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Abstract: In this paper, the effect of variation of solar irradiance and load conditions on hybrid 
standalone Photovoltaic (PV) with energy storage system are studied. An efficient energy 
management and control system (EMS) based on Proportional-Integral (PI) strategy is proposed. 
The proposed strategy is designed to share the optimal energy between batteries and super-
capacitors (SC) to suit the state of charging, pumping and distributing power over loads. 
Moreover, the batteries are protected against overcharging state and this leads to rise the batteries' 
heat and thus shortens. Also, the SC has been supported and protected the batteries, as well as 
treating the increase in energy and sudden drop due to the high load demand. And, a current 
control scheme for the three-phase voltage source inverter (VSI) with pulse width modulation 
(PWM) is used. As a result, maintaining the stability of the energy in cases of voltage surges, 
and working on the balance and stability of energy in the different ratios of radiation, 
temperature, or loads.  To validate the proposed EMS, MATLAB/Simulink is used and the 
simulation results are obtained with different case studies of load variation and irradiances. From 
the simulation results it clear that the proposed EMS show good performance and higher 
efficiency especially in fast change in solar irradiance.    

Keywords: PV system DC; AC micro grid; environment PV performance; PV hybrid storage; 
Clean Energy Management. 

1. Introduction
Nowadays, a hybrid power system with Renewable energy sources and energy storage

devices is most used. In the light of the increasing demand for energy, the increase in interest in 
improving the environment, the decline in demand, and the dependence on fossil fuels due to the 
environmental pollution, heat retention, and carbon dioxide emission intensively [1-2]. However, 
the world is looking forward to expanding research, production and improvement of clean energy 
represented by wind and solar energy, which will dispense with a large part of the fossil fuels, 
and the introduction of clean energy into actual service in multiple fields, the most important of 
which is home use, electric cars or the subway. Moreover, clean energy is an important part of 
strengthening the main networks and using them on a wide range and for all practical, medical 
and other fields [3]. Figure 1 shows a self-contained of the stand-alone photovoltaic (PV) system 
consisting of PV system source connected to the DC constant voltage network and to the 
alternating voltage AC network also via the DC/AC inverter, and it contains a hybrid energy 
storage system (HESS) of batteries and super-capacitors (SC) [4,5]. The discontinuous and 
unstable nature of the PV system may lead to production mismatch with demand and voltage 
fluctuation due to weather conditions and load fluctuations. Furthermore, the HESS system is 
used to maintain energy demand, ensure system stability and increase reliability in the PV 
system. The PV system with HESS gives wide attention due to increased reliability and DC 
voltage stabilization across DC bus [5,6]. The effect of the higher and lower energy density may 
shortens the battery life.  However, batteries need a safety policy during overcharging and deep 
discharging to control charge sharing. An EMS energy management strategy for an autonomous 
photovoltaic system with loads on constant voltage or alternating voltage is proposed, as well as 
working  on  the  state  of  charge  to  sustain the life of the battery. The climate makes the energy 
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not at a stable level. Therefore, the proposal to manage the energy by means of a hybrid storage 
system will be one of the most important solutions in addressing these problems to ensure the 
best effort reaches the consumer regardless of the major disturbances in the source voltage. Also, 
HESS was proposed in [7-10] with an independent storage source or a hybrid storage source and 
DC loads only, and it was found that there is no high reliability in the independent storage system 
due to the high stress on the battery. 
     Several researches were conducted for the independent storage system only batteries and it 
was proved that the transfer of energy from source to the consumer is uneven due to severe 
disturbances that lead to shorter battery life and increase costs. Furthermore, the hybrid 
standalone PV system with independent source has an output capacity of approximately 128KW 
and 469 ampere and a design voltage of approximately 273 volts and an output voltage of 500 
volts continuous and alternating for multiple uses and with a hybrid storage consisting of lithium 
battery and capacitors the supercomputer will be studied and demonstrated energy designed and 
produced and the storage deal with instability situations and the system's survival in a stable 
state. The proposed strategy and method have very significant benefits in terms of speed of 
response and treatment of disorders [12-16]. The proposed strategy is based on a stand-alone PI 
of continuous and alternating voltage with hybrid storage. The battery, however, during power 
fluctuations it takes longer to stabilize at the permissible limit, as well as the slowdown in the 
response by the power transformer causes stress on the battery and the charge / discharge rate. 
 

