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Abstract. The structure of hydraulic structures of power and water 

management systems includes gates for various purposes, which allow you 

to regulate and distribute the flow of water in channels and waterworks. 

Existing gate designs do not provide for the possibility of generating 

electricity from the water energy of the stream passing through them. In 

order to convert the hydraulic energy of water passing through the gates into 

electrical energy a new patented design of the gate is proposed which allows 

using micro-hydroelectric power plants with a Banki turbine to make more 

rational use of the hydro resources of energy and water management 

systems. The proposed design solves the problem of expanding the 

functionality of the gate and increasing the efficiency of micro-hydroelectric 

power plants with a reduction in its cost. Areas of application of the new 

design for the combined use of micro-hydroelectric power plants and 

hydraulic gates at hydroelectric power systems are also proposed. The 

technique for determining the technical and economic parameters of micro-

hydroelectric power plants installed on flat gates of hydraulic structures is 

given, and theoretical calculations are performed, which showed that the 

higher the capacity of micro-hydroelectric power plants, the shorter its 

payback period. 

1  Introduction 

In the development of one of the renewable energy sources, i.e. hydropower industry of the 

Republic of Uzbekistan, one of the important places is occupied by the use of energy potential 

of rivers, canals, water intake facilities, outfall and discharge facilities of reservoirs and other 

facilities for energy and economic purposes [2, 3, 4, 5]. Use of hydraulic energy of intakes, 

spillways and outtakes opens up great opportunities for electricity generation [3, 4]. The 

construction of low-pressure hydropower plants at such facilities will not require large 

material costs, so there is already a ready pressure head [6, 7, 8, 9, 10]. One of the important 

aspects in the analysis of hydropower potential of water intake, discharge and discharge 

facilities of energy and economic systems is the development of methods for determining 
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their water and energy indicators (hydropower parameters), taking into account their purpose 

and seasonal regulation [5, 6, 8, 11, 12, 13]. 

The relevance of the topic of the article lies in the fact that currently in the water system 

of the republic there are several tens of thousands of gates installed at culverts, spillways and 

regulated hydraulic structures of waterworks, irrigation canals, reservoirs, pumping stations 

[2, 3, 4, 14, 15, 16] and the installation of micro-hydroelectric power stations on them will 

allow more fully use the hydropower potential. 

Operated gates of hydraulic structures are designed to open or close the spillway, water 

distribution in irrigation channels, etc. These gates are used in all hydroelectric and water 

management facilities and have various design versions: disk, flat, cone, etc. [2, 3, 4, 6, 8, 

12, 17].  

The most common type of hydraulic gates in practice is flat gates [2,3,4,6,8,12,17]. The 

disadvantages of this gate are the limitation of its functionality and frequent changes in the 

position in the "working" and "non-working " modes, which require high energy consumption 

during its operation and lead to rapid failure of the gate seals. In addition, existing designs of 

a flat gate do not provide for the possibility of using water flow energy to generate electricity.  

The article provides for the introduction into production of technical developments on the 

combined use of hydraulic locks with micro hydroelectric power stations, which allow more 

rational use of the water and energy resources of energy-water systems - devices for 

converting hydraulic energy of water into electrical energy using micro hydro power plants 

installed on flat gates of hydraulic structures [2, 3, 4, 8, 9, 17, 18, 19]. 

The novelty of the proposed technical solution is the design of a micro-hydroelectric 

power station on the gts gates, which significantly expands their functionality, and a method 

of feasibility study of the feasibility of their use.  

Expanding the functionality of hydraulic facilities and hydraulic structures requires 

technical re-equipment with the development of new technical solutions in this area, as well 

as their use in the designed facilities of hydropower complexes [5, 7, 8, 9, 18, 19]. 

2 Methods and Materials 

We have proposed a method of using water energy from a stream passing through a structure 

in the form of a new patented micro-hydro power plant design with Banks on flat gates of a 

hydraulic structure [20], which will allow more rational use of energy systems. 

Flat gate of hydraulic structures serves for blocking the outlet opening and water passage 

from the upper to the lower one according to the task of the control center. The disadvantage 

of this shutter is the inability to use the hydraulic energy of the transmitted water to produce 

electrical energy [2, 3, 4].  

