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Abstract: Taking into mind the plans and feasible targets for installing renewable power plants, particularly solar farms in 

Iran, and the fact that the energy generated by these power plants during the day and at different periods of the year is variable, 

sudden events such as a fall or increase in demand, as well as changes in grid components, should be taken into account when 

evaluating these power plants. Controlling the slope of the duck curve and grid components will rely heavily on energy 

storage. As a result, one of the most recent options proposed by top corporations is the use of large-scale batteries. The increase 

in peak load is one of the issues that will develop in Iran in the future. Given the abundance of 10 MW solar power plants in 

Iran, this article attempts to demonstrate the effect of installing a large-scale battery in a 10 MW photovoltaic power plant on 

power grid performance By DigSilent software. Finally, the grid's power quality components are examined. The effect of 

installing a large-scale battery in a 10 MW photovoltaic power plant on power grid performance was explored in this article 

utilizing DigSilent software. Some parameters such as Maximum power generation of the plant with storage, AC Loss, 

Maximum power injection with storage, Operation coefficient of the upstream station, and Voltage of the 20kv bus of the 

upstream station, have been calculated. 
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1. Introduction 

Electricity demand is increasing on the global market. 

Figure 1 depicts global electricity usage by region from 1990 

to 2017. During this time, electricity demand climbed by 

72%, with an annual growth rate of 4% on average. At the 

end of 2017, global electricity demand exceeded 23,000 

TWh. China and other developing countries are experiencing 

the fastest growth in electricity demand. This is due to the 

advancement of industrialization, which has increased human 

comfort and population [1]. With increased electricity 

demand, fossil fuels are depleted to the point where they may 

not last more than a few decades. Furthermore, the cost of 

petroleum products is rising. As a result, the global demand 

for renewable energy as a viable alternative to fossil fuels is 

expanding fast [2]. 

However, because renewable energy production is 

dependent on external elements such as wind speed, solar 

radiation, and water flow intensity, their energy generation 

schedule cannot be regulated, and their efficiency and 

flexibility are diminished [3]. The adoption of energy storage 

systems can greatly minimize these constraints. Batteries, 

flow cells (flow batteries), and supercapacitors are all choices 

for storing energy generated by renewable energy sources. 

Supercapacitors outperform regular capacitors and secondary 

ion batteries [4]. 
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Figure 1. Global energy consumption by region from 1990 to 2017 (Global Energy Statistical Yearbook, 2018). 

 

Figure 2. A Conventional PV system with battery. 

We have seen a rapid advancement in technology over the 

last decade with the goal of developing new technologies for 

converting solar photovoltaic energy into electricity and 

storing it electrochemically utilizing devices such as 

batteries. The next step in this path is to integrate 

photovoltaic energy conversion systems and energy storage 

systems. An activity that necessitates significant 

advancements in electronic equipment engineering, energy 

management, and metallurgy [5]. 

The integration of solar photovoltaic energy conversion 

systems and batteries is critical to achieve the major goals 

of decreasing generation fluctuations, lowering reliance on 

fossil fuels, addressing the issue of carbon dioxide 

emissions, and so on [6]. The deployment of solar systems 

and battery installation has increased rapidly in recent 

years. Due to the vast number of characteristics that might 

affect utility stability, the optimal use of photovoltaic and 

battery systems is a critical issue for designers, users, and 

network operators [7]. 

2. A Review on Photovoltaic System and 

Battery Management 

Photovoltaic systems were first used to power spacecrafts 

and satellites in 1958, and they have since found numerous 

applications [8]. Water pumping [9, 10], hydrogen generation 

[11, 12], and, most critically, electricity provision to rural 

communities and villages are the primary applications of 

these systems [8]. Figure 2 depicts a photovoltaic system 

built for this purpose. This system is made up of solar panels, 

batteries, loads, DC/DC converters, and inverters. The size of 

solar panels and battery capacity are determined by load 

demand, environmental and economic conditions, and other 

factors. During the day, the solar panel turns the sun's photon 

energy into electricity, which can be supplied periodically 

and stored in the battery for later use. Furthermore, excess 

electricity from photovoltaic systems connected to the grid 

can be pumped into the grid to supply power. Photovoltaic 

power plants contain a battery management system and a 

load management system to optimize energy storage and 

utilization. 

