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Abstract— This study examines the simulation of charge and 

discharge modes of lithium-ion batteries in a distributed 

photovoltaic system using MATLAB/ Simulink modeling. The 

objective is to analyze the integration of solar panels with 

battery-based energy storage systems to optimize performance 

and efficiency. The methodology involves mathematical 

modeling of photovoltaic cells based on p-n junctions, with key 

parameters such as temperature (15–30°C) and irradiance (1000 

W/m²), along with the design of a Solar Charge Controller (SCC) 

to regulate energy flow. Simulations were conducted on four 150 

W photovoltaic panels under varying environmental conditions, 

integrated with parallel-connected 12 V 250 Ah batteries. 

Results show a system efficiency of 87% at 25°C and 1000 W/m² 

irradiance, with panel output voltages aligning with 

mathematical equations (0.15 A error). Discharge mode 

analysis, accounting for system losses (inverter 5%, SCC 3%, 

wiring 2%), confirms the battery can supply a 5 Ω load for 

approximately 2.00 hours at 45% State of Charge (SOC), 

representing a 9.5% reduction from the ideal calculation. 

Simulations also compare SCC performance using DC and 

photovoltaic sources, demonstrating consistency in energy flow 

regulation. Validation results indicate the Simulink model’s 

accuracy in representing real-world characteristics, though 

MATLAB code simulations exhibit higher precision. The study 

highlights the importance of SCC control and SOC management 

to enhance battery lifespan and stability in renewable hybrid 

energy systems. Implications include potential applications. 

Keywords— Charge-Discharge, Lithium-Ion Battery, 

Photovoltaic, Renewable Energy, Simulink. 

I. INTRODUCTION 

Renewable energy sources (RES), including solar, wind, 

hydro, geothermal, and biomass, offer abundant and 

geographically distributed potential [1], [2]. However, their 

integration into global electricity systems faces significant 

technical and economic challenges. Conventional power 

generation systems [3] exhibit declining operational 

efficiency and rising costs when retrofitted with advanced 

monitoring and control infrastructure. Consequently, hybrid 

renewable energy systems (HRES) have gained considerable 

research attention. Recent studies [4], [5], [6] have developed 

mathematical models of photovoltaic panels, battery storage, 

and power converters, validated through Matlab/Simulink 

simulations that closely replicate real-world system behavior.  

Rechargeable batteries are fundamental electrochemical 

devices, transforming electrical energy into chemical energy 

during charging and vice versa during discharge [7]. These 

devices play a significant role in the future technological 

landscape, particularly as potential energy storage elements 

in various green technology applications [8], [9]. Batteries are 

an indispensable component in crucial systems such as 
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electric vehicles (EVs), hybrid electric vehicles (HEVs), solar 

energy systems, and smart grid systems [10], [11]. Lithium-

ion batteries are widely preferred due to their rechargeability 

and superior energy-to-power ratio compared to other lead-

acid and nickel-metal hydride batteries [12], [13]. In 

designing systems involving batteries, a thorough 

understanding of their behavior is essential for predicting 

performance [14] and optimizing energy dissipation [15]. 

Therefore, information related to the charging and 

discharging processes of lithium-ion batteries is a crucial 

factor in circuit design to achieve high performance and 

power efficiency. Various parameters related to battery 

behavior, including State of Charge (SOC), play a crucial 

role. Battery SOC information provides an indication of 

charge/discharge control, making accurate SOC 

determination crucial in any battery-based storage system 

[16], [17], [18]. 

The percentage of remaining energy capacity in a battery 

relative to its maximum capacity serves as an indicator of 

available power. One common method for estimating SOC is 

Coulomb Counting (CC), which calculates the charge by 

integrating the current entering/leaving the battery over time. 

While simple and easy to implement, this method is 

susceptible to accumulated errors due to sensor inaccuracies, 

charging efficiency, or external factors such as temperature 

[17], [19]. Therefore, it is often combined with voltage 

calibration or advanced models to improve accuracy in 

battery management systems. Technological innovation 

focused on the development of renewable energy is crucial 

for creating a more reliable, efficient, and environmentally 

friendly energy system [20]. This study aims to examine the 

implementation of battery development technology that has 

enabled the modeling of photovoltaic systems integrated with 

lithium-ion batteries for charge-discharge simulations using 

MATLAB [21].  

