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 Storage systems are needed to increase the number of renewable energy sources that 
can be integrated into distribution systems in smart grids and to ensure the continuity 
of energy. Energy storage can support system operators and provide many services such 
as energy time shifting, capacity backup, outage management, transmission congestion 
relief and power quality improvements. Batteries and storage are used due to 
interruptions and waves in renewable energy sources such as wind and solar. In order 
to expand the use of clean energy and to ensure energy continuity, mechanical storage 
methods are emphasized in large power systems. Storage studies have been carried out 
to increase efficiency, reduce costs and improve storage time. In this study, the stages of 
the PV integrated system model of pumped hydro storage systems, which is one of the 
mechanical storage methods, will be mentioned. 

 
 
 

Introduction  
 

The fact that renewable energy sources are far from consumption points, the weather forecasting cannot be 
done well enough, the inability to meet and regulate the continuous power supply has increased the importance 
of storage systems. Energy storage is a necessary technology that uses stored electrical energy when there is peak 
load demand. Energy storage has benefits such as increasing grid stability and security. The main technologies 
developed for energy storage are; electrical, mechanical, chemical and thermal storage technologies [1]. 

The contribution of energy storage systems to smart grids is expressed as meeting the frequency-controlled, 
instantaneous and highest power demands. The conversion and storage of energy is done with batteries, 
compressed air, flywheels, thermal power, ultra/super capacitors, superconductors, and fuel cells [2]. 

Mechanical energy storage technologies include pumped water-based energy storage systems, compressed air 
energy storage systems and flywheels. Mechanical energy storage is generally preferred in large power plants. The 
most preferred mechanical energy storage methods are compressed air storage and pumped hydro storage. In 
addition, hybrid renewable energy storage systems are important to ensure a high level of power quality and 
energy management. It is very important to be able to solve power quality problems. Because poor power quality 
affects efficiency and economy [3, 14]. The hybrid energy storage system can powerfully provide the dynamic load 
demand supported by the components of the photovoltaic power and grid connection [4].  

If we look at some studies on this subject; 
Mousavi et al. [5] the effects of the solar connected pumped storage system on the performance of the microgrid 

during sunny and cloudy times were investigated. 
Javed et al. [6] In their study, they examined the studies on solar-wind pumped hydro storage. They concluded 

that it is a viable option technically and economically and can increase system reliability. 
Bhoya et al. [7] In their study, they performed energy analysis and optimization of a hybrid system consisting 

of a solar system integrated with pumped hydro storage to power a residence. 
In the study, the study of the PV connected hybrid storage system is explained and its mathematical expressions 

are mentioned. As a result of the study, the advantages of the system are given. 
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Material and Method 
 

PHS is the most common energy storage technology with a round trip efficiency of 70-85%. It remains the most 
widely used and commercially viable electricity storage technology, especially for large energy storage systems of 
utility grids. The total installed power in the world is over 127 GW, making up 99% of the global storage capacity 
[8]. Pumped hydroelectric energy storage stores energy in the form of potential energy of water pumped from a 
lower reservoir to a higher reservoir. In this type of system, low-cost electrical power (electricity at off-peak times) 
is used to run pumps to raise water from the lower reservoir to the upper reservoir. During periods of high power 
demand, the stored water is released via hydro turbines to generate electrical energy. Reversible 
turbine/generator sets act as pumps or turbines when needed [9]. Pumped hydroelectric storage (PHES) uses 
mechanical storage to maximize solar energy use and prevent outages. This process is carried out to maximize the 
use of solar energy [6-8].  
 

Energy Model of the System Components  
 

The studied system consists of different stages that can convert solar radiation into hydro potential energy. 
First, the photovoltaic cell system works as an energy source. The output of the first stage is processed by a dc-dc 
converter to feed and electromechanical pump-hydro stage. It follows from this that the pumping system is able 
to raise a column of water through a water recovery pipe from the bottom to the upper reservoir [10]. 
 