The task is solved by the fact that the gate containing the superstructure, the undercarriage 

additionally contains guide covers and a threshold, a well for placing electric power 

equipment and a microhydroelectric power station that has Banks as a hydro engine. 

The gate of the hydraulic structure contains the span structure 1, support and running parts 

2, two turbines of the micro-hydroelectric power plant 3, installed at the bottom of the 

structure behind the span structure 1, generator 4, connected to the turbine by means of the 

transmission mechanism 5, a streaming cover 6 and a threshold 7, a well to accommodate the 

electric power equipment 8 (Figure1). 

The gate of the hydraulic structure works as follows. At opening of the gate span structure 

1, water directed by the lid 6 and threshold 7 enters turbines of small hydroelectric power 

plant 3, which provides their rotation with generator 4 by means of transfer mechanism 5. 

Generator 4 and other equipment (pulleys, multiplier, ballast, etc.) are located in well 8, 

located in the center of the plumbing chamber between the turbines of small hydropower 
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plants. The well is hermetically sealed along the perimeter with metal walls, and its bottom 

is located at the bottom of the structure. 

To pass the water flow rate, which is larger than the capacity of the turbine, the lift of the 

span structure 1 of the gate is performed and the water is supplied to the lower elevator 

through the span located above the stream lids 6. 

 

Fig. 1. Micro-hydroelectric power station with a turbine Banks on a flat gate: 1 – span structure; 2 – 

supporting and running parts; 3 – two Banks' turbines; 4 – generator; 5 – connected to the turbine by 

means of the transmission mechanism; 6 – string guiding cover; 7 – threshold; 8 – well 

When performing repairs, it is possible to lift the turbines up, since their axis is installed 

in the embedded parts of the structure and the well, and the guide cover is removable.  

In the proposed design of the gate, guide covers and a threshold, a well for placing electric 

power equipment, and a Bank turbine are additionally installed. This ensures: 

a) the possibility of supplying large water flows to the lower stream during the growing 

season, which is not present in conventional gate designs; 

b) the efficiency of a small hydropower plant increases, since there is no turbine pipeline 

and valve, and the associated energy loss, in contrast to traditional designs of a small 

hydropower plant; 

c) the turbine is located directly in the receiving zone of the water flow without any 

intermediate elements and the use of the guide cover and threshold provides a high degree of 

energy supply to the turbine, and all this, as a result, increases the efficiency of micro 

hydroelectric power station; 

d) the use of the Bank’s turbine due to the simplicity of manufacture and, accordingly, 

lower material costs of manufacturing, significantly reduces the cost of micro hydroelectric 

power stations. 

A prerequisite for the widespread use of such hydraulic installations is their feasibility 

study, that is, the determination of the technical and economic parameters of micro 

hydroelectric power plants installed on the gates of hydraulic structures of hydroelectric 

power systems [2, 3, 11, 12]. 

The technical and economic parameters of micro-hydropower plants installed in the gate 

of the hydraulic structure of the hydroelectric power system should include [6, 7, 11, 12]: 

 head of micro-hydroelectric power station; 

 micro-hydroelectric power plant capacity; 

 annual electricity generated by micro-hydroelectric power plants; 

 capital investments to create micro-hydroelectric power plants at the existing  gate; 

 operating costs for micro-hydroelectric power plants; 
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 cost of electricity generated by micro-hydroelectric power plants; 

 saving fuel resources; 

 net profit from the use of micro-hydroelectric power plants; 

 payback period of micro-hydroelectric power plants. 

Figure 2 shows one of the widely used schemes of the hydrosystem of the energy and 

economic system [3, 5, 6, 14, 15, 21]. 

In the diagram, from the reservoir formed by the dam, there is a supply channel with a 

zero slope of the bottom, at the end of which there is a regulator of the main channel. 