Critical simulations in Simulink and MATLAB code were 

performed to test various architectures' internal behavior. 

Finally, these simulations were translated into a physical 

system, testing each component and behavior [22]. The main 

result was that the Simulink simulations had lower precision 

than those performed in Matlab code, while the results 

obtained were nearly identical to those found in real systems 

[23]. An electrical equivalent circuit model of a lithium-ion 

cell demonstrated the model's suitability for effective 

monitoring of SOC and battery health [24].  

Furthermore, a Simulink model based on the equivalent 

circuit was developed. Recent advancements in battery 

technology have sustained the demand for electricity 

generation, while remote regions continue to face restricted 

access due to their distance from power generation facilities 

[25]. The ongoing dependence on traditional energy sources, 

especially those derived from fossil fuel burning, has 

multifaceted ramifications that include environmental, 

economic, and geopolitical dimensions [26], [27], [28], [29]. 

The finite nature of fossil reserves and their environmental 

externalities necessitate renewable energy adoption. Unlike 

fossil fuels, renewable energy sources (RES) are 

geographically widespread and essentially inexhaustible [30], 

[31], [32].  

However, conventional power generation systems face 

persistent challenges in operational efficiency and long-term 

performance when integrated with complex embedded 

components [33]. An electrical equivalent circuit model of a 

lithium-ion cell illustrated the model's efficacy for proficient 

monitoring of state of charge and battery health. Additionally, 

a Simulink model based on the comparable circuit was 

created.  

While previous studies have explored various aspects of 

PV-battery systems, this work uniquely focuses on distributed 

small-scale systems (600 W) with detailed Solar Charge 

Controller (SCC) logic and comparative analysis between 

Simulink and Matlab code implementations. This study aims 

to examine the implementation of battery development 

technology that has enabled the modeling of photovoltaic 

systems integrated with lithium-ion batteries for charge-

discharge simulations using MATLAB/Simulink. The main 

contributions are:  

1. detailed modeling of a PI-controlled SCC for 

distributed PV battery systems,  

2. comprehensive loss analysis in system efficiency 

calculations, and  

3. quantitative comparison between Simulink and 

MATLAB implementations. 

II. RESEARCH METHODS 

Photovoltaic energy conversion is fundamentally based on 

p–n junction operation; however, detailed semiconductor 

physics is beyond the scope of this study. Accordingly, the 

photovoltaic module is modeled using a classical single-diode 

equivalent circuit, which offers a suitable trade-off between 

modeling accuracy and computational efficiency for system-

level simulations. The analyzed off-grid system has a total 

rated capacity of 600 W and integrates a DC–DC buck–boost 

converter acting as a Solar Charge Controller (SCC) to 

perform Maximum Power Point Tracking (MPPT) and 

regulate power flow between the photovoltaic array and the 

lithium-ion battery, as illustrated in Fig. 1. 

 
Fig. 1. Photovoltaic structure based on a p-n junction 

The energy conversion process commences when a photon 

of light impacts the photovoltaic surface. Adequate photon 

energy ionises semiconductor atoms, generating electron-

hole (e-h) pairs. The electric field in the Space Charge Layer 

(SCL) separates these pairs: electrons are directed towards the 

n-type layer, while holes move towards the p-type layer. This 

charge separation establishes a potential difference between 

the front contact (negative terminal) and the back contact 

(positive terminal). When both terminals are linked to an 

external load, electrons traverse from the n-type layer to the 

p-type layer via the external circuit, producing direct current. 
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The photovoltaic system is modeled using the single-diode 

equivalent circuit, which is widely accepted for its balance 

between accuracy and simplicity. The model consists of a 

current source, a diode, series resistance (Rs), and shunt 

resistance (Rsh). The output current is given by Equation (1) 

