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Abstract. This article presents the countries of the world that use water 
energy, the world's largest hydropower plants, indicators of water energy 
reserves utilization, and the importance of irrigation reservoirs in the 
development of the hydropower industry. There are about 70 reservoirs in 
operation in our country, and these reservoirs are a huge reserve for the 
development of the hydropower industry. According to the principle of 
operation, modern hydro turbines are able to work with low effort and 
consumption. A micro-hydroelectric power station was built to generate 
electricity using the Chartak reservoir. The number of Micro HPP units is 3, 
the units consist of a vertical pipe and a generator. The aggregates are 
imported from China and are capable of producing a certain amount of 
electricity if the consumption is 1 m3/s. When calculating aggregates, the 
working effort was 34 meters, the water consumption of all aggregates was 
3 m3/s. Currently, this micro-hydroelectric power station supplies residents 
of Namangan region and some industrial facilities with electricity. In terms 
of the efficiency of the Micro HPP, the Turbine Generator useful working 
coefficient (UWC) is 81%, the Generator UWC is 91% and helps to 
alleviate the shortage of energy resources and the sustainable development 
of the economy. 

1 Introduction

Energy plays an important role in the life of people and society, it allows to increase the 
possibilities of satisfying their various needs. The development of human civilization has 
always been closely related to the amount and types of energy used. The reason for the global 
tragedy that is unfolding before the eyes of the present generation is that during the 20th 
century, especially in the last 40 years, the amount of energy used by people for the purpose 
of economic development has greatly increased. This has a negative impact on the 
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environment. Because the global warming of the climate is directly related to the gases 
released into the atmosphere by the growing number of internal combustion engines, 
resulting from the operation of thermal power plants using organic types of fuel. In the next 
40 years, more organic fuels were extracted than in the entire history of mankind [1,2]. The 
current centenary is no exception. However, the resources of these fuels are decreasing due 
to their processing and use. If the established traditional methods of providing energy and the 
current rapid development of the economy, the negative impact of the population increase on 
the environment are maintained, it is inevitable that the consumption of energy resources will 
be required to increase accordingly. Environmentally clean energy technologies are not able 
to significantly influence the solution of this problem. The hydropower potential of rivers, 
reservoirs and irrigation canals, solar, wind energy, biomass (including energy obtained from 
the use of household waste), energy of rising water and ocean waves, geothermal energy is 
expressed in alternative forms of energy. In theory, renewable energy sources provide great 
opportunities for their large-scale use. However, the financial costs associated with this and 
the conditions that must be met for the production of such energy reduce the attractiveness 
of these sources to some extent [3-5].  

Renewable energy sources are widely used in many countries of the world, including 
Uzbekistan. Hydropower, one of the oldest and most reliable sources of renewable energy, 
plays a crucial role in meeting the world's electricity demand. Reservoirs, large artificial lakes 
formed by damming rivers, are an integral component of many hydropower systems. This 
paper examines the importance of reservoirs in hydropower generation, highlighting their 
multifaceted role in ensuring a sustainable and efficient energy supply [6]. 

One of the main tasks of reservoirs in hydropower is water storage. These man-made 
reservoirs act as massive batteries, storing excess water during periods of low electricity 
demand and releasing it when demand is high. Such storage capacity allows hydropower 
plants to regulate water flow and provide a stable and reliable source of energy. The ability 
to store water allows hydropower facilities to respond quickly to changes in electricity 
demand, making them an ideal choice for balancing the grid [7]. 

To conclude from the above, water reservoirs are of great importance in the development 
of the hydropower industry. Unlike other renewable sources such as intermittent solar or 
wind, hydropower from reservoirs is a facility that can produce electricity continuously, 
serving as a stable and reliable source of energy [8].  

As you know, apart from generating electricity, reservoirs also play an important role in 
flood control and water management. By controlling the flow of rivers, dams and reservoirs, 
they help prevent downstream flooding during periods of heavy rainfall or rapid snowmelt. 
This dual-purpose infrastructure not only produces clean energy, but also mitigates the effects 
of extreme weather events and contributes to the sustainable management of water resources. 
If these tasks are well studied theoretically and practically, and the available opportunities 
are used wisely, that is, if the water reservoirs in the irrigation regime are fully adapted to the 
use of hydroelectric power stations, it will help to alleviate the shortage of energy resources 
in the republic [9-11]. 

