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with other countries of the world for awareness, analysis and relevant conclusions regarding energy consumption and

frugality. This helped, based on calculations and foreign experience, to prove the effectiveness of the proposed mathematical

model. And its empiric results of application in the form of the use of a copper plate allowed to prove efficiency due to the

reduction of electricity consumption in the conditions of maintaining the temperature regime of industrial-type premises

not higher than 22-26 °C when the equipment is operating at an output power of 40 W. The results of the research are

the development of the existing theoretical foundations of ensuring the effective use of energy resources in agricultural

organizations and can be used by economic entities and regional authorities for the purpose of making informed decisions

in the field of energy-saving policy development in the agricultural sector.

Keywords: Agricultural Industry; Electric Power Industry; Development; Latest Technologies; Innovations

1. Introduction

Sustainable development in the world scientific com-
munity is considered as a system of criteria, the observance
of which allows to preserve enough means for the normal
life of future generations. Methodologically, the innovative
context of sustainability is considered in two main direc-
tions — the institutionalization of economic relations and
the overcoming of deep social and territorial differentiation
of civilizational development!!.

Such directions and basic principles of preventing en-
ergy poverty are primarily defined today in the Directives of
the European Union ! and the presented official notification
of the European Commission of the Fourth Energy Package
“Clean Energy for Europeans” ). The regulations provide
for focusing attention on measures to improve the energy
efficiency of buildings for vulnerable consumers energy re-
sources while encouraging them to actively participate in
reducing costs, based on clear, timely and reliable informa-
tion on energy consumption and monitoring of savings.

In this context, it is worth noting the leading EU coun-
tries, which, in our opinion, are most successfully implement-
ing the energy efficiency strategy. According to the existing
views, concrete work is being carried out in Germany regard-
ing energy saving and increasing the energy efficiency of
systems, machines, devices and mechanisms. During the pe-
riod 2000-2003, the German authorities annually contributed
at least 200 million to the development of renewable energy
and energy saving euro. During 2003-2005, the financing of
such projects was increased to 360 million euros. And since
2006, the growth of annual capital contributions to renew-
able energy has become even more significant and amounted

to about 1 billion euros. The authorities actively attract pri-

vate capital to participate in new projects, using for this such
means as the organization and holding of competitions for
the implementation of energy-saving credits, the provision
of benefits in taxation and obtaining credits. For example,
the Polish authorities have harmonized national legislation
with regulatory and legal documents of the EU.

Thus, as a result of the experience of European coun-
tries, it is worth noting that there are practically no discrepan-
cies between national and local legal acts, and comparing the
legislative framework of Ukraine, the same conclusion can
also be drawn. The institutional and organizational support
for energy saving policy is being successfully formed. Ef-
fective and purposeful work of state and local governments
has been established in the country authorities, financial and
commercial structures, business entities regarding the im-
plementation of energy saving measures in the residential
sector, effective use of local resources and electricity, imple-
mentation of solar energy, biogas production, waste disposal,
obtaining thermal and electrical energy from the burning of
straw and other plant waste. The energy conservation policy
of other countries is also of interest. In particular, the Nether-
lands is one of the leaders in the development of wind energy
and energy using biofuels. Significant achievements have
been made in the creation of cogeneration systems and heat
pumps. Great Britain is adjusting its energy policy, directing
it on the one hand to economical use of energy, and on the
other hand to increasing the efficiency of energy supply. In
order to improve the country’s energy supply, in mid-2008
it was decided to unfreeze its nuclear energy development
program. The first step in solving this issue was the contract
with the French company Electricite de France SA to acquire
British Energy, which produces up to 30% of all electricity
in England and Scotland. With the completion of the agree-
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ment, the French company will start building new nuclear
power plants in Great Britain.

One of the most important conditions for the socio-
economic stability of society, ensuring the economic and
food security of the state is the sustainable development of
agriculture, which involves the balanced achievement of eco-
nomic, social and environmental goals. In accordance with
the direction of the state to join the European Union, a num-
ber of legislative acts and regulations have been adopted,
which have a common European integration direction. In
view of the above analysis of the development of energy
efficiency in the EU at the legislative level and the analy-
sis of the practice of application in our country, there is a
Law of Ukraine “On the Strategy of Sustainable Develop-
ment of Ukraine for the period until 2030 !, which clearly
prescribes plans and tasks for improving the areas of state
activity, in particular in the agricultural sector. At the mo-
ment, Ukraine has a developed food complex, which is able
not only to fully provide the country’s population with food
products, but also to form an active position of the country on
the international markets of a number of key agro-food prod-
ucts®]. Thanks to traditionally strong food exports, Ukraine
is one of the guarantors of food security in the world.

