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Abstract: The presence of water, food and energy crises, both at the global and regional levels, as well as their
deterioration under conditions of climate change, with an insufficient level of technical condition of existing irrigation
systems, increase the strategic importance of irrigation as the guarantor of the agricultural sector sustainable
development.

This makes it necessary to increase, foremost, energy and overall (technical, technological, economic, and
environmental) efficiency of the closed irrigation network of irrigation systems. In this regard, the complex that
includes organisational-technological, technical, and resource-saving groups of measures was developed. Estimation of
energy and overall efficiency of the closed irrigation network of irrigation systems at the implementation of developed
complex were executed on the example of the agricultural enterprise located in the Petropavlovsk district of the
Dnipropetrovsk region of Ukraine. For this purpose, machine experiment based on a use of the set of optimisation,
forecasting and simulation models was implemented, including the model of climatic conditions, the model of water
regime and water regulation technologies, as well as the model of crop yields on reclaimed lands.

According to the obtained results, established that implementation of the complex reduces the consumption of
irrigation water by 2.2-30.7% and electricity consumption by 12.9-38.2%. The rate of specific costs decreases from 1.6
to 1.32-1.47, and the coefficient of environmental reliability increases by 5.6-16.7%. At the same time, the profitability
index increases from 1.07 to 1.75-2.57, and the discounted payback period decreases from 18 to 8-5 years.

Keywords: assessment, closed irrigation network, closed irrigation system, complex of resource-saving measures,
energy efficiency, overall efficiency

INTRODUCTION

The predominant part of Ukraine’s territory is located in the
zone, which is characterised by an insufficient level of natural
moisture. For the period from 1990 to 2010 the total area of arid
and very arid zones, where sustainable agriculture is impossible
without irrigation, increased by eight mil ha. At the same time,
less than 500 thous. ha have actually been irrigated recently,

which is less than 20% of the available agricultural land.
According to the adopted Strategy of irrigation and drainage in
Ukraine for the period up to 2030, energy efficiency issues are
crucial for the adoption of the direction of modernisation of
existing irrigation systems [KMU 2020].

More than 700 pumping stations (PS) operate on closed
irrigation systems (CIS) of Ukraine, which consume 500 mln
kWh of electricity per y to ensure the process of water pumping.
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Thus, about 220 PS operate alone on the on-farm closed irrigation
network (CIN) of the Kakhovka irrigation system, which annually
pumps 800-1040 mln m> of water and consumes 280-360 mln
kWh of electricity. Under the conditions of long-term operation
of irrigation systems, their technical condition has significantly
deteriorated, the specific consumption of electricity for water
pumping has increased, and the widely used manual control of
water supply became outdated and does not meet modern
requirements for the efficiency of irrigated agriculture.

The presence of water, food, and energy crises, both at the
global and regional levels, as well as their deterioration under
conditions of climate change, increase the strategic importance of
irrigation as the guarantor of sustainable development of the
agricultural sector of the country’s economy [KovALENKO et al.
2019; MARTYN et al. 2020; OpPENKO et al. 2022; SHEVCHENKO et al.
2017; VALIPOUR 2017; VAN MAANEN et al. 2021].

The integral part of the CIS functioning and in particular of
the CIN, as one of the most important elements of the CIS, is the
need to improve their energy efficiency [DEHTIAR et al. 2019].
Traditionally, this is carried out through the implementation of
organisational and technical measures for energy saving,
primarily for the PS, as well as for individual technical elements
of the CIN, or based on the results of their energy audit.

Significant factors influencing the energy efficiency of the
CIN operation are changes in design modes of operation due to
an increase in the number of water users who, under market
conditions, prefer crops with the same irrigation time, as well as
changes in climatic conditions [KovaLenko et al. 2021; Roko-
CHYNSKIY et al. 2020b]. This leads to an increase in the water
demand for cultivated crops [RokocHyNsKkIY et al. 2020c], and to
the associated additional spending on irrigation water and energy
resources, which increases the overall burden on the CIS
[RokocHYNSKIY et al. 2020a].

Based on the design characteristics of the existing CIS and
the conditions for their operation, such systems have a decrease
in energy efficiency and irrigation water use efficiency, violations
of optimal irrigation regimes, and a decrease in crop yields
[OpENkoO et al. 2017; ROKOCHYNSKIY et al. 2021a].

In accordance with the National energy efficiency action
plan, for the period up to 2020, the goal was to reduce energy
spending by 9% compared to the base period of 2005-2009 [KMU
2015].

Thus, the urgent and important task today is to increase
energy efficiency and the overall efficiency of the CIN of the CIS
in compliance with modern environmental and economic
requirements [Crark (ed.) 2009; Greaves, WanG 2017; KMU
2020; LANKFORD 2006; MOReNO et al. 2010; Openko et al. 2020;
RopRriGUEZ-D1az et al. 2009; TARJUELO et al. 2015]. In this regard,
a complex of resource-saving measures was developed and
proposed, aimed at improving the efficiency of the use of energy,
water, and other resources in the CIS [GerasiMov et al. 2020].

Conventionally, these measures are divided into three
groups, which include:

1) group of organisational and technological measures:

- change in the direction and content of economic activities
of land users (introduction of new varieties of agricultural crops,
improvement of the structure of sowing crops and technologies
for their growing on irrigated lands);

- the use of low-pressure sprinkling equipment, in
particular, circular-action equipment with automated irrigation

of field corners, which increases the coefficient of agricultural use
of irrigated lands;

- complex automation of the CIS work;

2) group of technical measures:

- reduction of pressure losses on the suction line of the PS;

- optimisation of the parameters of the main pipeline and
the distribution pipeline network of the PS to reduce the design
pressure of the PS;

- retrofitting of the PS with thruster speed controllers of
pumping units to ensure a smooth start and stop of pumping and
power equipment, reduce the number of accidents and extend the
life of the equipment;

3) group of resource-saving measures:

- reduction of unproductive use of irrigation water (bursts
in pipelines, spending for replenishing the volume of water in the
CIN by installing the necessary safety pipeline valves and
substantiating energy-efficient modes of operation of the CIN;

- reduction of pressure losses on the suction line of the PS
(optimisation of the water intake process, improvement of the
waste-retaining devices of the water intake structure, etc.);

- substantiation of resource-saving modes of operation of
the system PS - CIS - sprinkling machine (SM).

