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Abstract 

Renewable energy, especially solar photovoltaic (PV) panels, have been widely integrated into energy systems, 

indeed, this technology is eco-friendly and available almost everywhere. However, these systems exhibit some 

challenges in regards their performance. They must always track the maximum power point (MPP) to provide the 

highest power. This work investigates a novel maximum power point tracking (MPPT) procedure. In the suggested 

tracking system, a novel controller is applied to establish different operating regions. In both regions, the step is 

changed depending on the closeness to the MPP. Due to this technique, some disadvantages of the incremental 

conductance (IncCond) approach are avoided. The proposed method offers reliable and stable behaviour under 

rapidly changing atmospheric conditions. Moreover, it is easy as it does not need additional sensors. The theoretical 

assessment discussed in this investigation is validated by simulations via MATLAB/Simulink and experimental 

outdoor tests. A comparison with conventional MPPT approach is provided to emphasize the performance of the 

developed MPPT technique. 
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1. Introduction  

In the last few years, PV technology has achieved remarkable improvement as an alternative to 

overcome energy challenges, especially in Sahara environments, due to increasing 

environmental concerns and decreasing prices of PV-panels [1]. Cost-efficiency and 

performance are the fundamental requirements, as a PV installation should be implemented 

with good yield at minimal cost. In addition, PV-array have nonlinear output curves, and the 
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major parameters that influence the PV panel are irradiance and the impedance of the load [2]. 

Due to the nonlinear characteristics of PV-array, MPPT tracking is mandatory to achieve the 

maximum performance. 

Numerous investigators have focused on MPPT approaches for PV-panel such as IncCond. 

Generally, the major disadvantage of traditional MPPT approaches is the choice of the step-

size, which is a compromise between the fluctuation and the tracking velocity [3]. 

To overcome these limitations, this study suggests a novel self-scaling IncCond MPPT 

technique. The proposed strategy generates two different operating zones depending on the 

proximity of the desired MPP, where the step-size varies between two different values. The 

proposed strategy is unlike other techniques because does not need scaling factors. A 

comparative experimental study of the traditional and suggested MPPT technique is discussed 

in this paper. The efficiency of the suggested approach in terms of stability and tracking velocity 

is verified with experimental and simulations results. 

2. PV system modelling 

The PV-system is composed of many different parts, such as PV-modules, DC-DC converter, 

MPPT controller, and load. The whole PV-system is shown in (Fig. 1). 

 

Fig 1. The whole PV-system 

2.1 PV solar modelling 

The essential parts of a PV installation as presented in (Fig. 2) are the PV solar cells. These 

later are collected in parallel and in series to form panels. Various panels are grouped depending 

on the required output power. The PV characteristic is depending on the irradiance and the 

temperature, as expressed in equation (1) [4].  
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Fig 2. PV cell equivalent circuit 

2.2 DC-DC converter 

Choppers are generally needed to control the voltage level for the desired application. DC-DC 

converters are the major commonly employed in the PV installation. In this situation, the SEPIC 

converter (Fig. 3) is applied due to its good MPPT effectiveness. It is able to effectively control 

the voltage of the PV-array at various solar irradiation levels [5]. 

 

Fig 3. SEPIC Converter 

3. MPPT approach description 

MPPT is applied to harvest the optimal energy generated by the PV-array and forward it to the 

consumer [6]. This process is assumed to be the efficient way to enhance the performance of 

the PV-system. In this work, a modified IncCond algorithm is suggested, carried out, evaluated 

and compared to this traditional method under various irradiance. 

3.1 Traditional incremental conductance algorithm 

The IncCond technique is employed largely in the real world due to its simplicity of application. 

The IncCond method has certain limitations in tuning the steps. Its performance can be unstable 

when irradiance change abruptly. The flowchart of the standard IncCond method is shown in 

(Fig. 4). 
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Fig 4. Flowchart of the standard IncCond method 

3.2 Enhanced MPPT approach 

The standard IncCond process varies according to the step; hence, when not properly adapted, 

it cannot effectively follow the optimal energy and results in power losses [7][8]. A big step-

size leads to a fast convergence and a significant power loss. A short step-size can achieve the 

MPP but cannot track the fast-changing radiation. To enhance the IncCond procedure, the 

suggested method is enhanced the tracking precision by eliminating the fluctuations and ensure 

direction of tracking. The flowchart of the suggested IncCond procedure is shown in (Fig. 6). 

Equation (2) is set up to generate two zones of operation (Fig. 5), with Z being a very small 

value. Working zones, A and B have a big step (BS) and a short step (SS) respectively. 

|
∆𝑃𝑝𝑣

∆𝑉𝑝𝑣
| ≤ 𝑍                                                                                                                                                (2) 
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The algorithm defines the step as BS. If equation 3 is verified and the algorithm still searches 

the MPP with the steps specified depending on the fields determined by (2). as (3) rarely reaches 

zero, a little margin of tolerance is needed: e=0.04. 

∆𝐼𝑝𝑣

∆𝑉𝑝𝑣
+

𝐼𝑝𝑣

𝑉𝑝𝑣
< 𝑒 = 0.04                                                                                                                          (3) 

 

Fig 5. The operating zones 

 

Fig 6. Flowchart of the modified algorithm 

0 5 10 15 20 25
0

10

20

30

40

50

60

70

80

PV Voltage (V)

P
V

 P
o

w
er

 (
W

)

MPP

PV characteristic

AA

B

Z

abs(P/V)



Necaibia et al. 

