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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. 
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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 reservoirsfor 

agricultural purpose. However, beside inappropriate use of 

land resources [1] 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. Parameters of exponential trends hydropically and updates my energy 

  
(initial value) 

 
(growth rate) 

 
(start of 

research) 

 
(determination 

coefficient) 

 
(Fischer 

Criterion) 

 
(standard error) 

Hydro 11,738 -0,008 2002 0,44 12,18 0,502 

Renewable 0,0377 0,2338 2002 0,56 13,34 0,018 

2. Prerequisites and means for solving the 

problem 

Ukrainian scientist made research that showed high 

efficiency (99,9%) of water purification from cationic and 

direct dyes under the certain pH by tubular ceramic 

membranes modified by hydrocomplexes Fe
3+

. Found that 

the pH changing of the solutions affects the scientific 

productivity of these membranes [2]. 

The main task of these studies was the identification and 

analysis of existing methods and wastewater treatment 

schemes for landfills, with the purpose of creating an 

information base for the development of technologies and 

equipment sewage treatment. High content of toxic 

components in drains, incl. ions of heavy metals (sewage 

composition water is given in our work [1]), does not allow 

to clean sewage in urban treatment plants. 

A number of recommended technological schemes that 

combine biological cleaning with other traditional methods 

purification of wastewater from solid waste landfills. For 

the purification of drainage waters of polygons The method 

of biocleaning with aerobic and anaerobic reactors. 

Previously drainage water is rendered harmless on 

combined technology: flocculation and coagulation with 

lime milk Ca (OH)2 sediment settling and filtration; 

subsequent blowing of ammonium nitrogen in cooling 

towers; treatment filtrate by ultraviolet rays and the final 

filtration. After biological purification at the last stage is 

expected sorption aftertreatment on granular activated coal 

and carbon fiber materials. However, even such a 

comprehensive cleaning does not allow reduce the content 

of toxic impurities to normative indicators. For these 

purposes, dilute purified runoff surface waters [3] 

 

3. Solution of the examined 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 

infra structure (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 Dniprovsky 

hydroelectric power station. 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] 
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Fig. 1. Projected volumes of energy supply at the expense of renewable energy and hydropower 

 

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 (Table 

1):  

 
On the basis of the observation interval (2002 -2015 years), 

the trend was to reduce the generation of electricity at the 

expense of the hydroelectric power station with a relative 

speed of 0.8% per year and an increase by 23.4% per 

annum in the energy sector. Both coefficients are 

significant (the significance level is less than 5%, that is, 

the zero hypothesis about the absence of stable tendencies 

can be rejected).Assuming that these trends will continue in 

the future (in favor of this hypothesis is evidenced by the 

development of world energy), then the forecast period of 

time for the possibility of changing hydropower on the 

renewed 2024-2027 years (Fig. 1). 

Let's turn to the question of assessing the effectiveness of 

the existing cascade of the Dnieper hydroelectric power 

stations from the standpoint of public welfare. In the 

previous work, the alternative efficiency of the flooded 

areas of reservoirs was evaluated in comparison with their 

use in the agrarian business. It has been shown that only for 

the Dnieper Hydropower Plant alternative cost of 

agricultural products from flooded areas does not exceed 

the cost of generated electricity. For other reservoirs, the 

cost of generated electricity is exceeded at times. Let us 

dwell on another convincing comparison of the efficiency 

of electricity generation (Table 2). 

It should be emphasized that from the further use of 

reservoirs the greatest losses are, of course, the agrarian 

sector. However, losses from irrational use of flooded areas 

are not the only ones that bear the agrarian sector as other 

sectors of the Ukrainian economy from the prolongation of 

the operation of the cascade of Dneprovskih HPP [6,7] 

 

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 2. 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 [4,5,8].  
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Fig. 2.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 insecurit

 

Table 2 The efficiency of the most powerful hydroelectric power stations in the world compared to the Ukrainian 

hydroelectric plants 
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Xiluodu (2014) China Yangtze 13,9  64,8 108 600 

Dam of the leader 

of Joseph (1979) USA 
Colombia 2,6 12,5 34 367,65 

Three Gorges 
(2012) China 

Yangtze 22,5  98,1 632 155,22 

Grand Culli 

(1985) 
USA Colombia 6, 8 20,0 324 61,73 

Sayano-

Shushenskaya 

(1989) Russia Yenisei 6, 4 24,0 621 38,65 

Dnieper (1947) Ukraine Dnieper 1,6 4,0 410 9,78 

Robert-Bourassa Canada La Grand 5,6 26,5 2 835 9,35 

Churchill Falls  Canada 
Churchill 5,4 35,0 6 988 5,01 

Middle-Dnieper 

(1964) Ukraine Dnieper 
0,4 1,3 567 2,34 

Kaniv (1972) 
Ukraine Dnieper 

0,4 1,0 581 1,67 

Kyiv(1964) 
Ukraine Dnieper 

0,4 0,7 922 0,74 

Kakhovka (1955) Ukraine Dnieper 0,4 1,5 2155 0,69 

Kremenchuk 

(1959) Ukraine Dnieper 
0,6 1,5 2252 0,67 

 

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. 

Risks 

Man-made 
Environmental 

Economic 

The total annual expected loss 
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https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D1%83%D0%BF%D0%BD%D0%B5%D0%B9%D1%88%D0%B8%D0%B5_%D0%93%D0%AD%D0%A1_%D0%B2_%D0%BC%D0%B8%D1%80%D0%B5#cite_note-2
http://ieee.ca/millennium/churchill/cf_home.html
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