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Introduction 

  

Water and energy resources are very important factors in 

food security. As a result of the growing scarcity of natural 

resources and military action, the interconnectedness of 

these sectors has been becoming more apparent, as 

evidenced by growing trade-offs and the initial search for 

cross-sectoral efficiencies. 

The active participation of the water, energy, and food 

sectors with important roles for national governments and 

international bodies, is needed to holistically assess and 

promote investment options that balance the benefits of 

different sectors (Bayramoglu et al., 2018; Korobiichuk et 

al., 2020; Kuzmych et al., 2021). 

WEF Nexus allows rational planning of business activities 

related, first of all, to the production of agricultural 

products. Therefore, international cooperation in the 

formation of the energy-water-food balance is important 

today, especially in the conditions of Russian military 

aggression, when the world is losing agricultural products, 

which threatens a food crisis and famine (Mei-Hua Yuan 

and Shang-Lien Lo, 2022). 

The effective development and functioning of agricultural 

sector depend on many factors, a special place among 

which are water and energy supply, the optimal level of 

costs for economic activity, food production and others. 

The basis of such a system is the water-energy-food nexus 

in business processes of agricultural enterprises’ strategic 

cost management. It also plays an important role here 

business processes of forecasting, planning and cost control 

of agricultural production enterprises. Such water-energy-

food nexus operation the necessary information about the 

available and possible costs allows rationally planning the 

economic activities of agricultural enterprises, primarily 

related to the production of agricultural products. 

Therefore, cooperation of all states and their governments 

in forming the energy-water-food balance is important 

today, еspecially in the conditions when Russia is waging a 

war in Ukraine, when the world is losing agricultural 

products, grain and oil crops, which threatens poor 

countries with famine. 

Practice gives reason to note that during the formation and 

implementation of an effective system of cost management 

of agricultural enterprises based on water-energy-food 

conсept, it is necessary to take into account both 

methodological recommendations and rely on the 

experience that already works effectively in the field of 

agricultural business in the developed countries of the 

world. Emphasizing the importance of the formation and 

implementation of a cost management system in the 

economic activity of agricultural enterprises, the study 

focuses on the methodological and practical principles of 

cost management of agricultural enterprises in the water-

energy-food interconnection system. 

  

Methods and techniques 

  

In the literature and other sources, the analyses of Water-

Energy-Food Nexus issues have understood them 

differently and conceptualized and measured these issues 

using varying methods (Dudin et al., 2018; Kubala, 2021). 

In many studies, national governments and international 

agencies have established a variety of principles for 

guiding nexus governance (Mei-Hua Yuan and Shang-Lien 

Lo, 2022). 

The basis of this research is the system method. The 

relationship between the components of the water-energy-

food chain is considered a complete system of 

interconnected factors and components. Also for achieving 

the aim and to solve the problems identified in the article, 

the following methods have been used, namely: 1) methods 

of abstraction, theoretical analysis, deduction, induction – 

in order to present the theoretical fundamentals of water-

energy-food nexus for agricultural enterprises; 2) methods 

of description, tabular and graphical presentation, 

observation, comparison and generalization – in order to 

reveal the methodological principles of water-energy-food 

consumption of the countries of the European Union by 

determining the interconnection between total costs of 

agricultural enterprises and indicators of value of 

agricultural products (Yakymchuk et al., 2017). 

Results and Discussion 

 

The water-food-energy connection occupies a prominent 

place in the concept of sustainable development. The 

demand for all three types of these resources is constantly 

growing due to rapid urbanization, the growth of the global 

population, changes in the diet and economic growth, and 

the increase in the price of agricultural products. It is an 

indisputable fact that agriculture is currently the largest 

consumer of fresh water resources in the world. In 

addition, more than a quarter of the energy used worldwide 

is spent on the production and supply of food. The 

inextricable links between these three critical areas require 

an appropriate integrated approach to ensure water and 

food security, as well as sustainable agriculture and green 

energy production.  

•According to experts’ estimations, more than 72% of all 

water withdrawals in the world are used by agriculture. 

Importantly, the food production and supply chain accounts 

for about 30% of total global energy consumption, and 

90% of global electricity generation is water intensive. 

According to FAO, water harvesting and water 

conservation technologies can increase rainwater 

kilocalorie production by 24%, and when combined with 

irrigation expansion, by more than 40% (FAO, 2020). 

Power plant cooling accounts for 43% of total freshwater 

withdrawals in Europe, almost 50% in the USA and more 

than 10% in China (Water, Food and Energy, 2022). 

According to UNESCO estimates, by 2050, the global 

demand for water is projected to increase by 20-30% 

(FAO, 2020).  

In 2021, EU countries remained the main supplier of 

agricultural products to Ukraine. As we can see in the 

Figure 1, in 2021 Ukraine imported 8.2 billion doll. worth 

of agricultural products, 19% more than in 2020, when 

imports amounted to 6.9 billion doll. (Eurostat, 2022). 

