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Abstract

In the European Union works have been launched about perspective directions
of the Common Agricultural Policy (CAP) and national priorities within the
EU budget after 2020. One of the expected problems is the reduction in the
amount of funding, particularly in the form of subsidies. For Ukraine this issue
has been relevant before. At the same time, the level of implementation of innovations in the agricultural sector remains low. The paper examines the current state of implementation of the most important innovation projects in agribusiness in Ukraine and their financing sources. Results of cluster analysis of
the implementation of investment and innovative projects in Ukrainian regions
allowed to identify four clusters, each of which is represented by relatively
homogeneous parameters of the potential of innovative development of agribusiness 4.0. Given the fact that contemporary agribusiness both in Ukraine
and in Europe remains weakly digitized, we propose one of the strategic priorities of agrarian policy to recognize the promotion of the implementation of digital agricultural projects (projects connected with agribusiness 4.0). The investments in digital agricultural projects are an important tool for improving
competitiveness and economic efficiency of Ukrainian enterprises and development of agriculture 4.0 in Europe.
Keywords: innovation projects, implementation, agribusiness 4.0, agricultural
enterprises, digital agriculture
JEL codes: Q12, Q13, Q14, Q18
20.1. Introduction

In the modern world literature the problem of development of agriculture
4.0 and implementation of digital technologies in agribusiness is among the
most topical academic and practical issues [Cofre-Bravo et al., 2018; De Clercq
et al., 2018; Deichmann et al., 2016a, 2016b; Fatusin and Oladehinde, 2018;
Gwaka, 2017; KrzyĪanowska and Sikorska, 2016; Ozdogan et al., 2017; Wolfert
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et al., 2017; Zhudro, 2017a, 2017b; and many others]. However, there are some
problems with the implementation of these innovations in developing countries.
Digital technologies have significantly affected practically all sectors of
the economy and agriculture is no exception [Deichmann et al., 2016a]. The new
information and communication technologies promote the rise in efficiency by
complementing other production factors, and innovation by reducing transaction
costs. Digital technologies overcome information problems that hinder market
access for many small-scale farmers, and they provide novel ways for improving
agricultural supply chain management [Deichmann et al., 2016b].
The implementation of digital technologies in some European countries is
at different stages. For example, in Turkey digital agriculture applications are in
the early development stage [Ozdogan et al., 2017].
The paper by Wolfert et al. [2017] focuses on the Smart Farming is a development that emphasizes the use of information and communication technology in the cyber-physical farm management cycle. New technologies are expected to leverage this development and introduce more robots and artificial intelligence in farming. This is encompassed by the phenomenon of Big Data,
massive volumes of data with a wide variety that can be captured, analysed and
used for decision-making [Wolfert et al., 2017].
The study by Fatusin and Oladehinde [2018] established that enterprises
that made use of smart technologies tend to be more efficient in terms of production and marketing especially in identification of new markets.
The literature identifies multiple factors that can affect the adoption of innovation in agriculture, such as farmers’ socio-economic characteristics and the
characteristics of the promoted innovation, among others. One of the relevant
components of innovative behaviour is farmers’ ability to generate and implement new ideas, to extend their networks and to involve the workforce in the
adoption process [Cofre-Bravo et al., 2018].
The paper by Zhudro [2017b] investigates the new methodological research platform worker-ness agribusiness organizations in an economy 4.0,
which is based on the dominance of hybridization “live” and “smart” management and generates the possibility of permanent and total system-situational
managers correction specialists AIC organizations management. Another article
by Zhudro [2017a] examines the practice of agrarian smart business, which involves the domination of “smart” agrotechnologies and creates the need for
a permanent system-situational correction of managerial decisions carried out by
managers and specialists of the agroindustrial complexes. The author describes
the methodology and tools of “smart” and traditional management in the modern
agrarian economy 4.0 [Zhudro, 2017a].
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The problem of implementation of innovative projects and project management in agricultural enterprises is considered in publications of the following
scientists: Babenko [2017]; Butenko [2017]; Chemerys et al. [2017]; Ilchuk and
Shpomer [2017]; Lytvynchuk [2017]; Prysiazhniuk and Plotnikova [2017]; Roucan-Kane et al. [2013]; Turnera et al. [2017]; Volodin [2017].
Innovation projects are an important factor for the economic development.
Ukraine has a strong position in the development of human capital (education,
availability of skilled personnel, the labour market, patent activity of the population, educational and scientific infrastructure). But the organizational, institutional components and market and business environment hamper the development of innovation, the formation of economic growth [Butenko, 2017].
Implementation of innovative projects increases interest in the issue of the
transfer of intellectual property rights. According to Lytvynchuk [2017] there
are two opposite groups of IP assignment legal models in the agriculture being
taking into account – classical models based on obtaining exclusive rights of
ownership and alternative models within the framework of fair use, generis sui
and public domain doctrines. Further progress of the intellectual property institutionalization processes requires flexible mechanisms of public management
based on the economic efficiency of assignment legal models but without losing
connection with the humanistic context [Lytvynchuk, 2017].
The paper by Volodin [2017] presents methodical approaches and organizational tools for the preparation of commercial proposals by scientific institutions, on the basis of which the fast plant-technology is created and projects of
their use in the science-intensive niche business.
In the European Union works have been launched about perspective directions of the Common Agricultural Policy (CAP) and national priorities within
the EU budget after 2020. One of the expected problems is the reduction in the
amount of funding, particularly in the form of subsidies. For Ukraine this issue
has been relevant before. At the same time, the level of implementation of innovations in the agricultural sector remains low. However, there are practically no
studies on implementation of innovative projects in the context of development
agribusiness 4.0 in Ukraine.
20.2. Methodology

