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ABSTRACT: Today, new innovative technologies are widely used in all sectors. The energy sector is no exception. 

Especially in the field of efficient storage and use of electricity. There are many scientific developments in this area. 

Some of them are at the theoretical development stage, while others have already been transformed into working 

prototypes. Energy storage technologies store excess power that occurs in the system during periods of minimum 

consumption and transfer the stored electricity to the system during periods of maximum consumption. These 

technologies not only ensure the continuity of electricity supply, but also guarantee the energy security of the system. 

They can quickly provide the system with the necessary power even in the event of various accidents that may occur at 

power plants. They also allow adjusting the generation schedules of electricity generated using renewable energy sources, 

which change dramatically due to weather conditions. Energy storage systems are also beneficial for consumers - they 

can help stabilize electricity prices within the general grid or, with local storage, ensure individual flexibility and 

independence of consumption in households. 
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I.INTRODUCTION 

 

The development of energy storage and accumulation systems is becoming a potential way to solve global problems of 

the power system. However, there are various technical and economic barriers that prevent the widespread use of energy 

storage devices. It is necessary to identify innovative processes, mechanisms and systems that will help solve the 

problems of the power system of developments in the field of energy storage, as well as to ensure the growth of the 

industry at the expense of companies engaged in the development of technologies. This article reviews current 

achievements and trends in innovations in the field of energy storage. The scientific novelty of the article lies in a 

comprehensive review of the current state of affairs in this area and the identification of the main directions of 

development. 

  

From an economic perspective, the value of storing cheap or free energy (i.e., energy generated from renewable sources 

during off-peak or low-demand periods that can be sold mainly during peak hours) can be calculated by determining the 

difference in market prices over time. In this way, energy generated from renewable sources and stored in batteries during 

off-peak periods can be used during peak demand periods. In contrast, energy from non-renewable sources, such as 

natural gas turbines, is more expensive to use. 

II. AIM OF THE SURVEY 

 

The article presents work on optimizing modes by controlling the load schedule using accumulator batteries, which are 

widely used in energy storage systems, and considers the optimal management of power losses and voltages by 

redistributing power flows in the power system. 
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The daily schedule of a solar power plant shown in Figure 1 shows that the blocking of solar radiation by clouds leads to 

a sharp fluctuation in the power generation of the power plant. Such large-capacity, variable power plants operating in a 

unified power system can dramatically affect the energy balance in the system, leading to frequency drops and major 

accidents. Solving these problems requires extensive research on a global scale, and energy storage systems are widely 

used in this regard. 

Figure 1. Solar photovoltaic power plant daily production graph (MW) 

 

III. METHODOLOGY 

When managing the power system modes, it is necessary to consider the state and depth of charge of all battery systems. 

In this case, a mathematical model of energy storage systems is created and on this basis the state of reserves is checked. 

Battery modeling is a major problem for power plants operating on renewable energy sources, since the service life of 

battery cells is one of the main costs for power systems. It is very difficult to determine a general model that covers all 

factors of battery cells. Accordingly, depending on the application of the model, different approaches have been used. 

Battery modeling is divided into three categories: chemical models, electrical models, charge accumulation and empirical 

models. Most modeling focuses on three types of features: operating or charging model, voltage model and shelf life 

model. 

The capacity of the battery is estimated by the following equation: 

𝐶𝐵 =
𝐸𝐿 ∗ 𝑆𝐷

𝑉𝐵 ∗ 𝐷𝑂𝐷𝑚𝑎𝑥 ∗ 𝑇𝑐𝑓 ∗ 𝜂𝐵

       (1) 

where, EL is the hourly load demand, SD is the days of autonomy, VB is the operating voltage of the battery, DODmax 

is the maximum discharge, Tcf is the temperature correction factor, and ηB is the charge/discharge efficiency. 

The most important factor in managing systems with renewable energy power plants is knowing the state of charge (SOC) 

of the battery at each stage. Overcharging or undercharging the battery can lead to irreversible damage to the battery, 

which will result in significant costs for the system. 