The above list of comprehensive measures to improve the
energy efficiency of the CIS is not exhaustive, it depends on the
design features of the system and can be changed or supple-
mented in each specific case.

The above measures can only be conditionally divided into
three groups since the implementation of some of them has
resulted in several groups at once. So, for example, the use of low-
pressure sprinkling equipment not only reduces the design
pressure of the PS but also increases the reliability of the existing
pipeline network due to the reduction of pressure in the pipelines
both during stationary operation of the CIS and during dynamic
processes (start-stops of the PS and SM, the formation of
hydraulic shock, etc.).

The purpose of this work is a comparative assessment of the
energy and overall efficiency of the CIN based on the complex of
resource-saving measures for organisational, technological, tech-
nical, and resource-saving improvement of the CIS.

MATERIALS AND METHODS

To determine the overall technological (resource), economic,
environmental, and investment efficiency of the proposed
complex of measures, the necessary materials were used in full
regarding relevant indicators and their parameters characterising
of technical condition and operating conditions of the object
under study before and after its modernisation and reconstruc-
tion.

This assessment was carried out on the basis of a computer
experiment based on the use of the set of optimisation, economic-
mathematical, and predictive-simulation methods and models,
including the model of climatic conditions of the area, the model
of water regime and water regulation technologies, as well as the
model of the yield of crops grown on reclaimed lands, for
predictive assessment on the long-term basis of indicators and
parameters of technological (resource), economic, environmental
and investment efficiency of object’s functioning [FROLENKOVA
et al. 2007; 2020; RokocHyNsKkIy 2010; RokocHYNsKIY et al. 2021b].
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These models, their methodological and information
support for computer implementation were developed in the
research laboratory “Optimisation and automation of control in
water engineering and water technologies” (Ukr.: Optymizatsiia
ta avtomatyzatsiia upravlinnia u vodnii inzhenerii ta vodnykh
tekhnolohiiakh) at the Department of Water Engineering and
Water Technologies of the National University of Water and
Environmental Engineering (Ukr.: Kafedra vodnoi inzhenerii ta
vodnykh tekhnolohii Natsionalnoho universytetu vodnoho hos-
podarstva ta pryrodokorystuvannia), Rivne, Ukraine. Their use is
regulated by the relevant industry standards of the State Agency
for Water Resources of Ukraine (Ukr.: Derzhavne ahenstvo
vodnykh resursiv Ukrainy), Kyiv, Ukraine [DBN 2000; Roko-
CHYNSKIY et al. 2010].

The object of research for implementation of machine
experiment is the agricultural enterprise located in the Petro-
pavlovsk district of the Dnipropetrovsk region of Ukraine, with
the area of irrigated land of 614.7 ha (Fig. 1).

The main fund of the soil cover consists of ordinary
chernozems with different depths of the humus layer and
granulometric composition (from light loamy to light clayey
soils). The level of groundwater in the floodplains does not exceed
the depth of 3-4 m; in the watersheds, groundwater is at the
depth of 20-30 m and does not take part in soil formation.

The main direction of economic activity of the agricultural
enterprise is the cultivation of grain, including high-quality food
grain, industrial and vegetable crops. According to production
data, as of 2017, the average yield of winter wheat at the object
was 3400 kg-ha™", winter barley - 2350 kg-ha™", winter rapeseed —
2430 kg-ha™, spring barley - 1850 kg-ha™', corn - 3000 kg-ha™
and sunflower - 1700 kg-ha™".

For water supply to the system, the pumping station
(PS) has equipped four pumps with a nominal speed of rotation
of 1450 turns per min and a diameter of the impeller of 425 mm.
Irrigation of cultivated crops is carried out by sprinkling with the
use of sprinkling machines DMF (Ukr.: doshchuvalna mashyna
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The main goal is the design of technical and technological
complex of measures that on the same irrigated area, will increase
the level of resource and energy effectiveness.

The following complex organisational, technological, and
technical measures for the modernisation and reconstruction of
the research object are envisaged for implementation:

- replacement of sprinkling machines “Frehat” of the DMU
(Ukr.: doshchuvalna mashyna unifikovana - unified sprinkling
machine) series, which are selected according to the configura-
tion of the existing distribution network, modifications DMU-
A362-50, DMU-B409-80, and DMU-B463-90 - before the re-
construction of the system, for modification DMU-Anm337-
30-01, DMU-Bnm409-57-01, and DMU-Bnm463-57 - after
reconstruction;

- installation of the new design filter (cone filter) on the suction
pipeline of the PS to reduce pressure losses and increase its
service life [GErasIMOV et al. 2015al;

— installation of thyristor speed controllers of pumping units to
automate the operation of the PS, justification of energy-effi-
cient modes of its operation;

- introduction of integrated automation operation of the system
PS - distribution network - sprinkling machine (SM) [GERAsI-
MoV et al. 2006];

- substantiation of parameters and retrofitting of the closed irrig-
ation network (CIN) with new design means to prevent the
formation of hydraulic shock [Gerasimov et al. 2001a; GERASI-
Mmov et al. 2001b; GerasiMov et al. 2015b; GerasIMOV et al.
2015¢];

- reduction of unproductive losses of irrigation water in case of
accidents on the main and distribution pipelines, as well as
spending of filling or replenishing the network due to ruptures
and damage.