The purpose of the paper is to present results of one of the first studies of
the current state of implementation of the most important innovation projects in
the context of agribusiness 4.0 in Ukraine and their financing sources.
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The methodological basis of the research is the fundamental postulates of
economic science and system approach to studying the economic phenomena and
processes. This study used the following methods: abstract-logical (definition of
essence of the category „agribusiness 4.0”, theoretical generalization and formulation of conclusions); analysis and synthesis (assessment and analysis of the state
of implementation of innovation projects); monographic (depth analysis of the
issue under study and specific innovative enterprises); graphic and cartographic
(visual representation of the results and the construction of cartograms); cluster
analysis by the Ward’s method (Euclidean distances) and the k-means method
(determination of the main clusters of innovative development of agribusiness).
To achieve the goal we utilize datasets at regions or at national levels collected from Ministry of Agrarian Policy and Food of Ukraine, data of the Association „Ukrainian Agribusiness Club” (UCAB) and the data of some innovative
public enterprises.
20.3. Implementation of the most important innovation projects in
agribusiness in Ukrainian regions: current state and problems of
their financing sources

Summarizing the results of theoretical analysis and synthesis of literature,
it can be concluded that agribusiness 4.0 – provides for the massive implementation of cyberphysical systems in agriculture (industry 4.0) for its automation,
computerization and robotization. The main directions of agribusiness 4.0: digitalization, big data, blockchain, vertical farms, unmanned technology, automation of production, smart machines, precision farming, etc.
According to the Ministry of Agrarian Policy and Food of Ukraine, as of
January 1, 2018 in the agricultural sector of the economy of Ukraine enterprises
generally implemented 474 investment projects, which is by 94 projects (24.7%)
more than the corresponding date of 2017 (Table 1).
Among the regions, the largest numbers of investment projects are implemented in: Poltava – 69 units (+ 29 units or by 72.5% more compared with 2017);
Lviv – 64 units (+ 16 units or 33.3% more); Vinnitsa – 48 units (+ 3 units or
6.7%); Chernivtsi – 43 units (+ 20 units or 2.2 times more); Cherkassy – 41 units
(- 2 units or 4.7% less); and Kherson – 38 units (- 1 unit or 2.7% less) regions.
The expected social effect from the implementation of these projects is the creation of more than 16 thousand jobs [Analytical note, 2018].
The total amount of the estimated cost of investment projects was almost
41.3 billion UAH, of which the main source of financing were own funds –
30.7 billion UAH (74.3%). The cost of investment projects realizing in the regions ranges from 0.1 million UAH to 9.6 billion UAH. Compared to the data as
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of 01.01.2017, the total sum of the estimated cost of investment projects increased
by 13.4 billion UAH, including own and raised funds increased by 11.5 billion
UAH and 1.9 billion UAH, respectively.
Table 1. The state of preparation and implementation of the most important
investment and innovative projects in Ukraine as of 01.01.2018*
Names of regions