 

 

The photocurrent depends on irradiance and temperature 

using Equation (2) where 𝑉𝑡ℎ   =  𝑘𝑇/𝑞 is the thermal voltage, 

𝐼𝑝ℎ is the photocurrent, 𝐼0 is the diode saturation current, 𝑛 is 

the ideality factor, 𝑅𝑠 is the series resistance, and 𝑅𝑠ℎ is the 

shunt resistance. where 𝐼𝑠𝑐  is the short-circuit current at 

nominal conditions, 𝐾𝑖 is the temperature coefficient, 𝑇 is the 

operating temperature,  𝑇𝑛 =  298 𝑘 is the nominal 

temperature, 𝐺  is the irradiance, and 𝐺𝑛 = 1000 𝑊𝑚−2  is 

the nominal irradiance. 

The diode saturation current varies with temperature using 

Equation (3), where 𝐼𝑟𝑠  is the reverse saturation current at 

nominal conditions and 𝐸𝑔  is the bandgap energy of the 

semiconductor. The system configuration of four 150-watt 

panels (total 600 watts) was selected to represent typical 

residential installations in Indonesia, providing sufficient 

capacity for basic household loads while maintaining 

scalability for distributed applications. 

Photovoltaic efficiency is fundamentally governed by the 

material's optical absorption capacity and the suppression of 

electron-hole recombination within the space charge region. 

Consequently, optimizing the interface layer design and 

doping profiles is critical for maximizing charge carrier 

generation and collection. Furthermore, computational 

modeling of p-n junction characteristics using platforms such 

as MATLAB is frequently employed to predict system 

performance under dynamic environmental conditions, 

including variations in irradiance and temperature 

𝐼ph = [𝐼sc + 𝐾𝑖(𝑇 − 298)] ×
𝐼𝑟

1000
 

(4) 

𝐼 =
𝑉 + 𝐼 ⋅ 𝑅𝑠

𝑅sh

 
(5) 

 𝐼0 = 𝐼rs ⋅ (
𝑇

𝑇𝑛
)

3

⋅ exp (
𝑞⋅𝐸𝑔

𝑛⋅𝑘
(

1

𝑇𝑛
−

1

𝑇
))  

(6) 

𝐼 = 𝐼ph − 𝐼0 ⋅ (exp (
𝑞 ⋅ (𝑉 + 𝐼 ⋅ 𝑅𝑠)

𝑛 ⋅ 𝑘 ⋅ 𝑁𝑠 ⋅ 𝑇
) − 1)

−
𝑉 + 𝐼 ⋅ 𝑅𝑠

𝑅sh

 

(7) 

This study presents calculations from Equation (4) to 

Equation (7) to validate the simulation findings against the 

actual outcomes in the mathematical model computations. A 

parameter table is presented to facilitate the study of the 

acquired simulation results.  

Photovoltaic design in Simulink MATLAB that receives 

input in the form of temperature (T) and Irradiance (Ir) 

parameters. From the input given, it produces an output in the 

form of DC voltage that can be used for daily needs, or can 

be stored in a battery using a Solar Charge Controller (SCC).  

TABLE I. PARAMETERS FOR MATHEMATICAL MODELLING 

Abbr. Description Value Unit 

Iph Photo-current 8.21 A 

Isc Short Circuit Current 8.21 A 

Ki Short-circuit current temperature 

coefficient 

0.0032 A/K 

T Operating Temperature 298 (25°C) K 

Tn Nominal Temperature 298 K 

G Irradiance 1000 W/m² 

q Electron charge 1.602×10⁻¹⁹ C 

Voc Open Circuit Voltage 32.9 V 

n Ideality factor of the diode 1.3 - 

k Boltzmann constant 1.38×10⁻²³ J/K 

Eg0 Band gap energy of the semiconductor 1.1 eV 

Rs Series Resistance 0.221 Ω 

Rsh Shunt Resistance 415.405 Ω 

The system employs four photovoltaic panels, each rated at 

approximately 150 W, resulting in a total installed capacity of 

600 W. The operating temperature in the simulations is varied 

between 15°C and 30°C to reflect typical outdoor conditions 

in small-scale residential applications. This configuration is 

selected to represent a practical distributed PV system for off-

grid or weak-grid environments, where moderate power 

capacity is sufficient to supply basic household loads. 