Based on the data of the National Bank of Ukraine,
before the full-scale war, Ukraine was one of the five
largest grain exporters in the world, exporting 3/4 of what
it produced, domestic grain consumption was only 20-25%.
Ukraine supplied 10% of world exports of wheat, more than
14% of corn and more than 47% of sunflower oil[®l. Cur-
rently, thanks to the help of partners, Ukraine remains a key
supplier on the world markets of grain and sunflower oil, with
a share of more than 10% of international trade. In 2023,
16.1 million tons of wheat were exported to 65 countries,
26.2 million tons of corn to 80 countries, and 5.7 million
tons of sunflower oil to 130 countries!”).

Against the backdrop of all the positive aspects and
indicators of agricultural activity in Ukraine, the issue of
electrification of this industry remains open. It should be
noted that the events of recent years have only aggravated the
negative impact of the war and brought enormous damage
to the sphere of stable power supply.

At the moment, energy efficiency in agriculture is con-
sidered as a set of organizational, economic and managerial

measures aimed at creating a production system that ensures

increased returns in the form of final products and the best
use of the biological potential of plants and animals® .
There are general problems in the field of energy conserva-
tion and energy efficiency improvement, namely - significant
wear and tear of fixed assets, high equipment breakdown
due to exceeding its service life and insufficient technolog-
ical discipline; significant losses in energy production and
consumption, high consumption of primary fuel resources;
inconsistency of production equipment with the modern sci-
entific and technical level, etc.!'%), There are also universal
ways to reduce energy consumption. These include: multi-
tariff accounting system; compliance with modern building
codes and requirements for thermal insulation of buildings,
design of ventilation and lighting; temperature control in
buildings, heating and water heating systems; application of
other energy-efficient technologies of engineering systems;
use of energy-saving lamps, etc. On the other hand, there
are standard energy-efficient measures developed specifi-
cally for agriculture. They are provided for by the latest
legislative norms and Ukraine’s desire to join the European
Union; within the framework of the signed agreements, one
of the main stated objectives of the state program is to re-
duce emissions of greenhouse gases into the atmosphere
- CO,, methane, nitrous oxide, etc.!']. According to this
program, the economic potential from reducing greenhouse
gas emissions by 2030 should be $3.1 million. And the ef-
fect of reducing greenhouse gas emissions through energy
production based on the use of renewable energy sources
(RES) according to calculations of the same program by
2030. should amount to 18.5 million tons of CO, equivalent.
Accordingly, the development of rural electrifica-
tion makes agricultural production more susceptible to the
achievements of scientific and technological progress ! 131,
One of the key factors in the cost of the resulting agricultural
product is its energy intensity. Namely, the amount of energy
expended to produce a unit of output. According to this indi-
cator, our manufacturers have a significant lag behind their
Western colleagues. Undoubtedly, geographical location and
climatic conditions have a significant influence, but there is
also no point in denying shortcomings in the technologies
used, technical devices and control systems!'4l.
Agriculture, in order to increase the competitiveness
of its products, inevitably faces the need for modernization.

The key goal is to increase productivity and reduce energy

425



Journal of Environmental & Earth Sciences | Volume 07 | Issue 01 | January 2025

consumption'’!. Replacing outdated lamps with modern
lamps with LED lamps allows not only to significantly save
energy, but also to improve the quality of the lighting system.
When using aero zone technologies in beekeeping, the use of
toxic drugs for the treatment of bee diseases is reduced, and
the productivity of bee colonies is increased. When growing
plants using aeroponics, not only does the yield increase,
but also the ability to harvest several times a year. With this
method, there is no contact of plants with microorganisms
that are in the ground.

Factors for successfully running a modern agribusiness

include:

« energy efficiency of production processes;
* application of environmentally friendly production tech-
nologies;

* modern management system.

The application of innovative approaches to energy con-
servation in agriculture should solve the problem of not only
reducing direct (variable) and total energy costs, but also
improving the overall level of profitability and profitability
of enterprises. In the future, the funds saved through rational
use of energy should be directed to further energy-saving
measures (i.e., work on the principle of reinvestment) in the
direction of increasing production capacity 1% 171,

One of the areas of energy saving in the agricultural
sector is the expansion of the use of non-traditional renew-
able sources, including solar and wind energy, as well as the
use of biogas technologies. In addition, in today’s condi-
tions, management technologies for increasing energy effi-
ciency, consisting of the development, implementation and
certification of energy management systems, are becoming
increasingly widespread. Thus, the state of energy networks,
which ensures constant, stable development of agriculture,
requires modernization and improvement. These issues are
quite relevant and in demand, which attracts our attention
and will be discussed in this work.

The issue of achieving energy independence is ex-
tremely urgent. Agriculture from ancient times was and will
continue to be the starting point for the reproduction of social
and economic systems!'®]. The scientific discussion regard-
ing the issues in the given context within the agro-economic
discussion has been going on for a long time!?].