 
Figure 1. standalone PV system with dc and ac load 

          
 As a result, in this paper a hybrid PV system with HESS is presented to protect the batteries 
from overvoltage and then extended its life time. The designed and proposed system with a 
production capacity of 128 KW works to manage energy and preserve battery life through 
preventing deep discharge of the battery during low output due to high temperature, low 
radiation, or due to an overload request. As well as reducing the charging / discharging cycles, 
so the system will be stable, has a long life, free from technical problems, and reduces the 
financial costs that lead to the consumption of more batteries. 
     This paper is organized as follows:   section 2 presents proposed hybrid PV system Structure, 
section 3 reports energy management and control strategy of the energy storage system, section 
5 presents simulation Results and Discussion, and conclusion is presented in section5. 
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2. Proposed Hybrid PV system Structure  
     The proposed system consists of a PV system with a boost inverter include an INC-MPPT 
controller, a DC/AC inverter, and a hybrid storage of lithium batteries, super-capacitors are 
shown in the Fig. 2.  The proposed work defines that the capacity of the lithium battery decreases 
as the number of cycles decreases. The battery capacity affects the operating time and system 
performance. So, determining the SOC is considered one of the most important matters affecting 
the battery life. Besides, the proposed strategy is designed for limits of 20% ≤ SOCbat ≤ 80% for 
both battery while the supercapacitor is limited to 0% ≤ SOCSC ≤ 100%.  
 

 
Figure 2. hybrid standalone PV system with battery-supercapacitor storage system 

 
Table 1. The summarize management of hybrid PV system 

Current of 
The battery 

PPV < PL PPV > PL 

I b < I b max Mode I 
Battery: 
Boost constant -voltage 
Super capacitor: 
Boost constant-voltage 

Mode II 
Battery: 
Buck constant-voltage 
Super capacitor: 
Buck constant -voltage 

I b >I b max Mode VI 
Battery: 
Boost current limited 
Super capacitor: 
Boost constant-voltage 
 

Mode III 
Battery: 
Buck current limited 
Super capacitor: 
Buck constant- voltage 
 

 
 The modes operation of the hybrid proposed system can be divided into four modes as 
presented in Figure 3 as following:  
Mode I: When Ppv < PL, the load power decrease is supplemented by storage (batteries and 
super capacitors). 
Mode II: When the light or sunlight increases more, the load power will be Ppv > PL, so the 
batteries and super capacitors will be in a charging state. 
Mode III: When the light is increased so much that the Ppv> PL becomes very large and the 
battery current exceeds the maximum. Ib> Ibmax turns the battery into a limited buck current to 
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protect the battery from over current. But the super capacitor can withstand the high currents 
without any side damage in the power density. So, work continues with a hard buck mode. 
Mode IV: When the battery and the supercapacitor are in a storage state and suddenly there is an 
instantaneous breakdown of the light or sunlight, or the load increases, which requires pumping 
a high storage current to support I bus-dc where the current Ib > Ib max, the battery is 
transformed into the limited boost state in order to preserve the battery and ensure its operation. 
According to the appropriate discharge. 
     As seen in Figure 2, the power flow of the entire system components through the DC bus that 
will integrate with AC network. The total of the power generated by the PV system and storage 
system that consists of a battery bank and SC can be determined as follows [17-20]: 

Pdc = PPV + PL + PST                                                                                                                         (1) 
PST = PBAT + Psc                                                                                                                                (2) 
Pdc = PPV + PSC + PL + Pbat                                                                                                              (3) 

