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Abstract. Research into alternative, green energy sources such as solar 
power has been driven by concerns about environmental sustainability, 
escalating petroleum costs, and surging energy demand. Solar energy can 
power the entire world sustainably, since it is abundant and easy to access. 
Solar radiation, cell temperature, and load impedance all play a part in 
improving the efficiency of solar energy utilization. In order to maximize 
solar energy utilization, Maximum Power Point Tracking (MPPT) 
techniques are used. In order to address factors such as solar effectiveness, 
dynamic response, convergence speed, complexity, cost, and sensor 
requirements, different MPPT techniques have been developed. Using 
Incremental Conductance (INC) as an example, this paper provides a 
comprehensive overview of MPPT techniques. P&O's drawback of 
oscillations around the Maximum Power Point (MPP) is overcome by INC, 
which minimizes them. The MPP voltage is maintained until the incremental 
conductance equals zero by comparing the instantaneous conductance of the 
panel with the incremental conductance. In addition to being easy to 
implement, INC-based methods offer rapid tracking and efficiency gains. 
Results from simulations demonstrate INC MPPT's effectiveness in 
maximizing power extraction from photovoltaic systems, especially when 
environmental conditions change rapidly.  
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Concerns regarding the environment, rising petroleum prices, and growing energy demand  
have prompted academics to look into greener, renewable energy sources as shown in Fig. 1 
like solar power. A sustainable energy source that is both extensively used and easily 
accessible, solar energy can power an entire human population for a year. Radiation from the 
sun, cell temperature, as well as load impedance are some of the variables that affect power 
generation. MPPT based systems aim to optimize the solar energy consumption are employed 
[1-3]. The amount the amount of power produced through a PV system (photovoltaic system) 
is affected by solar radiation and ambient factors including temperatures and radiation. The 
maximum power point (MPP) of the system is tracked using MPPT methods, and it varies 
with different amounts of radiation. Different MPPT approaches have been developed to 
handle different aspects like solar effectiveness, dynamic response, convergence speed, 
complexities, cost, and demand for sensors [4-6]. A PV energy system's maximum power 
can be obtained by utilizing methods that use MPPT, such as fuzzy logic controllers (FLC), 
incremental conductance control (INC), perturbing and observing (P&O), and climbing hills 
(HC). HC measures power fluctuation utilizing the duty percent variability for the dc/dc boost 
converter until the modification in power is zero. Although this technology is simple to use, 
abrupt variations in sun irradiation may cause it to lose tracking quickly. The voltage of the 
input perturbation is used by P&O to monitor its impact on output energy; nevertheless, high 
fluctuation can result in increased harmonics [7-9]. This problem has been addressed with 
the introduction of a modified P&O approach. INC tracks MPP using the P-V slope, where 
the MPP is 0 and the P-V curve's left side (Vout ‹ VMPP) is positive. This method can remain 
in local maxima, especially in situations with shading that is partial, but it is far more precise 
at the steady-state level and appropriate for quickly varying environmental circumstances 
[10-13].  

 

Fig. 1: Different types of green energy 

India receives around 5,000 trillion kWh of solar energy each year; the average daily amount 
varies between 4 and 7 kWh per square meter. Photovoltaic (PV) solar energy is an essential, 
plentiful, and non-polluting resource. Nevertheless, low conversion efficiency, continuous 

Green 
Energy

Solar Energy

Wind Energy

Geothermal 
Energy

Hydropower 
Energy

Tidal Energy

2

E3S Web of Conferences 552, 01113 (2024)	 https://doi.org/10.1051/e3sconf/202455201113
ICMPC 2024