Thus, the proposed complex of measures increases the
energy and resource effectiveness of the CIN on each of the
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Fig. 1. Scheme of irrigation system’s site on lands of the agricultural enterprise of the Petropavlovsk district of the
Dnipropetrovsk region of Ukraine; source: Regional office of water resources in Dnipropetrovsk region (Ukr.: Rehionalnyi

ofis vodnykh resursiv u Dnipropetrovskii oblasti)
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technical and technological levels of CIN operating with the goals
of minimising costs and unproductive water losses, by reducing
pressure and pressure loss, respectively, reducing electricity costs.

According to the researchers [FRoLENKOVA et al. 2007; 2020;
ROKOCHYNSKIY et al. 2021b; STASHUK et al. (eds.) 2020; TURCHENIUK,
RokocHYNskIY 2020], comparative assessment of the effectiveness
of project option (PO) for modernisation and reconstruction of
water management and reclamation facilities based on the
complex of diverse resource-saving measures by assessing the
overall technical, technological (resource), economic and envir-
onmental efficiency of its functioning can be performed
according to such complex optimisation model:

7P" = I%I}HZZ;M*WJ =T, n;

(2]

1)

0 — mij oy o _ R - - :
R = II{lil}Il 2:17:1|R‘”)Z ]}ap, j=1n;i=1mn

where: ZP° = minimum value of the indicator of reduced costs
according to the accepted condition of the selected criterion of
economic optimality, which corresponds to the optimal PO from
the totality of possible options I = {i}, i = 1, n;, C,; = current costs
for obtaining cultivated agricultural products according to the
PO, including agricultural costs C“, reclamation costs C’, and
irrigation water costs c, E,, = normative coefficient of economic
efficiency of capital investments K; for the PO relevant options,
Ry = weather and climate risk according to the relevant PO,
a, = known (set or specified) values of frequency or proportions
of typical meteorological regimes possible state in the estimated
periods of vegetation of the totality {p}, p = 1,n,, within the
design period of the facility operationzgi 10 = 15 Wy, = volume
(cost) of agricultural products received according to the relevant
options for regime, technological and technical solutions of the
totality {i}, i = 1, n;; Roj = minimum values of actual volumes
deviations of physical indicators of used resources Rj,; of the
totality {j}, j = 1,n;, in relation to their corresponding scienti-
fically substantiated (rational) values R;.

According to the researchers [StasHUK et al. (eds.) 2016;
2020; TURCHENIUK, RokocHynskiy 2020], the assessment of
environmental efficiency of the proposed complex of resource-
saving measures implementation is carried out on the basis of
calculating the environmental reliability coefficient (k) of the
closed irrigation system (CIS) operation based on the totality of
relevant physical indicators of environmental efficiency (indicat-
ors of water regime, salt regime and productivity of irrigated
lands).

Such a coefficient gives an approximate assessment of the
environmental sustainability of the project and the degree of
consideration of environmental reliability factors of its operation,
primarily from the point of view of maintaining favourable
natural and reclamation soil regimes within the project period.
The environmentally optimal variant of the PO is one for which
the condition is met, and that the coefficient of environmental
reliability is in the range of 0.5 to 1.0.

Forecast calculations to determine the overall technological
(resource), economic, environmental, and investment efficiency
of proposed complex measures were performed according to the
following initial conditions: region — Dnepropetrovsk (Ukraine);
natural-climatic zone - steppe; vegetation periods calculated
according to conditions of heat and moisture supply: very wet —

p = 10%, wet - p = 30%, medium - p = 50%, dry - p = 70%, very
dry - p = 10%; calculated parameters of main meteorological
characteristics of vegetation period from April to October: total
precipitation - 293 mm; average air temperature - 17.4°C;
average relative humidity - 63%; sum of air humidity deficit -
1247 mmy; soils: ordinary chernozems, light loams and light clays
predominate in granulometric composition.

As main options for the study were considered options for
the object operation before and after reconstruction, including
taking into account possible changes in the direction and content
of the economic activity of land users:

- Bl - the cultivation of the set of agricultural crops (winter
wheat with the share of sown area of 0.25; winter barley - 0.20;
winter rapeseed - 0.05; spring barley - 0.10; corn - 0.15;
sunflower - 0.25) before the system reconstruction;

- B2 - the cultivation of the set of agricultural crops (winter
wheat - 0.25; corn - 0.25; soybeans - 0.25; sunflower - 0.25) after
the system reconstruction;

- B3 - the cultivation of winter wheat monoculture after the
system reconstruction;

- B4 - the cultivation of corn monoculture after the system
reconstruction;

- B5 - the cultivation of soybean monoculture after the system
reconstruction;

- B6 - the cultivation of sunflower monoculture after the system
reconstruction.

RESULTS AND DISCUSSION

The important issue in evaluating the effectiveness of the closed
irrigation system (CIS) operation is the choice and justification of
criteria that would be the set of indicators that reflect versatile
aspects of such objects operation. In this regard, we performed
multi-criteria regression analysis, which allows us to establish the
degree of relationship closeness between studied indicators and
exclude those that have the smallest share of influence, thereby
confirming the feasibility of using certain indicators as criteria for
assessing the effectiveness of the CIS operation.

The final results of performed multi-criteria regression
analysis are presented in tabular form (Tab. 1) as the list of
indicators of technological (resource), economic and environ-
mental efficiency of the CIS operation and their pair correlation
coefficients.

According to the presented data, it was revealed that the
closest relationship in terms of pair correlation coefficients value
takes place between water consumption for irrigation (m*ha™)
and electricity consumption for its pumping (kWh-ha™') - 0.92;
cost of electricity for water pumping (USD-ha™') and cost of water
for irrigation (USD-ha™) - 0.98; net profit (USD-ha™!) and total
capital investments (USD-ha™!), current costs (USD-ha™!), as well
as the cost of gross production (USD-ha’l) -0.93, 0.93 and 0.94,
respectively.

The main generalised results of technological, economic,
and investment indicators and parameters of the object operation
before and after reconstruction according to relevant options are
presented in Figure 2 and Tables 2-5.

