
Indonesian Journal of Electrical Engineering and Computer Science 

Vol. 37, No. 3, March 2025, pp. 1415~1427 

ISSN: 2502-4752, DOI: 10.11591/ijeecs.v37.i3.pp1415-1427      1415 

 

Journal homepage: http://ijeecs.iaescore.com 

Comparative analysis of incremental conductance MPPT for 

enhanced algorithm performance 
 

 

Asnil1,2, Refdinal Nazir1, Krismadinata2, Muhammad Nasir1 
1Department of Electrical Engineering, Faculty of Engineering, Universitas Andalas, Padang, Indonesia 

2Department of Electrical Engineering, Faculty of Engineering, Universitas Negeri Padang, Padang, Indonesia 

 

 

Article Info  ABSTRACT 

Article history: 

Received Jun 26, 2024 

Revised Oct 1, 2024 

Accepted Oct 7, 2024 

 

 The incremental conductance (INC) approach is limited in terms of its 

response speed, accuracy during steady state, and ability to handle 

oscillations. As a result, this algorithm is ineffective in situations with 
variations in solar radiation and temperature, particularly abrupt fluctuations. 

An enhanced variable step size INC approach is suggested to improve 

system efficiency and performance. The proposed algorithm is subjected to 

rigorous testing and analysis with other INC methods for better results. The 
research findings indicate that the proposed algorithm's tracking efficiency 

can be enhanced to 99.83% under varying radiation conditions and constant 

temperature. Additionally, the method utilizing the second model achieves a 

99.83% tracking efficiency, while the method employing the first model 
achieves a tracking efficiency of 89.99%. In comparison, the conventional 

method achieves a tracking efficiency of 96.36%. Regarding radiation and 

temperature circumstances, the tracking efficiency value varies for different 

methods. Specifically, the tracking efficiency is 95.21% for the approach 
using the proposed algorithm’s, 92.94% for the method using the second 

model, 83,39% for the method using the first model, and 91.19% for the 

conventional way. Therefore, it can be inferred that the suggested Maximum 

power point tracking (MPPT) algorithm performs better than other 
algorithms under both test situations. 
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1. INTRODUCTION 

Solar energy is an abundant and environmentally friendly energy source without pollution [1], [2].  

It is a sustainable energy source that can be transformed into electrical energy. It has recently become a 

substitute for addressing the limited supply of fossil energy sources and their adverse consequences [3][6]. 

Nevertheless, the primary obstacle lies in optimizing solar energy extraction to transform it into electrical 

energy efficiently. Various aspects that have an impact include the efficacy of the solar panels utilized and 

environmental conditions such as fluctuations in solar radiation levels and temperature [7], [8]. The primary 

factors that exert the most significant influence on the production of electrical energy are variations in solar 

radiation and temperature. 

Professionals employ diverse techniques to optimize the generation of electrical energy. Maximum 

power point tracking (MPPT) is a frequently used approach utilized by professionals to optimize the 

conversion of solar energy into electrical energy [9][11]. The incremental conductance (INC) methodology 

is a widely adopted and popular MPPT method because of its simplicity, low complexity, and cost-

https://creativecommons.org/licenses/by-sa/4.0/
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effectiveness [12][14]. The INC technique has also enhanced its effectiveness in tracking the maximum 

power point (MPP) by effectively adapting to changes in solar radiation levels and temperature, particularly 

rapid variations in radiation [15], [16]. Research on the MPPT method is important be conducted to identify 

an MPPT algorithm that can effectively enhance system efficiency in the face of changing environmental 

conditions, such as variations in radiation leading to system instability and oscillations causing power losses 

and reduced efficiency. Among the factors, the MPPT algorithm’s ability to track MPP if there is a change in 

radiation value has become the main determinant. Then, the speed of convergence refers to the duration 

needed for the system to achieve stability. Furthermore, the problem of oscillation that can be caused by 

changes in radiation value. The algorithm's responsiveness to changes in radiation value is crucial for 

accurately tracking the position of the MPP. Similarly, the algorithm's capacity to regulate the system in a 

manner that maximizes the convergence time. Reduced oscillation value leads to enhanced stability and 

improved efficiency of the system. It is imperative to do this research to guarantee the proper attainment of 

the specified criteria, namely high tracking speed, rapid convergence time, and low oscillation. 

