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Abstract- The demand for electrical power is increasing daily, which is supplied by fossil fuels, resulting in huge carbon 
emissions in the atmosphere. This leads electrical engineers to generate power using renewable energy sources. This 
paper is aimed at the simulation and development of a Solar PV system which is able to fulfil the power demand in 
isolated locations or a standalone condition. The system consists of various components like PV solar panel, DC-DC 
converter (Step up converter), and Battery storage System connected to the load. The control of the input loop of the 
solar PV system is shown with the help of a PI controller for maintaining the DC link constant irrespective of changes 
in the input side and output side parameters, resulting in a constant output. The Battery storage System is intended 
to make up for the deficiencies in the solar and provide uninterrupted power to the end user. The simulations are 
performed in the MATLAB/SIMULINK software. 
Keywords- BESS, DC-LINK, Renewable Energy Sources, and PVECS. 
 
I.INTRODUCTION 
The term grid is used for an electricity system that may support all or some of the following four 
operations: electricity generation, electricity transmission, electricity distribution, and electricity control 
[1]. The conventional grid distributes massive amounts of electricity generated by large power generation 
stations, mostly from fossil fuels, to remotely located load centres. Presently, the grid is facing security 
issues, a finite supply of fossil fuels, the increasing difficulty of extracting fuels, and unstable fuel prices 
have caused international concerns threatening the world economy [2],[3]. Using alternative energy 
sources to decentralise the production of electricity can help with some of these issues [4]. Consequently, 
there is a growing emphasis on exploring alternative energy sources that can supply communities with 
sustainable and reliable electricity [5]. Renewable energy sources proliferate on and off the grid as electrical 
power sources. Unpredictability in the power supply is a significant issue for off-grid standalone renewable 
energy systems (RES). This issue is addressed by solar/wind energy systems, which offer improved power 
reliability, better system efficiency, and less energy storage needed for standalone applications. 
Renewable energy technology has become the most demanded energy resource due to its sustainability 
and environmentally friendly energy [6],[7]. In addition, renewable technologies are being developed, 
which are a cost-effective and attractive supply for electricity generation [8],[9]. Among the many 
renewable energy resources is solar energy application technology has come to the forefront, which has a 
vast deployment and installation worldwide [10]. Therefore, it is essential to depend more on the systems 
of solar energy technology, which is abundant, sustainable and renewable, due to the significant energy 
needs of the world [1,11]. Since progress has increased significantly in the past few decades, solar 
photovoltaic technology has become possible in meeting all of the world's energy needs [12], [13], [14]. 
Energy storage captures energy produced in a given period for usage at another time; hence, it reduces 
fluctuations between energy production and energy demand [15]. Energy shortages mostly occur due to 
fluctuations in weather conditions, which greatly influence the amount of energy produced. Although 
they result in financial losses, excess and shortage cases are interpreted as losses [16]. Energy storage 
systems are frequently presented as a practical economic solution to reduce losses and prevent the 
limitation of the generated electricity if it is not required. It can simultaneously increase the building's 
resilience while reducing energy losses [16],[17]. 
Batteries are key for photovoltaic systems that provide a steady and dependable power source and are used 
as an energy supply during night or cloudy days [18], [19], [20]. Battery lifespan, attainable power, 
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maintenance requirements and efficiency are essential battery characteristics that influence the operation 
and performance of a solar system [15,21]. An optimum battery has affordable prices, great effectiveness, 
a high density of energy, and the capacity to be discharged and charged indefinitely under arbitrary 
charging and discharge cycles [21]. Many papers have attempted to study various perspectives of solar PV 
with battery systems and explained the most effective solar photovoltaic (PV) system designs for energy 
storage systems incorporating batteries.  
The performance of a photovoltaic system is often influenced by incident irradiance in the plane of the 
solar panels, incident light spectrum and solar cell temperature. Consequently, system performance alters 
according to the time of day, solar insolation, direction and tilt of the modules, cloud cover, soiling, 
shading, temperature, state of charge, day of the year and location. 
The following describes the format of this document. The overview of PVECS (Photo Voltaic Energy 
Conversion System) is covered in Section II. Section III provides a detailed description of the battery 
storage system. Section IV describes the hybrid integration of PVECS and battery energy storage systems. 
The simulation studies that were steered to scrutinise the performance of solar PV systems in Section V. 
A thorough examination of the findings is provided in Section VI, highlighting their importance. A 
summary of the key points is provided at the end of Section VII. 
II. PVEC Systems 
Solar energy is directly converted into electrical power by photovoltaic cells. As seen in Figure 1 [19], a 
current source (IL) connected in parallel with a diode, series resistance, and shunt leakage resistance can 
be used to replicate a single PV cell.  