There are various methods for determining the state of charge (SOC) of the battery. One such method is to determine the 

AMP by dividing the available ampere-hours by the rated ampere-hours, which is expressed by the following equation:  

S𝐶𝐵 =
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑐ℎ𝑎𝑟𝑔𝑒 (Аℎ)

𝑅𝑎𝑡𝑒𝑑 𝑐ℎ𝑎𝑟𝑔𝑒 (Аℎ)
∗ 100       (2) 
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Optimization of an autonomous system is usually carried out using the iteration technique, which is the AMP required at 

any given time or in a specific load mode. Therefore, it can be calculated as follows: 

S𝐶𝐵(𝑡) = S𝐶𝐵(t − 1)(1 − 𝜎) + [𝐸𝐺𝑒𝑛(𝑡) −
𝐸𝐿(𝑡)

𝜂𝑖𝑛𝑣
] ∗ 𝜂𝐵  (3)   and 

S𝐶𝐵(𝑡) = S𝐶𝐵(t − 1)(1 − 𝜎) + [
𝐸𝐿(𝑡)

𝜂𝑖𝑛𝑣

− 𝐸𝐺𝑒𝑛(𝑡)]        (4) 

 

where σ is the hourly discharge rate, EL(t) is the load demand, and EGen(t) is the energy generated by the power plant 

operating on alternative energy sources. The first equation is used when the battery is charging, and the second equation 

is used when the battery is discharging. 

 

IV. EXPERIMENTAL RESULTS 

 

Within the framework of the research work, work was carried out to prevent power shortages in the evening peak hours 

of the power system, that is, to optimize load schedules through energy storage systems, in the conditions of the presence 

of a large number of solar power plants in the power system. Figure 2 shows the general load schedule, and studies were 

carried out using a mathematical model of storage batteries to introduce energy storage systems taking into account all 

types of plants. Based on the following daily power generation schedule, the BESS with an installed capacity of 300 MW 

provides a 300 MW power transmission reserve in the control sections by charging during the night minimum hours and 

redistributing power during the maximum load at the beginning of the day. In addition, during the day, it transfers the 

energy received from solar power plants to the system during the evening peak hours. By implementing 500 MWh BESS 

power redistribution during the evening peak hours shown in Figure 2, the control sections serve to increase power 

transmission reserves and adjust voltages. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2: Graph of optimal control of the daily load schedule of the energy system with all types of power generation and 

storage systems. 

 

 
When optimizing the load schedule of the power system, energy storage systems are charged during the night or 

in the middle of the day and connected to the power system as a load, and transfer their stored power when there is a 

power shortage at the beginning and end of the day. In this case, the redistribution of power flows not only optimizes the 

load schedule, but also reduces active power loss in the network. 

There is also an opportunity to optimize the conditional fuel consumption of traditional power plants operating in 

parallel modes in the power system, and calculations have also been made on these. The calculations take into account 
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the technological maximum and minimum modes of the units. There are a total of 10 units in the Syrdarya TPP, the 

conditional amount of fuel consumed per kWh of electricity, depending on their load capacity, is given in Table 2. 

Table 1. The 24-hour power generation, average fuel consumption, unit load capacity and number of units of Syrdaryo 

TPP are presented. 

Hour 
Power per hour 

(MW) 

Existing units 

(pcs) 

Generation capacity 

of every existing 

unit (MW) 

Amount of fuel 

being spent for the 

generated power 

kW·h by every unit 

depending its 

loading 

(kg) 