Agro-industrial discussions and the importance of en-
ergy independence in the agro-industrial complex on the

basis of sustainable development are present in the works
of various foreign authors?®!. This is how the work that
caught our attention?!! pays enough attention to the eco-
nomic effect of conducting agricultural activities in India
and summarizes scientific findings with conclusions about
financial results (gaining profitability and reducing costs)
and economic results (including opportunity costs and sav-
ing resources). In this way, the analysis of the impact of the
use of alternative sources of nutrition for watering plants
on obtaining a positive economic effect in agriculture is ob-

served. The work 2% 23]

covers the debatable issues of agro-
biotechnologies and management in this direction based on
the results of the analysis of agro-industry in the countries
of Latin America, the USA and Europe. The work presents
in detail the influence of intellectual property on the for-
mation of agrobiotechnologies and the consequences of its
application. The author dedicates his work to revealing the
boundaries of the concept of intellectual property and claims
that it is more than a tool of technical and legal management.
In this context, it becomes clear that the latest developments
in the direction of energy saving can also be attributed to
intellectual property, and then there is an unresolved issue of
devoting greater importance to the energy independence of
the agricultural sector than just a tool for the improvement
and sustainable development of this industry.

Using the example of other countries, scientists eval-
uate the impact of using alternative power sources on im-
proving the situation of agro-industrial complexes. For ex-
ample, [>*] believes that the integrated model of renewable
energy management is a promising direction for Turkey. His
concept is based on the idea that “... practically there is only
one problem - energy..., ... human food products are also
types of energy resources that, through a specific internal
combustion engine (stomach), ensure his vital activity...”,
thereby putting the problem of energy supply in the first place.
The author used a multi-objective linear programming model
to use renewable energy sources for geographic regions dur-
ing the planning period. This method is interesting as an
example of experience and possible application practice, but
needs to be expanded in a wider context of application for
the agricultural sector as a whole.

And in the study[?*! there is a position that: “the role of

the agricultural sector is undoubtedly decisive in the combi-

nation of elements of energy and food security of the state”,

426



Journal of Environmental & Earth Sciences | Volume 07 | Issue 01 | January 2025

therefore “...a balanced, balanced and economical strategy
for the development of bioenergy is needed as one of the main
components of the system development of the agricultural
sector”.

In this direction, the opinions of the authors 227 who
study the issue of energy independence in rural areas are
interesting. The authors are convinced that to ensure energy
independence, it is necessary to create conditions for the
development of energy-efficient villages, the formation of
new types of energy value-added chains and market struc-
tures, that is, they consider the organizational and institu-
tional component of achieving energy independence. We are
struck by this development, but we are aimed at considering
the broader context of the formation and impact of energy
efficiency on the development of the agricultural sector.

Thus, from the analysis of research on the issue of en-
ergy independence, it can be seen that almost all researchers
are supporters of the “renewable” model with the manda-
tory use of the biological field of energy resource accumu-
lation, which corresponds to the principles of sustainable
development, at the same time, further research is needed to
determine the role of the agrarian sector of the economy in en-
suring not only the industry’s own energy independence, but

also the country’s on the basis of sustainable development.

2. Materials and Methods

Energy consumption plays a key role in the agricultural
sector. Many factors depend on constant, stable and reliable
food. According to the latest observations and studies, the
most important costs are the consumption of electricity for
heating the premises and maintaining them at the required
temperature. The analysis of the review of literary sources
and the latest developments showed an array of proposals
and scientific developments, but all of them differ in a highly
specialized direction, where attention is paid only to certain
types of agro-industrial complex. While there is no general-
ized method, but if it is used, it would be possible to optimize
the means of catching heating in full.

Analytical assessment of the room temperature outside
local heated zones when mathematically modeling the heat
exchange of the room with the environment, it is rational to
use a complex parameter - room temperature 7, - instead of

air temperature ¢, and radiation temperature of the internal

surfaces of enclosing structures z. This allows temperature
control to be carried out virtually in the room ¢, ;,.. The value
of tp can thus be defined as:

tp = Ata + BRv (1)

where A—thermal coefficients characterizing the degree of
thermal impact in the middle of the room

B—thermal coefficients characterizing the degree of
thermal impact from the outside on the room.

It is worth noting that:

A=1-B, )

The value B is taken for heating rooms with animals -
0.42, for rooms without animals - 0.3.
More precisely, the values of 4 and B can be obtained

from the thermal characteristics of the premises as:

A= O[C/(CVT + ac) (3)

B =a,/(a, + ac) @)

where o.—is the convective heat transfer coefficient
«,—1s the radiative heat transfer coefficient.
Let’s determine ¢, for a room with specific ¢, and .

Consider two cases.