The operational procedure of the INC approach for MPP tracking involves modifying the duty cycle 

converter based on the P-V characteristic curve or detecting the highest point on the P-V curve. The position 

of the operating point of a solar panel can be determined using the INC technique, which involves comparing 

the ratio of changes in current (dI) and voltage (dV) in the form of dI/dV, as well as the output conductance 

(I/V). The (1) to (3) provided below can be utilized to ascertain the precise position of the working point of 

the solar panel [17], [18]. Figure 1 displays how in (1) to (3) explain the P-V characteristics in INC algorithm. 
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Figure 1. P-V curve for INC algorithm 

 

 

If (1) satisfies, the solar panel operates at the MPP. If (2) is satisfied, the operating point is to the left 

of the MPP. If (3) is satisfied, the operating point of the solar panel is to the right of the MPP. Maximum 

electrical energy will be generated when the solar panel functions at the MPP. Under these circumstances, the 

power alteration resulting from voltage variations is null. Nevertheless, the INC method's drawback lies in its 

inability to effectively monitor the MPP in the presence of fluctuations in solar radiation and temperature. In 

order to prevent the occurrence of oscillations in steady-state conditions, it is necessary to ensure that 

changes in power caused by variations in voltage are not negligible. 

This paper discusses and analyzes the performance of various INC methods in photovoltaic systems. 

The aim is to determine which type of INC method is more suitable if environmental conditions change. The 

changes in conditions are changes in solar radiation and temperature, including changes in radiation that 

occur quickly. The type of INC method that is more suitable can be seen from tracking speed, convergence 

time, oscillation, and tracking efficiency. 
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2. CHARACTERISTICS OF PHOTOVOLTAIC 

In order to create a mathematical representation of a solar panel, it is necessary to have a 

fundamental equation that describes an equivalent circuit, as depicted in Figure 2. To calculate the electric 

current generated by a solar panel, you can utilize (4) through (6) [19], [20]. 

 

𝐼 = 𝐼𝑝ℎ − 𝐼𝑠 (𝑒𝑥𝑝
𝑞(𝑉+𝑅𝑠𝐼)

𝛼𝐾𝑇𝑁𝑠
− 1) −

(𝑉+𝐼𝑅𝑠)

𝑅𝑠ℎ
 (4) 

 

where; 

 

𝐼𝑝ℎ = (𝐼𝑠𝑐 + 𝐾𝑖(𝑇 − 298.15))
𝐺

1000
 (5) 

 

𝐼𝑠 =
𝐼𝑠𝑐+𝐾𝑖 (𝑇−298.15)

𝑒𝑥𝑝(
𝑞(𝑉𝑂𝐶+𝐾𝑉(𝑇−298.15))

𝛼𝐾𝑇𝑁𝑠
)−1

 (6) 

 

 

 
 

Figure 2. Equivalent circuit 
 

 

This research used monocrystalline solar panels with the Solana SOL-M12100W series brand. The 

parameter values of the solar panels used can be seen in Table 1. The electrical output generated by a solar 

panel is significantly affected by environmental factors, including variations in sun radiation and temperature 

fluctuations. Figure 3 depicts the variation in electrical energy generated by the SOL-M12100W solar panel 

in response to changes in solar radiation levels. Meanwhile, Figure 4 illustrates the electrical energy 

generated in response to a variation in temperature. This research will examine this situation by employing 

diverse MPPT methods to optimize solar energy conversion into electrical energy. 

 

 

Table 1. Characteristics of the SOL-M12100W 
No Parameters Value 

1 Pmax 100 Wp 

2 Vm 18.1 V 

3 Im 5.52 A 

4 Voc 22.1 V 

5 Isc 5.86 A 

6 Temperature coefficient of Isc +0.006 %/0C 

7 Temperature coefficient of Voc -0.35 %/0C 

8 Number of cells 36 

 

 

 
 

Figure 3. P-V characteristics of the SOL-M12100W with changes in solar radiation 
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Figure 4. P-V characteristics of the SOL-M12100W with temperature changes 

 

 

3. INCREMENTAL CONDUCTANCE MPPT ALGORITHMS 

3.1.  Incremental conductance methods with fixed steps 

The INC algorithm, or the traditional INC algorithm, utilizes in (1) to (3) to calculate the duty cycle. 

However, a variant of the INC algorithm has been enhanced to achieve superior MPP tracking performance. 

In (1) to (3) are derived from the maximum point on the P-V curve when the rate of change of the curve is 

zero. This condition can be mathematically expressed using (7). 

 
𝑑𝑃

𝑑𝑉
= 0 (7) 

 

Moreover, in (7) can be reformulated as (8) and subsequently extended to (10) [21]. The algorithm for the 

INC technique is depicted in Figure 5. 
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𝑉
𝑑𝐼

𝑑𝑉
+ 𝐼 = 0 (10) 

 

The algorithm depicted in Figure 5 utilizes (1) through (3) to calculate the duty cycle for managing 

the PV system to track the MPP, which is also referred to as fixed step size. A method with this notion has 

the drawback of necessitating greater steps to achieve a higher tracking speed. However, it becomes 

challenging for the system to identify the correct MPP, and oscillations will manifest in a steady state. 

Obtaining precise step sizes can be difficult, mainly when there is a sudden fluctuation in radiation levels, 

which might impact the precision and efficiency of tracking. In order to address this issue, one can employ 

variable step sizes. 