1 939,3 3 313 0,317 

2 948,6 3 316 0,316 

3 942,4 3 314 0,316 

4 949,6 3 316 0,316 

5 940,3 3 313 0,316 

6 1047,8 4 262 0,323 

7 1177,9 4 294 0,321 

8 1033,3 4 258 0,324 

9 973,4 3 324 0,316 

10 1198,6 4 299 0,318 

11 1157,3 4 289 0,321 

12 1012,6 4 253 0,326 

13 981,6 4 246 0,326 

14 971,3 3 324 0,316 

15 976,5 3 325 0,317 

16 973,4 3 324 0,316 

17 1203,8 4 300 0,318 

18 1384,6 5 277 0,321 

19 1405,3 5 281 0,321 

20 1012,6 4 253 0,326 

21 992,0 4 248 0,326 

22 992,0 4 248 0,326 

23 995,1 4 249 0,326 

24 997,1 4 249 0,326 
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Table 2. The average conditional amount of fuel used for the production of electricity, depending on the load of the 

units, provided by the producer of the units. 

Technological maximum 

and minimum modes of 

units (MW) 

160 180 200 220 240 260 280 300 325 

Conditional amount of 

fuel (grams) used for each 

kW of electricity 

produced depending on 

the load of the units 

345,20 338,72 333,54 329,84 326,27 323,34 321,02 318,92 316,53 

In order to prevent fuel consumption from increasing due to insufficient load of the units at certain hours, optimization 

by introducing energy storage systems was considered. In this regard, it was considered to reduce the average fuel 

consumption by increasing the capacity of the units operating at a load below 280 MW and loading the excess energy 

generated into the energy storage systems. Table 3 presents data on the calculations performed. 

Table 3. The 24-hour power generation, average fuel consumption, unit load capacity, number of units and charging 

hours of energy storage systems of Syrdaryo TPP are presented. 

№ 

Power plant 

generation per 

hour  

(MW) 

Number of units 

under operation 

(pcs) 

Generation of 

every unit under 

operation 

(MW) 

Amount of fuel 

being spent for 

the generated 

power kW·h by 

every unit 

depending its 

loading 

(kg) 

Charging 

power of 

energy 

storage 

system 

(MW) 

1 939,3 3 313 0,317   

2 948,6 3 316 0,316   

3 942,4 3 314 0,316   

4 949,6 3 316 0,316   

5 940,3 3 313 0,316   

6 1047,8 4 280 0,321 -72 

7 1177,9 4 294 0,321   

8 1033,3 4 280 0,321 -88 

9 973,4 3 324 0,316   

10 1198,6 4 299 0,318   

11 1157,3 4 289 0,321   

12 1012,6 4 280 0,321 -108 

13 981,6 4 280 0,321 -136 

14 971,3 3 324 0,316   

15 976,5 3 325 0,317   

16 973,4 3 324 0,316   

17 1203,8 4 300 0,318   
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18 1384,6 5 277 0,321   

19 1405,3 5 281 0,321   

20 1012,6 4 280 0,321 -108 

21 992,0 4 280 0,321 -128 

22 992,0 4 280 0,321 -128 

23 995,1 4 280 0,321 -124 

24 997,1 4 280 0,321 -124 

By shifting the load times of the station taking into account energy storage systems, the average conditional fuel 

consumption per kilowatt was 319.5 grams. The conditional fuel consumed per kWh of electricity at the power plant was 

reduced by 0.5 grams or 0.15%. 

Based on the proposed mathematical model and algorithm, the cost of conditional fuel saved per day is determined using 

the following expression: 

Nopti= B*n* N= 25206000 * 0.0000005*1358000= 17 114 874 soums 

Where: 

B – conditional fuel saved, t.sh.o.; 

N – price of 1 t of conditional fuel, soums (as of 01.10.2024). 

n - the average amount of conventional fuel saved per kWh of electricity generated during a day. 

V. CONCLUSION 

 

The use of energy storage systems at small enterprises and on a system scale helps to reduce active power loss and 

optimize the voltages at the nodes. This mathematical model allows small and medium-sized industrial enterprises to 

optimally manage energy storage systems in the system. In addition, it allows for the optimization of the operating modes 

of thermal power plants, which leads to a reduction in the cost of electricity generation. 
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