1. A room with idealized climatic conditions and heating,
where t; = t% = t, = t5,. At the same time:

Qs =Qr +Qg, (5)
Qi = af (Tscur - tp) @RFE? (6)
Qg = ag (Tscur - tp) FE) (7)

where (Q¢—is the total heat loss of the room, W,
(Q¢—radiant heat loss of the room, W,

Q%—convective losses of the room, W,

af—heat transfer coefficients by radiation, W/m?2 °C,
at—heat transfer coefficients by convection, W/? °C,
7¢,~—Toom surface temperature °C,

pr—irradiance coefficient;

Fy—area, m?.

2. A room with an updated approach to heating, where ¢,
and 7g, at the same time ¢, # 7Tg, then:

QY =Qr+QF, (8
QY = ol (18, —tr) prFx, 9
Qf :Oé‘g (TfuritG)va (10)
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where (Q?—general updated data on heat loss of the room, W,
(QP—updated radiant heat loss of the room, W,
@¥—updated convective losses of the room, W,
oP—updated heat transfer coefficients by radiation,

W/m? °C,
aP—updated heat transfer coefficients by convection,

W/m? °C,

7P

o
P ~—Toom surface temperature °C,

pr—irradiance coefficient;

Fs—area, m?.

The state of the room is the same and corresponds to
4

Qs

therefore, the temperature conditions are equivalent. Then

the same ¢, ,, value (i.e., Q5 = = 75, = 7P,)and,

we get:

tp = alto (af +ag) + afTr/ (o + af)

(11)
+[1 = (a 4+ a®) /(a5 + af)] Teur

The assumption ¢r= 1 is accepted. In this case, the
assumption is justified.

(12)
Then:

tp = acta/ (ap + ac) + rTr/ (0 + c), (13)

Assessing the temperature in rooms for local heating

usually uses equations like (1) in the form:

typ = Atq + BT + CE, (14)

where C—the heating coefficient, °Cm?/W;
E—heat flux from the infrared emitter, W/mZ2.

In this case, it is customary to use the relation:

C = kkq, (15)

where £ ~ 1 is the experimental coefficient;

k1 —calibration coefficient.

The use of the coefficient C = 0.04 m? °C/W is not
sufficiently justified (for some types of premises where more
intense heating is required, such studies are currently practi-
cally absent).

In this regard, C requires clarification. For this purpose,
it is of interest to analytically determine k; as a function of
several variables and compare the calculation results with

experimental data.

3. Results

As aresult, to measure the value of E, a flat thermoele-
ment design was used, which was a copper-constantan ther-
mocouple with a diameter of 0.5 mm, soldered from below
onto blackened copper foil (a 50 x 50 mm square, 0.5 mm
thick). When measuring E, the thermoelement was located in
the air under a 250 W infrared lamp at a level corresponding
to the position of the irradiated surface of the animal’s body.
The measurements were carried out at room temperature
under conditions of natural air convection.

To determine k1, consider the heat balance of the spec-
ified plate (thermoelement) under uniform infrared heating.
The components of the thermal balance of the plate are shown

in Figure 1.

[§]

50x50 mm

Figure 1. Calculation diagram of the heat balance of a heated ob-

ject.
Where 1 is the source of infrared radiation: 2 is the internal surface of the building
envelope (fragment); 3-heated plate.

Let us assume that the thermoelement, which has the
form of a flat metal plate with an area F = 0.025 m? with
a negligibly small thickness, has a steady-state temperature
Tst, CC, which is the same throughout its entire volume. We
neglect heat transfer from the ends of the plate. The plate is
irradiated from one (top) side, and heat is removed into the
room from both sides (that is, the heat-transferring surface
is twice as large as the heat-receiving surface). Taking this

into account, the plate heat balance equation has the form:

aEF = Qr.u. + Qc.u. + Qr.d. + Qc.d. (16)
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where a = 1—the coefficient of perception of infrared radia-
tion by the blackened plate;

Q...—radiant heat transfer from the upper surface of
the plate under consideration, W

Q....—convective heat transfer from the upper surface
of the plate under consideration, W

(), 4 —radiant heat transfer from the lower surface of
the plate under consideration, W

Q..q.—convective heat transfer from the lower surface
of the plate under consideration, W

Qr.d. = Qru. = €p1Co [0.81 4 0.005 (75t + TR)] an

X (Tst *TR) Fa

1
Qeou. = 2.17(7sr — ta + 60V, /1) /3 (tet —ta) F,  (18)

1
Qe =1.6(Tst — to + 60V, /1) /3 (st — ta) F, (19)

where €),; ~ 1—the reduced emissivity of the surface of
the room and the internal surfaces of enclosing structures in
the room;
lp; = 0.05 m — characteristic size of the plate surface.
Let’s denote

At = ak, E, (20)

where ATj—the plate temperature increments due to the ac-
tion of infrared radiation, °C.