2 Materials and Methods

2.1 Study Area

Natural field research was conducted in Chartak reservoir. The Chartak Reservoir is located 
in the north-eastern part of Namangan region and is used to supply water to 5.1 ha. of 
cultivated areas of the region and to ensure the safety of the population during floods. The 
full water capacity of Chartak reservoir according to the project is 30 mln.m3, useful water 
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capacity is 28.6 mln.m3 and, accordingly, the useless volume is 1.4 mln.m3. It is known that 
reservoir rivers regulate the flow according to seasons and years, and along with canals and 
other water transfer structures, they provide an opportunity to redistribute the flow across 
regions [12,13]. Chartak Reservoir is located in the foothills, the length of the reservoir is 4.2 
km, the height of the dam is 45 m, and the length of the dam is 1.5 km. The geographical 
location of the research object is presented in the figure (1). 

 

 
Fig 1. Chartak reservoir research area 

During the research period, the change of the water level in the reservoir bowl depends 
on several factors. If water is released from the reservoir based on the demand for water 
alone, it is a process that depends on the amount of precipitation in the area. Reservoir 
capacity is estimated depending on the amount of precipitation. So, depending on the amount 
of annual precipitation, it is possible to estimate the amount of water collected from the 
reservoir in which years and the amount of water that will be released according to the 
demand of consumers for water during the vegetation period [14]. 

2.2 Materials

Conducting natural field studies was carried out taking into account the hydraulic and 
hydrological parameters of the reservoir. Hydrometeorological indicators in the Chartak 
reservoir, water inflow and outflow, water consumption and water levels are determined from 
the indicators in the gauges [15,22,23]. 

Based on the statistical analysis of the results of the last measurements carried out in the 
Chartak reservoir, the working graph of the reservoir was developed (Fig. 2). Using the 
working graph, it is possible to monitor the change of the design parameters of the reservoir 
and get information about the useful volume of the reservoir. 
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Fig. 2. Graph of dependence of water level of Chartak reservoir on water volume 

It is known that each reservoir has graphs of changes in water volume (W=f(H)) and 
submergence zone (F= f(H)) depending on the main design indicators, i.e., the water level at 
the top of the reservoir. Both of these indicators are mainly directly related to the dynamics 
of reservoirs being filled with mud. After several years of use, it is becoming clear that a 
significant change has occurred in the design (W=f(H)) graph. This situation, firstly, leads to 
an error in drawing up a plan for supplying water from reservoirs to the national economy, 
and secondly, it causes an incorrect determination of the reserve part intended for controlling 
floods and torrents. Also, the filling of the useful volume zone with turbid sediments leads to 
the change of F=f(H), the increase of the water burial zone. It should be noted that the timely 
detection of changes in the W=f(H) graph of water reservoirs allows for the correct 
assessment of the operation mode of the facility. [16,17]. In addition, this graphic plays a 
special role in the management of the water reservoir and affects the operation mode of the 
hydroelectric power station. 

We can happily say that the energy sector is being developed on a large scale in our 
country. Not limited to hydrocarbons such as oil and gas, solar, wind and hydroelectric power 
generating facilities are being built. In particular, in 2017, the joint-stock company 
"Uzbekhydroenergo" was established by the decree of the President. In the past period, 11 
new hydroelectric power stations were built and 8 were modernized. As a result, an additional 
capacity of 244 megawatts was created. However, only 50 percent of the hydropower 
potential of our country has been used. Therefore, 21 large projects with a total capacity of 
740 megawatts have been developed. In particular, it is planned to implement 7 projects of 
170 megawatts next year, 12 projects of 150 megawatts in 2023-2024, and 2 projects of 420 
megawatts in 2025-2026. In order to effectively organize these works and further develop 
the sector, the decision of the President of the Republic of Uzbekistan dated March 30, 2023 
"On measures to further reform the hydropower sector" № decision of president (DP)-104 
was adopted. The main task of the document is to increase the total capacity of hydropower 
to 4,9 MW by 2030. The classification of hydroelectric power stations according to the 
energy production capacity is presented in Table 1 below. 

Table 1.Hydroelectric power plants according to energy production capacity  

type  of HPP HPP capacity 
Huge (unique) >500 MW 

Big 100….500 MW 
Medium 15....100 MW 

 Small power 1….15 MW 
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Small 
hydroelectric 

power 
stations 

Mini From 100 kW to  1 MW  
 From 5 kW to 100 kW  

Pico From 100 Watt to  5 kW  

 
According to our analysis, it became clear that water energy and other types of renewable 

energy sources are not being used sufficiently in the countries of the world today [18]. The 
indicator of the use of water energy among the countries of the world is shown in the table 
below Table 2. 