The total number of projects

Cost of projects,
bln UAH

Completed
projects

Vinnytsya
Volyn
Dnipropetrovsk
Donetsk
Zhytomyr
Zakarpattya
Zaporizhya
Ivano-Frankivsk
Kyiv
Kirovohrad
Luhansk
Lviv
Mykolayiv
Odesa
Poltava
Rivne
Sumy
Ternopil
Kharkiv
Kherson
Khmelnytskiy
Cherkasy
Chernivtsi
Chernihiv
Total

48
8
10
0
16
5
6
6
23
25
4
64
27
8
69
9
4
8
4
38
3
41
43
5
474

19.9
0.2
0.4
0
1.1
0.02
0.2
0.1
3.3
1.0
0.03
1.1
2.0
2.8
1.0
0.3
2.3
0.7
0.2
1.5
0.1
2.1
0.4
0.5
41.3

16
4
1
0
5
0
3
2
3
9
0
23
1
0
44
2
0
0
0
9
1
11
25
2
161

The amount of
investments,
bln UAH
0.4
0.1
0.001
0
0.7
0
0.2
0.01
0.5
0.03
0
0.5
0.004
0
0.3
0.009
0
0
0
0.6
0
0.03
0.2
0.3
3.8

Notes. * Here and below – excluding the temporarily occupied territories of the Autonomous Republic of Crimea, also excluding the part of the anti-terrorist operation zone.

Source: author’s calculations and presentation based on the data of Ministry of Agrarian
Policy and Food of Ukraine [Analytical note, 2018].

Figure 1 shows of the implementation of investment and innovative projects in agribusiness in the regions of Ukraine. Regarding the regional distribution of the number of investment and innovative projects in agribusiness in the
regions of Ukraine, it should be noted that their high concentration is in the central and western regions, the lowest concentration – in the north-eastern regions.
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The most common directions for the implementation of investment agricultural
projects in Ukraine as of 01.01.2018 were the following (construction or reconstruction): development of cattle breeding (23.6%); development of pig farming
(12.4%); development of poultry production (5.7%); perennial plantations
(4.2%); processing, storage of cereals and technical crops (18.6%); vegetable
and fruit storage (12.2%); irrigation (3.0%) (Table 2).
Figure 1. Cartogram of the implementation of investment and innovative projects in
agribusiness in the regions of Ukraine, 2018

more than 30
10 - 30
7 - 10
5-6
to 5
no projects
Source: author’s presentation based on the data of Ministry of Agrarian Policy and Food of
Ukraine [Analytical note, 2018].

Table 2. Directions of the implementation of the investment and innovative projects
(construction, reconstruction), units
Directions of implementation of
projects
Development of cattle breeding
Development of pig farming
Development of poultry production
Perennial plantations
Processing, storage of cereals
and technical crops
Vegetable and fruit storage
Irrigation

01.01.2017

01.01.2018

units
89
62

%
23.4
16.3

units
112
59

%
23.6
12.4

23

6.1

27

5.7

13

3.4

20

4.2

73

19.2

88

18.6

35
13

9.2
3.4

58
14

12.2
3.0

Source: author’s calculations and presentation based on the data of Ministry of Agrarian
Policy and Food of Ukraine [Analytical note, 2018].
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The average estimated cost of the investment agricultural project, realized
as of 01.01.2018, in terms of the regions, ranged from 4.0 million UAH in the
Zakarpattya region to 575.0 million UAH in the Sumy region, with an average
value of this indicator in Ukraine at 87.1 million UAH (Figure 2).
Figure 2. Rating of regions of Ukraine by the average cost of an investment
agricultural project as of 01.01.2018
Zakarpattya

4,0
7,5
9,3
14,5
16,7
17,2
25,0
33,3
33,3
33,3
39,5
40,0
40,0
50,0
51,2
68,8
74,1
87,5
100,0
143,5