The battery management system is a real-time system that 

is important to safe and efficient operation of the battery 

system. A typical battery management system is made up of 

sensors, actuators, and microcontrollers that perform the 

following tasks: 

1) Data acquisition: voltage, current, and temperature 

signals are sampled and converted to digital signals 

before being supplied to the control unit as input to the 

battery management algorithms. 

2) Status estimation: Accurate battery status estimation is 

essential for further managing the battery system. In 

addition to the battery's state of health (SOH), the 

significant states that must be estimated include the 

battery's state of charge (SOC) [13], the battery's state 

of power (SOC) [14], and so on. 

3) Fault detection: is conducted to protect the safety and 

functioning of the battery bank; its main tasks include 

short circuit detection and warning, excessive 
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charge/discharge, sensor/actuator error, and so on [15]. 

4) Cell balance: Cell balance's goal is to enhance the 

performance of the battery bank, which is made up of 

parallel and series cells [16]. 

5) Thermal management: The thermal management unit 

maintains the temperature of the battery bank to ensure 

that the batteries operate safely and efficiently [17]. 

3. Problem’s Objective 

The main objective of this study is to model and 

investigate the effect of 10Mw solar power plant with energy 

storage systems on electrical parameters of the utility. 

4. Problem Assumptions 

1) During the winter (low load), the upstream station's 

load equals 40% of the peak period's load. 

2) Given the total generation of the plant and the storage 

during summer (peak period) and assuming 80% 

operation capacity for the transformer, the capacity of 

the 0.4 to 20Kv transformers is selected to be 2.5 MvA. 

Given that the output voltage of the storage devices is of 

the DC type, the storage devices are linked to the DC bus of 

the solar panels as shown in single line diagram of Figure 3. 

As you can see, eight storages are connected to eight DC 

buses of solar panels. 

 

Figure 3. Single line diagram of the power plant and connection to the upstream station in DigSilent. 

It is required to mention that the solar power plant with a capacity of 10 MW was first modeled in the PVsyst software in the 

examined geographical region. The hourly output of the solar power plant for one year is presented in Table 1. 

Table 1. Hourly generation of the solar plant for one year. 

Hourly 

Monthly 

January February March April May June July August Septemb October Novemb Decemb 

E_Grid E_Grid E_Grid E_Grid E_Grid E_Grid E_Grid E_Grid E_Grid E_Grid E_Grid E_Grid 

[MW] [MW] [MW] [MW] [MW] [MW] [MW] [MW] [MW] [MW] [MW] [MW] 

0H 0 0 0 0 0 0 0 0 0 0 0 0 

1H 0 0 0 0 0 0 0 0 0 0 0 0 

2H 0 0 0 0 0 0 0 0 0 0 0 0 

3H 0 0 0 0 0 0 0 0 0 0 0 0 

4H 0 0 0 0 0 0 0 0 0 0 0 0 

5H 0 0 0 0 0.1 0.2 0.1 0 0 0 0 0 

6H 0 0 0.1 0.9 1..4 1.6 1.3 1.2 0.8 0.3 0 0 

7H 0.3 1.1 1.6 2.9 3.3 3.5 3.1 3.3 2.8 2.4 1.5 0.7 

8H 2.6 3.1 3.6 4.7 5.2 5.4 4.9 8.3 4.8 4.5 3.4 2.7 

9H 4.6 4.9 5.1 6 6.7 6.8 6.3 7 6.3 6 4.8 4.3 

10H 5.8 6.2 6.3 7 7.7 7.9 7.4 8.1 7.4 7.1 5.8 5.3 

11H 6.2 6.9 6.3 7.2 8.2 8.4 7.6 8.3 7.8 7.2 6.2 5.8 
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Hourly 

Monthly 

January February March April May June July August Septemb October Novemb Decemb 

E_Grid E_Grid E_Grid E_Grid E_Grid E_Grid E_Grid E_Grid E_Grid E_Grid E_Grid E_Grid 