The investment evaluation of the optimal PO is performed
by the main indicators used in the calculation of investment
attractiveness of land reclamation project: net present value
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Table 1. Matrix of pair correlation coefficients between indicators of the closed irrigation systems operation effectiveness (R = 0.91)

Water Electricity Cost of Total Cost of
Cost of consump- | electricity capital Current Net Coefficient
consump- . . gross .
. . water for tion for for water invest- costs . profit | of environ-
Indicators tion for . . production
e irrigation water pumping ments mental
irrigation -1 . sopers
(m>ha™) (USD-ha™") | pumping ) reliability
(kWh-ha™") USD-ha
.\/Viater‘consurz’nptl_cl)n for 1.00 0.33 0.92 0.45 -0.64 -0.82 -0.82 -0.75 -0.34
irrigation (m™ha™")
Cost of water for irrigation | ;5 1.00 0.44 0.98 0.64 0.52 0.62 0.39 0.60
(USDha ) . . . . X . X . .
Electricity consumption for 0.92 0.44 1.00 0.58 ~0.69 ~0.78 -0.81 ~0.77 —0.43
water pumping (kWh-ha™)
Cost of electricity fa t;
0st of eleciniclly for watet 0.45 0.98 0.58 1.00 ~0.78 ~0.65 -0.75 -0.56 ~0.69
pumping (USD-ha™)
Total capital investments
-0.64 -0.64 -0. -0. 1. . . . .
(USD-ha™) 0.6 0.6 0.69 0.78 00 0.87 0.93 0.93 0.76
Current costs (USD-ha™") -0.82 -0.52 -0.78 -0.65 0.87 1.00 0.97 0.93 0.76
Cost of gross production
-0.82 -0.52 -0.81 -0.75 0.93 0.97 1.00 0.94 0.73
(USD-ha™)
Net profit (USD-ha™) -0.78 -0.39 -0.77 -0.57 0.93 0.93 0.94 1.00 0.68
fficient of environ-
Coeflicient of environ 034 -0.60 -0.42 -0.68 0.76 0.76 0.73 0.68 1.00
mental reliability
Source: own study.
a) b)

mB1
8B2

Fig. 2. Water consumption for irrigation - m>ha™" (a) and electricity consumption - kWh-ha™" (b) for its pumping on the example of corn irrigation as
the most water- and energy-intensive crop according to study options; Bl = before the system reconstruction, B2 = after the system reconstruction;

source: own study

(NPV), profitability index (PI), discounted payback period (DPP)

internal rate of return (IRR) of investments [FROLENKOVA et al.

2007; 2020; KovALENKO et al. 2021; ROKOCHYNSKIY et al. 2021b].
In this case, must be satisfied the condition that,

NPV; >0
IRR; > d; (2)
DPP; <T

where: d; = discount rate for the project; T = discounted

investment payback period acceptable for the investor.

Thus, the introduction of the complex of interrelated
resource-saving measures in natural-agro-meliorative conditions
of the real object according to considered options provides

a reduction of irrigation water consumption from 2.2 to 30.7%
and electricity consumption from 12.9 to 38.2%. The rate
of specific costs decreases from 1.6 to 1.32-1.47, and
the coefficient of environmental reliability increases by 5.6—
16.7%. At the same time, the profitability index increases from
1.07 to 1.75-2.57, and the discounted payback period decreases
from 18 to 8-5 years.

It should be noted that since not all possible factors that
form the overall efficiency are taken into account when
performing forecasting and optimisation calculations, and the
results obtained from them are of pronounced relative nature, the
final decision on choosing the best project option remains with
investors or the customer farmers.
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Table 2. Indicators of technological (resource) efficiency by research options

Indicators of technological (resource) efficiency by research options

. B1 B2 B3 B4 B5 B6
°\c~ ] & ] ) =] e =] ) =] ) =] )
& g 2 g 2 g 2 g 2 g 2 g 3
- - - - - -
3 5 = % = & = 5 & & = % =
= 2 - = - = - = g5 = 5 = 5
g £ &y £ & £ & £ & £ &y £ &y
2|z D e R B R S B £ 2
g s 2= s 22 S 22 s o= s o == s o g =
S g ' a2 g ' a2 g ' a2 g ! a2 g ! a2 g ! a2
g S 2 EX | 28 | 82 | g2 | ES S 2 ES | 25 | EE | £2 g
L} o L) o L} L}
> EE | 22 | EE | 28 | EE |28 | EE | E2 | EE | 22 | EE | 2%
® |4 [SE | & | g% |37 %% | & |EE|§|:2%| & | Ef
2 g £z g g3 g g3 g £3 g £2 g £z
s ° g = o 2 & ° & = o g = ° g = ° g =
ot = ot =) et f) ot bl et = ot =
=) = o} = < 3 < = o] 3 o} 3 o]
10 - - - - - - - - - - - -
30 - - 243 61 573 143 286 72 - - - -
50 816 228 888 222 859 215 1146 287 859 215 528 132
70 2531 709 1947 487 1718 430 2291 573 2004 501 1718 430
90 4490 1257 3107 777 2291 573 4009 1002 3150 788 3150 788
Average
weighted 1820 510 1432 358 1260 315 1776 444 1403 351 1248 312
value
Explanations: B1, B2, B3, B4, B5, B6 as p. 18
Source: own study.
Table 3. Indicators of economic and environmental efficiency by research options
Research options
before reconstruction after reconstruction
i i i idual book value of
Economic and environmental efficiency :l::loll;ject ‘z‘;{ ‘: 9“;6(:) total capital investments after reconstruction
N K = 1338.43, USD-ha™
USD-ha™') ( ’ )
B1 B2 B3 B4 B5 B6
Cost of water for irrigation (USD-ha™") 69.60 54.75 48.18 67.91 53.66 47.74
Cost of electricity for water pumping (USD-ha™") 48.73 34.23 30.11 42.45 33.52 29.83
Current costs (USD-ha™") 550.89 1051.12 1137.03 1005.32 930.72 831.33
Share of water cost from current costs (%) 12.6 52 4.2 5.8 6.8 58
Share of electricity cost from current costs (%) 8.8 33 2.6 3.6 4.2 3.6
Cost of gross production (USD-ha™) 552.52 1242.16 1386.81 1195.63 1227.31 1060.04
Net profit (USD-ha™) 6.41 257.97 268.51 189.36 309.88 247.45
Specific cost indicator 1.631 1.382 1.322 1.445 1.471 1.392
Coefficient of environmental reliability 0.36 0.42 0.40 0.40 0.39 0.38