To simplify the calculations, we accept

2

TR =1q

Then
(22)

When solving (8) and (13) together, taking into account
(18), we have the expression:

Tst — TR = Tst — Ta = ATy

1 -1
ki = |2e5;Co (0.81 + 0.005A71) + 3.33(A7‘1 + 60Vf/lm) /3} 23)

Figure 2 shows the obtained results of calculations
according to the dependence k1 = f(A711; Va).

E k
= ..
o ~®--
™ .....,....,....3....;.w...‘.w,._..;'.:'.:._‘...4,.........,....
TTe--0--0--0--0
0.02

Callibration coefficient &, m?

[}

0 015 03 5 7 10 13 15 18 20 23 25 30 35 40

Temperature increment At , °C
@+ k_1=0.04m2 Co/W

——V_a=0m/s -®- Vv a=02m/s

Figure 2. Dependence of the calibration coefficient k1 on A.

As can be seen from Figure 2, the approximation of
the experimental data k direct k1= 0.04 m? °C/W agrees
quite well with the calculated data at ;= 0.2 m/s and 15 °C
At1 > 8 °C. For lower values of V', and A1y, use the value
k1=0.04 m? °C/W can lead to significant errors.

The values of components (23) are determined in ac-
cordance with (8), (9) and (10). In accordance with (11), we

consider 2 cases:

1. TAC=TRC=TP=TS.P.

Then

Q% = Q7 + Q¢ (24)
Qr = i (Tour — tp) (Fan + Fer) 9r (25)
Qe = g (Tour — tp) (Fsn + Fer) (26)

2. t, and TR, at that ¢, # g
s =@+ QU+ QL + Q0 —AQrap,  (27)
Q% =al(mh,. —r) Forer (28)
QF = af (i — ta) For 29
rsh = %o (Mo sn — TR) Tsnr (30)
esh = %o (Tour o, — ta) Fon (31)
AQrap = Fpsosur (32)

where (QP—sensible heat generation, W;
(QP?—radiant heat transfer with F'.,., W;
QQP—-convective heat transfer with F.,,, W;

f‘s ,—radiant heat transfer with Fg;,, W;

D
c.sh

aoP—coefficient of radiant heat transfer from the irradi-
ated surface F,., W/m? °C;

aoP—coefficient of convective heat transfer from the
irradiated surface F,., W/m? °C;

——coefficient of radiant heat transfer from a non-

—convective heat transfer with Fg;,, W;

p
Ay sh

irradiated surface F,., W/m? °C;

P

. «n—coefficient of convective heat transfer from a

[e%

non-irradiated surface F,., W/m? °C;

TP .—room surface temperature for F.,, °C;
p or.
Thur.spn—T00m surface temperature for £y, °C;

F;p,—area of the room perceived by infrared radiation
from, in this case, a local heater;

sy r—the radiation absorption coefficient.
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If the thermal conditions are the same, then:

Qs = Q%, (33)

Solving (27)—(32) with respect to ¢, = t, p, With o =
1 we obtain:
" _ (aPFer+a® |, Fop)ta

S P (at+al)(Fer+Fsh)
(ozf,FC,«-i-ap

r.sh FS’L)T
(aft+ag)(FertFsn

R + asuersE
(a$+ag)(Fc7‘+Fsh)

(aP+al)Fe, TP

sur

(a$+ag)(Fcr+Fsh)

+

(34

+ [Tscur -

. (o . +al VYFopt? ]

r.sh c.sh sur.sh

(as+al)(Fer+Fsn)

Let us assume, by analogy with (16) and (21):

(35)

P _ P — AC —
O = O g = Qp = Qs

ol =adf , =al=a, (36)

and the room is heated in space (> = Fe + Fsp = Fjs),
then

Tour.sh = Thur = Tours (37
That
top. = acto/(a, + gy + apTr/(Qr + tc)
(38)
+asrB/(ar + ac)
C = agur(oy +ac) (39)
Let us denote for simplicity:
1/(or +ac) = ¢ (40)
Then formula (39) will appear in the form:
C = Easur (41)

Let us approximate the thermal characteristics of the
room with straight lines corresponding to its heat transfer
(Figure 3). In (38) and (39) it is shown that:

t r —
g7 o 42)
tgv. = O
From Figure 3 and Equation (42) it follows that:
gy =tgvr + 197 = ar + (43)

Let’s consider a section of straight-line O, (Figure 3).