 

3.2.  Incremental conductance with varying steps 

An effective approach to address issues encountered with the fixed step size method is to employ 

variable steps. The variable step size approach is based on the idea that when the solar panel operating point 

is significantly distant from the MPP, the step size is enlarged to facilitate a faster tracking procedure. When 

the operating point is near the MPP, lowering the step size significantly minimizes steady-state oscillations 

and improves efficiency. The issue with the fixed step size notion can be addressed by using a step size 

determined by (11) [22], [23]. 

 

𝑆𝑡𝑒𝑝 = 𝑁 |
𝑑𝑃

𝑑𝑉
| (11) 

 

The variable N is used as a scaling factor to modify the step size. In order to increase the convergence time, 

this variable must fulfil in (12). 
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𝑁 = |
𝑑𝑃

𝑑𝑉
| < ∆𝐷𝑚𝑎𝑥 (12) 

 

 

 
 

Figure 5. Incremental conductance algorithm 

 

 

The most significant step size utilized in the fixed step size approach is denoted as ∆𝐷𝑚𝑎𝑥, and the 

scale factor can be determined using (13). 

 

𝑁 <  ∆𝐷𝑚𝑎𝑥/ |
𝑑𝑃

𝑑𝑉
| (13) 

 

Suppose in (13) is not satisfied. In that case, it is also feasible to augment the previous value employed by the 

maximum value of the fixed step to enhance the convergence speed and mitigate steady-state oscillations. 

When a change in radiation occurs, there will be a significant change in power (dP), but the change in voltage 

will be relatively small (dV). Due to the step size depending on the dP/dV value, an increase in the duty cycle 

ratio might result in a significant change, leading to a deviation of the operating point from the MPP.  

A significant decrease in power value will require a longer time to reach the new MPP again. As a result, 

power losses due to transients will increase, and tracking efficiency will decrease. To overcome this problem 

the author proposes that the value of the step size variable is only influenced by changes in the power value 

(dP) as in (14) [24], [25]. 

 

𝑆𝑡𝑒𝑝 = 𝑁 ∗ |𝑑𝑃| (14) 

 

Eliminating the variable (dV) further simplifies the algorithm and eliminates step size variations that 

may arise when there are slight changes in voltage. Step size that may occur when there are slight changes in 

voltage. While it may initially slow the tracking process, it can reduce oscillations around the MPP, 

enhancing tracking precision and efficiency. In addition, it can also minimize the deviation of the operating 

point from the MPP in the event of a sudden change in radiation. Consequently, the response will be 

enhanced, and the lost power will be reduced. 

 

3.3.  Proposed incremental conductance algorithm 

The modification occurs when there is a positive curve slope condition (dP/dV). This condition 

indicates that the MPP has not been reached and the operating point is on the left side of the curve. and the 
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operating point is situated on the left side of the curve. To achieve MPP, it is necessary to increase the duty 

cycle value and accurately determine the direction of the change in the duty cycle. Specific steps are also 

required to avoid the wrong direction. In the algorithm of Figure 6, several modifications have been 

implemented, one of which involves the condition ΔV>0&&ΔI>0. This condition indicates that the current 

and voltage values increase with the position of the working point being on the left side of the MPP. If this 

condition is achieved, the duty cycle value must be increased. Conversely, if the condition ΔV<0&&ΔI<0 is 

achieved, the operating point is on the right side of the MPP and the duty cycle value must be decreased. The 

difference with the algorithm in Figure 5 is the existence of an optimized step in detecting changes in voltage 

and current values. This step is used to identify the appropriate duty cycle value that should be increased or 

decreased in order to achieve an operating point close to the MPP. Hence, the duty cycle coefficient can be 

modified despite the fluctuating output voltage and current values of the solar panel, ensuring that the 

working point remains consistently around the MPP. Nevertheless, traditional methods, as shown in Figure 5, 

lack these phases and also maintain a constant duty cycle value. In order to enhance the efficiency and 

convergence speed, the suggested method is integrated with the notion of variable step size, as in (14). 

Detailed information about the suggested algorithm is available in Figure 6. This research utilizes a DC-DC 

boost converter, and its equivalent circuit is illustrated in Figure 7. 

 

 

 
 

Figure 6. The proposed MPPT algorithm 

 

 

 
 

Figure 7. The boost converter equivalent circuit used in the system 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

A comparative analysis of incremental conductance MPPT technique for enhanced … (Asnil) 

1421 

In determining the component values of the boost converter, a set of (15) to (18) is applied modeling 

of photovoltaic [26], [27]: 
 

𝑉𝑜

𝑉𝑃𝑉
=

1

1−𝐷
 (15) 

 

𝐶1 ≥
𝐷

8 𝑥 𝑓2 𝑥 𝐿 𝑥 0.01
  (16) 

 

𝐶2 ≥
𝐷

 𝑓 𝑥 0.02 𝑥 𝑅
 (17) 

 

𝐿 =
𝐷 𝑥 (1−𝐷)2 𝑥 𝑅

𝑟 𝑥 𝑓
 (18) 

 

Vo is the converter output voltage value, Vpv is the converter input voltage from the solar panel, and D is 

the duty cycle. Meanwhile, C1 and C2 are, respectively, the input and output capacitor values of the 

converter, f is the switching frequency, R is the resistor load value, and r is the signal current ripple ratio 

value, which is usually used between 0.3 and 0.5. Using this equation, the parameter values for the boost 

converter used in this research are L = 2.2 mH, switching frequency 31.5 kHz, D = 0.7, and R = 135. 

