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Abstract— The energy generated using water force in
hydropower plants can be a non-polluting, suitable, and stable
alternative to traditional fossil fuels and various renewable
electrical energy sources. Hydropower has one of the highest
conversion efficiencies in comparison to other renewable energy
sources. The main part of a hydropower plant is the hydro
turbine, and the appropriate maintenance and operation of all
the other components are crucial for producing electrical energy
as efficiently as possible. The essential roles of the hydroelectric
power plant are the generation of electric energy, the storage of
irrigation water, the storage of drinking water supply, and the
control of floods in the rivers. A brief overview of hydroelectric
power plant classification is presented in this study. This
classification is based on the output power generated by the peak
water drop and storage. Based on the condition of water, there
are several kinds of classification for hydroelectric energy plants,
of which a pump storage water plant is more applicable.
Impoundment, diversion, and pumped storage are the three
varieties of hydroelectric power plants. Furthermore, the
application of Artificial Intelligence (Al) in the various parts of a
hydroelectric power plant is reviewed.

Keywords— Artifactual Intelligence (Al); Power
hydroelectric; classification; generated power output.

plant;

l. INTRODUCTION

With population growth and the spread of new
technologies, the demand for electricity has increased
worldwide [1,2]. Power plants are industrial sites that are
established to generate electricity and distribute power on a
large scale [3]. Power plants use different renewable and non-
renewable sources for their fuel [4,5]. Energy sources based on
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the consumed fuel are used to rotate the generator axes. This
issue is the main difference in the performance of all types of
energy plants [6]. Due to the limitations in the operation of
power plants, power plants are usually built at a distance from
the center of cities [7,8]. Energy for electricity production is
divided into three main categories, which are fossil fuels,
nuclear energy, and renewable energy sources [9]. Various
kinds of power plants are employed to produce electricity,
based on the energy source criteria for production, power
plants can be generally divided into conventional power plants
(use of conventional energy sources) and unconventional
power plants (use of non-conventional energy sources) [10,11].
There are different types of power plants that can be mentioned
as solar thermal power plant [12], fossil fuel energy plant [13],
steam energy plant [14], nuclear power plant [15],
hydroelectric power plant [16], geothermal power plant [17],
biomass power plant [18], photovoltaic power plant [19], coal-
fired thermal power plant, and wind power plant [20].
Compared to other large-scale generation options, hydropower
has the lowest operating costs and the longest life of the power
plant [21]. For many centuries, people have used water as a
resource for a variety of things. More than 97% of the
electricity generated by renewable sources is produced by
hydropower, which is the primary source of renewable energy
[22]. Hydroelectric power plants are primarily used to produce
electricity, store irrigation water for later use, control river
flooding, and store drinking water [23]. In this paper, a brief
overview of the structure and types of hydropower plants is
pro-vided. Hydro power plants have been checked in terms of



output power, water height, electricity supply and water
conditions. Also, the structure of the power plant is shown
schematically. Moreover, we provided a brief overview of the
utilization of Al in hydropower and attempted to predict where
these plants will be most useful in the future.

The following is the outline for this paper: Section Il
presents the fundamental system Structure of a hydropower
plant. In Section Ill, the classification of hydroelectric energy
plant according to generated output power, water condition,
availability of water head, and availability of loading type is
summarized. Section IV structured the fundamental system
Structure of a hydropower plant. Eventually, this paper is
concluded in Section V.

Il.  PLANT STRUCURE

Hydropower is a dam-based system that operates by blocking
the river's flow, thereby increasing, and storing water in the
dams [24]. Hydroelectricity production is based on harnessing
the gravitational force of flowing water [25]. In hydroelectric
power plants, the kinetic power of the flowing water is utilized
to rotate the blades in turbine, and then the kinetic energy is
converted into electrical energy [26].
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Fig. 1. Hydropower Plant Basic Parts

Fig. 1 shows the basic parts of a hydroelectric power
generation system. The details of a hydroelectric energy plant
include hydroelectric dam (helping to store water), water pipe
(directing water to a turbine), turbine (connected to a
generator by a shaft), generator, transformer (voltage
conversion), power line (transmission power) and drainage
mentioned [27,28]. The turbine provides mechanical energy,
which is transferred to the generator, which then produces
electricity. Simple surge tanks, restricted orifice surge tanks,
and differential surge tanks are just a few of the many kinds of
surge storage that can be set up.