Following this scheme, the trucking DC voltage will be developed as in Equation (3) we can 
write: 

CDCV∗
DCVDC = [IPV + Isc + IL + Ibat]VDC                                                                                         (4) 

By cancelling the VDC from both sides of equation (4), we get 
V∗

DC = 1
CDC

[IPV + IL + Isc + Ibat]                                                                                                      (5) 
The power in the microgrid should be balanced as follows under different loads and supply 
conditions: 

PPV − Ploss = PL + Pbat + Psc                                                                                                              (6) 
 

 

 

(I) 

(II) 
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Figure 3. Modes operation of the proposed system 

 
3. Energy Management and Control Strategy of the Energy Storage system 
A. Battery Control Strategy  
 In order to balance the battery power, a durability control method is required. Several control 
methods have been reported in the literature to control battery current in various applications. 
The combined current control mode is introduced by [18]. The main disadvantages are the low 
efficiency in the case of light load as well as in the unbalanced load and it has a very complex 
design. In order to avoid this problem, a common control strategy in this system has been 
suggested. The proposed method diagram consists of the state of charge (SOC), and the 
generation of the reference current of the battery as shown in Fig.4. In order to generate the 
reference current, the error between the actual Vdc reference and the actual Vdc enters into the 
PI controller as shown in the equation (7) .  

Iref = KPevdc(t) + KI ∫ evdc(t) dtt
0  

                                                                                   (7) 
When  

evdc(t) = Vdc∗ − Vdc                                                                                                        (8) 
 In order to generate the reference battery current, take the low pass filter for reference current 
in above equation (7). Therefore, the reference current of battery is compared with actual current 
of battery and the error of this comparing is entering to PI controller to introduce a voltage 
reference as indicated in the equation (9) [19-22]. 

Vref = KPeI−bat(t) + KI ∫ eI−bat(t) dtt
0  

                                                                            (9) 
eI−bat(t) = Ibat∗ − Ibat                                                                                                     (10) 

 The state of charge (SOC) represented by the battery is an important parameter for 
representing the state of the battery. 

SOC = 100 �1 + ∫ Ibat   dt
Qbat

�                                                                                          (11)        
where Q bat is the battery capacity. 

(III) 

(IV) 
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 The charge-discharge of the battery depends on the power available, the demand and the 
SOC. The battery energy constraints are calculated of the SOC limits. 

SOCmin ≤ SOC ≤ SOCmax                                                                                              (12) 
where, “SOC min and SOC max are the minimum and the maximum allowable states for the battery 
safety. 
Depth-of-discharge (DOD) % after a half-cycle period and DOD is expressed as: 

DOD = 100% - SOC                                                                                                         (13) 
 

 
(a) 

 

 
(b) 

Figure 4. (a) control battery strategy, (b) control strategy with bidirectional DC-DC converter 
 
B. Supercapacitor Control Strategy 
 The mathematical model of the SC is expressed by equations in a simplified manner as 
presented in Figure 5. The proposed scheme mainly contains the generation of the supercapacitor 
of the reference current (I sc, ref) as well as the current fast acting control [20-25]. 

Isc,ref = iload −
1
T ∫ +to+T

to
iloaddt + (vdc,ref − vdc)                                                         (14)         

Cdsc = isc(1 − δsc) + vdc
RL,eq

                                                                                            (15)                 

The dynamics of the supercapacitor error current (I e = I sc ref –I sc) can be written as: 
isc = die

dt
+ γie + isc,ref                                                                                             (16)                       

Using (15), the supercapacitor current can be written as 
isc = δscisc + Cdsc

dvdc
dt

− vdc
RL,eq

                                                                                        (17)               
Using (16) and (17), the control variable is obtained as: 

δsc =
isc,ref+�

vdc
RL,eq

�

isc
+ γ

isc
ie + 1

isc

die
dt
− Cdsc

isc

dvdc
dt

                                                        (18) 
I sc, ref: generation of supercapacitor reference current 

where γ, Ksc and RL, eq are the error co-efficient of supercapacitor current, direct supercapacitor 
current feedback gain and equivalent load resistance, respectively. 
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Figure 5.  proposed control diagram of the battery and supercapacitor 

 
4. Simulation Results and Discussion 
Case study 1: At Nominal Condition (full load) 
  

 
(a). 