The system model is implemented in MATLAB/ Simulink 

to describe the power flow during both charging and 

discharging operating modes. An ideal switch is employed in 

the simulation environment to explicitly isolate and analyze 

each operating mode under controlled conditions. While this 

switching approach simplifies real-world operational logic, it 

enables clear evaluation of controller behavior and energy 

flow within the PV–battery system. The selected system scale 

maintains relevance to residential applications while 

remaining scalable to higher capacity installations. 

In this work, the photovoltaic module is modeled using the 

classical single-diode equivalent circuit, consisting of a 

photocurrent source, a diode, a series resistance (Rs), and a 

shunt resistance (Rsh). The series resistance accounts for 

internal ohmic losses, while the shunt resistance represents 

leakage currents across the junction. This model is widely 

adopted in PV system studies due to its ability to capture 

nonlinear I–V characteristics with moderate computational 

complexity. 

 
Fig. 2. Research flow of photovoltaic design in Simulink 

𝐼  =  𝐼𝑝ℎ   −  𝐼0   [  exp (
𝑉  +  𝐼 𝑅𝑠

𝑛𝑉𝑡ℎ
)   −  1 ] −

𝑉 + 𝐼𝑅𝑠

𝑅𝑠ℎ
 

(1) 

  

𝐼𝑝ℎ = [𝐼𝑠𝑐 + 𝐾𝑖(𝑇 − 𝑇𝑛)]
𝐺

𝐺𝑛
 

(2) 

𝐼0 = 𝐼𝑟𝑠 (
𝑇

𝑇𝑛
)

3

exp [
𝑞𝐸𝑔

𝑛𝑘
(

1

𝑇𝑛
−

1

𝑇
)] 

(3) 
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The performance of the Solar Charge Controller (SCC) is 

evaluated using explicit quantitative criteria, including 

voltage regulation stability, current ripple characteristics, and 

consistency of power transfer under equivalent operating 

conditions, rather than voltage magnitude alone. These 

metrics enable a more rigorous assessment of controller 

behavior under photovoltaic input variations. 

The simulation model incorporates four photovoltaic 

panels configured to represent a small-scale residential 

distributed system, with each panel assumed to operate under 

independent irradiance and temperature conditions consistent 

with rooftop installation scenarios. To analyze battery 

discharge behavior under controlled conditions, a fixed 5 Ω 

resistive load is employed as a simplified benchmark. In 

practical residential applications, electrical loads are typically 

time-varying and nonlinear; therefore, the presented 

discharge results should be interpreted as indicative system-

level estimates rather than exhaustive representations of real 

household load profiles 

A systems approach is essential for the deployment of 

battery energy storage in renewable energy and grid 

applications. Photovoltaic charge controllers are essential for 

guaranteeing the dependability, optimal performance, and 

longevity of the installed system. This study developed 

battery controller designs featuring various power sources. 

Fig. 3 illustrates the configuration of a Solar Charge 

Controller (SCC) utilising a DC power supply. Fig. 4 

illustrates the design of an SCC powered by a photovoltaic 

module. The preliminary SCC design incorporates input from 

a DC power source, illustrated by a Simulink model diagram 

that represents an electrical circuit with several components, 

including a battery, resistors, inductors, capacitors, and 

switches. This diagram features blocks and connectors that 

illustrate the electrical components within the circuit. The DC 

voltage source is positioned on the left side of the diagram 

and is linked to the series RLC branch via an ideal switch. 

The series RLC circuit comprises a resistor, an inductor, and 

a capacitor arranged in series, linking the DC voltage source 

to the battery. Although Coulomb Counting is straightforward 

to implement, it is susceptible to accumulated integration 

error. In this study, SOC drift correction mechanisms are not 

implemented, and future work will focus on hybrid SOC 

estimation combining current integration with voltage-based 

or model-based correction. 

