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Abstract. In this article we wish to evaluate efficiency of use of Dnieper cascade hydropower plants on the basis of common approaches to 

environmental management. We evaluate the efficiency of use the flooded areas of the hydropower station in agriculture. Dnieper reservoirs 

ranking on the degree of energy risk (the possibility of man-made tsunami generation) was made. There are some water depuration problem 

mentioned and ways to solve problem of water depuration in Dnieper river. Also in the article we want to present analysis of water 

depuration systems in European countries. 
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1. Introduction 
Before the era of nuclear power, contribution of hydropower in the 

energy balance of the former Soviet Union was considered 

indisputable. Thus the negative effects, associated with the creation 

of reservoirs on the plains, were not taken into account e.g. flooding 

of large areas, destruction of towns and historic monuments,  

increase of the risk of man-made disasters. But time passed and in 

1970s in Ukraine were built several nuclear power plants and as a 

result appeared the need to develop solar, wind and bioenergy and it 

led to decrease of the share of electricity generation by hydropower 

plants to 5-7%. Over the past decade, the agricultural sector of the 

Ukrainian economy has become  one of the  major players in the 

global food market and agricultural export of the country has 

become one of the landmarks of the national economic 

development. That is why there is an urgent need to use territory of 

the cascade of Dnieper reservoirs for agricultural purpose. However, 

beside inappropriate use of land resources [1,2,6] and deterioration 

of the quality of water resources there is a high risk of man-made 

disasters which can be caused by the functioning of the Dnieper 

cascade hydropower plants. 

Table 1 The price of water and electricity in European countries 

Country 

Water tariff, 

euro per cubic 

meter 

Water fee, 

euro per 

month 

Electricity tariff, 

euro cents per 

kWh 

Electricity fee, 

euro per month 

The average 

city fee for 

water 

treatment, euros 

per month 

Belgium 2,92 44,968 28 50,736 20 

Denmark 5,63 86,702 30 54,36 27 

Germany 5,09 78,386 30 54,36 32 

France 3,1 47,74 17 30,804 31 

Great Britain 2,3 35,42 18 32,616 25 

Sweden 3,05 46,97 19 34,428 26 

*average water consumption – 15,4 cubic meter, average electricity consumption – 181,2 kWh 

**[Source: Eurostat, January 2018] –[3]  

 

2. Prerequisites and means for solving the 

problem 
The problem of water pollution is directly caused by significant 

masses of stagnant water of the Dnieper. This also directly affects 

the generation of electricity by cascade power plants. In our view, 

reducing hydropower volumes is not a random factor, but rather a 

factor that can be explained by the wear of equipment for power 

plants that has been operating for a long period of time. Therefore, 

without proper upgrading of power plants and associated 

infrastructure (gateways, dams of reservoirs), hydroelectricity 

production will decrease. At the same time, the risks of 

technogenic disasters continue to increase as a result of the further 

exploitation of the Dnieper hydroelectric power stations. At the 

same time, the efficiency of renewable energy is increasing. In the 

first place, the advantages of the energy industry should include a 

small negative impact on the state of the environment: for 

example, in Ukraine there are significant areas of unproductive 

and untreated land where solar enrichment is possible. With 

regard to the use of wind energy, due to the small areas that are 

withdrawn from agrarian use, negative external effects, as the 

European experience shows, are associated with the possibility of 

an obstacle to seasonal migration of birds. Therefore, this factor 

must be taken into account when choosing places for rising wind 

turbines.[3] 

In recent years, significant growth rates of growth have been 

observed in Ukraine due to renewed sources. Represent the trends 

observed in hydropower and renewable energy in the form of 

exponential trends. 

3. Solution of the examined problem 
Today one of the most pressing topics is the problem of water 

treatment. 

Water purification is the process of filtration and purification of 

water from pollutants and chemicals. 