Table 2. The indicator of the use of water energy among the countries of the world 

Name of 
countries 

Technical 
potential, MW  

Mastery status, 

MW % 

India  11914 2119 17,8 
Japan 10270 3545 34,5 
Norway 7676 2248 29,3 
Italy 7073 3173 44,9 
USA 6366 3676 57,7 
France 2615 2021 77,3 
Spain 2185 2104 96,3 
Germany 1830 1826 99,8 
Austria 1780 1368 76,8 
Sweden 1280 1280 100 
Switzerland 859 859 100 

 
Analyzing these data, the countries with the highest energy reserves are listed, but the 

utilization rate of this reserve is low in most countries. Table 3 below shows the world's 
largest hydropower plants. 

Table 3. The largest hydroelectric power plants in the world (by capacity) 

№ Country Name of HPP Power (MW) 
1 China Three Gorges 22500 

2 Brazil and Paraguay Itaipu 12000 

3 Venezuela Guri 10200 
4 Brazil Tukurui 8370 
5 USA Grand Kuli (Grand Coule) 6809 

Table 4. Indicator of use of renewable energy sources of the countries of the world (2020)  

№ Types of energy Power, GW Usage indicator, % 
1 Water energy 1096 54,3 
2 Solar photovoltaic energy 303 15,0 
3 Solar thermodynamic energy 4,8 0,2 
4 Wind energy 487 24,1 
5 Geothermal energy 13,5 0,67 
6 Bioenergy 112 5,55 

Total: 2016,3 100 

5

E3S Web of Conferences 538, 01023 (2024)	 https://doi.org/10.1051/e3sconf/202453801023
IPFA 2024

RETRACTED



2.3 Methods

Depending on the amount of water balance constituents in the reservoir, it is possible to 
determine the rate of water exchange, the dynamics of mineral substances, discharges and 
sediments [22,23]. 

As stated above, when estimating the useful volume of the reservoir and the volume of 
water in the reservoir, it is necessary to calculate the exact amount of the main quantities in 
the water balance equation. We write the reservoir water balance equation in the following 
form [20]  

,02121 =++−−−++ SWVVEPWW nnn      (1) 

The input and output components that make up the water balance change depending on 
the wet or dry period of the year during the use of the reservoir. In addition, water losses in 
reservoirs, i.e., water losses due to absorption, evaporation, transpiration, and equipment 
failure, are also affected. [20,21]. 

Drawing a conclusion from the above analysis, a graph of annual changes of the elements 
that make up the input and output components of the water balance of the Chartak reservoir 
was drawn (Fig. 3).  

 
Fig. 3. Interannual changes of the elements of the water balance of Chartak Reservoir 

From this graph, we can see that the changes in the input and output elements of the water 
bank over the years are consistent. Of course, it is necessary to take into account the water 
balance, pressure, water consumption of the reservoir in the design, construction and 
operation of hydroelectric power plants [19,21-28].  

 The static pressure of water reservoirs is important in the operation of hydroelectric 
power plants. Static head pressure is the difference between the upper and lower water levels 
and is determined by the following formula.  

Нst=𝛻𝛻upstream–𝛻𝛻downstream (2)

If the static head pressure of the HPP is up to 15 m, the minimum static head pressure is 
assumed to be equal to the calculated pressure, i.e:   

Нaccounting=Нst.min (3)

if the static head pressure is more than 15 m, then it is determined by the following 
formula: 

Нaccounting=ΣНst/12     (4) 
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HPP and turbine working power is equal to the following:  
Н= Нaccounting-∆h, (5) 

where ∆ℎ = (𝐻𝐻𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 ∙ 0.01) is equal, are the pressure losses up to the turbine. 
When designing a hydroelectric power station, reservoir head pressure and output water 

consumption are the most important factors in turbine power and energy production. The 
power on the turbine shaft is determined as follows: 

𝑁𝑁𝑇𝑇 = 9.81 ∙ 𝑄𝑄𝑇𝑇 ∙ 𝐻𝐻 ∙ 𝜂𝜂𝑇𝑇 (6)

And the total power at the output of the generator is determined by this expression: 

𝑁𝑁𝑔𝑔 = 𝑁𝑁𝑇𝑇 ∗  𝜂𝜂𝑔𝑔 =  9.81 ∙ 𝑄𝑄𝑇𝑇 ∙ 𝐻𝐻 ∙ 𝜂𝜂𝑇𝑇  ∙  𝜂𝜂𝑔𝑔    (7) 

where: 𝜂𝜂𝐻𝐻𝐻𝐻𝐻𝐻 =  𝜂𝜂𝑇𝑇  ∙ 𝜂𝜂𝑔𝑔  HPP is the useful working coefficient.  
HPP capacity is calculated as the total amount of energy produced by calculating the 

capacity of all aggregates known as installed capacity.  