This design comprises multiple components and 

connections, including the temperature input linked to the 

Photovoltaic Module Block. This photovoltaic module is 

linked to the optimal current and switch sensor. The present 

sensor is linked to a series RLC circuit comprising resistors, 

inductors, and capacitors. The diagram additionally features 

multiple control blocks, including a PI controller, 

reinforcement blocks, and summation points. The optimal 

switch is regulated by the output of one of the proportional-

integral controllers. This circuit incorporates batteries 

denoted as "Battery 1," featuring multiple connections for 

voltage and control measures. This figure illustrates the 

interconnection of several electrical components and the 

methods employed for measuring current and voltage within 

the circuit.  

 
Fig. 3. Design of a solar charge controller utilising a DC source 

 

 
Fig. 4. Design of a solar charge controller utilising a photovoltaic source  

The ideal switch is used as a modeling abstraction to 
clearly separate charging and discharging modes. In practical 
implementations, mode transitions are governed by SOC 
thresholds, load demand, and protection constraints. 

III. RESULTS AND DISCUSSION 

The calculation and simulation results utilise Simulink 

with a temperature input parameter of 25 degrees Celsius and 

a radiation intensity of 1000 W/m², yielding a compatibility 

value that corresponds to an efficiency of 87 percent. The 

analysis of data from Equation 1 to Equation 7 demonstrates 

that the testing scope within this submodule has fulfilled the 

anticipated performance criteria. The reported efficiency of 

87% refers to the photovoltaic conversion efficiency at 25°C 

and 1000 W/m², calculated as the ratio between electrical 

output power and incident solar power on the panel surface. 

Overall system efficiency, including SCC and inverter losses, 

is treated separately in the discharge analysis. 

The simulation results indicate that the "PV Module2" 

block receives two primary inputs: temperature (T) and solar 

radiation intensity (IR). The environmental temperature is 

consistently maintained at 25 degrees Celsius, as indicated by 

the input block "25" linked to the 'T' port in the PV Module 

block. The solar radiation intensity received by the PV 

module is assumed to be 1000 W/m², connected to the 'IR' 

port. The two environmental parameters are critical factors 

that significantly influence the output performance of 

photovoltaic modules, including the generated voltage and 

current. Changes in temperature and radiation intensity will 

directly influence the electrical characteristics of the 

modelled photovoltaic module. 

This submodule test evaluates the compliance of the 

system with functional and performance specifications. To 

ensure rigorous assessment, the testing scope is divided into 

two primary stages: (1) verification of the outputs generated 

by each subsystem, and (2) validation of the simulation model 

against mathematical formulations, focusing on minimizing 

error margins in photovoltaic efficiency. Furthermore, given 

that the generated output is Direct Current (DC), the 

integration of an inverter is required to interface with 

Alternating Current (AC) loads. 
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Fig. 5.  Photovoltaic Modeling Simulink Design 

 

 

Fig. 6. Output results on modelling 1 Simulation results of the PV module 

characteristics at a constant temperature 

 

Fig. 7. Analysis of temperature effects on PV module performance under 

constant irradiance 

 

Fig. 8. Combined visualization of PV system efficiency as a function of 

irradiance and temperature. 

The simultaneous influence of irradiance and operating 

temperature on the PV system efficiency is visualized in Fig. 

8. The 3D surface plot reveals that efficiency is maximized 

under conditions of high photon flux and low thermal stress. 

Specifically, the contour analysis indicates a peak efficiency 

of approximately 37.1% at an irradiance of 1000 W/m2 and 

a temperature of 15∘C .However, thermal degradation is 

evident as the temperature rises. Maintaining the irradiance at 

1000 W/m2 while increasing the temperature to 30∘C results 

in an efficiency decline to 34.7%. This inverse relationship 

demonstrates that while higher irradiance boosts carrier 

generation, the concurrent temperature rise, if not managed, 

can dampen the overall conversion efficiency. 