Explanations: B1, B2, B3, B4, B5, B6 as p. 18
Source: own study.
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Table 4. Comparative characteristics of changes in indicators of technological (resource), economic and environmental efficiency

before and after reconstruction according to relevant options

Changes in indicators of technological (resource), economic Research options

and environmental efficiency B2 B3 B4 B5 B6
Reducing of water consumption after reconstruction (%) 21.3 30.8 2.2 229 30.7
Reducing of electricity consumption after reconstruction (%) 29.8 382 12.9 31.2 382
Increase of current costs (UAH-ha™") 500.22 586.14 454.43 379.83 280.43
Reducing of water cost share from current costs (%) 58.7 66.7 54.0 46.0 54.0
Reducing of electricity cost share from current costs (%) 62.5 70.5 59.1 52.3 59.1
Increase of cost of gross production (USD-ha™) 689.64 834.29 643.12 674.79 507.52
Increase of net profit (USD-ha™") 251.56 262.11 182.95 303.47 241.05
Increase of coefficient of environmental reliability (%) 16.7 11.1 11.1 8.3 5.6

Explanations: B2, B3, B4, B5, B6 as p. 18
Source: own study.

Table 5. Indicators of investment efficiency by research options

Research options
Indicators of investment efficiency
B1 B2 B3 B4 B5 B6
Profitability index 1.07 2.22 2.29 1.75 2.57 2.14
Net discounted value (USD-ha™") 115.30 1627.34 1723.71 1000.86 2101.08 1531.26
Discounted payback period (y) 18 6 6 8 5 6
Explanations: B1, B2, B3, B4, B5, B6 as p. 18
Source: own study.
CONCLUSIONS REFERENCES

The results of research on improving the energy efficiency of the
closed irrigation network (CIN) of the closed irrigation system
(CIS) on the basis of interrelated resource-saving measures for
their technical, technological, and resource-saving improvement
convincingly indicate that, firstly, energy efficiency parameters
decisively depend, foremost, on the amount and efficiency of the
use of irrigation water, design, technological and regime
parameters of the pressure pipeline network, as well as multiple
variables of natural-agro-reclamation conditions of the real object
operation.

Secondly, the modernisation and reconstruction of existing
irrigation systems with sprinkling irrigation in the steppe zone of
Ukraine based on the implementation of the complex of resource-
saving measures across the entire spectrum of organisational,
technical, regime-technological, and resource-saving solutions
ensure the energy-efficient use of irrigation water and electricity,
increase the economic and environmental efficiency of irrigated
land use, as well as investment attractiveness of irrigation
generally and in variable modern conditions.

Our proposed solutions and obtained results correspond to
the existing concepts and strategies of irrigation development in
Ukraine and are aimed at achieving these goals, namely
improving energy efficiency and the overall efficiency of
irrigation systems.

Crark W.G. (ed.) 2009. Efficient use and conservation of energy. Vol. 2.
Oxford. Eolss Publishers Co. Ltd. ISBN 978-1-84826-932-3
pp. 284.

DBN 2000. Derzhavni budivelni normy Ukrayiny B.2.4-1-99. Melior-
atyvni systemy ta sporudy [State building norms of Ukraine
B.2.4-1-99. Reclamation systems and structures] [online]. Kyiv.
Derzhbud Ukrayiny pp. 178. [Access 07.05.2022]. Available at:
http://kbu.org.ua/assets/app/documents/dbn2/84.1.%20%D0%
94%D0%91%D0%9D%20%D0%92.2.4-1-99.%20%20%D0%9C%
D0%B5%D0%BB%D1%96%D0%BE%D1%80%D0%B0%D1%
82%D0%B8%D0%B2%D0%BD%D1%96%20%D1%81%D0%B8%
D1%81%D1%82%D0%B5%D0%BC%D0%B8%20%D1%82%D0%
B0%20%D1%81%D0%BF%D0%BE%D1%80%D1%83%D0%B4%
D0%BS.pdf

DEenTIAR O., BRIUZGINA N., ANTONIUK A. 2019. Analiz funktsionuvannya
zroshuvalnykh system za tekhniko-tekhnolohichnymy ta ekono-
michnymy pokaznykamy [Analysis of the functioning of irriga-
tion systems by technical, technological and economic
indicators]. Visnyk ahrarnoyi nauky. No. 3(08) p. 50-56. DOI
10.31073/agrovisnyk201903-08.

FroLenkova N., Kozuusuko L., RokocHynskry A. 2007. Ekoloho-
ekonomichne otsinyuvannya v upravlinni melioratyvnymy
proektamy: Monografiya [Ecological and economic assessment
in the management of reclamation projects: Monograph]. Rivne.
NUVGP. ISBN 966-327-049-7 pp. 258.