 

 

4. METHOD 

The aim of this work is to enhance the efficiency of the MPPT system, particularly, in the presence 

of variations in solar radiation and temperature. The selected MPPT algorithm is the incremental conductance 

algorithm, which is then enhanced to optimize his performance. The incremental conductance algorithm is 

selected due to its simplicity when implemented. This algorithm is also compared with other similar 

algorithms to observe its performance. The presented study utilizes two comparison algorithms: the 

conventional incremental conductance algorithm and the incremental conductance algorithm incorporating 

the variable step size concept, denoted as (11) in the first model and (14) in the second model. The 

algorithm's performance is evaluated using a simulation approach based on the block diagram shown in 

Figure 8. Experimental testing is conducted in two scenarios: one when the solar radiation value varies while 

the temperature value remains constant, and the other when both the temperature value and radiation value 

vary. This system utilizes a boost converter with a fixed resistor load value. Furthermore, the detail solar 

panel specifications is presented in Table 1. The performance of the system is analyzed based on the 

convergence time, oscillation value, and tracking efficiency of the MPPT algorithm used. 

 

 

 
 

Figure 8. The system block diagram proposed in the research 

 

 

5. RESULTS AND DISCUSSION 

Figure 9 is the pattern of solar radiation and temperature used in this research as described in the 

research method. Figure 9(a) depicts the pattern of solar radiation variations under constant temperature 

conditions of 25 °C, which is commonly referred to as standard test conditions (STC). Figure 9(b) represents 

the second scenario in which changes in both radiation and temperature values are observed. 
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(a) (b) 

 

Figure 9. Radiation and temperature curves (a) the changes in radiation while the temperature is constant and 

(b) the changes in radiation and temperature 

 

 

Figure 10 displays the MPPT performance method under varying radiation conditions, employing 

the conventional INC algorithm. Figure 10(a) shows the performance of the algorithm when the radiation 

changes while the temperature remains constant. Figure 10(b) shows the performance of the algorithm when 

both radiation and temperature change. The simulation results revealed significant challenges in achieving a 

satisfactory convergence value for the system. Additionally, oscillations were observed for each variation in 

radiation value. In both test settings, overshoot was observed when the radiation value saw a substantial and 

rapid decrease from 1000 W/m2 to 300 W/m2. The electrical power generated by solar panels using the 

conventional incremental conductance algorithm decreased for every change in radiation value and the 

decrease in the power value generated would be even greater if there was an increase in temperature value. 

even greater if there was an increase in temperature value. In changing radiation conditions with a fixed 

temperature value, the power output was 98.5%. While for the same radiation and temperature conditions, 

there was a decrease to 92.08%. 

 

 

  
(a) (b) 

 

Figure 10. The performance of the conventional INC algorithm (a) the changes in radiation while the 

temperature is constant and (b) the changes in radiation and temperature 

 

 

A strategy to address the limitations of the previous approaches is by implementating the variable 

step size in the algorithm. How this variable works in the second model is similar to that in the first model. 

When the operating point is far from the MPP, the algorithm will increase the step size which allows the 

system to quickly find the MPP. The weakness is if the step size is too large, it will cause the system to be 

unstable. If the operating point is close to the MPP, the algorithm will reduce the step size. By the reduction 
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of oscillation value in the steady state, it is possible to enhance the efficiency value. Figure 11 illustrates the 

performance of the system achieved by the first variable step size model concept using (11). Figure 11(a) 

shows the algorithm’s performance when the radiation value changes while the temperature value remains 

constant, whereas Figure 11(b) shows the performance when both radiation and temperature value change. 

From Figure 11, it can be seen that applying the variable step size concept can reduce the oscillation value 

and increase the convergence time even though the stability is not yet optimal. However, oscillation still 

occurs at the beginning of the test and when the radiation value drops significantly from 1000 W/m2 to 300 

W/m2.  Furthermore, apart from oscillation, there is also an increase in the overshoot value when there is a 

significant decrease in the radiation value. Under conditions of varying radiation while maintaining a 

constant temperature, the electrical power produced at maximum radiation is 99.3% and in condition where 

both radiation and temperature varied, the electrical power produced at maximum radiation is 93.85%. 
 

