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The article presents materials for the analysis of energy efficiency of foreign and domestic
agricultural production and summarizes the factors affecting the reduction of their energy efficiency. The
results of the analysis of energy resource consumption in the field of dairy farming and materials on the
results of the application of energy-saving measures are given.

This article is devoted to the problem of optimizing energy-efficient processes in the production and
processing of agricultural products, which is important for increasing productivity and reducing the impact
on the environment in the agricultural sector. The activity of agricultural enterprises is accompanied by
significant energy costs, and the optimization of these processes can lead to saving resources and reducing
emissions of harmful substances.

The article considers current approaches to improving energy efficiency in agro-industrial
production and food processing, including the use of modern technologies, process automation, use of
renewable energy sources, and effective methods of resource management. The authors of the article
consider practical examples of innovative solutions that help reduce energy consumption and improve
productivity in the agro-industrial sector.

By conducting analysis and research in the chosen topic, the authors provide readers with important
conclusions about how optimization of energy-efficient processes can contribute to the sustainable
development of the agricultural sector and consumers in general. This article may be useful for agricultural
professionals, researchers, government officials, and anyone interested in a balanced approach to
agricultural production and processing to conserve resources and reduce environmental impact.

Key words: energy efficiency, agriculture, production, processing of agricultural products,
sustainable development, energy saving.

Fig. 1. Table. 1. Ref. 10.

1. Problem formulation

Optimizing energy-efficient processes in production consists in studying and substantiating the need
to optimize energy-efficient processes in the production and processing of agricultural products. The
problem lies in the following aspects:

The growth of the world population and the increase in demand for agricultural products creates
pressure to increase production volumes in agriculture and food processing. This leads to an increase in
energy costs in these industries.

Energy dependence of production and processing of agricultural products increases the risk of
energy price fluctuations and can affect the economic stability of the industry.

Modern standards of sustainable development and environmental restrictions require the reduction
of greenhouse gas emissions and other negative impacts on the environment. A high level of energy
consumption can lead to environmental problems and undesirable consequences for nature.

Optimizing energy-efficient processes in agriculture and processing can help increase productivity,
reduce costs, and improve product quality, which are important factors for increasing the competitiveness of
the industry.

Thus, the problem of optimizing energy-efficient processes in the production and processing of
agricultural products is an important challenge that requires research and development of effective strategies
and practical solutions to improve the sustainability and efficiency of the agricultural sector.
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2. Analysis of recent research and publications

Research in this area notes the growing attention to energy efficiency issues in the agro-industrial
sector. This is due to the growing awareness of resource conservation and reduction of greenhouse gas
emissions.

Researchers determine the use of innovative technologies, such as modern automation systems, the
use of renewable energy sources, and the development of effective energy management methods to reduce
energy consumption in agro-industrial production.

Governmental and international organizations actively stimulate research in the field of energy
efficiency of agriculture by providing grants and support for the implementation of projects aimed at
optimizing processes.

Research shows that optimizing energy-efficient processes can lead to reduced costs and increased
productivity in the agribusiness sector.

Most studies emphasize the importance of an integrated approach that takes into account technical,
economic and environmental aspects of energy efficiency in agriculture.

Research also emphasizes the importance of educating and informing farmers and operators about
the opportunities and benefits of optimizing energy-efficient processes.

3. Purpose of research

Consider modern technologies and approaches to achieving energy efficiency in the agro-industrial
sector and food processing, as well as analyze practical examples of successful solutions in this field.

4. Results of the researches

Agriculture is an integral part of the world economy and society. Production and processing of
agricultural products require significant energy costs, and this aspect becomes especially relevant in the
context of population growth and increased demand for food products. Therefore, optimization of energy-
efficient processes in agriculture and processing of agricultural products is critically important for
sustainable development and ensuring food security.

Currently, the specific energy intensity of the Ukrainian economy compared to the economies of the
industrialized countries of the world, unfortunately, remains high. Taking into account purchasing power
parity, this indicator is twice as high as the similar indicator in the USA, 2.3 times higher in the world
community as a whole, and 3 times higher in the developed countries of Europe and Japan [1].

For the production of goods and services worth one thousand dollars in Ukraine, 0.89 tons of
conventional fuel (t.u.p.) are spent, and in Norway and Sweden, which have similar climatic conditions, only
0.36 ton . and 0.26 t.u.p. respectively [1].

Currently, a number of normative acts have been adopted in Ukraine, which contribute to the
implementation of measures to reduce the energy intensity of production.