  
Figure 1. Single diode prototypical of a PV cell 
Equation (1) represents the current-voltage characteristic, 

𝐼 = 𝐼𝐿 − 𝐼𝑂 (𝑒
𝑞(𝑉−𝐼𝑅𝑆)

𝐴𝑘𝑇 − 1) −
𝑉 − 𝐼𝑅𝑆

𝑅𝑆𝐻
   (1) 

Where I and V stand for the solar cell's output current and voltage, respectively.  
It is composed of the following: absolute temperature (T), diode quality (ideality) factor (A), electron 
charge (q), saturation current, Boltzmann constant (k), and solar cell series (RS) and shunt resistances 
(RSH). 
The use of Solar PV technology is widespread today. The performance of all solar panels depends on two 
key atmospheric parameters: Temperature and solar irradiation. The I-V and P-V characteristics of the 
solar array are shown in Figure 2, which assumes a constant temperature of 25°C and different solar 
irradiances of 1000 W/m2, 750 W/m2, 500 W/m2 and 250 W/m2. As irradiance increases, the current 
across the panel rises significantly, with minimal change in voltage, leading to an increase in power output. 
Therefore, higher solar irradiation results in greater power generation.  

 
Figure 2. I-V curves at various levels of irradiance. 
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III. Battery Energy Storage Systems 
Battery energy storage systems (BESS) are vital components in modern power systems, enabling efficient 
energy management, reliability, and grid stability. They store electrical energy chemically and release it 
when required, allowing better integration of renewable energy sources, peak load shaving, and backup 
power supply. The integration of BSS with power electronic converters, especially bidirectional DC-DC 
converters, allows seamless energy flow control between the source and load in both charging and 
discharging modes. Bidirectional DC-DC converters provide the flexibility to handle such energy exchange 
with high efficiency and control. Their applications are widespread in electric vehicles (EVs), solar 
photovoltaic (PV) systems, uninterruptible power supplies (UPS), and smart microgrids. 
Converter Topology And Operation 
The converter topology usually involves a non-isolated half-bridge structure with two MOSFETs/IGBTs, 
an inductor, and passive filtering elements. The two modes of operation are buck mode and boost mode. 
A. Buck Mode (Battery Charging) 
When the input voltage exceeds the battery voltage, the converter operates in buck mode. The high-side 
switch is modulated using PWM, and the inductor current charges the battery. 

𝑣𝑜𝑢𝑡 = 𝐷 ∗ 𝑣𝑖𝑛 

∆𝐼𝐿 =
(𝑣𝑖𝑛 − 𝑣𝑏𝑎𝑡) ∗ 𝐷 ∗ 𝑇

𝐿
 

B. Boost Mode (Battery Discharging) 
When supplying power to a higher-voltage DC bus, the converter steps up the battery voltage through 
controlled switching of the low-side MOSFET, thereby pushing energy to the load. 