Water purification processes can be divided into 4 groups: 

 Physical - screening, sedimentation and flushing, 

aeration, filtration 

 Chemical - chlorine (an oxidizing chemical commonly 

used to destroy bacteria that break down water by adding 

contaminants), ozone, neutralization (a method that adds acid or a 

base to bring water to its natural pH) 

 Biological - aerobic processes (bacteria decompose 

organic matter and convert it into carbon dioxide that can be used 
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by plants; oxygen is used in this process), anaerobic processes 

(fermentation is used for fermentation of waste at a certain 

temperature), composting (type of aerobic process where waste 

water processed by mixing with sawdust or other carbon sources) 

 Sediment treatment (process of separation into solids 

and liquids, where the lowest possible residual moisture is 

required in the solid phase and the lowest solids residues are 

required in the separated liquid phase) [8] 

The process of water purification, usually occurs in the following 

sequence [9]: 

1) the wastewater is temporarily held in a sump where 

heavier solids sink to the bottom and lighter solids float to the 

surface. After filtration, these materials are retained until the 

purified liquid is discharged or moved to a more severe secondary 

wastewater treatment phase; 

2) further, sewage treatment operates at a deeper level than 

the primary one and is designed to significantly reduce the 

biological content of the waste through aerobic biological 

processes (biofiltration, aeration, oxidation rates); 

3) improving water quality to domestic and industry 

standards, or meeting specific requirements for safe water 

discharge. In the case of municipal water, the removal of 

pathogens is envisaged to ensure the safety of water for drinking 

purposes. 

Of course, the best result is a complex of all the above processes. 

In Ukraine, chemical treatment is used for river and waste water. 

This occurs in the chemical water saturation unit after several 

hours of settling for water. The main disinfectant is chlorine. The 

main goal of Ukrainian water treatment plants is to ensure the 

safety of water that gets into the taps of consumers, but not to 

bring it to a transparent color and to eliminate odor. 

All water utilities in the country supply a little more than 3.8 

billion cubic meters. m of water per year. Of these, a third - 1.1 

billion cubic meters. m - flows from the system in an unknown 

direction. That is, it is stolen, evaporated, seeped through holes 

and cracks in the pipes. Half of the losses are in chronic non-

payment. In the top three - Lugansk, Donetsk and Kharkiv 

regions. In each of them the debt of the population and the 

enterprises to the water and sewerage organizations is accounted 

for by billions of hryvnias. [10] 

By October 2018, industry losses exceeded UAH 6.5 billion, 

which is approximately 2% of Ukraine's GDP. 

Of the 180,000 km of water-flowing pipes in homes, 

establishments and businesses, 69,000 km require immediate 

reconstruction. This means that a pipeline that is half the length of 

the earth's equator is required for replacement. 

The life of such wells is 15 years. In fact, many are over 40. There 

is no penny to replace them, since there has been no depreciation 

line in the tariff for all the years of Ukrainian independence. 

According to UkrVodoKanal (government organization), in order 

for the critical situation not to turn into a hopeless one, in the next 

ten years, it will be necessary to invest $ 19.5 billion in retrofitting 

and, in essence, in the patching of the industry. 

Well, to bring it to the European level, will have to invest $ 40 

billion. 

The Dnieper basin area within Ukraine is more than 290 thousand 

square kilometers. About 70% of the country's population uses the 

Dnieper water.  

The poor condition of the river is not just a problem for people 

living on its banks. This is a national security issue and a strategic 

freshwater supply for Ukraine. That is why returning to a healthy 

state of the Dnieper should be a nationwide task. 

Taking into account the experience of the European countries for 

the purification of the Rhine, it is worth noting the coordinated 

and systematic work of the governments of all the participating 

countries. [1,10] 

In Germany, for example, one of the most serious standards for 

centralized water supply. The latest filters and quality control 

system allow you to drink water directly from the tap. Moreover, 

they do not use chlorine (except in extreme cases), and residents 

can check individual water parameters via the Internet. 

Just a small part of countries with their nowadays example of 

water price policies are presented in Table 1. 

A similar approach is used in France, Spain, England, Belgium 

and other leading states of the EU. The government is tightly 

controlling the emissions of businesses, so the work for 

wastewater treatment plants is several times less. Other freshwater 

sources, such as wells or mountain reservoirs, may also be 

regional, but the main focus is on filtering public water. 