The purpose of the development of the concept is to substantiate ways of increasing the energy
efficiency of the country's agricultural production, taking into account the real conditions of the functioning
of agricultural enterprises.

When developing the concept of energy saving and increasing the energy efficiency of production in
the agricultural industry, a program-target method of solving the problem of energy saving was used with the
definition of goals and objectives, the selection of a list of coordinated energy-saving measures, and their
connection with technical, technological and financial possibilities [2,3].

The high energy intensity of production in domestic agriculture is due to the following
characteristics [3.4]:

- very low level of labor productivity (for example, currently it is 10% of the US level);

- alow rate of utilization of power plants with a large set of technical and technological means (for
example, the rate of utilization of electric substations, boiler houses , installed capacity of internal
combustion engines does not reach 20%);

- a complex structure of the fuel and energy balance, the main components of which are the
following types of fuel and energy resources (TER): diesel fuel and gasoline ( about 1/3), electricity (12%),
solid fuel ( more than 1/3), gas, liquid oven fuel ;

- energy intensity in recent years production only increased ( consumption energy increased by
350%, growth crop and livestock products as specified period was, respectively, 25% and 35%) [5].
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Rural household has evolve intensively, using innovative energy saving technologies , and this one
process inseparable connected with increaiise consumption energy : an increase to date production by 1%
entails an increase expenses energy resources by 2-3%.

In animal husbandry 18-22% of liquid is consumed fuel and 19-20% electric energy from everyone
energy resources that are used for production goals in the countryside economy _

Everything is higher the above has a negative effect on the state of the agro-industrial complex, as it
is huge amount outdated equipment and communications (about 90% of them works beyond deadlines
depreciation ), deterioration systems operation and service, as well as deficit able-bodied personnel necessary
qualifications [6].

In Ukraine on 1 ha of arable land up to 250-280 kg of conventional is spent of fuel, while, for
example, the USA - 140 kg.

So, rural household at night lags behind in the industry energy resource conservation from foreign
countries.

The main causes of irrational use in agriculture is:

- underestimation roles energy in the development of the agricultural sector;

- morally and physically outdated technological agricultural equipment _ production and
processing industries ; significant costs thermal and electrical energy in animal husbandry to support
production premises necessary parameters microclimate (especially for young animals );

- low efficiency departmental boiler room from long heat networks;

- availability big quantity electric motors for technological installations that are operated with
minimal loading ;

- uneconomical systems electric lighting

Modern agricultural production , in the first place queue animal husbandry is a big consumer energy
resources and is a priority state policies in the industry agricultural production . According to the results of
the analysis of the state and development prospects branch of dairy farming it was established that one of
risks decrease profitability production in dairy farming and non-compliance programs him development is
growth prices for energy carriers , primarily for electricity [7].

In the field of production, in particular in the agro-industrial complex (APC), there are two main types of
resources - economic and natural, and their role can be determined by the level of technological
development. The higher the level of technology, the less agricultural production depends on natural factors.

Economic resources of agricultural enterprises can be classified according to their value into the
following types:

»  basic resources, without which the functioning of agricultural enterprises is impossible;

»  production resources that are necessary for the technological process of agricultural production;

» auxiliary or specific resources that take part in the production process.

Of natural resources, the most prominent role is played by resources of man-made origin, known as
energy resources - these are reserves of energy that can be used to supply energy. It is important to note that
some energy resources can be used as fuel or as raw materials for further processing.

Since the beginning of the 19th century, the main sources of energy have been fossil fuels such as
coal, oil and natural gas, which have been widely used in agriculture. However, modern society uses
different sources of energy, such as different types of fuel, combustible gases, combustible shale, peat,
firewood, as well as the energy of falling water, wind, sun and atoms.

In the field of agriculture, the use of energy resources depends on the level of economic
development of a particular country. Usually, the higher the level of development, the more diverse energy
sources are used in the agricultural sector.

Modern agriculture in developed countries makes extensive use of alternative energy sources such as
wind and solar energy. Previously, energy from falling water and wind was used to grind grain in water and
wind mills.

Extraction and use of various types of fuel and energy resources in agriculture belong to the field of
energy. Energy includes the fuel industry, power generation, and fuel and energy supply systems. It is
important to note that energy is the basis of modern agriculture, and no agricultural enterprise can function
without it.

The level of energy supply of agricultural enterprises is characterized by the following indicators:

»  Energy security - the amount of energy capacity in horse-power or kilowatt-hours per hectare or
per 100 hectares of agricultural land or arable land.
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» Energy availability - energy capacity in horsepower or kilowatts per 1 average annual worker
employed in agriculture.