𝑣𝑜𝑢𝑡 =
𝑣𝑏𝑎𝑡

1 − 𝐷
 

∆𝐼𝐿 =
𝑣𝑏𝑎𝑡 ∗ 𝐷 ∗ 𝑇

𝐿
 

IV. Integration Of PVECS And BESS 
The model illustrates a hybrid DC microgrid that combines a photovoltaic (PV) system and a battery with 
bidirectional power flow, shown in Figure 3. It includes a PV array, an MPPT-controlled DC–DC boost 
converter, a DC-link, a load, and a bidirectional DC–DC converter linking the battery. The control 
strategy ensures efficient use of solar energy, stabilizes the DC bus voltage, and guarantees safe battery 
operation. 

 
Figure 3. Integration Of PVECS And BESS. 
a) PV Source and MPPT Control 
The PV array model receives irradiance (W/m²) and temperature (°C) as inputs, producing corresponding 
PV voltage and current. An MPPT controller processes these outputs to determine the optimal operating 
point of the PV system. The MPPT generates a duty cycle command for the DC–DC boost converter to 
extract maximum power from the PV source under varying environmental conditions. 
b) DC–DC Boost Converter 
The boost converter raises the PV voltage to the DC bus voltage level. The MPPT output controls the 
PWM duty cycle to ensure efficient power transfer. A DC link capacitor is used to stabilise voltage and 
reduce ripple at the common bus. 
c) Bidirectional DC–DC Converter and Battery 
The bidirectional converter interfaces the battery with the DC bus, operating in two modes: (i) buck mode 
to charge the battery when PV generation exceeds load demand, and (ii) boost mode to discharge the 
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battery when PV generation is insufficient. The battery control subsystem regulates the DC bus voltage 
via an outer voltage loop and controls battery current via an inner current loop. This ensures fast response 
and safe charging/discharging within specified limits. 
The control system regulates the DC-link voltage of a microgrid using a two-loop PI controller structure 
for a bidirectional DC–DC converter connected to a battery. The architecture ensures fast dynamic 
response while maintaining safe battery operation during charging and discharging. 
1. Outer Voltage Control Loop 
The outer loop maintains the DC-link voltage (VDC) at its reference (VDC_ref). The measured voltage VDC is 
subtracted from VDC_ref to obtain the voltage error. A proportional–integral (PI) controller processes this 
error to produce a reference current (Iref), which represents the desired net current to or from the battery 
to restore the DC-link voltage. 
2. Inner Current Control Loop 
The inner loop regulates the battery current to follow Ibref. The measured battery current (IBat) is subtracted 
from Ibref to obtain the current error. A PI controller processes this error to determine the duty ratio (D) 
command for the converter. 
3. PWM Generation and Switching 
The duty ratio command is converted into gate signals for the high-side and low-side switches of the 
converter. The high-side gate signal is output as Q1_Bat, and its logical inverse is used for the low-side 
switch (Q2_Bat). 
d) DC link and Load 
The DC link acts as the central connection point between the PV source, the battery, and the load. It is 
monitored for voltage and current to maintain stability. The load, modelled as a resistive element, draws 
power directly from the DC link, supplied by either PV, battery, or both. 
e) System Operation 
Under high irradiance, PV meets the load demand and charges the battery. During low irradiance or high 
load conditions, the battery discharges to maintain the DC link voltage. This coordinated control ensures 
a continuous power supply, optimal PV utilisation, and battery health preservation. 
V. Simulation Circuits And Waveforms 

 
Figure 4. MATLAB/Simulink model Integration of PVECS and BESS. 
A hybrid DC microgrid with bidirectional power flow that integrates a photovoltaic (PV) system and 
battery is shown in Figure 4. The usual assessment situations of irradiance 1000 W/m2 and temperature 
25 °C are used to simulate the solar panel input of the recommended specifications. Tables 2 display the 
implemented circuit's specifics.  
The Simulink model represents a solar PV system integrated with an MPPT-controlled DC-DC boost 
converter and a bidirectional battery interface for efficient energy management. The MPPT algorithm 
ensures maximum power extraction from the PV array, while the boost converter regulates the DC link 
voltage. A bidirectional DC-DC converter manages charging and discharging of the battery, thereby 
maintaining power balance and ensuring an uninterrupted supply to the load. This configuration 
demonstrates effective integration of renewable generation with storage, making the system reliable and 
suitable for standalone and microgrid applications. 
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Table 1 Specifications of the PV System. 
Component Specification 
PV Array 
Maximum Power (W) 248.97 
Cells per module (N) 60 
Open circuit voltage Voc 
(V) 