Э = NHPP* Т, kWh. (8) 

3 Results and discussion

As stated above, the decision of the President of the Republic of Uzbekistan № PQ-104 sets 
the main task of increasing the total capacity of hydropower to 4,9 MW by 2030. In particular, 
it is planned to build a cascade of Norin hydroelectric power stations with a total capacity of 
225 MW on the Norin River in Namangan region. Table 5 below shows the indicator of 
hydropower use among Central Asian countries (2018). 

Table 5. The indicator of hydropower use among Central Asian countries (2018). 

Name of States 
Technical potential, billion 

kWh Mastery status, % 

Tajikistan 143,6 11 
Kyrgyzstan 72,9 14 
Kazakhstan 61,9 13 

Uzbekistan 27,4 25 

Total: 305,8 13,3 

 
From the analysis of data, it can be seen that the possibility of using water energy in our 

country (technical potential is 27.4 billion kWh), but the indicator of using water energy is 
25%. These problems were studied in detail and the decision of the head of state on the 
development of hydropower was issued. The role of reservoirs in ensuring the 
implementation of this decision and developing the hydropower network is incomparable. As 
a result of the reforms carried out in this area and the implementation of the adopted 
decisions, the Micro HPP with a capacity of 825 kW was built and put into operation in the 
lower part of the Chartak reservoir (Fig. 4). 
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Fig. 4. The master plan of the 825 kW MikroGES built on the Chartak reservoir 

The discharge pipe of the Chartak reservoir consists of two parts, and this micro-
hydroelectric power station is connected to the water source through both discharge pipes. 
The number of Micro Hydropower units is 3, the units consist of a vertical pipe and a 
generator. In the first building (Fig. 5) there are two vertical pipes and the control system is 
fully automated, the GSM digital mobile system is used for data transmission to control the 
operation of the generator. 

  

Fig. 5. Scheme of the first building and aggregates 

The aggregates are imported from China and are capable of producing a certain amount 
of electricity if the consumption is 1 m3/s. When calculating aggregates, the working pressure 
is 34 meters, the water consumption of all aggregates is 3 m3/s. 

The second building (Fig. 6) houses a single vertical pipe, fully automated using a GSM 
digital mobile system for generator operation and data transmission. 
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Fig. 6. Scheme of the second building and aggregates 

Currently, this micro-hydroelectric power station supplies residents of Namangan region 
and some industrial facilities with electricity. According to the efficiency factor of Micro 
Hydropower, Turbine useful working coefficient (UWC) is 81%, Generator UWC is 91%. 
There are about seventy large and small water reservoirs in use in our country, and these 
structures serve to raise the hydropower sector to a higher level, as a result, they serve to 
meet the needs of the population and industrial enterprises for electricity. There are 10 water 
reservoirs under the jurisdiction of the Water Reservoir Utilization Department of Namangan 
region alone. These water reservoirs can be considered as the main sources in ensuring the 
implementation of the tasks specified in the decision DP-104 of the President of the Republic 
of Uzbekistan dated 30.03.2023 "On measures to further reform the hydropower sector". Of 
course, if these water reservoirs will be built and put into use, it will make a great contribution 
not only to the economy of our region, but also to the development of the energy industry. 

4 Conclusion

Human civilization and its development have always been closely related to the amount and 
types of energy used. Energy plays an important role in the life of people and society, meeting 
their various needs allows to improve the economy. Renewable energy sources are widely 
used in many countries of the world, including Uzbekistan. Hydropower, one of the oldest 
and most reliable sources of renewable energy, plays a crucial role in meeting the population's 
demand for electricity. 

To conclude from the above, water reservoirs are of great importance in the development 
of the hydropower industry. Unlike other renewable sources such as solar or wind, which are 
intermittent, hydropower from reservoirs allows for continuous generation of electricity that 
serves as a stable and reliable source of energy. If low-pressure and medium-pressure 
irrigation regime reservoirs are theoretically and practically studied and fully adapted to the 
use of hydroelectric power stations, it will help to alleviate the shortage of energy resources 
in the republic and help to develop the economy in a sustainable manner. 
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