Fig. 9. Simulation of battery discharge characteristics over 200 hours 

The visualisation of the Power Graph (Power) against 

Voltage (Voltage) clearly demonstrates the impact of solar 

radiation intensity on the power output of the photovoltaic 

module. The illustrated graphs depict the module's 

performance at several intensity levels: 0.015 kW/m², 0.02 

kW/m², 0.025 kW/m², and 0.03 kW/m². Noted that 

heightened radiation intensity markedly enhances the 

maximum output power produced by the module. The apex 

of each curve signifies the Maximum Power Point (MPP) 

under varying intensity conditions, serving as a crucial 

reference for the design of the Maximum Power Point 

Tracking (MPPT) system to enhance energy absorption of the 

photovoltaic module. 

 

Fig. 10. Validation of system performance metrics  
 

The findings of the system operational assessment indicate 

that under charging conditions, the dedicated photovoltaic 

source is designated to replenish the battery storage unit. 

Moreover, the energy accumulated in the battery can function 

as a direct current source (DC) to power the load. This test 

configuration employs a 5-ohm resistive load to assess the 

battery's capacity for optimal power delivery. The acquired 

measurement data validate that the battery energy storage unit 

can supply power to loads. The measurement findings 

demonstrate that with a 5 ohm resistive load and a battery 

output voltage of 12 V, the current produced, as per Ohm's 

law, is 2.55 A. Suggesting that internal system losses have a 

minimal impact on the overall discharge duration under the 

tested load conditions. 
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Fig. 11. Comparative analysis between the dynamic Simulink and 

MATLAB  

The battery state has not been tested with a motor load or 

RLC load. The Solar Charge Controller (SCC) system is 

designed to charge four units with a voltage according to the 

input provided to each photovoltaic cell. This discrepancy 

arises from the assumption that each solar panel operates 

under distinct environmental conditions, including variations 

in light intensity and temperature exposure. The test findings 

indicate that when the battery is in charging mode, the load 

does not get a voltage supply. Consequently, the voltage at 

the load during measurement reflects the power output stored 

in the battery, which will be linked to the DC bus and serve 

as an input for an inverter.  

The battery consumption period can be determined using 

Equation (7), which is based on the state of charge (SOC) of 

the battery utilised by the system, representing 45% of the 

total capacity. In a system with five batteries connected in 

parallel, the output between any two batteries will yield 12 V 

at 250 AH. The power available, determined by the setting 

SOC, is 55% of the overall capacity. Thus, the discharge time 

reduces to approximately 2 hours. The SOC exhibits a 

monotonic decline, breaching the critical safety threshold of 

20% after approximately 125 hours of continuous operation. 

Interestingly, the voltage profile (top-right) remains above the 

11V cutoff limit throughout the entire simulation, suggesting 

that SOC depletion is the primary constraint rather than 

voltage sag. This test employs mathematical computations to 

determine the duration of battery usage under full load. The 

burden employed by the author presupposes the burden 

commonly utilised in households.  

The battery discharge time calculation considers practical 
system losses to provide a realistic estimate. The initial 

calculation without losses yields 2.21 hours, but 

incorporating typical system inefficiencies provides a more 

accurate assessment. 

Loss Analysis: 

• Inverter efficiency: 95% (5% loss) 

• Solar Charge Controller efficiency: 97% (3% loss) 

• Wiring and connection losses: 98% (2% loss) 

• Total system efficiency: η_system = 0.95 × 0.97 × 

0.98 = 0.903 or 90.3% 

Considering these losses, the effective load power 

becomes: 

𝑃effective =
𝑃load

𝜂system

=
30.6 W

0.903
= 33.88 W 

Where 𝑃load = 12 V × 2.55 A = 30.6 W. With available 

energy of 1650 Wh at 45% SOC, the corrected discharge time 

is: 

𝑡discharge =
𝐸available

𝑃effective

=
1650 Wh

33.88 W
= 48.7 hours 

This extended duration (48.7 hours) for a 5Ω load 

indicates the system's substantial energy reserve. However, 

for typical household applications with higher power 

demands (e.g., 745 Wh total consumption), the discharge time 

reduces proportionally. When applied to the 745 Wh 

household load profile, the corrected discharge time becomes: 

𝑡household =
1650 Wh

745 Wh/h × (1/0.903)
≈ 2.00 hours 

Considering practical system losses (inverter: 5%, SCC: 

3%, wiring: 2%), the battery discharge time for household 

loads reduces from 2.21 hours to approximately 2.00 hours. 