38.4 

Short-circuit current Isc (A) 8.85 
voltage at maximum power 
point Vmp (V) 

30.7 

Current at maximum 
power point Imp (A) 

8.11 

Parallel strings 3 
Series-connected modules 
per string 

2 

Boost Converter 
Inductor (µH) L1 = 225 
Capacitor (µF) CL = 20  
Switching frequency 30khz 
DC LINK voltage  120v 

 

 
Figure 5: DC link voltage 
VI. Significance And Discussion 
Analysis of integration of PVECS and BESS involves evaluating various aspects of energy generation, 
storage and utilisation. The integration is carried out in MATLAB/SIMULINK. The PVECS and 
bidirectional converters with a battery are connected through a DC link shown in Figure 5. The DC link 
voltage is maintained constant as shown in Figure 5. The DC link connects the PVECS and BESS to the 
load. The designed system is off 4.5 kW PV and 2kw BESS supplying a load of 4 kW.  
The integration system shown in Figure 4 is made to run for 1.8 seconds while continuously observing 
the system parameters. From Figure 6, it is shown that from 0-1 second, the PVECS provides power to 
the load, and the battery is charging as shown in the figure. From 1-1.8 seconds, it is seen that the 
irradiance is reduced, resulting in a reduction in power generation.  The DC link draws the power from 
the battery, and thus, the load gets power continuously without any interruption. Table 2 shows a 
summary of various sources that provide power to the load. 

 
Figure 6: Waveforms of Total load power supplied from PVECS and BESS.  
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Table 2. Summary of different sources  
Source 
Type 
 

Source 
Capacity 

0-1S 1-1.8S Load 
Type 

PVECS 4KW 4KW 2KW R 
BESS 2KW 0 2KW R 

 
VII. CONCLUSION 
The developed Simulink model successfully demonstrates the integration of a photovoltaic (PV) system 
with a bidirectional DC-DC converter and a battery storage unit for efficient energy management. The 
Maximum Power Point Tracking (MPPT) algorithm ensures that the PV array consistently operates at its 
optimum power point, thereby maximising the energy harvested from solar irradiance. The bidirectional 
converter efficiently manages the charging and discharging of the battery, enabling stable operation under 
varying load and generation conditions. Simulation results validate that the system can regulate the DC 
bus voltage, supply uninterrupted power to the load, and store excess energy in the battery during surplus 
generation. During low or no solar input, the battery discharges to support the load, ensuring reliability 
and continuity of supply. This confirms the effectiveness of the proposed system for renewable energy 
integration, highlighting its capability for microgrid and standalone applications. 
The proposed PV–battery system with MPPT and bidirectional DC-DC converters can be further 
enhanced through advanced control strategies such as fuzzy logic or AI-based algorithms to improve 
efficiency and dynamic response. Future work may include extending the system for grid-connected 
operation to enable bidirectional power exchange. Integration with additional renewable sources can 
develop a hybrid energy system, while hardware implementation and real-time validation will ensure 
practical feasibility. Optimising converter design for higher efficiency and reliability will make the system 
more suitable for smart grid and standalone applications. 
 