 194 

4. Simulation test 

The entire offered system was tested through the use of MATLAB/Simulink. The global MPPT-

system is shown in (Fig. 7). 

 

Fig 7. The entire PV-system 

The simulation presented below was performed for a clouded-day. The irradiance of the selected 

day is presented in (Fig. 8). 

 

Fig 8. Real data of solar irradiance 
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Fig 9. PV output power waves for: a) the standard IncCond method. b)  

the suggested IncCond technique 

To observe the behavior of the suggested approach, both MPPT techniques are evaluated for 

Sudden irradiance variation (cloudy-day). (Fig. 9) shows that the conventional IncCond 

approach cannot follow the MPP properly under rapid solar irradiation change, while a 

successful tracking of the PPM by the offered method is noticed. 

5. Experimental test 

The whole experimental PV-system was realized to verify the effectiveness of the offered 

technique in the Saharan Adrar, Algeria is illustrated in (Fig. 10). 

 

Fig 10. The whole PV-system under test. 

 

Fig 11.  PV voltage and SEPIC output voltage 

0 0.05 0.1 0.15 0.2 0.25 0.3
0

10

20

30

40

50

60

70

 Time (s)

 P
V

 P
o

w
er

 (
W

)

(b)



Necaibia et al. 

 196 

 

Fig 12. PV current and SEPIC output current 

In (Fig. 11) the classical MPPT method causes large oscillations in the due to the size of the 

perturbation. In (Fig. 12) the proposed MPPT technique is able to achieve MPP with very low 

fluctuation and has a good response time. 

6. Conclusion 

In this work, a modified IncCond procedure was performed to overcome various limitations of 

the standard method. The achieved results prove the efficiency of the offered MPPT strategy 

and prove that with different types of irradiations, the PV-system performs efficiently under 

varying irradiance. The proposed procedure offers excellent efficiency in real data of solar 

irradiance in the Saharan Adrar, Algeria. The PPM is rapidly reached and the fluctuation is 

significantly decreased. 

7. References  

[1] Necaibia A., Bouraiou A., Ziane A., Sahouane N., Hassani S., Mostefaoui M., Dabou R., 

Mouhadjer S. Analytical assessment of the outdoor performance and efficiency of grid-tied 

photovoltaic system under hot dry climate in the south of Algeria. Energy Conversion and 

Management.2018; 171:778-8. https://doi.org/10.1016/j.enconman.2018.06.020. 

[2] Merad F., Labar, H., Kelaiaia, M. S., Djelailia O., Necaibia, S. Optimal fuel consumption 

planning and energy management strategy for a hybrid energy system with pumped storage. 

International Journal of Energy Technology and Policy.2020; 16:587-24. 

https://doi/pdf/10.1504/IJETP.2020.109316. 

[3] Djelailia O., Kelaiaia, M. S., Labar, H., Necaibia S., Merad F. Energy hybridization 

photovoltaic/diesel generator/pump storage hydroelectric management based on online optimal 

fuel consumption per kWh. Sustainable Cities and Society.2019; 44:1-15. 

https://doi.org/10.1016/j.scs.2018.09.037. 

https://doi.org/10.1016/j.enconman.2018.06.020


ICREATA’2021: A new adaptive MPPT design for photovoltaic system under real outdoor conditions 

 197 

[4] Necaibia, S., Kelaiaia, M. S., Labar, H., and Necaibia, A. Implementation of an improved 

incremental conductance MPPT control based boost converter in photovoltaic 

applications.2017;18:4-12. https://doi.org/10.1515/ijeeps-2017-0051. 

[5] Necaibia, S., Kelaiaia, M. S., Labar, H., and Necaibia, A., Djelailia O., Merad F. Practical 

Implementation of a Proposed MPPT Control Strategy to Mitigate Inaccurate Responses for 

Photovoltaic Systems. International Journal on Electrical Engineering & Informatics.2018; 

10:4-18. DOI Number: 10.15676/ijeei.2018.10.4.10. 

[6] Necaibia, S., Kelaiaia, M. S., Labar, H., and Necaibia, A. Efficient Design and simulation 

of solar power system with MPPT‐based soft switching SEPIC converter at different load 

levels. Environmental Progress & Sustainable Energy.2018; 37:1792-7. 

https://doi.org/10.1002/ep.12828. 

[7] Necaibia, S., Kelaiaia, M. S., Labar, H., and Necaibia, A., Castronuovo E. D. Enhanced 

auto-scaling incremental conductance MPPT method, implemented on low-cost 

microcontroller and SEPIC converter. Sol. Energy.2019; 180:152-16. 

https://doi.org/10.1016/j.solener.2019.01.028. 

[8] Necaibia, S., Kelaiaia, M. S., Labar, H., and Necaibia, A., Logerais P. O. Boost Chopper 

implementation based on variable MPPT duty cycle control applied to photovoltaic systems. 

International Renewable and Sustainable Energy Conference (IRSEC).2017; 1-6. 

doi: 10.1109/IRSEC.2017.8477269. 

https://doi.org/10.1515/ijeeps-2017-0051
https://doi.org/10.1002/ep.12828
https://doi.org/10.1016/j.solener.2019.01.028
https://doi.org/10.1109/IRSEC.2017.8477269