 

        
(a) (b) 

 

Figure 11. Performance of the INC algorithm using (11) (a) the changes in radiation while the temperature is 

constant and (b) the changes in radiation and temperature 
 

 

In order to address the limitations shown in Figure 11, the second model of a variable step size is 

implemented. This concept is simpler and easier to implement because it is only based on the value of the 

power change. According to the second variable step size model, the absolute value of the power change will 

always be positive, regardless of whether it increases or decreases. It is because the absolute value of the 

power change only considers the size of the shift, not its direction. This circumstance enables the algorithm 

to respond faster, more effectively, and with greater stability, particularly if the system operates around the 

MPP. Figure 12 shows the performance of the second variable step size model concept using (14). The 

performance under the condition of changing radiation with constant temperature is shown in Figure 12(a), 

while the performance under changing radiation and temperature is shown in Figure 12(b). 

Implementing the variable step size concept in the second model can enhance operational efficiency 

by minimizing oscillation, improving convergence, and ensuring stability. In comparison to the performance 

shown in Figure 11, the performance of the algorithm with the variable step size concept using the second 

model equation can reduce the overshoot value that occurs when the radiation value drops significantly from 

1000 W/m2 to 300 W/m2. In conditions of changing radiation and constant temperature, the electrical power 

generated at maximum radiation conditions is 99.3%. While in conditions of radiation and temperature both 

changing, the electrical power generated is around 93.85%. 

Figure 13 depicts the performance results of the MPPT algorithm proposed by the researcher to 

improve the incremental conductance technique displayed in Figure 6. The performance under changing 

radiation conditions with constant temperature is shown in Figure 13(a) and for both changing conditions can 

be seen in Figure 13(b). In (14) serves as the foundation for the revised algorithm, which employs the 

variable step size notion. The algorithm improvement was made when the curve slope condition (dP/dV) was 

positive. This signifies that the MPP point has not been achieved, and the operating point remains to the left 

of the MPP, necessitating an increase in duty cycle value. When compared to the existing approach, the new 

MPPT algorithm performs better. Figure 13 also shows that the convergence time, oscillation value, and 

system stability are all much better than the others. The problem discovered is that there is still overshoot 

when the radiation value is greatly reduced. At the maximum radiation value, the electrical power generated 

under changing radiation conditions while maintaining a constant temperature is 99.3%. It generates 93.9% 

of electrical power under changing radiation and temperature conditions. 
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(a) (b) 

 

Figure 12. Performance of the INC algorithm using (14) (a) the changes in radiation while the temperature is 

constant and (b) the changes in radiation and temperature 

 

 

 
 

(a) (b) 

 

Figure 13. Performance of the INC algorithm of the proposed method (a) the changes in radiation while the 

temperature is constant and (b) the changes in radiation and temperature 

 

 

In Figure 13, it can be seen that the convergence value can be significantly increased, along with the 

oscillations that particularly arise in steady state condition. The slow convergence speed can be surmounted, 

but there is still an overshoot when the radiation value decreases significantly. Figure 14 displays a 

performance comparison of each algorithm in generating electrical energy. Figure 14(a) depicts a scenario 

where the radiation value varies while the temperature remains constant at 25 °C. The magnified section of 

the image reveals the superior performance of one method over the other, particularly in terms of 

convergence time and tracking error. Tracking errors occur as the radiation value gradually increases from 

300 W/m2 to 900 W/m2 in this investigation. These problems are particularly noticeable when using the 

variable step size approach with (11) and (14), while the conventional method shows far more significant 

oscillations. When the radiation value is set to its maximum, the suggested variable step size and method 

yield a higher electrical power output than the conventional method. Figure 14(b) depicts the correlation 

between changes in radiation value and temperature and their impact on the production of electrical energy. 

The performance pattern remains mostly unchanged under constant temperature settings, albeit with a drop in 

electrical energy production. Tables 2 and 3 provide a comprehensive analysis of the performance of each 

MPPT algorithm in terms of convergence time, oscillation at steady state, and tracking efficiency. 
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(a) (b) 

 

Figure 14. Comparison of performance in producing electrical energy for each algorithm (a) the changes in 

radiation while the temperature is constant and (b) the changes in radiation and temperature 

 

 

Table 2. System performance in producing electrical energy with various MPPT algorithms under changing 

radiation with constant temperature 

MPPT algorithm 

Convergence time (seconds) Oscillations at steady state (watts) Average 

tracking 

efficiency (%) 
600 

W/m2 

1000 

W/m2 

300 

W/m2 

900 

W/m2 

600 

W/m2 

1000 

W/m2 

300 

W/m2 

900 

W/m2 

INC Conventional NA NA NA NA 6 0.764 5.813 0.359 96.36 

INC using the 

first model 

 [22], [23] 

0.018 NA NA NA NA NA NA 0.071 89.99 

INC using the 

second model 

[25] 

0.015 NA 0.228 NA NA NA NA NA 99.83 

Proposed 0.009 NA 0.209 NA NA NA NA NA 99.83 

 

 