power output regardless of weather, and nonlinear solar cell V-I characteristics are some of 
the difficulties that PV generation systems must overcome. A single location on the V-I or 
V-P curve where the PV system as a whole runs at maximum output power and efficiency is 
known as the Maximum Power Point (MPP) [14]. To harvest electricity from PV arrays, a 
number of traditional MPPT techniques have been put forth, including Voltage-based, 
Current-based, Fuzzy-logic, Hill-Climbing, Perturbation and Observation, and Fuzzy-logic. 
Nevertheless, in partial shading—a situation in which the P–V curve contains numerous 
MPPs—these techniques find it difficult to discern the GP from local MPPs. Researchers 
have created new converter topologies, array reconfigurations, and changed MPPT 
approaches to overcome issue. Using direct current converters, these techniques seek to 
maximize the amount of energy extracted from the PV array [15]. The purpose of the study 
performed in [16] is to develop maximum power point monitoring algorithms (MPPT) 
utilising the particle swarm optimization (PSO) technique in an effort to boom the 
performance of photovoltaic (PV) structures. PSO is a soft computing method that has 
independence and simplicity as benefits. The challenge, though, is figuring out the best 
parameters for real-world PSO applications. The best sample time for digital MPP controllers 
and a novel approach to choosing parameters for a buck converter coupled to a battery are 
both discussed in this study. The updated PSO satisfies PV system MPPT controller criteria. 
A entirely novel most valuable player algorithm (MVPA) for tracking the ideal operating 
point to get the most power out of a solar PV system is presented in [17]. The suggested 
approach performs better than both the modified Jaya algorithm and particle swarm 
optimization (PSO) with gains in robustness, tracking speed, power tracking efficiency, 
convergence decision time, and reduced power fluctuations for various shading patterns. 
Although the algorithm produces encouraging results, the diversity in performance between 
algorithms calls for the use of newer and better methods. An improved perturb and 
observation (P&O) MPPT approach for photovoltaic (PV) systems is provided in [18]. The 
approach avoids computational stress and drift outcomes through adjusting the PV module's 
current, output voltage, and output power. A conventional increase converter is used to 
confirm the system, and MATLAB/Simulink is used to simulate it. The findings exhibit that 
the suggested approach efficaciously addresses the troubles of computation load and 
electricity reduction by means of tracking the maximum power point (MPP) under various 
operating scenarios. In [19], a unique maximum power-point tracking method is positioned 
out for solar structures that are in part shaded. This algorithm outperforms existing strategies 
and boosts output electricity. It’s far primarily based on modified particle-swarm 
optimization, or MPSO. MATLAB experiments evaluating the MPSO technique with neural 
network strategies exhibit that the MPSO method yields the lowest wide variety of steady-
nation oscillations and lowers interference, leading to higher overall performance. An greater 
hunch control method is recommended by the observe in [20-25] to optimize the energy 
output of PV gadgets in a microgrid machine. as a way to decrease energy waste and any 
instability, this design mixes the power of different inverters with the shared load energy. 
The scheme's validity and robustness are demonstrated via simulation and experimental 
findings. The system balance evaluation use signal modelling to design the droop coefficients 
[26]. 

2 Methodology  

2.1 Incremental Conductance in MPPT 

INC tracking of the maximum power point is the proposed method. A drawback of the 
Perturb and Observe (P&O) technique is that oscillations close to the MPP have been reduced 
in the INC methodology. As a result, the instantaneous conductance of the panel (IPV/VPV) is 
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compared with the incremental conductance of the panel (dIPV/dVPV), in order to accomplish 
this. In accordance with the INC algorithm, it ensures that the voltage of the MPP is pursued 
until (dIPV/dVPV)= 0, indicating that the MPP has been reached [27]. Compared to 
conventional approaches, the INC-based method holds a number of advantages, including 
ease of implementation, rapid tracking capabilities, and a higher degree of efficiency.   

Solar panel generates power is: 𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑃𝑃𝑃𝑃 array output power. 

𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑉𝑉𝑃𝑃𝑃𝑃𝐼𝐼𝑃𝑃𝑃𝑃                                                                                                     
(1) Differentiating equation with respect to 𝑉𝑉𝑃𝑃𝑃𝑃gives 

𝑑𝑑𝑃𝑃𝑃𝑃𝑃𝑃
𝑑𝑑𝑉𝑉𝑃𝑃𝑃𝑃

= 𝐼𝐼𝑃𝑃𝑃𝑃 + 𝑉𝑉𝑃𝑃𝑃𝑃 (𝑑𝑑𝐼𝐼𝑃𝑃𝑃𝑃
𝑑𝑑𝑉𝑉𝑃𝑃𝑃𝑃

)                                                                                                                                               
(2) 

  

Fig. 2: P-V curve for INC MPPT 

Two sources of excitation are involved in Incremental Conductance (INC) tracking: solar 
irradiance variations and cell temperature variations in Fig. 2. Under steady-state solar 
conditions, the control parameter changes at the selected incremental rate even though 
continuous step changes are not possible [28]. It is difficult for an analytical solution to be 
developed for a nonlinear time-varying system that can be predicted using numerical 
simulations, which fall short in handling transient dynamics and local stability. This 
necessitates the development of an analytical solution which is more effective [29]. A 
linearized analytical model can be constructed to describe behavior near the Maximum Power 
Point (MPP) under constant irradiance and cell temperature scenarios. An output ripple of 
minimal magnitude may be achieved by averaging over a switching cycle [30]. 
Photovoltaics (PVs) can be substituted with voltage or current sources with internal resistance 
matching the load during peak power transfer. Because PV generator current and solar 
irradiance are proportional, the work proposes a current source with parallel resistance 
representation. If the system operates in a stable state under continuous and uniform 
irradiation and the operational point of the PV array is situated within a suitably small interval 
surrounding the MPP, the power drawn by the PV array is summarized as follows as shown 
in Fig. 3. 
𝑃𝑃(𝑡𝑡) ≅ 𝑉𝑉𝑃𝑃𝑃𝑃