Ill.  HYDROPOWER PLANT CCLASSIFICATION

Hydropower plants are classified by different criteria, such
as storage capacity, water flow and applied technologies. In
this part, four wvarious criteria are considered for the
classification of hydroelectric power plants, which are briefly
mentioned.

A. Generated Output Power

Traditional classifications of hydropower plants are based on
their size, as shown in Table 1 [29,30]. Small hydropower
plants typically range in size from 1 to 10 MW [31,32]. Large
hydropower plants are defined as power plants with outputs
greater than 10 MW [33,34].

TABLE 1. CLASSIFICATION BASE ON GENERATED POWER OUT-PUT
[42,43]
Classification Rated power Description
From a few
Pico Hydro hundred watt -
up to KW
Typically provided
From 5 KW electricity for a small town
Micro Hydro up to or rural industry in a far-
100 KW off location without access
to the grid.
Abovel00 Either independent
Mini Hydro KW, but below schemes or, more
1MW frequently, grid-feeding.
Small Hydro 1-15 MW Typically cont(lbutlng to
one grid
. ) Typically contributing to
Medium Hydro 15-100 MW one grid
More than Typically contributing to a
Large Hydro 100MW large electricity grid.

B. Water condition

Plants are divided into three categories, depending on their
ability to either increase or decrease the rate of water flow, or
to store or pump large quantities of water. Pumped storage
water energy is a combination of two water reservoirs at
different heights. By moving water from one to another (or in
other words draining water) and passing through a turbine,
power is generated. Also, this system requires energy as it
pumps (or recharges) the water to the upper tank [35].
Hydropower provides pumped storage, energy balance,
sustainability, storage capacity and ancillary network services
[36].

C. Availability of water head

The head is a crucial metric in power plant engineering
because it reveals the pressure of the water flowing through
the turbines and the resulting power. The hydraulic head,
which is equivalent to the water level in a still body of water,



represents the quantity of mechanical energy present in the
water of a river, stream, or lake. Increases in hydraulic heads
indicate that water energy is concentrated in a small area [37].
The hydroelectric energy plant is separated into three classes
based on the head (depicted in Fig. 2), which are: high head
plant (more than 300 meters), medium head plant (between 60
meters and 300 meters) and low head plant (less than 60
meters) [38].

The most common and largest hydroelectric power plants are
of the type of high-head hydroelectric power plants and are
used worldwide. This kind of hydroelectric energy plant
usually uses a dam to store water at a high altitude [39].
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Fig. 2. Hydroelectric power plant classification according to the presence of
a water head

D. Availability of loading type

There are three types of hydroelectric plants, all based on
the types of loads they serve: base load, peak load, and pumped
storage (Fig. 3). A large capacity plant with a wide supply, a
base load power plant, is the type of power plant you'd find in a
city. It can stand up to constant pressure. The peak load supply
power plant requires a large water storage facility because it is
optimized for the peak load curve. Pumped-storage power
plants are used to meet the supply and demand for electricity.
The turbines' storage pool up top is backed up by a supply of
water for times of high demand [40].
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Fig. 3. categorization of hydroelectric power plants according to the
availability of different loading types