Aroom with a certain £, which can be determined according

t (1) based on the known ¢, and g. In this case, the room
accumulates a certain amount of sensible heat O, ,,. Sup-
pose that under these conditions it is required to create some
optimal thermal conditions in the room with ¢, j, o,¢, Which
corresponds to O, opt. An increase in t (from ¢, to ¢ . opt)

corresponds to decrease Qs by O (from Q; ,, t0 O, opt,):

At = & AQ (44)
where £&;—the compliance coefficient, °C/W.
Q At

.\i\ AQ

—
Q

\ Q.
[~

1 .

t.

o 0 o— © —
tp. tpopt tsp

Figure 3. Calculation scheme for determining the coefficient x.

It is possible, according to (44) and Figure 3, note that

&1 = At/AQ = ctgy (45)

Then:
&1 =1/(ar + ) (46)

When heated by an infrared radiator, when Fy~ # Fps,
Equations (42) and (45) take the form:
tsp. = Aty + Btr + CEF,,/CEF,, 47)
ts.p. = acta/(ar + ac) + arTR/(ar + ac)

+€O‘surEFcr/FZ
We find the required value of E from (47) or (48) as

(48)

E:ts_p.fAtafBTR (49)
(Easuchr/FZ)

Thus, Equations (15), (42), (48) and (49) were obtained
based on solving systems of equations that describe the heat

balance of rooms during heat exchange with the environment
under external thermal influence, and therefore are a fairly
strict expression of temperature ts. p, indoors.

Presented justifications for the dependence of the main
thermal characteristics of premises as a function of its heating

temperature and compliance with specified temperatures.
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One of the main indicators of thermal state has been de-
termined room — the temperature of its heat exchange surface.
This indicator is necessary for use in developing a method-
ology for selecting the required parameters of local heaters.
When it changes through external exposure to infrared radia-
tion, it is possible to influence the state of temperature in the
room.

These calculations were carried out in order to justify
energy savings when heating in premises of various types
and types in the agricultural sector. Available reports and
cross-country comparative data were used to assess the spe-
cific energy consumption of the final agricultural product and
all agricultural processes and operations, compare specific
energy consumption with global benchmarks, and identify
the least energy efficient sectors with the greatest potential
for energy efficiency improvements. Canada, Kazakhstan,
China (Table 1) were considered as countries with compara-
ble conditions, as well as Germany as a developed country
with low energy intensity for comparison.

When comparing the areas of land resources among
countries, Ukraine occupies the penultimate place, but the
amount of land does not indicate the quantity and quality of
plant and animal products, which are the main ones in the
agro-industrial complex of the countries. Thus, as a result of
the analysis, comparative data were obtained (Figures 4 and
5).
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Figure 4. Harvested area of main crops and animals in Ukraine,
Kazakhstan, Canada, China and Germany as of 2023.

Source: calculated by the authors based on data from!?5 ?°!
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Figure 5. Volume of production of main crops and animals in
Ukraine, Kazakhstan, Canada, China and Germany as of 2023.

Source: calculated by the authors based on data from 128.29],

Thus, the results of the analysis show that Ukraine oc-
cupies one of the leading positions among the leaders in the
production of agricultural products. It is the quantity and
quality of the collected products that are the main factor
responsible for this.

As part of our work, we are paying greater attention to
energy savings and the impact of using new heating sources
in agricultural premises in order to free up more and more
funds that can subsequently be invested and reinvested in
this sector.

In this case, based on the results of an analysis of coun-
tries with comparable production and climatic conditions,
the dynamics of specific energy consumption shows that on
the scale of the economy as a whole, energy intensity indi-
cators in the country over the past 5 years are approximately
twice as high as those in Germany. Energy use intensity per
unit of GDP at constant purchasing power parity has slowed
significantly in 2023 (—0.4% compared to —1.5%/year be-
tween 2018 and 2021). The energy intensity of the Ukrainian
economy in the 2000s was higher than the energy intensity
of Canada, Germany, and Kazakhstan, but subsequently the
situation changed and until 2021 the indicators became more
efficient. In the period from 2000 to 2021, the decrease in
energy intensity of Ukraine’s GDP amounted to 11%. Over
the same period, the overall decrease in the energy intensity
of GDP of all countries of the world was 5%, EU countries -
8%, countries, China - 9%. In this vein, it should be noted
that the analysis of the energy supply of the agro-industrial
complex of countries also varies according to indicators
(Figure 6).

HI%@ N NIE ;

China

N

Kazakhstan Canada Germany

m2017 - 2019 2021 2023

Figure 6. Energy supply of the agricultural sector in Ukraine, Kaza-
khstan, Canada, China and Germany as of 2023, t.s.f./100 hectares.

Thus, we can conclude that the lowest energy consump-
tion is in China, and the above indicates that this country
occupies a leading position in the production and cultivation

of agricultural products. That is, based on imperial analysis,
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Table 1. Land resources of Ukraine, Kazakhstan, Canada, China, Germany as of 2023.