REFERENCES 
[1] S. N. Soheli, G. Sarowar, M. A. Hoque and M. S. Hasan, "Design and Analysis of a DC-DC Buck-Boost Converter to 
Achieve High Efficiency and Low Voltage Gain by using Buck-Boost Topology into Buck Topology," 2018 International 
Conference on Advancement in Electrical and Electronic Engineering (ICAEEE), Gazipur, Bangladesh, 2018, pp. 1-4, doi: 
10.1109/ICAEEE.2018.8643001. 
[2] M. S. Khan, S. S. Nag, A. Das and C. Yoon, "A Novel Buck-Boost Type DC-DC Converter Topology for Electric 
Vehicle Applications," 2021 IEEE Energy Conversion Congress and Exposition (ECCE), Vancouver, BC, Canada, 2021, pp. 
1534-1539, doi: 10.1109/ECCE47101.2021.9595048. 
[3] B. R. Kiran and G. A. Ezhilarasi, "Design and analysis of soft-switched Buck-Boost Converter for PV applications," 
2015 Annual IEEE India Conference (INDICON), New Delhi, India, 2015, pp. 1-5, doi: 10.1109/INDICON.2015.7443509. 
[4] Rodrigues Vaz and F. Lessa Tofoli, "Detailed design procedure of a DC-DC buck-boost converter employing a passive 
snubber," 2017 Brazilian Power Electronics Conference (COBEP), Juiz de Fora, Brazil, 2017, pp. 1-6, doi: 
10.1109/COBEP.2017.8257224. 
[5] Ministry of New and Renewable Energy. 
[6] Viswanatha, V. and Reddy, R.V.S., 2016, October. Modeling, simulation and analysis of noninverting buck-boost 
converter using PSIM. In 2016 International Conference on Circuits, Controls, Communications and Computing (I4C) (pp. 1-
5). IEEE. 
[7] K. A. Ogudo and P. Umenne, "Design of a PV-Based Power Supply with a Noninverting Buck-Boost Converter," 2019 
IEEE PES/IAS Power Africa, Abuja, Nigeria, 2019, pp. 545-549, doi: 10.1109/PowerAfrica.2019.8928656.  
[8] M. W. Altaf, M. T. Arif, S. N. Islam and M. E. Haque, "Microgrid Protection Challenges and Mitigation Approaches–
A Comprehensive Review," in IEEE Access, vol. 10, pp. 38895-38922, 2022, doi: 10.1109/ACCESS.2022.3165011. 
[9] M. M. R. Ahmed et al., "Mitigating Uncertainty Problems of Renewable Energy Resources Through Efficient 
Integration of Hybrid Solar PV/Wind Systems Into Power Networks," in IEEE Access, vol. 12, pp. 30311-30328, 2024, doi: 
10.1109/ACCESS.2024.3370163. 
[10] Z. Wang et al., "Study on the Optimal Configuration of a Wind-Solar-Battery-Fuel Cell System Based on a Regional 
Power Supply," in IEEE Access, vol. 9, pp. 47056-47068, 2021, doi: 10.1109/ACCESS.2021.3064888. 
[11] F. F. Fadoul, A. A. Hassan and R. Çağ lar, "Assessing the Feasibility of Integrating Renewable Energy: Decision Tree 
Analysis for Parameter Evaluation and LSTM Forecasting for Solar and Wind Power Generation in a Campus Microgrid," 
in IEEE Access, vol. 11, pp. 124690-124708, 2023, doi: 10.1109/ACCESS.2023.3328336. 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 4, 2025 
https://theaspd.com/index.php 
 