IV.  APLICATION OF ARTIFIUAL INTELIGENT IN
HYDROPOWER PLANT

Hydropower plant parameters such as vibration, silt,
discharge, and energy generation, must be controlled in real-
time. Effective control can reduce system failures and enhance
reliability. Using the IF-THEN rule, authors in [41] developed
a Web-based hydro power plant fault detection approach.
Heuristics diagnosed the hydro turbine fault. A real-time
sediment load-controlling system is proposed in [42]. It is
suggested in [43] to use an intelligent control system converter
(ICSC) to transfer wake-induced vibration (WIV) into
hydroelectric power. The system automatically and remotely
maximizes cylinder oscillation according to free stream speed.
Internet of Things technology made it possible to change the
length and width of the downstream cylinder from afar. An
online Kwater dam management approach to control 30 dams
to protect them from extreme weather, aging, and earthquakes
is materialized [44]. The authors demonstrate that by installing
this system after the settling basins a primary alert system can
be produced. In [45], an ADAM using assembly language is
redesigned and installed in 16-channel data acquisition
systems.

The forecasting of day plant load using machine learning,
as accomplished in [46], aid in grid stabilization. A deep
learning algorithm was used by [47] to forecast building energy
usage in hydropower plants. An ANN-based algorithm is
presented in [48] to predict the sediment loading of a
watershed.  The efficacy of five sequence classification
methods for forecasting discharge flow in hydroelectric dams
was evaluated in [49]. The outcomes demonstrated the neural
network method's clear advantage over competing strategies.
To forecast the pressure gradient, [50] employed an ANFIS and
CFD approach. The findings of the investigation showed that
the number of rules and the input parameters have a significant
impact on the algorithm's accuracy.

In [51], the flow rate of hydroelectric plants is examined.
This flow rate changes over time as a result of the turbine's
rotation. Fuzzy logic and neural networks are combined to
create an adaptive neuro-fuzzy inference system, which further
improves the ability of load shedding for a variety of input data
[52]. The output of the turbines was optimized using this
algorithm to account for limitations on power demand and
power capacity. The efficiency of the hydropower plant is
currently being optimized in several procedures. An optimal
load-shedding procedure with a backpropagation artificial
neural network is created in [53]. This method can shed the
critical load. By examining the economic, technical, and
environmental criteria, Low-head (LH) hydropower method is
thought to be the most environmentally friendly choice for



generating electricity at wastewater treatment facility channels
[54]. An outflow controller structure for hydropower plants is
introduced in [55]. The outflow control is unique in that
numerous actuators (weirs and turbines) were needed to
regulate the reservoir's entire outflow. Neuro-fuzzy
programming was compared using Vvarious options for
generating electricity [56]. Researchers in [57] developed the
application of the smart control approach in hydropower plants.
Artificial intelligence-based procedures can create a low-cost
power plant control and monitoring architecture, and these
strategies can be utilized on historical information for
computerized decision-making. Furthermore, there are a
number of strong approaches, such as [58,59], that can be
utilized in the field of planning the location of Hydropower
plant parameters.

V. CONCLUSION

Energy is not only one of the most fundamental aspects of
the electrical world, but it is also an extremely important
contributor to the social and economic development of a
nation. The criteria that are utilized for classification result in
the categorization of hydropower plants into a variety of
distinct groups. Hydroelectric power plants can be separated
into a variety of categories according to the criteria that are
used. There are three categories of hydropower plants that can
be distinguished by the volume of water that they use: run of
storage plants, river plants, and pumped storage power plants.
There are three different sizes of hydropower plants that can be
classified according to the amount of electricity they are able to
generate: micro, small, and large hydropower plants. This work
shows the outcomes of a short review of the literature on how
Al is used in the hydropower industry. Load, head, silt, energy
demand, discharge, and site choosing are just some of the
forecasting areas where Al is currently being used. A large
amount of investment is needed to begin building a
hydropower plant. As a result, strategic planning is required to
make the best use of available resources. Energy generation
forecasting, demand prediction, and economic feasibility
analysis are some of the primary applications of Al. On the
other hand, it has found primary application in the areas of
plant function optimization, energy price forecast, and reservoir
management. In the future, Al could be utilized to optimize the
function and control of hydroelectrical energy plants, allowing
for a more precise and thorough analysis of their performance.
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