Agricultural Land Perennial Mowing and Pastures Arable Land Built-Up, Barren and Vegetated Lands
Land Area,
Country Thousand km?2 Thousand % of Land Thousand % of Land Thousand % of Land Thousand % of Land
km Hectares Hectares Hectares
Ukraine 604.0 424.0 70.2 142 2.35 553 9.15 31.0 5.13
Kazakhstan 2699.7 2160.4 80.0 184464 68.3 29748.4 1.1 52091.0 19.3
Canada 8963.6 626.7 6.5 19342 22 38687.0 43 490277.0 54.7
China 04247 5285.3 56.2 392834 417 119488.7 127 195862.0 209
Germany 349.4 166.4 47.6 4751 13.6 11731.0 33.6 5209.0 14.9
we believe that the proposal we presented on the use of space @
50
heating using infrared heaters can significantly affect the en-
7
. . . . . 7
ergy independence of the agro-industrial complex in Ukraine. = g
This is primarily due to the confirmed evidence of the use ™ g
10
of such methods in Asian countries. Accordingly, after all , M l 7 I_
2020 2021 2023 2025 (forecast) 2030 (forecast)

the calculations carried out, we can assume that the energy
independence of the agro-industrial complex in Ukraine has
every possible chance of being realized (Figure 7) and is
reflected in the list of factors.

In a broad sense, the results obtained in this way repre-
sent a list of directions, functional characteristics and imple-
mentation mechanisms - energy independence of the agro-
industrial complex determines sustainability, and sustain-
ability - energy independence. We consider these interrela-
tionships as certainly correlated with the motivations of the
industry purpose, as well as the requirements of time, which
determine the expediency of renewables as a socio-economic
effect that characterizes the level of social responsibility.
Thus, and in relation to the principles of substantiation of
the factors of energy independence of the agro-industrial
complex, sustainable development in the global perspective
of knowledge of this process is a category and process that
characterizes the ability of the natural-economic system to
recover.

The energy independence of the agro-industrial com-
plex is a strategic goal in ensuring the sustainable develop-
ment of the national economy, because the agrarian indus-
try is the basic one, and a significant part of the national
wealth is created in it. It is all the more important that the
agro-industrial complex is able to guarantee its own energy
independence, in particular, autonomy at the expense of intra-
industry energy potential. This potential fits organically into
the system of sustainable development due to the renewable

nature of the resources declared for use.

M The share of cnergy produced from renewable sources in the total final encrgy consumption, %

onsumption per unit of GDP). kg n. per international dollar according to the 2011 PCS

in the total amount tt of generated waste, %

@ The volume of greenhouse ga . % to the level of 2000

Figure 7. Results of calculations of indicators and target bench-
marks for ensuring energy independence of agricultural industry in
Ukraine.

4. Discussion

As a result of the calculations and analysis of the use
of energy-efficient technologies for the development and
sustainability of the agricultural industry in Ukraine, as well
as a comparison of the basic characteristics and parameters
in other countries of the world, we obtained high results of
the use of an infrared heating device that reduces the total
consumption of electrical energy for heating and maintain-
ing the required temperature in premises of various types,
which will lead to an improvement in the indicators of en-
ergy independence of this sector of the economy. But among

scientists [3°

| there are opinions about the inefficient use of
this particular method for the purpose of heating rooms due
to the fact that it is more typical for drying. Also,*!-3%] claim
that infrared radiation is currently used most often in the food
industry for baking and drying products. Due to the fact that
it has good properties for dehydration of food products and
their heat treatment.

There is also an opinion that infrared heating should be
used for recycling. In works[3% 341, the author’s position is
present regarding the use of high-temperature infrared fur-
naces for the processing of by-products of agro-industry. In
these cases, the authors emphasize the use of high tempera-

tures and monitor the positive effect in the future when using
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the obtained materials*>]. This position is quite widespread
in the world 3], currently there is a practice of application
in Asian countries. We tend to believe that these countries
significantly reduce their costs in the energy dependence of
agro-industrial complex enterprises due to such innovations.
Therefore, it is worthwhile to single out this field of prob-
lems for future research®71. As for our presented material,
the results of developing mathematical forms and improving
dependencies after the method of experiments using milking
plates of infrared radiation, it is worth saying that it is a con-
tinuation of all the above-mentioned achievements and not
contradicts them.