2 (𝑡𝑡)
𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀

                                                                                                                 
(3)      

𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀 = 𝑉𝑉𝑀𝑀𝑀𝑀𝑀𝑀
𝐼𝐼𝑀𝑀𝑀𝑀𝑀𝑀

                                                                                                                    
(4) 
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Where, VMPP = PV array MPP voltage 

 IMPP = PV array MPP Current 

 
Fig. 3: Equivalent circuit diagram of PV array 

When it comes to photovoltaic systems, their optimum output arises whenever the load 
resistance is adjusted to meet the PVs' differential resistance at the MPP [31]. To get the 
minimal value for Ta, an analysis of a duty-cycle step perturbation is required. An oscillation 
of the array output power in duty-cycle steps, p, requires this analysis for the MPPT algorithm 
to accurately interpret the impact of the perturbation. For MPPT algorithm to perform 
correctly, there must be sufficient time between consecutive samplings, such that p reaches 
its steady-state value when consecutive samplings is sufficient. 

In Fig. 3, the equivalent PV array at the MPP is depicted. Current and voltage are related in 
the array terminals as follows: 

𝑖𝑖𝑃𝑃𝑃𝑃 = 𝐼𝐼𝐻𝐻 − 𝐼𝐼𝑠𝑠 (𝑒𝑒
𝑉𝑉𝑃𝑃𝑃𝑃+𝑅𝑅𝑠𝑠𝑖𝑖𝑃𝑃𝑃𝑃

𝜂𝜂𝑉𝑉𝑇𝑇 − 1) − 𝑣𝑣𝑃𝑃𝑃𝑃+𝑅𝑅𝑠𝑠𝑖𝑖𝑃𝑃𝑃𝑃
𝑅𝑅ℎ

                                                                                                 

(5) 

3 Modelling and Simulation  

MATLAB software is used to model the system. In this section, we present a mathematical 
formulation which is derived from the previous section in order to construct the model [32-
34]. Simulink model illustrating the proposed system is proven in Fig. 5. A complete 
framework for comprehending and evaluating the proposed system's behavior and overall 
performance may be derived from this model, which captures the problematic relationships 
and dynamics that had been elucidated by the mathematical system discussed earlier [35].  
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Fig. 4: Simulation of the proposed system using SIMULINK 

It is obvious from Fig.  4 that the output of the solar module is directly connected to the boost 
converter, which enables the conversion of DC to DC, efficaciously doubling the quantity of 
power generated. The MPPT algorithm deployed on this setup is based on the incremental 
nature of conduction and operates consistent with the principle of maximum power point 
tracking (MPPT) [36]. A current and a voltage sensor are used to display the voltage and 
current outputs with the Incremental Conductance (INC) method. Power transfer 
performance is optimized through regulating the switching behavior of the enhance converter 
using those sensors. An incremental conductance controller measures incremental voltage 
and modern variations, a function of this methodology. In assessment to perturb and examine, 
this method excels at monitoring adjustments notwithstanding its high computational load. 
Maximum energy is calculated by evaluating incremental conductance (I /V) with PV array 
conductance (I / V) to decide the maximum power point. As quickly as both ratios are same, 
the output voltage is generated. Until changing irradiation levels prompt the process to be 
repeated, this voltage is maintained [37]. Due to the simultaneous sense of voltage and 
current, errors caused by irradiance changes are minimized. An integral regulator is used to 
generate pulses to control the switch in this simulation, which uses the incremental 
conductance method. 

 

Fig. 5: SIMULINK model of INC based MPPT 
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A DC to DC conversion system is necessary due to the low output voltage and high current 
characteristic of solar systems. Photovoltaic (PV) modules are capable of increasing their 
voltage with boost converters, which are among the various converters available. Inductor, 
switch, and diode are typical components of boost converters. In this configuration, the input 
voltage is amplified in order to ensure compatibility with other components or systems. This 
allows for the amplification of the input voltage. 