» Electricity supply - the amount of electricity consumed for production needs, per 100 hectares
of agricultural land, arable land or sown area.

» Electricity availability - the amount of electricity consumed for production needs, per 1 average
annual worker employed in agriculture.

» Electricity capacity of production - the amount of electricity consumed for production needs, per
100 hryvnias of money circulation. This indicator can be expressed both in kilowatt-hours and in rubles. To
calculate the electricity capacity of production in rubles, production costs for electricity per 100 rubles of
money circulation are taken.

»  The specific weight of electricity costs in the amount of production costs (%) - determines how
many percent of production costs are paid for electricity.

The reasons for the irrational use of natural energy resources (NER) in agriculture can be
reformulated as follows:

»  Underestimation of the importance of energy in the development of the agricultural sector.

»  Obsolete technical equipment in agriculture and processing industries.

» Large energy costs in rural animal husbandry to maintain the necessary parameters of the
microclimate.

»  Low efficiency of departmental boiler rooms and heating networks.

»  Alarge number of little-used electric motors in technological installations.

» Uneconomical electric lighting systems.

Increasing energy efficiency in the agricultural sector should include the following strategic
measures:

o Rational use of fuel and energy.
Replacing expensive types of fuel with more affordable ones.
Maximum use of local energy resources.
Decentralization of heat supply sources.
Application of energy-efficient technologies and use of non-traditional and renewable energy

sources.

Some promising energy-efficient technologies for the agricultural sector include:

e  Systems of cogeneration and trigeneration of energy for autonomous agricultural consumers,
which allow to save energy resources.

e  Energy-saving technologies and machines for the production of agricultural products.

e Natural heat and waste utilization systems (solar systems, heat pumps, etc.).

e Energy-saving systems for maintaining the microclimate in livestock facilities with utilization
and recirculation of air heat.

e  Energy-saving technologies for rural water supply systems.

In addition, the development of power management of heating, ventilation and air conditioning
systems can help reduce energy costs. It is also important to develop electrical technology methods and
equipment for the production of quality food, seed material and animal feed, as well as to use microwave
energy in technological processes to improve energy efficiency in agriculture.

The peculiarities of the functioning of the agricultural industry are connected with the fact that
biological objects are most often the object of influence of machine technologies: soil, plant, animal.

This has an impact on the consumption and distribution of energy and resources. In the process of
economic activity, the company's resources occupy one of the central places, therefore the issue of energy
saving for the company is very relevant today.

Energy conservation is the basic technology for creating efficient agriculture. The process of
implementing the energy conservation policy, which is gradually coming into force in Russia, is extremely
necessary as part of a complex of measures to overcome the crisis of the national economy. [7]

The goal of energy saving is to achieve maximum efficiency in the use of fuel and energy resources
(PER). The efficiency of the use of PER is the volume of useful production of products obtained for a unit of
PER, used by the equipment or technological process in the production process. Rational use of PER is the
achievement of the maximum possible efficiency of the use of PER with the existing level of equipment and
technologies.
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Currently, the energy supply system, as well as agriculture in general, is in a state of deep systemic

crisis.

The current state of agriculture in our country can be described as follows:

o Low level of labor productivity compared to western developed countries.

e High energy intensity of manufactured products, which is 4-6 times higher than in Western
countries.

e A large number of technological and energy resources used, with low useful use. The average
annual utilization ratio of electrical substations, boiler houses and the installed capacity of internal
combustion engines does not exceed 20%.

e A complex structure of the fuel and energy balance (PEB) with a high dependence on diesel fuel,
gasoline , electricity, solid fuel, gas and liquid fuel.

e Obsolete equipment and communications, about 90% of which have already exceeded the limits
of depreciation.

o Destruction of the operation and service system, as well as reduction of the working fleet of
machines.

¢ Shortage of qualified workers.

In this regard, the previously cost-effective approach to rural energy, which assumed an increase in
energy consumption with an increase in production, is no longer acceptable in the new economic conditions.
Low level of energy efficiency, low quality and inefficient use of electrical energy are problems of many
farms and territories in our country. In the conditions of the shortage of energy resources and the increase in
their cost, the problem of energy saving becomes even more urgent.

Therefore, the main task for saving fuel and energy resources in agriculture is to reduce unnecessary
energy consumption, which is about 30-40% of the total electricity consumption in agriculture. Many
technological processes in the agro-industrial complex use an unregulated asynchronous electric drive ,
which consumes up to 60% of electricity. However, the choice of power of electric motors is usually carried
out taking into account the maximum load, which occurs only 20-30% of the time of operation.