Austria, Switzerland and Luxembourg can easily rest on mountain 

rivers and lakes. Conservation of the natural environment in the 

Alps allows the use of fluid with minimal human impact. 

Inhabitants of the region can, without reproach, consume water 

banal in the kitchen and offer tourists as an alpine natural. 

Scandinavians are also to some extent lucky, because low average 

temperatures hinder the spread of viruses and bacteria in normal 

reservoirs. The permafrost (which is one of the main stocks of 

fresh H₂ O in general), fjords and high waterfalls allow you not to 

invest too much in the preparation of water for centralized supply. 

Particular attention is paid to Finland - the highest requirements 

are imposed even on pure natural sources. 

However, not all EU countries can boast this level of water 

quality. Romania, Turkey, Bulgaria, Croatia and a number of other 

countries make it possible for companies to sell treated water and 

filtration systems. [10] 

Today the process of water treatment of the Dnieper River has 

been intensified in Ukraine and the first step was the allocation of 

funds for the construction of a water treatment plant near Kiev. 

500,000 euros have been earmarked for construction. 

4. Results and discussion 
All possible losses connected with functioning of reservoirs are 

not limited to the wastage of flooded areas. The general scheme of 

the risks evaluation of further functioning of reservoirs is 

presented in Figure 1. They can be divided into three groups: 

economic, technological and environmental. 

We made an attempt to assess the expected total annual losses 

L which consist of economical - 
еkL ; ecological - ekolL ; and 

technological - tL : 

tekolеk LLLL    (1) 

In the first approximation economic losses are equal to the 

difference between the price of potential agricultural products apV  

and the value of producing electric energy eV : 

eapek VVL     (2) 

Environmental risk in a first approximation must be evaluated on 

the basis of  cost of measures aimed to bring the mass of water in 

the reservoir (with absence of  flow) to state of the river water 

[4,5,7].  
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Fig. 1.Model of possible risks of functioning of Dnieper reservoirs 

 

5. Conclusion 
We propose a complex approach to risk assessment of use of the 

Dnieper cascade hydropower station. We use a stochastic method 

of assessment of potential losses connected with the use of 

Dnieper reservoirs in order to assess the losses, which can be 

caused by violation of the integrity of the dam. We evaluated the 

potential losses of man-made tsunami for Kyiv reservoir. In the 

research was made evaluation of the potential hazards of each of 

the Dnieper reservoirs which can be caused by man-made 

tsunami. On the basis of the achieved results we ranked the 

reservoirs according to the degree of economic insecurity.  

As we have already emphasized, social losses consist of 

economic, environmental and technogenic (Table 2).

 

Table 2 Losses from further use of the Dnipro hydroelectric power station cascade 
Economic Man-made Environmental 

Type of loss Volume and its 

error 

Type of loss Volume and its error Type of loss Volume and its error 

No use of the 

Dnipro transport 

potential 
165

;550)(

1

1







xE  
Loss of man-

made tsunami 

likely due to 

disruption of 

reservoir dams 

31

3,0)(

3

3







xE
 

Deterioration of 

drinking water 

quality 

Affects water supply for 6.5 

million people 

Alternative 

(agricultural) use 
25

250)(

2

2







xE
 

Support for 

dams and 

reservoir safety 

No information Deterioration of 

the recreational 

potential of the 

coastal zone 

Reduces recreational 

opportunities for 6.43 

million people close to 

home. Additional costs for 

transportation to the place 

of rest - UAH 5-10 billion. 

    Quantitative and 

qualitative 

reduction of 

fishery 

resources 

It has a negative impact on 

the dependence on imports 

of fishery products 

*Own calculations 

 
Economic losses have already been partially estimated on the 

basis of alternative (agrarian) use of flooded areas and are at the 

level of mathematical expectation of USD 250 million with a 10% 

error due to variability in production volumes and prices. 

Transformation of the of the key symbol of the Ukrainian state of 

rapid flow into the system of stagnated reservoirs has no economic 

reasons taking into account that hydropower stations produce only 

5% of the electricity of the total amount  and the flooded areas can 

be used more efficiently. are more  effectively use the flooded 

areas. 
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