 

 
(b).  

Figure 6. AC bus simulation results (a) AC bus voltage (b) AC bus currents 
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 To verify the proposed control strategy, a Matlab software is used. Moreover, the 
performance of the proposed work is tested under three case studies to enhance the efficiency of 
the hybrid proposed PV system. In this case 1: when the power generation is equal to the required 
load capacity, the storage (batteries and super capacitors) does not store or consume energy and  
in this case the designed photovoltaic system produces 128.5 kw of photovoltaic energy. Figure 
6 shows the AC bus simulation results for nominal full load conditions. Also, Figure 7 presented 
the steady state DC-link voltage (Vdc). In this case, the independent PV system is simulated in 
the steady as shown in Figure 8 and Figure 9 where this illustrates the operation of the PV system 
in MPP. In this case, the storage system (batteries and supercapacitors) is stable, i.e., without 
charging or discharging, and the power of PV and load curve remains constant throughout the 
time as in Figure 10. 

 
Figure 7. Steady state DC-link voltage (Vdc) 

 

 
Figure 8. Steady state PV voltage at MPP 

 

 
Figure 9. Steady state PV current at MPP 

Ali Gaeed Seger, et al.

820



  

 

 
(a) 

 

 
(b) 

Figure 10 output power of (a) PV system and (b) power load under nominal condition 
 
Case study 2: operation with load variation 
 Hybrid storage system used here helps to reduce load demand and problem of difference 
weather conditions. When the loads differ, there is mismatch between power generation and load. 
This gap can be filled by using lithium battery and super capacitors, so the storage system must 
provide the energy for the load with the additional power. There is a three resistive load and the 
simulation results are captured for the output voltage (AC), output voltage (DC), load current 
(AC), and power from the generation and demand giant, i.e., the load varies between 110kw, 
115kw, 128kw where the variance of this load appears in the output voltage relative to the steady 
state, which indicates that the load variation remains stable and unchanging output voltage. This 
indicates the effectiveness of the inverter current control technique responsible for maintaining 
a stable 500v voltage across the load. Also, the robust control strategy makes the actual DC bus 
volatge is stable and tracking the reference value with fast response time about less than 0.1sec 
as shown in Figure 11, Figure 12 shows the waveform under the same load difference, also on 
the output side the result is clear about load variation as the load changes after some specified 
times. However, this current waveform has little effect, which indicates the stability of the 
control loop in the inverter. As for the power curves shown. when the power generation is greater 
than the load capacity, the hybrid storage system begins to store energy and the charging state 
increases its SOC. Besides, when the energy demand is greater than the PV generation, the 
storage system begins with a vacuum in order to provide the necessary energy to cover the load 
and the SOC starts to decrease. And when the power is increased. While when the generation 
power equal to the load capacity, the storage does not need to take or give the charge and thus 
the SOC maintains its ratio. The overall active power for the system is indicated in Figure 12.  
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Figure 11 Steady state DC-link voltage (Vdc) under load variation 

 
 

 
(a) 

 

 
(b) 

Figure11(a). Load current, (b). (i0) under load variation 
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 1 
Figure 12.  PV, output load and hybrid storage power under load variation 