 

Fig. 2. Scheme of the hydroelectric power system: 1–reservoir; 2–dam; 3–inlet channel; 4–regulator of 

the main channel; 5–trunk channel; 6 – distributing canal; 7–derivation channel; 8–difference; 9–

pressure pool; 10–blank spillway; 11– river; 12 – derivational hydroelectric power station; 13 – 

prospective installation sites for micro-hydro stations. 

The main channel supplies water to the distributors and the hydroelectric power station's 

derivation channel. To supply water to the hydroelectric power station (HPP) building, a 

derivation channel departs from it, ending in a pressure pool, on the right side of which there 

is an idle spillway with a drop that connects the idle discharge with the lower stream of the 

river. 

It can be seen from figure 2 that at several sections of the hydrosystem with installed 

hydraulic gates for water regulation it is possible to combine the use of micro HPP and 

hydraulic gates (13). 

Figure 3 shows the scheme of using micro-hydroelectric power stations on the hydraulic 

gate of the channel. On the basis of this task, a method was developed for calculating the 

feasibility study of micro-hydroelectric power plants installed on the gate of a hydraulic 

structure. 
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Fig. 3. Scheme for using the gate with micro-hydroelectric power plants: Qincoming – water flow 

through the supply channel; QmicroHHP – HPP consumption; Qoutgoing – water flow through the outlet 

channel. 

The head of the micro-hydroelectric power plant is determined:

 , mincom microHPP out microHPP

bottomUS bottomUS bottomDS bottomDS

Q t Q t Q t Q t
H US DS hw

S S S S

      
           
   

        (1) 

where US – water mark to the shutter, i.e. the level of the upper stream (pool), m; DS – 

water mark after the gate, i.e., a marker downstream micro hydroPP, m; SbottomUS and SbottomDS 

– square, bottom upper and lower pool, m2; hw - pressure (head) loss for water conveyance 

tract micro hydroPP, m; t – time of operation of micro hydroPP, sec. 

The pressure loss in the water supply path of the micro-hydroelectric power station is 

determined by: 

 

 
2 2

2 4 5

16
1 1 0 182 , mmicroHPP microHPP

w

Q L QL
h . λ . λ

D π g D D

 
     

 
                              (2) 

where L is the length of the water conveyance tract micro hydroPP, m; D – diameter water 

conveyance tract micro hydro, m; λ – coefficient of hydraulic friction. 

                  0 11
e

λ .
D

 
  

 
                                                                                (3) 

where λ – is the wall roughness coefficient. 

Taking into account the continuity condition QmicroHPP = Qoutgoing, the pressure formula (1) 

will take the following form: 
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   
1

en microHPP ex microHPP

bottomUS bottomUS bottomUS bottomUS

вх microHPP w

bottomUS

Q t Q t Q t Q t
H US DS hw

S S S S

US DS Q t Q t h , m
S

      
            
   

       

     (4) 

If t = 1 sec, in this case the pressure is determined by the formula: 

             
1

xx microHPP

bottomUS

H US DS W W hw
S

                                     (5) 

where W is the volume of water over time t. 

The full power of the micro HPP will be equal: 

                9 81 , kWtotal

microHPP microHPP gN . Q H                                                          (6)
 

where Hg is the geometric head of the micro-hydroelectric power station, which is determined 

by the following formula: 

                     
1

, mincom microHPP

bottomUS

H US DS W W
S

                                  (7) 

The power of the micro HPP (useful) will be equal: 

           9 81 , kWmicroHPP microHPP HUN . Q H η                                                         (8) 

where ηHU is the efficiency coefficient of the hydraulic unit of the micro HPP, %. 

If the entire incoming flow rate passes through the micro-hydroelectric power station 

(Qincom = QmicroHPP), then the power of the micro-hydroelectric power station will be equal to 

[2, 3, 22, 23]: 

                    9 81 , kWmicroHPP incom HUN . Q H η                                                             (9) 

Capital investments for the creation of micro-hydroelectric power stations on the existing 

gate of a hydraulic structure are determined by the following formula: 

                   , USDmicroHPP microHPP specifikK N k                                                            (10) 

kspecific – specific investment per 1 kW, (specific cost), USD/kW. 