[MW] [MW] [MW] [MW] [MW] [MW] [MW] [MW] [MW] [MW] [MW] [MW] 

12H 6.1 7.1 6.3 7.2 8.1 8.3 7.5 8.3 7.8 7 6.2 5.7 

13H 5.4 6.9 5.7 6.5 7.5 7.7 7.1 7.8 7.1 6.4 5.4 5.3 

14H 4.3 5.8 4.8 5.5 6.4 6.6 6.2 6.7 5.9 5.1 4.1 4 

15H 2.8 4.1 3.7 4 4.8 5.1 4.8 5.1 4.2 3.3 2.3 2.1 

16H 0.8 1.9 2 2.3 2.9 3.2 3.1 3.2 2.2 1.2 0.2 0.1 

17H 0 0 0.4 0.7 1.1 1.4 1.3 1.2 0.4 0 0 0 

18H 0 0 0 0 0 0.1 0.1 0 0 0 0 0 

19H 0 0 0 0 0 0 0 0 0 0 0 0 

20H 0 0 0 0 0 0 0 0 0 0 0 0 

21H 0 0 0 0 0 0 0 0 0 0 0 0 

22H 0 0 0 0 0 0 0 0 0 0 0 0 

23H 0 0 0 0 0 0 0 0 0 0 0 0 

 

5. Problem Statement 

According to the above table, the hourly generation curve 

of panels and the absorption-generation curve of storages 

must be modeled in software. The Time Characteristics 

feature in the software is utilized for this purpose. The 

following four time-curves are considered: 

1) Daily hourly generation curve of the panel during the peak 

period, called Time Characteristic for PV-Peak- Figure 4. 

2) Daily hourly generation curve of the panel during the 

low load period, called Time Characteristic for PV-

Light- Figure 5. 

3) Absorption-Generation curve of the storage during peak 

period, called Time Characteristic for Storage-Peak- 

Figure 6. 

4) Absorption-Generation curve of the storage during low 

load period, called Time characteristic for Storage-

Light-Figure 7. 

Figure 4 shows June of Table 1, modeled in DigSilent and 

represents the output energy generation of the power plant in 

DigSilent. 

Such that in Figure 4, the step curve of the total daily 

hourly generation of the solar power plant in June is shown, 

and the horizontal curve shows the start and end hours of the 

steps of the solar power plant generation in a summer day, 

and the vertical curve shows the total energy (MWh) 

injection at different times of the day. 

 

Figure 4. Daily hourly generation curve of the panels during the peak period. 

For example, at 10 a.m., the solar power plant generates 

approximately 6.2 megawatts, which is considered to be 

17.5MWh for modeling the energy representation, and 

according to the items presented in table 1, the total energy 

generated by the solar power plant until 10 a.m. is estimated 

to be 17.5 MWh in June. 

In Figure 5, the step curve of the total daily hourly 

generation of the solar power plant in January, according to 
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Table 1, is shown, and the horizontal curve shows the start 

and end hours of the steps of the solar power plant generation 

in a January day, and the vertical curve shows the total 

energy (MWh) injection at different times of the day. 

 

Figure 5. Daily hourly generation curve of the panels during low load period. 

For example, at 9 a.m., the solar power plant generates 

roughly 4.6 MW, which is considered to be 7.5MWh for 

modeling the energy representation, and according to the items 

presented in table 1, the total energy generated by the solar 

power plant until 9 a.m. is estimated to be 7.5 MWh in June. 

Figure 5 depicts the connection and disconnection curves of 

the storage (absorption curve) during one summer day after 

modeling the storage with DigSilent program. So, because the 

peak time in summer in this model is between 13:00 and 17:00, 

the solar power plant absorbs energy in the storage device until 

13:00, at which point the storage device is activated and the 

energy delivered by the power plant is injected to the grid. 

 

Figure 6. Absorption-Generation Curve of the Storage in the peak period. 