Table 3. System performance in producing electrical energy with various MPPT algorithms under changing 

radiation and temperature conditions 

MPPT algorithm 

Convergence time (seconds) Oscillations at steady state (Watts) Average 

tracking 

efficiency (%) 

600 

W/m2 

1000 

W/m2 

300 

W/m2 

900 

W/m2 

600 

W/m2 

1000 

W/m2 

300 

W/m2 

900 

W/m2 

INC conventional NA NA NA NA 5.984 0.9 4.893 0.55 91.19 

INC using the 

first model 

 [22], [23] 

0.039 0.006 NA NA NA 0.012 NA 0.36 83.39 

INC using the 

second model 

[25] 
0.015 NA 0.021 NA NA NA NA NA 92.94 

Proposed 0.009 NA 0.008 NA NA NA NA NA 95.21 

 

 

The term NA in the Tables 2 and 3 states that convergence conditions are not achieved yet. The 

resultant signal undergoes oscillations until there is a change in the radiation value. Furthermore, a drawback 

of the method employed in this work is the tendency for overshooting upon a substantial decrease in the 

radiation value. This study focused on the scenario when the radiation value decreased from 1000 W/m2 to 

300 W/m2. 

Based on the conducted research, the proposed method demonstrates superiors performance 

compared to existing models, including the conventional INC method, the first INC model, and the second 

INC model. It exhibits faster convergence times, reduced oscillation during the changes in radiation values 

and temperature, and improved tracking efficiency, particularly under conditions of varying radiation and 

constant temperature. Even when both radiation and temperature fluctuate, the proposed method consistently 

outperforms its predecessors. Therefore, it can be confidently asserted that the proposed method is a 

significant advancement in the field. 
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6. CONCLUSION  

To maximize electrical power generation, photovoltaic working systems primarily depend on the 

MPPT system to ensure that it can operate at MPP. Therefore overall efficiency of the system can be 

enhanced. In this study, the performance of the developed MPPT system is observed under different 

circumstances including changes in both radiation and temperature. To provide accurate analysis, some 

parameters are used as a comparison to other methods such as convergence time, oscillation, overshot, and 

tracking speed. The study findings revealed that the proposed algorithm, known as the improved incremental 

conductance algorithm, had better convergence time, oscillation, and tracking speed compared to previous 

algorithms. In the simulation, the test was conducted under two conditions : i) radiation changes with 

constant temperature and ii) both radiation and temperature change. The simulation results indicate that the 

suggested approach is applicable to real conditions in the field and has a low level of complexity. This 

research can be further enhanced using several existing MPPT methods to achieve improved outcomes, 

particularly in situations characterized by unpredictable variations in radiation and temperature. 
 

 

ACKNOWLEDGEMENTS  

The author would like to thank the Department of Electrical Engineering, Universitas Andalas, and 

Universitas Negeri Padang for the support provided so that the author could complete this paper 
 

 

REFERENCES 
[1] N. Fraccanabbia, R. G. Da Silva, M. Henrique Dal Molin Ribeiro, S. R. Moreno, L. Dos Santos Coelho, and V. C. Mariani, “Solar 

power forecasting based on ensemble learning methods,” Proceedings of the International Joint Conference on Neural Networks, 

2020, doi: 10.1109/IJCNN48605.2020.9206777. 

[2] J. Yu, Y. M. Tang, K. Y. Chau, R. Nazar, S. Ali, and W. Iqbal, “Role of solar-based renewable energy in mitigating CO2 

emissions: Evidence from quantile-on-quantile estimation,” Renewable Energy, vol. 182, pp. 216–226, Jan. 2022, doi: 

10.1016/j.renene.2021.10.002. 

[3] J. L. Holechek, H. M. E. Geli, M. N. Sawalhah, and R. Valdez, “A global assessment: can renewable energy replace fossil fuels  

by 2050?,” Sustainability (Switzerland), vol. 14, no. 8, p. 4792, Apr. 2022, doi: 10.3390/su14084792. 

[4] M. Heydari, A. Heydari, and M. Amini, “Solar power generation and sustainable energy: a review,” International Journal of 

Technology and Scientific Research, vol. 12, no. 3, pp. 343–346, 2023. 

[5] S. Motahhir, S. Chtita, A. Chouder, and A. El Hammoumi, “Enhanced energy output from a PV system under partial shaded 

conditions through grey wolf optimizer,” Cleaner Engineering and Technology, vol. 9, p. 100533, Aug. 2022, doi: 

10.1016/j.clet.2022.100533. 

[6] A. Asnil, R. Nazir, K. Krismadinata, and M. N. Sonni, “Performance analysis of an incremental conductance MPPT algorithm for 

photovoltaic systems under rapid irradiance changes,” TEM Journal, vol. 13, no. 2, pp. 1087–1094, May 2024, doi: 

10.18421/TEM132-23. 