© 2022. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)


http://kbu.org.ua/assets/app/documents/dbn2/84.1.%20%D0%94%D0%91%D0%9D%20%D0%92.2.4-1-99.%20%20%D0%9C%D0%B5%D0%BB%D1%96%D0%BE%D1%80%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D1%96%20%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B8%20%D1%82%D0%B0%20%D1%81%D0%BF%D0%BE%D1%80%D1%83%D0%B4%D0%B8.pdf
http://kbu.org.ua/assets/app/documents/dbn2/84.1.%20%D0%94%D0%91%D0%9D%20%D0%92.2.4-1-99.%20%20%D0%9C%D0%B5%D0%BB%D1%96%D0%BE%D1%80%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D1%96%20%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B8%20%D1%82%D0%B0%20%D1%81%D0%BF%D0%BE%D1%80%D1%83%D0%B4%D0%B8.pdf
http://kbu.org.ua/assets/app/documents/dbn2/84.1.%20%D0%94%D0%91%D0%9D%20%D0%92.2.4-1-99.%20%20%D0%9C%D0%B5%D0%BB%D1%96%D0%BE%D1%80%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D1%96%20%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B8%20%D1%82%D0%B0%20%D1%81%D0%BF%D0%BE%D1%80%D1%83%D0%B4%D0%B8.pdf
http://kbu.org.ua/assets/app/documents/dbn2/84.1.%20%D0%94%D0%91%D0%9D%20%D0%92.2.4-1-99.%20%20%D0%9C%D0%B5%D0%BB%D1%96%D0%BE%D1%80%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D1%96%20%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B8%20%D1%82%D0%B0%20%D1%81%D0%BF%D0%BE%D1%80%D1%83%D0%B4%D0%B8.pdf
http://kbu.org.ua/assets/app/documents/dbn2/84.1.%20%D0%94%D0%91%D0%9D%20%D0%92.2.4-1-99.%20%20%D0%9C%D0%B5%D0%BB%D1%96%D0%BE%D1%80%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D1%96%20%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B8%20%D1%82%D0%B0%20%D1%81%D0%BF%D0%BE%D1%80%D1%83%D0%B4%D0%B8.pdf
http://kbu.org.ua/assets/app/documents/dbn2/84.1.%20%D0%94%D0%91%D0%9D%20%D0%92.2.4-1-99.%20%20%D0%9C%D0%B5%D0%BB%D1%96%D0%BE%D1%80%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D1%96%20%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B8%20%D1%82%D0%B0%20%D1%81%D0%BF%D0%BE%D1%80%D1%83%D0%B4%D0%B8.pdf
http://kbu.org.ua/assets/app/documents/dbn2/84.1.%20%D0%94%D0%91%D0%9D%20%D0%92.2.4-1-99.%20%20%D0%9C%D0%B5%D0%BB%D1%96%D0%BE%D1%80%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D1%96%20%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B8%20%D1%82%D0%B0%20%D1%81%D0%BF%D0%BE%D1%80%D1%83%D0%B4%D0%B8.pdf
https://doi.org/10.31073/agrovisnyk201903-08
https://doi.org/10.31073/agrovisnyk201903-08

22 Assessment of the energy and overall efficiency of the closed irrigation network of irrigation systems on the basis...

FroLENkOVA N., RokocHYNSKIY A., VOLK P., SHATKOVSKIY A., PRYKHODKO
N., TykHenko R., Openko 1. 2020. Cost-effectiveness of invest-
ments in drip irrigation projects in Ukraine. International
Journal of Green Economics. Vol. 14(4) p. 315-326. DOI
10.1504/1JGE.2020.112570.

GerasiMov IE., RokocHyNskry A., Koptiuk R., PrykHoDKO N., Voik P.,
FroLenkova N. 2020. Pidvyshchennya enerhoefektyvnosti zakry-
toyi zroshuvalnoyi merezhi ta zahalnoyi efektyvnosti zroshuval-
noyi systemy na osnovi kompleksu resursoekonomnykh
zakhodiv [Improving the energy efficiency of a closed irrigation
network and the overall efficiency of the irrigation system on the
basis of a set of resource-economic measures]. Visnyk Natsio-
nalnoho universytetu vodnoho hospodarstva ta pryrodokorystu-
vannia. Tekhnichni nauky. No. 4(92) p. 37-51.

Gerasivov H., Gerasimov IE., HURIN V. 2001a. Protyudarnyi prystrii
[Anti-shock device]. Utility Models 33438. Ukraine. F16L55/02;
No. 99021027. Stated 23.02.1999. Published 15.02.2001. Bulletin
No. 1.

GerasiMov H., Gerasivov Ik, HURIN V. 2001b. Prystrii dlia borotby
z hidravlichnym udarom [Device for combating hydraulic
shock]. Utility Models 33436. Ukraine. MPK E16L55/02;
No. 99021025. Stated 23.02.1999. Published 15.02.2001. Bulletin
No. 1.

GerasiMov H., Gerasmvov Ik, Ivanov S. 2015a. Konusnyi filtr dlia
ochyshchennia vody [Cone filter for water purification]. Utility
Models 100840. Ukraine. B01D35/02; No. 201502027. Stated
06.03.2015. Published 10.08.2015. Bulletin No. 15.

GerasiMvov  H., Gerasivov Ik, Ivanov S. 2015b. Stabilizator tysku
[Pressure stabiliser]. Utility Models 100773. Ukraine. MPK
F16L55/04; No. 201501474. Stated 20.02.2015. Published
10.08.2015. Bulletin No. 15.

GerasiMmov  H., Gerasivov Ik, Ivanov S. 2015c. Stabilizator tysku
[Pressure stabiliser]. Utility Models 101407. Ukraine. F16L55/04;
No. 201502510. Stated 20.03.2015. Published 10.09.2015. Bulletin
No. 17.

Gerasimov H., Gerasimov IE.,, RabpchHenko R. 2006. Systema avtoma-
tychnoho keruvannia nasosnoiu stantsiieiu [Automatic control
system for the pumping station]. Utility Models 16447. Ukraine.
F04D15/00. No. 200600758. Stated 27.01.2006. Published
15.08.2006. Bulletin No. 8.

Greaves G.E., WanG Y-M. 2017. Identifying irrigation strategies for
improved agricultural water productivity in irrigation maize
production through crop simulation modelling. Sustainability.
Vol. 9(4), 630 p. 1-17. DOI 10.3390/su9040630.