Figure 6 depicts the storage connection and disconnection 

curve (absorption curve) for a single winter day. Thus, the 

peak period in winter is between 13:00 and 18:00, and the 

peak time at night is between 20:00 and 21:00, according to 
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this modeling. The solar power plant absorbs energy in the 

storage device until 13:00, at which point the storage device 

becomes operational, and the energy generated by the power 

plant is injected to the grid. 

Because the solar power plant does not generate at night, 

the energy storage gradually injects the energy generated by 

the plant during the day to the grid, and there will be no 

energy left for injection at night. It should be mentioned that 

depending on whether the power is required at the peak or at 

night, a storage can be configured to generate at night; 

therefore, in this study, the storage device should only be 

used during the peak hour and inject power to the grid. 

 

Figure 7. Absorption-Generation curve of the storage at low-load period. 

Using Quasi-Dynamic analysis in DigSilent, 24 power 

flows are taken and the following curves are obtained: 

1) Hourly generation of a set of panels (23) in the peak 

and low load periods in Figures 8 and 9; 

2) Injection power of the power plant and storage to the 

20kV bus of the upstream station during low load and 

peak periods in Figures 10 and 11; 

3) Voltage of 20 kV bus of the upstream station during 

peak and low load hours in Figures 12 and 13; 

4) Upstream station’s loading during low load and peak 

hours in Figures 14 and 15. 

 

Figure 8. Hourly generation of one set of panels (23) during peak period. 
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Figures 8–18 depict hourly generation, injection power, bus voltage, and upstream station loading as the storage enters the 

circuit. 

 

Figure 9. Hourly generation of a set of panels (23) during low load period. 

According to the above figure, it is clear that the storage is controlled and managed by a battery management system so that 

it is connected to the circuit when required (peak time in this study) and deliver the stored energy to the grid. 

 

Figure 10. Power injection of the plant and the storage to the 20kV bus of the upstream station during the peak period. 
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Figure 11. Power injection of the plant and the storage to the 20kV bus of the upstream station during the low load period. 

 

Figure 12. Voltage of the 20kV bus of the upstream station during the peak period. 
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Figure 13. Voltage of the 20kV bus of the upstream station during the low load period. 

 

Figure 14. Loading of the upstream station during the peak period. 
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Figure 15. Loading of the upstream station during the low load period. 

6. Conclusion 

The effect of installing a large-scale battery in a 10 MW 

photovoltaic power plant on power grid performance was 

explored in this article utilizing DigSilent software. Because 

the solar power plant does not generate at night, the stored 

energy generated by the power plant during the day is 

gradually injected into the grid, and there will be no energy 

left for injection at night. It should be mentioned that 

depending on whether the power is required at the peak or at 

night, the storage can be configured to generate at night; 

however, in this study, the storage should only be used during 

the peak and inject power to the grid. Important information 

of Figures 6-13 is summarized in Tables 2 and 3. As can be 

seen, by connecting the plant and the storage to the grid 

during peak and low load periods, a power equal to 14.962 

and 9.82Mw is injected to the 20kV bus of the upstream 

station, which reduces loading of the upstream station to 17.1 

and 10.09, and increases the voltage of the 20Kv bus of the 

upstream station to 0.003 and 0.001 p.u., and reduces loss of 

the upstream station to 30 and 6Kv. 

Table 2. Power generation of the plant in summer and winter. 

Parameter Summer (peak load) Winter (low load) 
Maximum power generation of the plant with storage (MW) 15.36 10 
AC Loss (MW) 0.398 0.18 

Maximum power injection with storage (MW) 14.962 9.82 

Table 3. Electrical parameters of the grid before and after connecting the plant and the storage to the grid. 

Parameter 
Summer (peak load) Winter (low load) 
Before connecting the 

plant with storage 
After connecting the 

plant with storage 
Before connecting the 

plant with storage 
After connecting the 

plant with storage 
Operation coefficient of the upstream station (percent) 42.07 24.97 16.53 6.44 

Voltage of the 20kv bus of the upstream station 0.97 0.973 0.989 0.990 

losses of the upstream station (kv) 47 17 7 1 
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