allocation of unproductive or degraded land
for the cultivation of perennial energy plantations. This is an area where agronomic expertise directly
affects energy independence. For example, crops such as energy willow, poplar, or miscanthus are
characterized by high biomass growth and unpretentiousness to soils. From the point of view of
management, the creation of such plantations is a form of “biological deposit” of energy [20].

The use of phytotechnologies allows you to actively absorb atmospheric carbon and fix it in the
root system and soil, which is critical for the certification of products as carbon neutral. This creates
additional business value in the context of global climate regulation.

One of the most innovative areas of management is the integration of solar generation directly
into the technological space of growing crops. Agrophotovoltaics changes the logic of using the land
fund, allowing you to get double profit per hectare [21].

6
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Installation of solar panels on special high supports above crops of niche crops (for example,
berries or vegetables) creates a controlled microclimate. The panels provide partial shading, protecting
plants from heat stress and excessive moisture evaporation, which becomes a critical yield factor in
global warming [8]. The electricity generated directly above the field can be instantly used to power
automated drip irrigation systems, which minimizes current transportation losses and makes irrigation
systems autonomous.

The integration of plant systems into the energy supply circuit also performs a protective function.
The creation of forest reclamation strips around energy infrastructure facilities (substations, Microgrid
nodes) acts as natural barriers against wind loads and snow drifts, which increases the physical
reliability of power lines and equipment.

The combination of phytotechnologies with renewable energy allows the agricultural sector to
reach a new level of self-sufficiency. A management model based on such synergy not only guarantees a
stable power supply but also turns an agricultural enterprise into an active element of the “green”
economy, able to effectively balance between production goals and environmental safety requirements.

The transition to low-carbon electricity supply systems in the agricultural sector is no longer
exclusively a matter of environmental responsibility; today, it is a fundamental economic imperative.
Management of energy system development in this context is considered through the prism of strategic
investment in assets with low emission intensity, which allows the enterprise not only to optimize
operating costs, but also to provide access to global capital markets and sales [18].

The traditional model of electricity supply in the agro-industrial complex is based on high
operating costs due to the constant increase in tariffs in the electricity market and the volatility of fossil
fuel prices. The economics of the “green transition” proposes a radical change in this structure [13]. The
main financial burden is transferred to the stage of infrastructure creation (installation of RES, storage
systems, reengineering of networks).

After the end of the payback period, the cost of generation becomes virtually zero or is limited
only to service costs. For agricultural management, this creates a unique opportunity to forecast the cost
of production for decades ahead, leveling the risks of volatility in the energy market.

In the modern economy, the “carbon footprint” of products is transformed into a financial
indicator. The management decision on the decarbonization of electricity supply allows the
implementation of several monetization mechanisms [11]:

—Reduction of cross-border carbon adjustment. For export-oriented agricultural holdings,
minimizing the specific emission of CO per unit of production becomes a way to avoid additional tax
burdens when entering EU markets.

— Carbon credit trading. Businesses using renewable energy and phytotechnologies to sequester
carbon can generate certified emission reduction units that become a commodity in their own right in
international carbon markets.

—Access to green finance. The banking sector is increasingly using “eco” ratings when assessing
borrowers [20]. Agricultural enterprises with a low level of emission intensity get access to soft loans
and grants from international financial institutions.

The economics of “green” development also involves the management of specific risks:

—technological risks (rapid obsolescence of equipment, such as photovoltaic panels, requires
flexible depreciation strategies);

—regulatory risks (changes in state policy on feed-in tariffs or Net Billing conditions require
management to develop energy supply scenarios focused primarily on self-consumption) [26].

The economic efficiency of power supply systems in the new paradigm is determined not by
minimizing immediate costs, but by maximizing the strategic sustainability of the business.
Decarbonization of the energy circuit of an agricultural enterprise turns environmental restrictions into
a powerful driver of economic growth, ensuring high competitiveness of agricultural products in the
context of global climate regulation.