Chernivtsi
I.-Frankivsk
Volyn
Rivne
Kherson
Dnipro
Cherkasy
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Considering at the regions level data, we can state a significant differentiation of the cost of projects. For example, the largest investment agricultural project
can be found in the Sumy region, their average cost was 575.0 million UAH in
2018. The Sumy region is followed by the Vinnytsya region (414.6 million UAH)
and Odesa region (350.0 million UAH). On the other side, in Zakarpattya, Lviv and
Chernivtsi regions realize the lowest by average cost of investment projects; their
average cost is 4.0, 7.5 and 9.3 million UAH, respectively.
In the Ukrainian agro-industrial complex, according to the regions, mainly
investment projects were implemented, the estimated cost of which was up to
10.0 million UAH – 277 units (or 58.4% of the total), from 10.0 million UAH to
50.0 million UAH – 112 units (23.6%), the total value of almost 780 million
UAH and more than 2.6 billion UAH, respectively. The number of projects costing from 50.0 million UAH to 100.0 million UAH is 32 units (6.8%) with a total
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value of almost 2.2 billion UAH; from 100.0 million UAH to 500.0 million
UAH – 28 units (5.9%) with a total value of more than 5.9 billion UAH; from
500.0 million UAH to 1.0 billion UAH – 1 unit (0.2%) worth more than
0.5 billion UAH; more than 1 billion UAH – 7 units (1.5%) with a total value of
more than 27.3 billion UAH.
Characterizing the structure of sources of financing for investment agricultural projects (Figure 3), it should be noted that the majority of own sources –
74.3%.
Figure 3. Sources of funding of investment agricultural project in Ukraine, %
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Source: author’s calculations and presentation based on the data of Ministry of Agrarian
Policy and Food of Ukraine.

The largest intensity of investment activity in 2017 was observed in the
Vinnytsya region – the volume of capital investments was 6.3 billion UAH (or
31.7% of the total value of projects implemented in the region); in the Kyiv region – 1.1 billion UAH (or 32.8% of the total value of projects implemented in
the region); in the Poltava region – 614.7 million UAH (or 63.0% of the total
value of projects implemented in the region); in Cherkassy region –
444.6 million UAH (or 20.8% of the total value of projects implemented in the
region); in the Sumy region – 431.0 million UAH (or 18.7% of the total value of
projects implemented in the region).
20.4. Cluster analysis of the implementation of investment and innovative
projects in agribusiness in Ukrainian regions
Creation and support of the functioning the clusters give possibility for the
revival of various sectors of domestic production and for providing innovative,
competitive regional and national development [Stoianets, 2017; Chemerys
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et al., 2017]. Thus, the cluster structure in the relevant territory can contribute to
its innovative development based on the initiation and implementation of innovative projects in the context of agribusiness 4.0.
The results of cluster analysis by the Ward’s method (Euclidean distances) made it possible for us to form four clusters (Figure 4).
Figure 4. Vertical dendrogram of cluster analysis results for implementation of
investment and innovative projects in agribusiness in the regions of Ukraine, 2018
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Source: author’s calculations and presentation based on the data of Ministry of Agrarian
Policy and Food of Ukraine [Analytical note, 2018].

At the second stage, we performed a cluster analysis by the k-means
method (Figure 5). Its results were very close to the previous ones. According to
group-based clustering, Ukrainian regions can be divided into four clusters, each
of which is represented by relatively homogeneous parameters of the potential
of innovative development of agribusiness 4.0.
Cluster 1 – “Leading regions with high potential for innovation development”. The first cluster includes Vinnytsia, Lviv, Poltava and Chernivtsi regions. The regions participating in this cluster (16.7% of the total number of regions) are characterized by the greatest innovative activity: (i) the average total
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number of projects per region is 56 units; (ii) the average cost of projects per
region is 5.600 bln UAH; (iii) the average completed projects per region is
27 units; (iv) the average amount of investments per region is 0.350 bln UAH.
Figure 5. The results of cluster analysis (by k-means method) of implementation of
investment and innovative projects in agribusiness in the regions of Ukraine, 2018
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Source: author’s calculations and presentation based on the data of Ministry of Agrarian
Policy and Food of Ukraine [Analytical note, 2018].