KMU 2015. Rozporyadzhennya vid 25 lystopada 2015 r. Pro
natsionalnyy plan diy z enerhoefektyvnosti na period do
2020 r. No. 1228-p. [About the national action plan on energy
efficiency until 2020. No. 1228-p.] [online]. Kabinet Ministriv
Ukrayiny. [Access 07.05.2022]. Available at: https://zakon.rada.
gov.ua/laws/show/n0001824-15#Text

KMU 2020. Rozporyadzhennya vid 21 zhovtnya 2020 r. Pro
zatverdzhennya planu zakhodiv z realizatsiyi Stratehiyi zroshen-
nya ta drenazhu v Ukrayini na period do 2030 r. No. 1567-p.
[Order of October 21, 2020 On approval of the action plan for the
implementation of the irrigation and drainage strategy in
Ukraine for the period up to 2030. No. 1567-p.] [online].
Kabinet Ministriv Ukrayiny. [Access 07.05.2022]. Available at:
https://zakon.rada.gov.ua/laws/show/1567-2020-%D1%80# Text

KovaLenko P., Rokochynskry A., JeznacH J., Kopriuk R., Voik P.,
PrykaODKO N., TYKHENKO R. 2019. Evaluation of climate change
in Ukrainian part of Polissia region and ways of adaptation to it.
Journal of Water and Land Development. No. 41 p. 77-82. DOI
10.2478/jwld-2019-0030.

KovaLenko P., RokocHyNskry A., VoLk P., TURCHENIUK V., FROLENKOVA
N., Tykuenko R. 2021. Evaluation of ecological and economic
efficiency of investment in water management and land
reclamation projects. Journal of Water and Land Development.
No. 48 p. 81-87. DOI 10.24425/jwld.2021.136149.

LankrORD B. 2006. Localising irrigation efficiency. Irrigation and
Drainage. Vol. 55(4) p. 345-362. DOI 10.1002/ird.270.

MARTYN A., SHEVCHENKO O., Tykuenko R., Openko I, Zuuk O,
Krasnorutsky O. 2020. Indirect corporate agricultural land use
in Ukraine: Distribution, causes, consequences. International
Journal of Business and Globalisation. Vol. 25(3) p. 378-395.
DOI 10.1504/1JBG.2020.109029.

Moreno M.A., CorcoLes J.I, TarjueLo J.M., OrteGA J.F. 2010. Energy
efficiency of pressurised irrigation networks managed on-
demand and under a rotation schedule. Biosystems Engineering.
Vol. 107(4) p. 349-363. DOI 10.1016/j.biosystemseng.
2010.09.009.

OpreNko I., KosTyUcHENKO Y., TYKHENKO R.., SHEVCHENKO O., Tsvyakhu O.,
Ievsiukov T., DEINEHA M. 2020. Mathematical modelling of
postindustrial land use value in the big cities in Ukraine.
International Journal of Mathematical, Engineering and Manage-
ment Sciences. Vol. 5(2) p. 260-271. DOI 10.33889/1]-
MEMS.2020.5.2.021.

Orenko I, Tykuenko R., SuevcHENko O., Tsvyakn O., STEPCHUK YA.,
RokocHINskIY A., Vork P. 2022. Mathematical modeling of
economic losses caused by forest fire in Ukraine. Engineering
for Rural Development. Vol. 21 p. 22-27. DOI 10.22616/
ERDev.2022.21.TF004.

OprenNko 1., SHEvcHENKO O., ZHUK O., Kryvoviaz Y., TykHENKO R. 2017.
Geoinformation modelling of forest shelterbelts effect on
pecuniary valuation of adjacent farmlands. International Journal
of Green Economics. Vol. 11(2) p. 139-153. DOI 10.1504/
IJGE.2017.089015.

RopriGUEZ Diaz J.A., LorEz LUQUE R., CARRILLO CoBO M.T., MONTESINOS
P., CamacHo Poyato E. 2009. Exploring energy saving scenarios
for on-demand pressurised irrigation networks. Biosystems
Engineering. Vol. 104(4) p. 552-561. DOI 10.1016/j.biosystem-
seng.2009.09.001.

RoxocHYNsKIY A.M. 2010. Naukovi ta praktichni aspekty optymizacii
vodoregulyuvannya osushuvanykh zemel na ekologoekonomich-
nykh zasadakh: Monografiya [The scientific and practical aspects
optimisation of water regulation drained lands on environmental
and economic grounds. Monograph]. Ed. M.I. Romashchenko.
Rivne. NUVGP. ISBN 978-966-327-141-5 pp. 352.

RokocHINsk1Y A., BiLokoN V., FroLeNkova N., PrykHODKO N., Voik P.,
TykHeNkO R., Openko I. 2020a. Implementation of modern
approaches to evaluating the effectiveness of innovation for water
treatment in irrigation. Journal of Water and Land Development.
No. 45 p. 119-125. DOI 10.24425/jwld.2020.133053.

RoxkocHyNskiy A., FROLENKOVA N., TURCHENIUK V., VOLK P., PRYKHODKO
N., TykHENKO R., OPENKO L. 2021b. The variability of natural and
climatic conditions in investment projects in the field of nature
management. Journal of Water and Land Development. No. 48
p- 48-54. DOI 10.24425/jwld.2021.136145.

RokocHYNskIY A., StasHUk V., FrRoLENKOVA N., SHALAY S., Koptiuk, R,
Vork P. 2010. Tymchasovi rekomendatsiyi z optymizatsiyi
vodorehulyuvannya osushuvanykh zemel u proektakh budiv-
nytstva y rekonstruktsiyi vodohospodarsko-melioratyvnykh
obyektiv [Temporary recommendations for optimisation of water
management of drained lands in projects of construction and
reconstruction of water management and reclamation facilities].
Rivne. NUVGP pp. 52.