The development of power supply systems on the basis of sustainable development is impossible
without a radical restructuring of the organizational culture and management structures of an
agricultural enterprise. The energy transition requires not only technical re-equipment but also the
formation of a new socio-economic ecosystem, where human capital, partnership, and social
responsibility become drivers of technological progress [14].
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The transition to smart grids and complex generation systems from renewable sources creates a
demand for specialists of a new profile. The traditional role of the chief power engineer of an agricultural
enterprise is evolving into the function of an energy manager and system analyst.

The management decision on modernization should be accompanied by a staff training strategy.
Employees must have the skills to work with IT platforms for monitoring energy consumption,
programming Microgrid algorithms, and maintaining high-tech equipment (inverters, biogas plants).

The social aspect of transformation is to overcome resistance to change by demonstrating the
benefits of automation, which frees staff from routine work and increases the security of workplaces in
the energy sector.

Organizational reengineering often goes beyond the boundaries of one enterprise. The optimal
tool for managing the development of electricity supply in the agricultural sector is the creation of
energy cooperatives and clusters [22].

Small and medium-sized farms, by joining forces, get the opportunity to invest in large projects
(for example, powerful biogas plants or energy storage) that are financially inaccessible to an individual
entity. The cooperative model allows you to optimize the costs of connecting to networks and joint load
balancing, which significantly increases the economic sustainability of all participants in the association.

Energy modernization of agribusiness has a powerful social externality effect. The introduction of
autonomous power supply systems on the basis of sustainable development contributes to the revival
of rural communities. In case of emergencies, an agricultural enterprise with its own Microgrid can
become an “energy island” for the local population, providing food to critical facilities (schools, hospitals,
heating points). The development of bioenergy and RES service centers stimulates the employment of
young people in villages, stopping migration processes and increasing the prestige of labor in the
agricultural sector.

Carbon-neutral governance requires a high level of transparency and accountability from
management. This becomes part of the corporate strategy, where an ethical attitude to the environment
and energy integrity (transparency of energy sources) forms the company’s reputational capital, which
is necessary to attract international investments and partnerships.

Thus, the socio-organizational dimension of the energy development of the agro-industrial
complex proves that technological innovations are only a tool, the effectiveness of which depends on the
readiness of people and organizations for changes. The reorientation of management to the principles
of cooperation, continuous learning and social responsibility allows us to create a sustainable model of
electricity supply that harmoniously combines the interests of business, society and nature.

6. Conclusions

As aresult of the study, the strategic directions of transformation of power supply systems in the
agricultural sector in the context of sustainable development are theoretically substantiated and
practically detailed. The approaches formulated by the authors allow us to draw the following
conclusions.

Technological reengineering of the network infrastructure is the only condition for stabilizing the
energy supply of the agro-industrial complex. The transition from passive radial circuits to intelligent
automated networks with self-healing functions allows not only to minimize technological losses, but
also creates a technical basis for the integration of distributed generation.

The implementation of the Microgrid concept is identified as a key factor in local energy
sustainability. The ability of an agricultural enterprise to function in an autonomous (“island”) mode is
critical for maintaining the continuity of biological and technological production cycles, especially in
conditions of systemic instability of external power grids.

The synergy of phytotechnologies and renewable energy sources (in particular, agrophotovoltaics
and bioenergy) forms a new model of closed energy consumption. The use of niche energy crops and
the conversion of agricultural waste allow agribusiness to transform into an active prosumer,
minimizing dependence on external energy suppliers and volatility in fossil fuel prices.

The economic efficiency of the “green transition” in the agricultural sector directly correlates with
carbon footprint management. Decarbonization of the energy circuit is not only an environmental
compliance tool, but also a strategic asset that increases the investment attractiveness of the enterprise,
facilitates access to green finance and provides competitive advantages in international markets in the
context of the introduction of carbon adjustment mechanisms.
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Socio-organizational transformation requires a revision of approaches to the development of
human capital and inter-subject interaction. The development of energy cooperation and the
improvement of the professional competencies of personnel in the field of STEM technologies is a
prerequisite for the successful implementation of the energy strategy, which at the same time
contributes to increasing the vitality of rural communities and creating new high-tech jobs.

Thus, the strategic management of the transformation of the agro-industrial energy systems
should be based on an integrated approach that combines technical re-equipment, biological synergy
and economic incentives, providing a solid foundation for a sustainable and energy-independent future
of the agricultural sector of Ukraine.
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