[7] K. Hasan, S. B. Yousuf, M. S. H. K. Tushar, B. K. Das, P. Das, and M. S. Islam, “Effects of different environmental and 

operational factors on the PV performance: A comprehensive review,” Energy Science and Engineering, vol. 10, no. 2, pp. 656–

675, Feb. 2022, doi: 10.1002/ese3.1043. 

[8] A. S. Al-Ezzi and M. N. M. Ansari, “Photovoltaic solar cells: a review,” Applied System Innovation, vol. 5, no. 4, p. 67, Jul. 2022, 

doi: 10.3390/asi5040067. 

[9] M. L. Katche, A. B. Makokha, S. O. Zachary, and M. S. Adaramola, “A comprehensive review of maximum power point tracking 

(MPPT) techniques used in solar PV systems,” Energies, vol. 16, no. 5, p. 2206, Feb. 2023, doi: 10.3390/en16052206. 

[10] S. A. Sarang et al., “Maximizing solar power generation through conventional and digital MPPT techniques: a comparative 

analysis,” Scientific Reports, vol. 14, no. 1, p. 8944, Apr. 2024, doi: 10.1038/s41598-024-59776-z. 

[11] K. Khan et al., “Data-driven green energy extraction: machine learning-based MPPT control with efficient fault detection method 

for the hybrid PV-TEG system,” Energy Reports, vol. 9, pp. 3604–3623, Dec. 2023, doi: 10.1016/j.egyr.2023.02.047. 

[12] A. A. Mensah, X. Wei, D. Otuo-Acheampong, and T. Mbuzi, “Maximum power point tracking techniques using improved 

incremental conductance and particle swarm optimizer for solar power generation systems,” Energy Harvesting and Systems, vol. 

11, no. 1, Jan. 2024, doi: 10.1515/ehs-2022-0120. 

[13] A. Asnil, K. Krimadinata, E. Astrid, and I. Husnaini, “Enhanced incremental conductance maximum power point tracking 

algorithm for photovoltaic system in variable conditions,” Journal Europeen des Systemes Automatises, vol. 57, no. 1, pp. 33–43, 

Feb. 2024, doi: 10.18280/jesa.570104. 

[14] M. S. Endiz, “Design and implementation of microcontroller-based solar charge controller using modified incremental conductance 

MPPT algorithm,” Journal of Radiation Research and Applied Sciences, vol. 17, no. 2, 2024, doi: 10.1016/j.jrras.2024.100938. 

[15] D. Khodair et al., “Modeling and simulation of modified MPPT techniques under varying operating climatic conditions,” 

Energies, vol. 16, no. 1, p. 549, Jan. 2023, doi: 10.3390/en16010549. 

[16] N. F. Ibrahim et al., “A new adaptive MPPT technique using an improved INC algorithm supported by fuzzy self-tuning controller for 

a grid-linked photovoltaic system,” PLoS ONE, vol. 18, no. 11 November, 2023, doi: 10.1371/journal.pone.0293613. 

[17] A. Moghassemi, S. Ebrahimi, and J. Olamaei, “MPPT and current mode control methods for PV modules: a review and a new 

multi-loop integrated method,” Signal Processing and Renewable Energy, vol. 4, no. 2, 2020. 

[18] A. K. Gupta et al., “Effect of various incremental conductance MPPT methods on the charging of battery load feed by solar 

panel,” IEEE Access, vol. 9, pp. 90977–90988, 2021, doi: 10.1109/ACCESS.2021.3091502. 

[19] H. Oufettoul, S. Motahhir, G. Aniba, M. Masud, and M. A. AlZain, “Improved TCT topology for shaded photovoltaic arrays,” 

Energy Reports, vol. 8, pp. 5943–5956, Nov. 2022, doi: 10.1016/j.egyr.2022.04.042. 

[20] S. Motahhir, A. El Hammoumi, and A. El Ghzizal, “Photovoltaic system with quantitative comparative between an improved 

MPPT and existing INC and P&O methods under fast varying of solar irradiation,” Energy Reports, vol. 4, pp. 341–350, Nov. 

2018, doi: 10.1016/j.egyr.2018.04.003. 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

A comparative analysis of incremental conductance MPPT technique for enhanced … (Asnil) 

1427 

[21] L. Yin, S. Yu, X. Zhang, and Y. Tang, “Simple adaptive incremental conductance MPPT algorithm using improved control 

model,” Journal of Renewable and Sustainable Energy, vol. 9, no. 6, Nov. 2017, doi: 10.1063/1.4991436. 

[22] R. R. Sahoo, R. R. Sahool, and M. Singh, “Analysis of variable step incremental conductance MPPT technique for PV system,” 

IOSR Journal of Electrical and Electronics Engineering (IOSR-JEEE), vol. 11, no. 2, pp. 41–48, 2016. 

[23] K. Saidi, M. Maamoun, and M. Bounekhla, “Comparative analysis of several incremental conductance MPPT techniques for 

photovoltaic system,” International Journal of Control, Energy and Electrical Engineering (CEEE), vol. 4, no. 1, pp. 45–50, 

2017. 