Total imports from these countries reached $4,217 million 

(3,554 million doll. in 2020). The share of EU products in 

the structure of total agricultural imports last year was 

51.6% (European Commission, 2022). Although purchases 

from other regions increased, the absolute and relative rates 

of imports from those regions were much lower. Imports of 

food products from Asia amounted to 1,533 million doll. 

(18.7% of total imports), from Latin America – 634 million 

doll. (7.8%), from CIS countries at 343 million doll. 

(4.2%) and from Africa at 342 million doll. (4.2%) 

(Ukrainian imports of agricultural products, 2021).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 1  Dynamics of international trade between 

European Union and Ukraine, 2011-2021 

•Source: from the data (Ukraine-EU - international trade 

in goods statistics, 2022) 

 

 

 

According to the United Nations COMTRADE database on 

international trade (Poland Imports from Ukraine, 2022), 

Poland imports from Ukraine was 5.04 billion doll. during 

2021. In 2021 Poland has imported from Ukraine cereal, 

flour, starch, milk preparations and products for the total 

value of 15,55 mln dollars. 

 

 

The exports, imports and trade balance between the EU and 

Ukraine have been analyzed from 2011 to 2021. EU 

exports to Ukraine were highest in 2021 (28 billion euro) 

and lowest in 2015 (14 billion euro). In 2011, the EU had a 

trade surplus with Ukraine of 6 billion euro. The trade 

surplus remained throughout the whole period, reaching € 

4 billion in 2021. EU imports from Ukraine were highest in 

2021 (24 billion euro) and lowest in 2015 (13 billion euro). 

Both exports to and imports from Ukraine increased 

between 2011 and 2021 (Ukraine-EU - international trade 

in goods statistics, 2022). The analytical data show, that 

58.6% of products exported from Ukraine were bought by 

importers in: China (14.4% of the global total), Poland 

(7%), Russia (5.5%), Turkey (4.9%), Germany (4.2%), 

India (4%), Italy (3.9%), Netherlands (3.7%), Egypt 

(3.3%), Belarus (2.7%), Hungary (2.5%) and Spain (also 

2.5%).  

Ecosystems are currently suffering from increasing 

pressure on natural resources, including from the ever-

increasing global demand for energy, food and water 

(Zinina and Olentsova, 2020). All this provokes both 

demographic and ecological, economic, social and climatic 

changes in the state of the environment. There are threats 

to the functioning of ecosystems in these conditions. 

Therefore, the success of the transition to sustainable 

development depends on the correctness of strategic 

decisions at the state and international level. Today, choices 

related to the management and use of energy, land and 

water are mostly made in isolation and without proper 

assessment of the cross-sectoral implications of planned 

developments. Both developing and developed countries 

have this problem. In cross-border conditions, the lack of 

compromises and external effects can lead to obstacles to 

regional development and the emergence of a conflict of 

interests. Conversely, an interconnected (or cross-sectoral) 

approach to managing shared resources could significantly 

enhance water, energy and food security through increased 

resource efficiency, the use of regional complementarities, 

and improved management of natural resource use and 

restoration. 

 

Conclusions 

 

The Water-Energy-Food Nexus approach emphasizes the 

interdependence of water, energy and food security and the 

natural resources – biodiversity, water, soil and land – that 

underpin this security. Nexus identifies mutually beneficial 

factors that are based on an understanding of the synergies 

of water, environmental, energy and agricultural policies. 

Such a relationship also provides a coherent, transparent 

and reasoned framework for identifying the appropriate 

trade-offs and synergies that shape the integrity and 

sustainability of ecosystems. This water-ewnergy-food 

chain is a new paradigm of the international development 

order, from sectoral development interventions to the 

integrated use of green economy resources. 

The principles and approaches of water, energy and food 

consumption by agricultural enterprises of the EU 

countries can be explained through the relationship 

between the concept of sustainable development, the total 

costs of agricultural enterprises and indicators of the cost 

of agricultural products produced by them. The increase in 

total costs for water consumption and energy supply 

directly affects (with a very strong and high intensity of 

connection between the analyzed variables in the water-

energy-food system), in particular, the increase in the cost 

of growing agricultural grain and technical crops by 

agricultural enterprises of Ukraine, Poland, and Austria, 

Belgium, Bulgaria, Latvia, Romania. The practical 

significance of the research results is indicated by the fact 

that this approach to revealing the methodological 

foundations of cost management in the water-energy-food 

system of agricultural enterprises through the 

determination of the relationship between the total costs of 

agricultural enterprises and indicators of the value of 

agricultural products produced by them is a significant 

factor that characterizes the economic efficiency of the 

enterprise. is universal and can be used for other types of 

economic activity.  

In water-scarce regions, robust strategies must be put in 

place to protect water availability to support agricultural 

production and avoid food price volatility. This demand for 

products can help to satisfy new achievements in 

technology and genetics, which contribute to the constant 

intensification of agricultural crops. 
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