 
Case study 3:  operation with solar irradiance variation 
   when not enough power is generated from PV, the HESS should be providing the required 
energy by the discharging process and this condition is called lack of production. On other the 
hand, the PV energy is greater than the load capacity, HESS starts the process of storing excess 
energy and this process is called overproduction.  Fig. 13 reports irradiance profile used in this 
case which is desired from higher value of 1000W/m² to 200W/m². Figs. 14 and 15 show the 
output voltage of the DC bus, AC bus respectively under different solar irradiance. Fig. 15 
reports the output current at AC bus during the step change of the irradiance this current 
represents the three ABC phases of proposed inverter with good stability. The changing in the 
power of PV system due to the irradiance can be avoided using proposed battery-SC storage 
system. Besides, the study of change in generation energy in responding to the required load 
capacity, can provides by HESS compensation energy for the load through the vacuum discharge. 
When the solar energy generated by the PV system is greater than the load capacity, then HESS 
is in the state of charging and storing the energy. During charging the storage energy is negative 
and during discharging it is positive which can be seen in Fig. 16 which gives an idea of the 
charging and discharging process of HESS.    Fig.17 shows the SOC for both the battery and the 
SC during the fast change in the solar irradiance radiation change. As a result, SC fast response 
to this change in the DC bus voltage by switched to its discharging mode. 
 

  
Figure 13. step change of irradiance (1000,500,200) w/m2 
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Figure 14. Steady state DC-link voltage (Vdc) under solar irradiance variation 

 
 

 
Figure 15. Load current (i0) under solar irradiance variation 

 
 

 
Figure 16. PV, output load and battery power under solar irradiance variation 
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(a) 

 

 
(b) 

Figure 17. SOC of HESS system under solar irradiance variation (a) SOC of battery  
(b) SOC of the SC 

 
4. Conclusion  
 In this paper energy management system and control of a hybrid photovoltaic (PV) system is 
presented. A maximum amount of PV system has been extracted using INC-MPPT controller to 
maintain power flow between DC and HESS. A constant voltage of the DC connection is 
maintained by charging and discharging the lithium battery. A current control strategy for VSI 
inverter is designed as closed-loop control were found to be robust to the specific controller 
parameters. The performance of the proposed system is verified by simulation with case of 
changing the load or radiation. The results show that the necessary energy has delivered from 
storage to the load when the load power is greater than the source energy. Also, when the source 
power is greater than the load energy, the excess energy goes to the storage system, and this 
indicates on balance storage system. In addition, the VSI provides stable output voltage and little 
variance under sudden load changes. The suggested control method is effective on a standalone 
PV device with lithium battery as backup and supercapacitors. 
 
5. Reference 
[1]. Mokhtar Bin Hashim, July, 2013, Optimization of Stand-Alone Photovoltaic System by 

Implementing Fuzzy Logic MPPT Controller, Faculty of Electrical and Electronic 
Engineering Universiti Tun Hussein Onn Malaysia. 

[2]. Sabah Benamane Siad. DC MicroGrids Control for renewable energy integration. 
Automatic. Université Paris-Saclay; Université d'Evry, 2019. English. ⟨NNT: 
2019SACLE006⟩. ⟨tel-02173724⟩ 

Study and Treat the Effect of Loads and Radiation Changes

825



  

 

[3]. T. N. Reddy, M. K. Mishra and S. Srinivas, "Grid interactive combined 
supercapacitor/battery energy storage system with power quality features," 2015 IEEE 
International Conference on Industrial Technology (ICIT), Seville, Spain, 2015, pp. 2600-
2605, doi: 10.1109/ICIT.2015.7125481. 

[4]. Brahmendra Kumar, G V & Kaliannan, Palanisamy & Sanjeevikumar, P. & Holm-Nielsen, 
Jens & Blaabjerg, F. (2020). Effective Management System for Solar PV Using Real-Time 
Data with Hybrid Energy Storage System. 10.3390/app10031108. 

[5]. S. Bhattacharyya and S. Samanta, "DC Link Voltage Control based Power Management 
Scheme for Standalone PV Systems," 2018 IEEE International Conference on Power 
Electronics, Drives and Energy Systems (PEDES), Chennai, India, 2018, pp. 1-5, doi: 
10.1109/PEDES.2018.8707904. 