2342 
 

[12] K. Strunz, E. Abbasi and D. N. Huu, "DC Microgrid for Wind and Solar Power Integration," in IEEE Journal of Emerging 
and Selected Topics in Power Electronics, vol. 2, no. 1, pp. 115-126, March 2014, doi: 10.1109/JESTPE.2013.2294738. 
[13] M. Marinelli, P. Maule, A. N. Hahmann, O. Gehrke, P. B. Nørgrd and N. A. Cutululis, "Wind and Photovoltaic Large-
Scale Regional Models for Hourly Production Evaluation," in IEEE Transactions on Sustainable Energy, vol. 6, no. 3, pp. 916-923, 
July 2015, doi: 10.1109/TSTE.2014.2347591. 
[14] I. Akhtar, S. Kirmani and M. Jameel, "Reliability Assessment of Power System Considering the Impact of Renewable 
Energy Sources Integration Into Grid With Advanced Intelligent Strategies," in IEEE Access, vol. 9, pp. 32485-32497, 2021, doi: 
10.1109/ACCESS.2021.3060892. 
[15] T. Xu and N. Zhang, "Coordinated Operation of Concentrated Solar Power and Wind Resources for the Provision of 
Energy and Reserve Services," in IEEE Transactions on Power Systems, vol. 32, no. 2, pp. 1260-1271, March 2017, doi: 
10.1109/TPWRS.2016.2571561. 
[16] M. Alraddadi, A. J. Conejo and R. M. Lima, "Expansion Planning for Renewable Integration in Power System of 
Regions with Very High Solar Irradiation," in Journal of Modern Power Systems and Clean Energy, vol. 9, no. 3, pp. 485-494, May 
2021, doi: 10.35833/MPCE.2019.000112. 
[17] F. Mohamad, J. Teh and H. Abunima, "Multi-Objective Optimization of Solar/Wind Penetration in Power Generation 
Systems," in IEEE Access, vol. 7, pp. 169094-169106, 2019, doi: 10.1109/ACCESS.2019.2955112. 
[18] D. A. Halamay, T. K. A. Brekken, A. Simmons and S. McArthur, "Reserve Requirement Impacts of Large-Scale 
Integration of Wind, Solar, and Ocean Wave Power Generation," in IEEE Transactions on Sustainable Energy, vol. 2, no. 3, pp. 
321-328, July 2011, doi: 10.1109/TSTE.2011.2114902. 
[19] D. Vijay M., B. Singh and G. Bhuvaneswari, "Sensorless SynRG Based Variable Speed Wind Generator and Single-
Stage Solar PV Array Integrated Grid System With Maximum Power Extraction Capability," in IEEE Transactions on Industrial 
Electronics, vol. 67, no. 9, pp. 7529-7539, Sept. 2020, doi: 10.1109/TIE.2019.2942511. 
[20] P. Singh, A. U. Ahmad and K. Sahay, "Sliding Mode Control for DC Microgrid Powered by Solar PV, Fuel Cell and 
Energy Storage System with Pulsating Loads," 2024 IEEE Third International Conference on Power Electronics, Intelligent Control and 
Energy Systems (ICPEICES), Delhi, India, 2024, pp. 583-588, doi: 10.1109/ICPEICES62430.2024.10719183. 
[21] M. J. Angelin and R. Geetha, "Increasing the Power in Photovoltaic Systems using a Floating PV System compared 
with a Rooftop PV System by Limiting the Temperature Loss," 2023 6th International Conference on Contemporary Computing and 
Informatics (IC3I), Gautam Buddha Nagar, India, 2023, pp. 1506-1510, doi: 10.1109/IC3I59117.2023.10398137. 
[22] R.Senthamil Selvan,VANET Smart Security System for Intrusions Utilizing Artificial Intelligence and Deep Learning” 
by Journal of Theoretical and Applied Information Technology, ISSN: 1992-8645, E-ISSN: 1817-3195, 15th June 2025. Vol.103. 
No.11 (Scopus) 
[23] R.Senthamil Selvan “Application of GPU Embedded Systems for Medical Image Analysis:BrainTumor Segmentation” 
by International Journal of Environmental Sciences, ISSN: 2229-7359, Vol. 11 No. 2, 2025(Scopus) 
[24] R.Senthamil Selvan “Integration of AI Algorithms into Embedded Systems” by International Journal of Environmental 
Sciences, ISSN: 2229-7359, Vol. 11 No. 2, 2025 
[25] R.Senthamil Selvan, Machine Learning-Based Lifespan Prediction Modelling for Electric Submersible Pumps in Oil 
Wells” by 2024 Second International Conference Computational and Characterization Techniques in Engineering & Sciences 
(IC3TES), 15-16 November 2024,ISSN:0018-9219,E-ISSN:1558-2256, 17 February 2025, DOI: 
10.1109/IC3TES62412.2024.10877544 
 
. 
 