[24] N. E. Zakzouk, M. A. Elsaharty, A. K. Abdelsalam, A. A. Helal, and B. W. Williams, “Improved performance low-cost 

incremental conductance PV MPPT technique,” IET Renewable Power Generation, vol. 10, no. 4, pp. 561–574, Apr. 2016, doi: 

10.1049/iet-rpg.2015.0203. 

[25] A. K. Khamis, N. E. Zakzouk, and A. K. Abdelsalam, “Generalized cost-effective converter for solar street lighting featuring 

averaged state-space model-based sensorless MPPT,” Computers and Electrical Engineering, vol. 101, p. 108004, Jul. 2022, doi: 

10.1016/j.compeleceng.2022.108004. 

[26] S. Motahhir, A. El Ghzizal, S. Sebti, and A. Derouich, “Modeling of photovoltaic system with modified incremental conductance 

algorithm for fast changes of irradiance,” International Journal of Photoenergy, vol. 2018, pp. 1–13, 2018, doi: 

10.1155/2018/3286479. 

[27] S. Motahhir, A. El Ghzizal, S. Sebti, and A. Derouich, “MIL and SIL and PIL tests for MPPT algorithm,” Cogent Engineering, 

vol. 4, no. 1, p. 1378475, Jan. 2017, doi: 10.1080/23311916.2017.1378475. 

 

 

BIOGRAPHIES OF AUTHORS  
 

 

Asnil     received the B.Eng. degree from Universitas Negeri Padang, Padang, 

Indonesia, in 2005 and the M.Eng. degree from the Universitas Gadjah Mada, Indonesia, in 
2009. He is currently a Senior Lecturer with the Department of Electrical Engineering, 

Universitas Negeri Padang who is currently completing his Doktoral studies at Universitas 

Andalas. He is also a member of Center for Energy and Power Electronics Research 

Universitas Negeri Padang. His research interests are power electronics and renewable energy. 
He can be contacted at email: asnil81@ft.unp.ac.id.. 

  

 

Prof. Refdinal Nazir, Ph.D.     received the B.E. the M. Tech degree in Electrical 

Engineering from Bandung Institute of Technology (ITB), Bandung, Indonesia, in 1985 and 
1991. He has received Ph.D. degree from University Technology of Malaysia (UTM), Johor 

Bahru, Malaysia, in 1999. He has some experiences in resolving modelling and planning of 

energy using LEAP, HOMER, Ret Screen software. he has published a number of papers 

in various national & international conferences & done a number of in-house & 
industry projects. His area of interests are electric machine, electric power and 

energy, renewable energy sources, microgrid, energy conservation, energy efficiently. He can 

be contacted at email: refdinalnazir@eng.unand.ac.id. 

  

 

Krismadinata, Ph.D.     received the B.Eng. degree from Universitas Andalas, 

Padang, Indonesia, in 2000 and the M.Eng. degree from the Institute of Technology Bandung, 
Indonesia, in 2004 and the Ph.D. degree from the University of Malaya, Kuala Lumpur, 

Malaysia, in 2012. He was Post-doctoral at the UM Power Energy Dedicated Advanced Center 

(UMPEDAC), University of Malaya from 2012-2014. He was also a visiting scholar at Thapar 

Institute of Engineering and Technology Punjab India. He is currently a Senior Lecturer with 
the Department of Electrical Engineering, Universitas Negeri Padang, where he is also the 

Director of Center for Energy and Power Electronics Research Universitas Negeri Padang. His 

research interests are power electronics, control system and renewable energy. He can be 

contacted at email: krisma@ft.unp.ac.id. 

  

 

Muhammad Nasir, Ph.D.     received the Ph.D. degree from the Electronic and 

Electrical Engineering, University of Strathclyde, Glasgow, UK. He has been with the 
Electrical Engineering Department, Faculty of Engineering, Universitas Andalas, since 1998, 

where is currently a senior lecturer. His current research interests include power system 

protection, optical sensor modelling and application for power system protection, integration 

of renewable distributed generation to grid, and power system analysis. He can be contacted at  

email: m.nasir.sonni@eng.unand.ac.id. 

 

mailto:asnil81@ft.unp.ac.id
mailto:krisma@ft.unp.ac.id
mailto:m.nasir.sonni@eng.unand.ac.id
https://orcid.org/0000-0001-9313-9906
https://scholar.google.co.id/citations?user=rBpNSmUAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57194872301
https://orcid.org/0000-0003-4220-0038
https://scholar.google.co.id/citations?user=MlRnqHgAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=56346959800
https://orcid.org/0000-0003-1485-4595
https://scholar.google.co.id/citations?user=srCPU0sAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=24605408100
https://orcid.org/0000-0001-9705-5355
https://scholar.google.co.id/citations?user=bTZwXY4AAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=55795965100