This review contained a description and raising of dis-
cussion questions regarding the method and tools of the se-
lected research, and another component of our work - the im-
pact on the formation of energy independence and economic
levers, should be disclosed in more detail. So it is worth
noting that works 3% 38! present this method as innovative
and technologically new. He is also used for heating exter-
nal structures in the agricultural sector, such as greenhouses,
greenhouses, temporary structures for planting vegetation,
etc. Paper3%] presents the analysis and results of using this
method of heating vegetation, and the economic effect of its
application is expressed in the return of funds for a period of
2.7 years. Which indicates a rather long time for investment
recovery. In this case, it is worth thinking about the large-
scale implementation of the idea of heating the premises of
the agricultural industry with infrared heaters*?). First of all,
this is the high cost of this equipment. And if we take into ac-
count that this type of activity is too subject to risks (natural
phenomena - drought*!!, landslides, lack of precipitation,
excessive precipitation, low temperatures, etc.; purchasing
power - devaluation of products*?), decrease in demand,
change in consumer tastes[**!, large presence of substitute
goods*; socio-political - military actions in Ukraine [,
blocking of imports, unstable fluctuations of the national
currency ] etc.), then planning activities in the next five
years is quite a risky business[4”. Therefore, in our opinion,
this proposal has a place to be and exist within the framework
of implementation.

It is worth noting that the demand for energy-saving
elements in the agricultural sector has a significant poten-

tial from an economic point of view. In works™% %1 the

results of the application of innovative methods (including
infrared heaters, which we studied in this work) were inves-
tigated, based on the results of the exergy analysis method,
real data were obtained regarding the effectiveness and cost-
effectiveness of funds due to the reduction of electricity con-
sumption. On the example of Turechynna, it was considered
that out of 60.99% energy efficiency for RER, only 49.85%
is actually used. In this way, the researchers proved the ef-
fectiveness of using alternative sources of energy generation,
as well as, in parallel, the use of more economical sources
of consumption. This view is also supported by studies>"’
where similar calculations were made for Bangkok and Thai-
land. The obtained results showed a positive trend in cost
savings in the amount of $123 million and a reduction in
CO, emissions in the amount of 500,000 tons/year.

But there is another scientific point of view in this di-
rection. There are supporters of circumstances when the
use of infrared heating is the cause of overdried air(®!-32],
the spread of pathogenic flora and viruses (>3], as well as the
formation of a flammable environment>¥! is possible in the
future. These scientists are supporters of the classical use of
this means of heating, and their point of view is confirmed
by experiments effectiveness of using infrared means. But it
is worth noting that using this method only for drying and
heating, energy consumption increases rapidly, and accord-
ingly, the value expression of variable and total costs for the
manufacturer increases. In this case, it is not appropriate to
claim that heating with the help of infrared radiation is eco-
nomically feasible in the framework of the creation of final

products. And if we rely on research [ 36

, it was proved by
experimental, computational and hypothetical methods that
the use of infrared equipment in order to maintain a tempera-
ture regime not higher than 22-26 °C when the equipment is
operating at an output power of 40 W does not lead to excess
costs in the consumption of electrical energy®’], and as a
result to greater consumer capacity.

That is, in view of various approaches and studies,
we have facts confirming the expediency of using energy-
efficient and energy-saving methods of heating premises in
the agricultural sector due to the use of infrared heaters [ 31,
And the results of the calculations prove their economic
feasibility and form the basis for the formation of energy

independence of this sector of the economy.
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5. Conclusions

As a result of research, we have developed and formu-
lated an approach to the effective use of heating premises
for agricultural purposes using infrared heaters, identified
long-term tasks of activity, principles of organization and
operation, functions, methods of implementation, which were
outlined and analyzed with the experience of agricultural
areas of other countries. The purpose of creating this math-
ematical approach is to ensure the economical and rational
use of energy resources used in the production of agricul-
tural raw materials and finished products, reducing energy
costs per unit of production without deteriorating the quality
characteristics of the products for efficient and sustainable
agricultural production.

For the effective functioning of the proposed energy
saving methodology, we have formulated the main tasks that
contribute to achieving the set goal:

- identification of promising areas of energy saving in agri-
cultural organizations;

- identification of sources and reserves for saving energy
resources;

- integrated use of centralized and decentralized energy sup-
ply, taking into account the use of heaters at minimum
loads of electricity consumption;

- use, along with traditional, non-traditional and renewable
energy sources;

- application of a system of material incentives for achieved
results in energy saving;

- improving the skills of employees on energy saving issues.

The scientific novelty of the proposed development lies
in the identification and substantiation of the composition
and structure of energy saving in agricultural organizations
based on the use of infrared sources of space heating, which

allows:

- display the multi-level nature of the construction and im-
plementation of the energy saving process;

- establish the relationship and interaction of the external
and internal temperature conditions of the room, deter-
mine their influence and specificity,

- determine the key criteria that evaluate the state of the

room temperature at the internal and external levels.

The developed mathematical model develops the exist-
ing theoretical principles to ensure the effective use of energy
resources in agricultural organizations and can be used by
business entities and regional governments in order to make
informed decisions in the field of developing energy-saving
policies in the agricultural sector, and the actual use of this
method of heating agricultural premises will help reduce the
amount of electrical energy consumed, which will lead to a
reduction in fixed costs at the enterprise and increase their
profitability as a whole.
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