 
Figure 1. a) Model of the solar-powered pumped-hydro system for energy storage b) System blog diagram 

 

The complete system is illustrated in Figure 1a with a more detailed block diagram given in Figure 1b, where 
the inputs and outputs of each of the subsystems (domains) are presented. In Figure 1b we see that the system has 
as input the current due to the sun's G radiation and as output the hydraulic flow Qc.  A solar cell, also known as a 
photovoltaic cell, is an electronic system that converts solar energy into electricity using the photovoltaic effect. 

 
Figure 2 Photovoltaic cell circuit diagram and Pump circuit diagram 

 

A single diode PV circuit diagram is used in the solar model. V output will be the pump voltage. The relationship 
between the outputs current (I) and voltage (V) of the PV panel for a single unit is expressed as follows [11, 12]. 

 

𝐼 = 𝐼𝑃ℎ − 𝐼0 (𝑒
𝑉+𝐼𝑅𝑠
𝑎𝑉𝑇 − 1) −

𝑉+𝐼𝑅𝑠

𝑅𝑠ℎ
          (1) 

A pump is defined electrically and mechanically to store water from the bottom to the upper reservoir. First, 
the equivalent circuit for the electric field is shown in Figure 2. Inductance Lm stores kinetic energy and in Figure 
2 the dynamics of the system is described. 

𝐿𝑚𝑖𝑚
. = −𝑅𝑚𝑖𝑚 + 𝑣 − 𝑣𝑚           (2) 

 
According to the Biot-Savart Law, the magnetic flux can be expressed as: 
∅𝑚 = 𝐿𝑚𝑖𝑚             (3) 
The dynamics of the system, the 𝑞𝑚 related to charge storage in the circuit are used. 𝑞𝑚  is expressed as the 

ratio of magnetic flux to inductance. 
In PV solar energy, a storage is needed due to the fact that the sun is not continuous, only for daytime 

production. A continuous supply of electricity can be provided by this solar-connected pumped hydro storage. In 
addition, the integration of pumped hydro storage with solar also supports supply and demand balance.  

During low demand, the pumping process and hydroelectric generation are done during peak demand. 
Therefore, consumption during off-peak hours is covered by the sun. In the remaining period, power generation 
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is completed from hydro if insufficient solar production is confirmed. Excess solar energy that is not used for 
consumption in the system is used for storage. In this way, the purchase prices of electricity from the grid are likely 
to decrease [13]. In order to make the energy management very well in system design, the output power 
estimations of the PV system are made by methods such as ANN and Fuzzy Logic.  The planning and operating 
process of the power system are a good measure to increase the reliability of these systems. These performance 
values are examined for the processes of meeting the load demand for hybrid renewable systems. This is due to 
the power imbalance of the hybrid renewable energy source. Optimization methods are used to correct this. While 
optimizing the reliability of the system, the process is taken as a constraint or a target to be achieved. The value of 
the reliability index (IR) can be checked using optimization methods to find the optimal size of the hybrid 
renewable resource's configuration. 

 
Conclusion  
 

The decrease in energy resources in the world and the search for alternative energy sources have increased 
the importance of energy storage systems. There is a need for new studies in the field of energy storage in order 
to ensure the efficiency of existing energy sources and to meet the energy need in a healthy way. This need can be 
met with new studies to be carried out in the field of energy storage by using developing technological 
opportunities. However, it is important to consider environmental factors, low cost and high efficiency in such 
studies. The pumped hydroelectric storage system, which is one of the energy storage systems, provides frequency 
and voltage stability, and it is predicted that it can meet the hourly energy needs with its integration with the PV 
solar system. A brief review of a solar coupled hybrid pumped hydro storage system is given. As a result of these 
investigations; It is said that optimization methods are used to solve the solar problems of the hybrid system and 
as a result, the ANN model is better. It is stated that this hybrid system provides good balancing in case of high 
supply-demand variability.  The hybrid system can generate and store electricity at low cost in a self-contained 
solution that faces climate change and reduces its carbon footprint. 
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