One of the promising directions for reducing electricity consumption is the wide implementation of a
frequency -regulated electric drive. However, the success of its application in many cases depends on its
reasonable use for specific technological processes and the choice of an appropriate management method,
taking into account the peculiarities of agricultural production.

A reduction in electricity costs for lighting can be achieved by replacing incandescent lamps, which
use only 5-8% of the consumed energy to produce light, with more efficient fluorescent lamps, which have a
useful return of 20-30%.

About half of the total electricity savings can be achieved through the introduction of energy-saving
machines, technological processes and equipment, including new industrial and technologies that require
development. Approximately one-tenth can be saved by increasing the use of secondary energy resources.

Reduction of electricity consumption and reduction of lighting costs can be achieved through
optimization of lighting systems, use of efficient light sources, correct selection and rational placement of
lamps, use of new lighting devices, effective lighting management and its automation, rational construction
of lighting networks, planned and high-quality operation of lighting systems

Table 1
Indicators energy consumption different industries agricultural production
Classification of energy efficient process Contribution to reducing energy consumption
Use of precision agriculture 20%
Use of modern agricultural machinery 15%
Use of alternative energy sources 10%
Efficient storage and transportation 15%
Optimization of water use 10%
Use of modern methods of soil improvement 10%
Minimization of product losses during harvesting 10%
Effective organization of agricultural processes 10%

The following energy-efficient technologies are very promising for agriculture:
o Systems of combined production of electricity and heat for autonomous agricultural consumers,
which allow to save a significant amount of energy.
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e Energy-saving machines, technological processes and equipment for the production of
agricultural products.

¢ Natural heat and waste disposal systems.

e Energy-saving systems for maintaining the microclimate in livestock premises with the use and
recirculation of air heat.

e Energy-saving technologies for rural water supply systems.

= Use of precision agriculture
= Use of modern agricultural machinery
Use of alternative energy sources

Efficient storage and transportation

‘ = Optimization of water use
‘ 10% = Use of modern methods of soil
15% improvement

= Minimization of product losses during
harvesting

= Effective organization of agricultural
processes

Fig. 1. Classification of energy-efficient processes in the production and processing of agricultural products

1. The importance of energy efficiency in the agro-industrial complex

The agro-industrial complex is a large consumer of energy. From fields and agricultural machinery
to processing and storage of products - every stage of production requires energy resources. However, a high
level of energy consumption does not always mean high performance. Optimizing energy-efficient processes
can help reduce energy consumption and costs while increasing yields and product quality.

2. Use of modern technologies

Achieving energy efficiency in agriculture requires the use of modern technologies and innovative
solutions. One of the key technologies is the introduction of precision agriculture, which allows for the
optimization of the use of resources, including fuel, manure and water. With the help of sensors and
geospatial technologies, farmers can precisely dose resources on each hectare of land, which allows to reduce
losses and energy consumption.

3. Solar and wind energy

One way to reduce the impact of agriculture on the environment is to use alternative energy sources,
such as solar and wind energy. Installing solar panels on agricultural buildings and using wind generators
helps reduce dependence on traditional energy sources and reduce greenhouse gas emissions.

4. Efficient storage and transportation

Energy consumption also occurs at the stage of storage and transportation of agricultural products.
Efficient storage and transportation systems can help reduce product losses and reduce energy costs. With
the use of modern technologies in the field of cold chain logistics, it is possible to store products under
optimal conditions, reducing energy consumption.

5. Education and informational support

An important element of optimizing energy-efficient processes is the education of agricultural
workers and farmers. Awareness of modern technologies and practices is essential for their successful
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implementation. Organizations and government agencies can provide support through training and
information on energy efficient solutions.

5. Conclusions

Energy efficiency is a critical aspect of the sustainable development of agriculture and the
agricultural processing industry. Reducing energy costs and increasing productivity can help reduce negative
environmental impact and ensure economic efficiency.

Modern technologies and innovative solutions play an important role in achieving energy efficiency
in the agro-industrial sector. The use of renewable energy sources, automation of processes and optimization
of the use of resources can significantly improve production efficiency.

Stimulating energy efficiency research and initiatives is an important task for governmental and
international organizations. Financing research and supporting projects aimed at optimizing energy-efficient
processes can stimulate the development of this industry.

A comprehensive approach that takes into account technical, economic and environmental aspects is
necessary to achieve success in optimizing energy-efficient processes. This means that the development of
strategies and solutions should be thorough justified and take into account all aspects.