This more realistic assessment highlights the importance of 

accounting for system inefficiencies in practical PV-battery 

system design. 

TABLE II. SYSTEM LOSS ANALYSIS FOR DISCHARGE TIME 

CALCULATION 

Loss 

Component 

Efficiency Loss Impact on 

Discharge 

Time 

Inverter 95% 5% -5.3% 

Solar Charge 

Controller 

97% 3% -3.2% 

Wiring and 
Connections 

98% 2% -2.1% 

Total System 90.3% 9.7% -9.5% 

Although the voltage and current profiles in Simulink 

exhibit oscillatory behavior due to inherent system dynamics 

and noise injection, they closely track the ideal reference 

values, yielding low RMSE metrics of 0.083 V and 0.184 A, 

respectively. Conversely, a notable divergence is observed in 

the SOC estimation. While the Matlab code assumes a linear 

discharge trajectory based on constant current, the Simulink 

model accounts for dynamic fluctuations and non-linear 

battery characteristics. This modeling difference results in a 

cumulative integration discrepancy, evidenced by a 

significant RMSE of 10.58%, thereby highlighting the 

limitations of simplified mathematical formulations in 

capturing the transient behaviors of complex battery storage 

systems. Finally, the validation presented herein is confined 

to numerical simulations. Consequently, future work should 

focus on experimental verification through hardware 

prototyping and the incorporation of comprehensive battery 

models to ensure real-world applicability. 

IV. CONCLUSION 

The examination of input parameter data in the results and 

discussion indicates that the four photovoltaic plants (plant 1 

to plant 4) experience a consistent solar radiation intensity of 

1000 W/m², accompanied by varying environmental 

temperatures of 30 °C, 25 °C, 20 °C, and 15 °C. The data 

presented in Table 3.2 validate the inverse association 

between operational temperatures and the electrical 

performance of the Photovoltaic Module. A reduction in 

environmental temperature consistently results in an 
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elevation in voltage and output current values at a constant 

radiation intensity, demonstrating the module's sensitivity to 

thermal circumstances. The findings provide design insights 

into loss-aware sizing, SCC behavior, and SOC management 

strategies for small-scale distributed PV–battery systems, 

particularly in off-grid applications. 

The voltage of 12 V and a resistance of 5 ohms yield a 

theoretical current of 2.4 A. The comparison with 

measurement results of 2.55 A reveals a variation of 0.15 A, 

attributable to experimental variables such as component 

tolerance and instrument precision. The projected power need 

indicates a total energy consumption of 745 watt-hours for 

various instruments over specified durations of operation. 

The battery capacity utilised in the simulation (12 V, 250 AH) 

yields a total stored energy of 3000 WH. The initial State of 

Charge (SOC) of the battery is 45%, providing 1650 WH of 

power for consumption (Depth of Discharge 55%). After 

counting for system losses (inverter: 5%, SCC: 3%, and 

wiring: 2%), the battery can supply the household load for 

approximately 2 hours. The household load requires 745 Wh 

of energy. However, due to system losses (inverter: 5%, SCC: 

3%, and wiring: 2%), the battery must supply 745 Wh / 0.903 

≈ 825 Wh. With the available energy of 1650 Wh (45% SOC 

of the battery bank), the discharge time is 1650 Wh / 825 Wh 

≈ 2 hours. The results are constrained by system operational 

limits determined by energy storage capacity and the overall 

power required by the load. The testing and modelling 

conducted offer a thorough comprehension of the 

performance attributes of the solar module under diverse 

environmental circumstances and the capacity of energy 

storage systems to supply loads. 
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