4 Result and Discussion  

In the previous section, a Simulink model is presented that is used for our study. This model 
has generated the following results, which we will discuss in the following section. System 
performance parameters were assessed using simulations. In addition to efficiency, power 
output, voltage, and current profiles, transient response, stability, and MPPT algorithm 
performance, a number of factors were considered. The MPPT algorithm was used to 
optimize power extraction through analysis of the solar energy conversion efficiency, 
environmental responsiveness, and responsiveness to environmental changes of the system. 
As we analyze these results, we can gain a comprehensive understanding of the proposed 
model's capabilities and areas for improvement to maximize solar energy, laying the 
groundwork for future developments. 
Described below are the components of the proposed system consisting of a photovoltaic 
module (PV) and a boost converter (BOC). Series-connected 96 cells make up the battery. 
This PV module has an open circuit voltage (VOC) of 64.2 volts and a short circuit current 
(ISC) of 5.96 amps. Having measured 360 ohms of shunt resistance on this capacitor, and 
0.18 ohms of series resistance, this capacitor is shunt-resistance. A series connection can be 
made between two modules, while a parallel connection can be made between two modules. 
This PV configuration has a PV side capacitance of 470 𝜇𝜇𝜇𝜇, which corresponds to 470 W of 
power. Boost converters consists of shunt capacitances of 47 𝜇𝜇𝜇𝜇 and series inductances of 10 
𝜇𝜇𝜇𝜇. Further contributing to the performance and efficiency of this device is the 100 ohm load 
resistance. As it pertains to the converting of solar energy into electricity, these parameters 
provide vital inputs for simulation and analysis. 
 

 

Fig. 6: Output current of Solar-PV modules at their peak 
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Graph plotted in Fig. 6 illustrates the output current of a solar power module (PV). The 
examination of the above graph makes it evident that the peak current value is of 11.94 
amperes. The optimum current that the PV module can produce under the instances that exist 
at that specific moment is represented by using highest value of the current. Recognizing the 
module's maximum current capacity is essential for determining its capability to deliver 
electric power. 

 

Fig. 7: PV Modules output peak voltage 

Fig. 7 indicates the output voltage of a photovoltaic (PV) module. The voltage depiction 
describes how PV modules display various voltage characteristics throughout diverse input 
situations. This figure's assessment, helps to perceive trends, developments, and Fluctuations 
in the output of voltage over time or in continuously variable environmental situations.  

 
Fig. 8: Maximum power generated by a PV module 

Peak power is generated by photovoltaic (PV) modules, as seen in Fig. 8. The PV module 
will, as indicated by this graphical representation, reach its maximum power production 
under certain input irradiation. Analysis of fig. 8, we can determine the PV module's 
maximum power. PV modules are only beneficial and efficient as they are able to convert 
solar based power into electric power that can be used during peak hours. It is necessary to 
recognize peak power generation so that one can evaluate the PV module's effectiveness and 
productivity 
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Fig. 9: Incorporating INC MPPT technique to boost the voltage after the boost converter 

Fig. 9 shows the maximum power point tracking (MPPT) method based on incremental 
conductance (INC). By using this graphical representation to visualize the voltage, it can be 
observed that a boost converter has increased performance with the use of the INC-based 
MPPT method. The INC MPPT method modifies the voltage output to ensure that the system 
works at its maximum power point (also referred to as MPP) as per environmental situations 
which is shown in Fig. 10. 

 

Fig. 10: Power output after Boost Converter using INC MPPT 

The fig. 10 represents the output power when the proposed solar based system model is 
subjected to incremental conductance based MPPT algorithm. The designed algorithm is 
used to drive the boost converter which modifies the output from the solar system when the 
input parameters to the MATLAB based model are made variable. The ability of the proposed 
INC based MPPT technique is found to be improved when compared with the traditional 
P&O algorithm. 
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6 Conclusion 

This study’s objectives is to impart understanding of the INC techniques for solar panel’s 
maximum power point tracking (MPPT) methodologies. The key conclusions drawn from 
the research are as follows: 
• By simulations and studies, the INC MPPT technique has been shown to be beneficial 

in optimizing the power extraction from solar panels.  
• While evaluating INC with conventional MPPT strategies, INC performs better 

considering it could take care of problems such oscillations at the maximum power point 
(MPP) which as a consequence emphasizes on the significance of MPPT for optimizing 
power output in a variable environmental condition, mainly for reinforcing the 
effectiveness and overall performance of solar systems.  

• It can be concluded that integrating MPPT algorithms, such the INC approach, into solar 
electricity structures can aid in contributing to a better and sustainable power generation 
in future. 
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