Cluster 2 – „Regions are followers of leaders with an average potential of
innovation development”. The second cluster includes Kyiv, Kirovohrad, Mykolaiv, Kherson and Cherkasy regions. The regions participating in this cluster
(20.8% of the total number of regions) are characterized by the average (middle)
level of innovative activity: (i) the average total number of projects per region is
30.8 units; (ii) the average cost of projects per region is 1.980 bln UAH; (iii) the
average completed projects per region is 6.6 units; (iv) the average amount of
investments per region is 0.232 bln UAH.
Cluster 3 – „Medium-sized regions with low potential for innovation development”. The third cluster includes the following regions: Volyn, Dnipropetrovsk, Zhytomyr, Odesa, Rivne and Ternopil. The regions participating in this
cluster (25.0% of the total number of regions) are characterized by the low level
of innovative activity: (i) the average total number of projects per region is
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9.8 units; (ii) the average cost of projects per region is 0.917 bln UAH; (iii) the
average completed projects per region is 2.0 units; (iv) the average amount of
investments per region is 0.135 bln UAH.
Cluster 4 – „Regions-outsiders with very low potential for innovation development”. The fourth cluster includes the following regions: Donetsk,
Zakarpattya, Zaporizhya, Ivano-Frankivsk, Luhansk, Sumy, Kharkiv, Khmelnytskyi and Chernihiv. The regions participating in this cluster (37.5% of the total
number of regions) are characterized by the very low level of innovative activity: (i) the average total number of projects per region is 4.1 units; (ii) the average cost of projects per region is 0.383 bln UAH; (iii) the average completed
projects per region is 0.9 units; (iv) the average amount of investments per region is 0.057 bln UAH.
Examples of implementation of digital technologies in agribusiness of Ukraine
Analysing the practice of implementation of digital technologies in the agricultural sector of Ukraine, it should be noted that there are five agricultural
holdings in the TOP-20 innovative companies of Ukraine (Figure 6).
Figure 6. TOP-5 innovative agroholdings of Ukraine
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Source: author’s presentation based on the data of https://propozitsiya.com [In the TOP-20, 2017].

Some Ukrainian agricultural enterprises are already working on automation of production processes, buying more technologically advanced equipment,
more and more implementing precise farming systems and other innovative so-
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lutions. This increases to equipment cost per unit of land area. In Ukraine, the
average expenses of agricultural enterprises for the purchase of machinery and
equipment in 2017 were about 51 USD/hectare, while in Germany this indicator
was 417 USD/hectare, in France – 281, in Poland – 193 USD/hectare (Figure 7).
Figure 7. The costs for the purchase of agricultural machinery in some European
countries, USD/ha
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Source: author’s presentation based on the data of UCAB [Lakhai, 2018].