[6]. X. Lin and Y. Lei, "Coordinated Control Strategies for SMES-Battery Hybrid Energy 
Storage Systems," in IEEE Access, vol. 5, pp. 23452-23465, 2017, doi: 
10.1109/ACCESS.2017.2761889. 

[7]. Chong, L. W., Wong, Y. W., Rajkumar, R. K., & Isa, D. (2017). Modelling and Simulation 
of Standalone PV Systems with Battery-supercapacitor Hybrid Energy Storage System for 
a Rural Household. Energy Procedia, 107, 232–236. doi:10.1016/j.egypro.2016.12.135 

[8]. M. Gaetani-Liseo, C. Alonso and B. Jammes, "Impacts of supercapacitors on battery 
lifetime in hybrid energy storage system in building integrated photovoltaic DC micro-
grid," 2018 7th International Conference on Renewable Energy Research and Applications 
(ICRERA), Paris, France, 2018, pp. 1247-1252, doi: 10.1109/ICRERA.2018.8566967. 

[9]. Şahin, Mustafa E.; Blaabjerg, Frede. 2020. "A Hybrid PV-Battery/Supercapacitor System 
and a Basic Active Power Control Proposal in MATLAB/Simulink" Electronics 9, no. 1: 
129. https://doi.org/10.3390/electronics9010129 

[10]. Faisal, Mohammad & Hannan, M. A. & Ker, Pin Jern & Hussain, Aini & Mansor, 
Muhamad & Blaabjerg, F. (2018). Review of Energy Storage System Technologies in 
Microgrid Applications: Issues and Challenges. IEEE Access. PP. 1-1. 
10.1109/ACCESS.2018.2841407. 

[11]. S. Sinha, A. K. Sinha and P. Bajpai, "Solar PV fed standalone DC microgrid with hybrid 
energy storage system," 2017 6th International Conference on Computer Applications In 
Electrical Engineering-Recent Advances (CERA), Roorkee, India, 2017, pp. 31-36, doi: 
10.1109/CERA.2017.8343296. 

[12]. S. Husain and N. A. Shrivastava, "Stand-Alone Hybrid Renewable Energy System: 
Optimization and Sensitivity Analysis," 2020 International Conference on Electrical and 
Electronics Engineering (ICE3), Gorakhpur, India, 2020, pp. 717-722, doi: 
10.1109/ICE348803.2020.9122956. 

[13]. K. Javed, H. Ashfaq and R. Singh, "Application of Supercapacitor as Hybrid Energy 
Storage Device in Stand-alone PV System," 2019 International Conference on Power 
Electronics, Control and Automation (ICPECA), New Delhi, India, 2019, pp. 1-4, doi: 
10.1109/ICPECA47973.2019.8975650. 

[14]. X. Li, Q. Zhou, Y. Qiu and Y. Hou, "Capacity Configuration Method of Hybrid Energy 
Storage System for Stand-Alone Photovoltaic Generation System," 2019 IEEE 3rd 
Advanced Information Management, Communicates, Electronic and Automation Control 
Conference (IMCEC), Chongqing, China, 2019, pp. 1704-1709, doi: 
10.1109/IMCEC46724.2019.8984110. 

[15]. M. E. Glavin, P. K. W. Chan, S. Armstrong and W. G. Hurley, "A stand-alone photovoltaic 
supercapacitor battery hybrid energy storage system," 2008 13th International Power 
Electronics and Motion Control Conference, Poznan, Poland, 2008, pp. 1688-1695, doi: 
10.1109/EPEPEMC.2008.4635510. 

[16]. Duncan, D., Zungeru, A. M., Mangwala, M., Diarra, B., Mtengi, B., Semong, T., & Chuma, 
J. M. (2020). Power-Efficient Hybrid Energy Storage System for Seismic Nodes. Journal 
of Engineering (United States), 2020(3652848), [3652848]. 