Annual electricity generated by micro-hydroelectric power plants: 

 9 81 , kW hmicroHPP microHPP microHPP USE N T . Q H η T                                         (11)
 

T – the time of use of micro-hydroelectric power plants during the year. 

Operating costs (maintenance charges) for micro-hydroelectric power plants are defined 

as: 

                            1 2 3, USD .Z Z Z Z                                                      (12) 

Z1 – depreciation expenses: Z1 = 0.029 · K, [USD]. 

Z2 – repair work: Z2 = 0.03 · K, [USD]. 

Z3 – annual salary: Z3 = m · zsalary · 12, [USD]. 
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m – the number of employees; 

zsalary – monthly salary, us dollars. 

Price of electricity generated by micro-hydroelectric power plants: 

                                , [USD]microHPP.P E β                                                          (13) 

β – cost of 1 kWh of electricity, USD/kWh. 

The economy of fuel resources: 

                         , kg of standard fuelfuel microHPP.R E g                                     (14) 

g – specific consumption of standard fuel, kg/(kW∙h). 

Income from fuel economy:  

 

                                         fuelfuelfuel PRI 
                                                                                                        

(15) 

                    
Pfuel –  the average price of 1 kg of conventional fuel, USD /kg. 

Net profit from the use of micro-hydroelectric power plants:  

 

                                        .p microHPP fuelN P I Z                                                  (16) 

Comparative economic efficiency coefficient:  

                                        .
p

microHPP

N
E

K
                                      (17) 

Payback period = 1 / E, [year]. 

Based on the created methodology, a special computer program was developed to 

determine the technical and economic parameters of the micro-hydroelectric power station 

used at the gate of hydraulic structures. 

3 Results 

Figure 4 shows the characteristics of the dependence of water flow, head and payback period 

on the power of a hydroelectric installation obtained from the results of calculating the 

technical and economic parameters of micro-hydroelectric power plants at the gate of 

hydraulic structures. 

 

Fig. 4. Graph of the dependence of water consumption, head and payback period on the power of micro-

hydroelectric power plants. 
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4 Discussions 

The research and calculations made it possible to determine a number of technical and 

economic indicators that allow not only to recommend approaches to the selection of 

parameters of micro-hydroelectric power plants at hydraulic structures, but also to justify 

their application in specific conditions of the region. 

From the above conducted calculations to determine the technical and economic 

parameters of the used micro hydro gate hydraulic structures, we can say that the more power 

a micro hydro less the term of its recoupment, and thus the economic efficiency is increased. 

The limit value of the power at which the installation of micro-hydroelectric power plants on 

the gates of hydraulic structures is cost-effective, and the payback period is relatively small, 

is the power of 10 kW. 

5 Conclusions 

The conducted calculations allowed us to justify the use of micro-hydroelectric power plants 

in specific conditions of the region on the basis of a number of technical and economic 

indicators. 

The use of micro-hydroelectric power plants is almost always profitable, where watercourses 

provide installation of micro-hydroelectric power plants with a capacity of more than 10 kW. 

At the same time, it is desirable to divide micro-hydroelectric power plants into two 

groups, the first group – with a capacity of up to 10 kW and the second group with a capacity 

of more than 10 kW. Micro-hydroelectric power plants of the first group can be installed on 

small watercourses with a flow rate of up to 1 m3 / s, and the second group - on watercourses 

of more than 1 m3/s. 

Micro-hydroelectric power plants of the second group with a capacity of more than 10 

kW can be installed on almost all hydraulic structures with flat gates, on many water intake 

and culvert structures of water nodes, rivers and channels. Moreover, many water intake and 

culverts in our Republic can be installed micro –, mini-and small hydroelectric power plants 

with a capacity of 100 kW or even more, up to 500 kW.  

The energy potential of hydraulic gates (more precisely, water flows passing through 

them) of water intake, discharge and culvert structures of small rivers, rivers, channels of 

Uzbekistan is sufficient for their use in order to improve the power supply of individual and 

farm enterprises, small enterprises by creating micro-power plants. 

With such plants, i.e. the use of micro hydro on gates hydraulic structures, it is possible 

to solve the issues of energy supply, conservation, and preservation of ecological purity, etc. 
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