Educating and informing industry players, including farmers and professionals, about the benefits
and opportunities of optimizing energy-efficient processes is critical. Conscious use and understanding of
innovations can contribute to the implementation of these practices in practice.

The general purpose of the article is to promote the development and implementation of optimization
of energy-efficient processes in agriculture and the field of processing of agricultural products in order to
ensure sustainable development, preserve resources and reduce the negative impact on the environment.

Optimizing energy-efficient processes in the production and processing of agricultural products is
critically important for the sustainable development of the industry and reducing the negative impact on the
environment. The use of modern technologies, alternative energy sources and education can help ensure the
efficiency and sustainability of agriculture in the face of growing demands for food security and
environmental sustainability.
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OINTUMIBALIA EHEPTOE®EKTUBHUX MMPOIIECIB Y BUPOBHUILITBI TA IEPEPOBKHA
CLIIbCBKOI'OCIIOJAPCBKOI ITPOIYKIIIT

Cmammsa npucesuena npodOiemi onmumizayii eHepeoegheKmueHux npoyecie y eupooHuymei ma
nepepooyi  CitbCbKo20Cn00apcubkoi npooyKyii, wo 6adciugo Oas NiOSUWEHHS NPOOYKMUSHOCMI mMa
3MEHUWIEHHs. 6NUBY HA OO0BKLISA 8 AZPAPHOMY CeKmopi. MHisnbHicmb CilbCbKO2OCROOAPCLKUX NIONPUEMCME
CYNPOBOONCYEMBCA SHAUHUMU eHepeeMUYHUMU 3aMPamamu, i ONMUMiz3ayis Yux npoyecie Modxice npu3eecimu
00 eKOHOMII pecypci6 ma 3HUNCEHHS BUKUOIB UKIOTUBUX PEYOBUH.

Y cmammi euxnadeno mamepianu ananizy emepeoegheKmuenocmi 3apyobidicH020 ma GIMHUZHAHO20
CibeOCNBUPOOHUYMEA  Ma  Y3a2aibHeHO  (hakmopu, Wo  6NIUBAOMb  HA  3HUJCEHHA  IXHbOI
eHepeoepexmusnocmi. Hagedeno pe3yibmamu ananizy CHONCUBAHHS €Hep2opecypCi8 y 2any3i MOJOYHO20
MBAPUHHUYMBA MA Mamepiany wooo pe3yibmamié 3acmocy8ants enepeosdepiearoyux 3axo0is. Taxooic
PO32AAHYMI aKMYanbHi Ni0X00U 00 NOKPAWEHHS eHepeoedeKMUGHOCI 8 A2PONPOMUCTIOBOMY BUPOOHUYME]
ma npooosobUill nepepodyi, BKAUAIOYU BUKOPUCAHHA CYUACHUX MEXHON02IU, asmomamuszayii npoyecis,
BUKOPUCMAHHSL 8IOHOBTIIOBAHUX 0Jicepel eHepeii ma e(peKmueHi Memoou YNpasiinHs pecypcamu. Jlocnioxceni
NPAKMUYHI  NPUKAAOU  THHOBAYIUHUX PpilleHb, SKI CHPUSAIOMb 3HUIICCHHIO CHOJICUBAHHS eHepeil ma
NOKPAWEHHIO RPOOYKMUBHOCHI 8 A2PONpOMUCIO80M) CEKMOPI.

1lposoosiuu ananiz ma 0ocniodxicentHs 6 0OpaHiti memi, MONCHA BIO3HAUUMU BANCTIUGICINb ONIMUMIZAYIT
eHep2oedeKmuGHUX NPoYecie, Wo Modice CHPUSMU CIAIOMy PO3GUMKY CLIbCbKO2OCHOOAPCHKO20 CEeKMopa
ma cnodcueadam 6 yiromy. Cmamms modxce Oymu KOPUCHOW 014 ¢haxieyie y 2any3i cCilbCbKo2o
2ocnodapcmea, a Makoxc y GUPOOHUYMBI ma NnepepoOKU CilbCbKO2OCHOOAPCLKOI NPOOYKYIl 3 Memoro
30epexcents pecypcie i 3HUNCEHHs, BNIUBY HA OOGKLIIL.

Knwuosi cnosa: enepeoegpexmusHicms, CilbCobke 20CNO0ApPCMeo, BUPOOHUYMBE0, nepepodKa
CLIbCLKO20CNOO0APCHKOT NPOOYKYil, cmae po38Umok, eHepeo30epedicents.

Puc. 1. Tabn. 1. Jlim. 10.
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