Ali Gaeed Seger, et al.

826

https://doi.org/10.3390/electronics9010129


  

 

[17]. H. Chiu and L. Lin, "A bidirectional DC–DC converter for fuel cell electric vehicle driving 
system," in IEEE Transactions on Power Electronics, vol. 21, no. 4, pp. 950-958, July 
2006, doi: 10.1109/TPEL.2006.876863. 

[18]. T. N. Reddy, M. K. Mishra and S. Srinivas, "Grid interactive combined 
supercapacitor/battery energy storage system with power quality features," 2015 IEEE 
International Conference on Industrial Technology (ICIT), Seville, Spain, 2015, pp. 2600-
2605, doi: 10.1109/ICIT.2015.7125481. 

[19]. Haidl, P.; Buchroithner, A.; Schweighofer, B.; Bader, M.; Wegleiter, H. Lifetime Analysis 
of Energy Storage Systems for Sustainable Transportation. Sustainability 2019, 11, 6731. 

[20]. Ortiz, L., Gutiérrez, L. B., González, J. W., & Águila, A. (2020). A novel strategy for 
dynamic identification in AC/DC microgrids based on ARX and Petri Nets. Heliyon, 6(3), 
e03559. 

[21]. F. Nadeem, S. M. S. Hussain, P. K. Tiwari, A. K. Goswami and T. S. Ustun, "Comparative 
Review of Energy Storage Systems, Their Roles, and Impacts on Future Power Systems," 
in IEEE Access, vol. 7, pp. 4555-4585, 2019 

[22]. JM, K., S, S. M., Ahamed, T. P. I., & Shafeeque, M. (2019). Design and Simulation of 
Stand-alone DC Microgrid with Energy Storage System. 2019 IEEE International 
Conference on Intelligent Techniques in Control, Optimization and Signal Processing 
(INCOS). doi:10.1109/incos45849.2019.8951384  

[23]. Khalid, M. A Review on the Selected Applications of Battery-Supercapacitor Hybrid 
Energy Storage Systems for Microgrids. Energies 2019, 12, 4559. 

[24]. Xun, Q., Liu, Y., & Zhao, N. (2020). Energy Efficiency Comparison of Hybrid Powertrain 
Systems for Fuel-Cell-Based Electric Vehicles. 2020 IEEE Transportation Electrification 
Conference & Expo (ITEC). doi:10.1109/itec48692.2020.9161586  

[25]. Subhashree Choudhury, Department of EEE, Siksha 'O' Anusandhan (Deemed to Be 
University), Bhubaneswar, India. A comprehensive review on issues, investigations, 
control and protection trends, technical challenges and future directions for Microgrid 
technology, 29 April 2020, https://doi.  

 
 
 

Ali Gaeed Seger was born as a feast of sugar in Babylon. Iraq in 1993. 
Degree in Electrical Engineering, MSc. Degree in Electrical Engineering 
from Imam Reza International University, Iran in 2021. He has been 
working in the Iraqi Ministry of Electricity since 2016 as an electrical 
engineer His research interests and publications include clean energy, 
electrical power plants, optoelectronic devices, and wind turbines. 
Hydroelectric stations, and solar cells. 
 

 
 

Saeed Khosroabadi was born in Mashhad, Iran, in 1982. He received the 
B.Sc. degree in Electrical Engineering, the M.Sc. degree in Electrical 
Engineering from Shiraz University of Technology, Iran in 2008 and the 
Ph.D. degree in Electrical Engineering from Ferdowsi University of 
Mashhad, Iran, in 2014, respectively. Since 2014, he has been an Assistant 
Professor with the Department of Electrical Engineering in Imam Reza 
International University, Mashhad, Iran. His research interests and 
publications include Semiconductor Devices, Optoelectronic Devices, 
MEMS, Photonic Crystal and Solar cells. 

 
 

Study and Treat the Effect of Loads and Radiation Changes

827