© 2022. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)


https://doi.org/10.1504/IJGE.2020.112570
https://doi.org/10.1504/IJGE.2020.112570
https://doi.org/10.3390/su9040630
https://zakon.rada.gov.ua/laws/show/n0001824-15#Text
https://zakon.rada.gov.ua/laws/show/n0001824-15#Text
https://zakon.rada.gov.ua/laws/show/1567-2020-%D1%80#Text
https://doi.org/10.2478/jwld-2019-0030
https://doi.org/10.2478/jwld-2019-0030
https://doi.org/10.24425/jwld.2021.136149
https://doi.org/10.1002/ird.270
https://doi.org/10.1504/IJBG.2020.109029
https://doi.org/10.1016/j.biosystemseng.2010.09.009
https://doi.org/10.1016/j.biosystemseng.2010.09.009
https://doi.org/10.33889/IJMEMS.2020.5.2.021
https://doi.org/10.33889/IJMEMS.2020.5.2.021
https://doi.org/10.22616/ERDev.2022.21.TF004
https://doi.org/10.22616/ERDev.2022.21.TF004
https://doi.org/10.1504/IJGE.2017.089015
https://doi.org/10.1504/IJGE.2017.089015
https://doi.org/10.1016/j.biosystemseng.2009.09.001
https://doi.org/10.1016/j.biosystemseng.2009.09.001
https://doi.org/10.24425/jwld.2020.133053
https://doi.org/10.24425/jwld.2021.136145

Pyotr Kovalenko, Anatoliy Rokochynskiy, levgenii Gerasimov, Pavlo Volk, Nataliia Prykhodko, Ruslan Tykhenko, Ivan Openko 23

RokocHyNskiy A., TURcHENIUK V., PrykHopko N., Vork P., GERASIMOV
Ie., Ko¢ C. 2020b. Evaluation of climate change in the rice-
growing zone of Ukraine and ways of adaptation to the predicted
changes. Agricultural Research. No. 9(4) p. 631-639. DOI
10.1007/s40003-020-00473-4.

Rokochynskiy A., TurcHENIUK V., Voik P., Koptiuk R., PrRykHODKO N.,
Rycuko D. 2020c. Vodopotreba suputnikh kultur na rysovykh
zroshuvalnykh systemakh [Water consumption of associated
crops on rice irrigation systems]. Melioratsiya i vodne hospo-
darstvo. No. 1 p. 102-111. DOIT 10.31073/mivg202001-232.

RokocHynskiy A., Voik P., FroLeNkova N., TYKHENKO O., SHALAY S.,
Tykuenko R., Openko I 2021a. Differentiation in the value of
drained land in view of variable conditions of its use. Journal of
Water and Land Development. No. 51 p. 174-180. DOI
10.24425/jwld.2021.139028.

SHeEvcHENKO O., Openko 1., ZHUk O., Kryvoviaz Y., TykHeENkO R. 2017.
Economic assessment of land degradation and its impact on the
value of land resources in Ukraine [online]. International Journal
of Economic Research. Vol. 14. No. 15(4) p. 93-100. [Access
07.05.2022]. Available at: https://serialsjournals.com/abstract/
34405_ch_11_f -_ivan_openko.pdf

STASHUK V., ROKOCHYNSKIY A., MENDUS, P., TURcHENIUK V. (eds.) 2016.
Rys Prydunavya: Kolektyvna monografiya [Rice of the Danube:
Collective monograph]. Kherson. HRIN D.S. ISBN 978-966-930-
122-2 pp. 621.

STAsHUK V., VozHEHOVA R., DUDCHENKO V., ROKOCHYNSKIY A., MOROZOV
V. (eds.) 2020. Pidvyshchennya efektyvnosti funktsionuvannya
rysovykh zroshuvalnykh system Ukrayiny: naukovo-metodychni
rekomendatsiyi. [Increasing the efficiency of functioning of rice
irrigation systems of Ukraine: Scientific and methodological
recommendations]. Rivne. NUVGP. ISBN 978-966-327-445-4
pp. 203.

TArjuiLO J.M., RoDRIGUEZ-D1AzZ J.A., ABADIA R., CAMACHO E., RocAMORA
C., MoreNo ML.A. 2015. Efficient water and energy use in
irrigation modernisation: Lessons from Spanish case studies.
Agricultural Water Management. Vol. 162 p. 67-77. DOI
10.1016/j.agwat.2015.08.009.

TURCHENIUK V., RoKocHYNsKIY A. 2020. Systemna optymizatsiya vodo-
ta enerhovykorystannya na ekolohoekonomichnykh zasadakh na
rysovykh zroshuvalnykh systemakh: Monografiya [System optim-
isation of water and energy use on ecological and economic bases
on rice irrigation systems: Monograph]. Rivne. NUVGP. ISBN
978-966-327-457-7 pp. 333.

Varpour M. 2017. Global experience on irrigation management under
different scenarios. Journal of Water and Land Development.
No. 32 p. 95-102. DOI 10.1515/jwld-2017-0011.

VAN MAANEN N., ANDRJEVIC M., Rosa L., LEJEUNE Q., SCHLEUSSNER C-F.
2021. Scenarios of sustainable irrigation expansion in the 21
century. Preprint from Research Square p. 1-17. DOI 10.21203/
1s.3.r5-296540/v1.

© 2022. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)


https://doi.org/10.1007/s40003-020-00473-4
https://doi.org/10.1007/s40003-020-00473-4
https://doi.org/10.31073/mivg202001-232
https://doi.org/10.24425/jwld.2021.139028
https://doi.org/10.24425/jwld.2021.139028
https://serialsjournals.com/abstract/34405_ch_11_f_-_ivan_openko.pdf
https://serialsjournals.com/abstract/34405_ch_11_f_-_ivan_openko.pdf
https://doi.org/10.1016/j.agwat.2015.08.009
https://doi.org/10.1016/j.agwat.2015.08.009
https://doi.org/10.1515/jwld-2017-0011
https://doi.org/10.21203/rs.3.rs-296540/v1
https://doi.org/10.21203/rs.3.rs-296540/v1

	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	CONCLUSIONS
	REFERENCES