Such a significant difference in the costs of agricultural machinery is due,
first of all, to the use of more technologically advanced equipment by German,
French and other European farmers. Such equipment, respectively, is much
more expensive and is aimed at attracting as few employees as possible and
more efficient use of land [Lakhai, 2018].
At the same time, the level of implementation of innovations in the agricultural sector remains low [The level, 2018]. According to expert estimates, no
more than 10% of Ukrainian agrarian companies implement IT-technologies.
According to IDC, by 2019 organizations that have made a digital transformation will receive at least 45% of their income from new business models
[9 Steps, 2018]. Given the fact that contemporary agribusiness both in Ukraine
and in Europe remains weakly digitized, we propose one of the strategic priorities of agrarian policy to recognize the promotion of the implementation of digital agricultural projects (projects connected with agribusiness 4.0).
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The investments in digital agricultural projects are an important tool for
improving competitiveness and economic efficiency of Ukrainian enterprises
and development of agriculture 4.0 in Europe.
According to the International Society of Precision Agriculture (ISPA),
today UAV technology and drone are used by about 39% of farmers; by 2020
their number will increase by 34%, that is, almost doubled. In Ukraine, according to expert estimates, UAV technology and drones use about 7% of agricultural enterprises. Considering this, we propose to provide the state financial support
for the implementation of innovative solutions. For example, in Ukraine drones
should be added the list of machinery and equipment for the agriculture, for the
purchase of which the state provides subsidies.
Digital technologies in agriculture in Ukraine are implemented primarily
by agricultural holdings. For example, agroholding “Myronivsky Hliboproduct”
develops digital agriculture in the following main directions [Melnyk, 2017]:
x
precision farming as an element of digital agriculture;
observing the harvest using drones, mapping, satellite systems, radar surx
veillance;
annual replenishment of the technical park, in particular, for digital farmx
ing. Each year, agroholding buys machinery for 25 mln USD or
68 USD/ha;
management system of land bank based on agrarian GIS technologies.
x
Agroholding „Mriya” develops digital agriculture in the following main
directions [Khmeliuk, 2018; Hryhorov, 2018]:
creation of own IT-solution in which all data is combined – 1ɋ, GPS and
x
GIS;
equipment of machinery by GPS trackers for control the consumption of
x
fertilizers and fuel;
development and use of its own „Planner of the agronomist”;
x
monitoring of crops using drones and unmanned aerial vehicles.
x
According to expert estimates, there are about 15 robotic dairy farms in
Ukraine. The most famous of them – Dairy Complex “Terezino” – a system of robotic milking of cows and management of Delavar Delpro™ Farm Management.
For effective implementation of digital technologies in agribusiness experts offer 9 steps to successful digital transformation [9 Steps, 2018]:
1. To develop a detailed digital strategy;
2. To convince the importance of the transformation of each manager;
3. To assign a person responsible for implementing the strategy;
4. To provide additional staff training at all levels;
5. To review organizational structure;
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6. To get rid of old thinking patterns;
7. To hire consultants (if necessary);
8. To involve suppliers and customers as co-authors;
9. To evaluate the results.
20.5. Summary and conclusions

This paper examines the current state of implementation of the most important innovation projects in agribusiness in Ukraine and their financing
sources. Now in the agriculture of Ukraine enterprises generally implemented
474 investment projects. The total amount of the estimated cost of investment
projects was almost 41.3 billion UAH, of which the main source of financing
were own funds – 30.7 billion UAH (74.3%).
The cartogram showing the distribution of the number of investment and
innovative projects in agribusiness in the regions of Ukraine is constructed. It is
established that the majority of investment and innovative projects are located in
Poltava (69 units), Lviv (64 units), Vinnitsa (48 units), Chernivtsi (43 units),
Cherkassy (41 units) and Kherson (38 units) regions. We identified a significant
variation of the cost of projects. The largest investment agricultural project can
be found in the Sumy region, their average cost was 575.0 million UAH. The
Sumy region is followed by the Vinnytsya (414.6 million UAH) and Odesa region (350.0 million UAH). On the other side, in Zakarpattya, Lviv and Chernivtsi regions realize the lowest by average cost of investment projects; their average cost is 4.0, 7.5 and 9.3 million UAH, respectively.
According to results of cluster analysis, Ukrainian regions can be divided
into four clusters, each of which is represented by relatively homogeneous parameters of the potential of innovative development of agribusiness 4.0:
(ɿ) ”Leading regions with high potential for innovation development”;
(ɿɿ) ”Regions are followers of leaders with an average potential of innovation
development”; (ɿɿɿ) ”Medium-sized regions with low potential for innovation
development”; (iv) ”Regions-outsiders with very low potential for innovation
development”. The results of clusterization can be taken into account when
forming a regional and agrarian policy on innovative development.
According to expert estimates, no more than 10% of Ukrainian agrarian
enterprises implement digital technologies. Given the fact that contemporary
agribusiness both in Ukraine and in Europe remains weakly digitized, we propose one of the strategic priorities of agrarian policy to recognize the promotion
of the implementation of digital agricultural projects (projects connected with
agribusiness 4.0). The investments in digital agricultural projects are an im275

portant tool for improving competitiveness and economic efficiency of Ukrainian enterprises and development of agriculture 4.0 in Europe. Consequently,
there are significant reserves of increase of efficiency of agrarian enterprises
implement digital projects that require the appropriate management of them, it
may be the prospect for further research.
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