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Abstract 

To meet the increasing demand of power, there is rapid rise in the development and utilization of 
renewable energy resources, particularly energy scavenging from solar irradiations. In the recent years 
energy scavenging from sun has been receiving considerable attention due to versatile advantages. The 
advantages by the photovoltaic (PV) system when put to use for energy conversion include low 
maintenance cost, noiseless operation, no limitations, economical friendly and pollution free energy. 
PV is considered as one of the most important renewable energy sources, since solar energy is 
inexhaustible, free and clean. In this paper we will be focusing on the maximum output power 
utilization of PV array, by using incremental conductance (INC) MPPT method, which is commonly 
used methods to get the optimum efficiency from PV system under non-uniform solar irradiations. 
MPPT’s are used to maximize the output of PV arrays, by tracking MPP. MATLAB software is used 
for simulation and Microsoft Visio for diagramming and flow charts. In this paper we will investigate 
output voltage and power variations of INC MPPT technique at different duty cycles (ʎ) under non-
uniform solar irradiations. Which will help in selecting the appropriate MPPT technique and its merits 
and demerits on solar PV array applications for future developments. 
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1. Introduction: 

Power crisis are becoming extensive and more severe in today’s era.  Because depilation of 
conventional fossil fuels, which unlimitedly used in power and transportation system. From the last few 
decades considerable efforts have been made to utilize renewable energy sources (RESs) in to 
conventional power generation system to reduce the rapid diminution of fossil fuels and environmental 
pollution. Solar energy is one of the abundantly available sources of renewable energy which can be 
one of the main source of future power generation system in standalone and grid connected for 
domestic, commercial and industrial applications [1]. Due to its flexibility and adaptability in grid 
connected or standalone mode, photovoltaic has attracted extensive attention of PV system 
manufacturers and researcher for its maximum utilization and optimization.  Technically there are two 
ways to improve the effectiveness and optimization of solar PV system, either it could be possible to 
develop low cost high efficiency solar conversion materials or to control the PV system at maximum 
power point (MPP) for getting best possible output power. Because of the high cost of solar cells, it is 
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necessary to operate the PV array at the maximum operating point.  Therefore maximum power Point 
tracking (MPPT) is considered as an essential part of PV generation system and is one of the key issue 
for researchers to reduce the effects of nonlinear characteristics of PV array [2].So far different 
maximum power point algorithms have been proposed for optimization of PV output power, such as  
Incremental Conductance (INC) [3, 4], Perturb &  Observe (P&O) [5-7], Hill Climbing [8, 9], Fuzzy 
Logic Control (FLC), Neural Network (NN)  and Genetic Algorithm (GA) [10-12]. 
 
Among all the aforementioned MPPT algorithms, incremental conductance (INC) and perturb & 
observe (P&O) are commonly used for small and large scale PV power plants because both the 
algorithms operates in accordance with power against voltage (P-V) curve of PV module and tune the 
duty cycle of converter to ensure the next MPP point accordingly. In this paper we will be investigating 
the INC MPPT method under non-uniform solar irradiance conditions with different duty cycles (ʎ) to 
investigate its output voltage stability and power variations. PV array system configuration with MPPT 
and DC-DC boost converter is depicted in Fig.-1.  
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Fig.1. PV System Configuration with MPPT 

2. PV Module Modelling 

PV generation system are defined as voltage (V) or current (I) source. Practically solar cell is a hybrid 
behaviour device which can either be V or I source. Because of nonlinearity of environmental 
conditions PV module has non-linear characteristic. For PV system applications, it is important to 
model it according to the design requirements of MPPT. In this paper, 36W PV panel is taken as 
reference, and the required solar cell model is developed in MATLAB/SIMULINK by following the 
equation-1 to 4. Whereas , PV module electrical data sheet is given in table-1 [13]. 

#$% & '#()* + ,-(. / 298) ∗ 3
45556                                            (1) 

 
In equation-1 solar cell photocurrent #$% is obtained, where the short-circuit current #()*=2.55A with 
(STC) standard test condition at 258 and solar irradiation of10009 :;⁄ . Further, the ISC temperature 
co-efficient(,- & 0.0017 ? 8@ ), operating temperature of module is T in Kelvin. 

#*A & #()*
'exp C DEFG

HIJKLM / 16N      (2) 

 
In equation-2, O & 1.6 P 10Q4RS, VOC is 21.24 as given in manufacturer voltage of PV panel data 

sheet, Boltzmann constant T & 1.3805 P 10Q;V W ,@   and ideality factor is (A=1.6). 
 

#F & #*AX L
L*YV expX O ∗ Z[\

]^ _ 4
L̀ / 4

LaY             (3) 

 
 

In equation-3, the band gap Ego of silicon solar cell = 1.1eV 
 

#bE & c$ ∗ #$% / c$ ∗ #5Xexp _O ∗ XdD∗(EefghefiIjY
HIK^L 6 / 1                  (4) 

 
According to the data sheet specification of solar panel as given in table-1. 3 KW PV system is 
simulated where, in one PV panel number of parallel solar cell (Np=1), numbers of solar cell in series 
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(Ns=36) and PV output voltage VPV are equal to open circuit voltage VOC of PV panel.  

 
Table-1: Solar 36W PV Module Electrical Data Characteristic 

 

 

3. Incremental Conductance MPPT Method. 

The conventional incremental conductance method is driven by following the equation (6) to find the 
slope of P-V curve. In equation 6 it determines that the operating point of PV module is at its MPP 
level as can seen in Fig 2. Whereas, reference to equations (7) & (8)  are operating at left and right side 
of P-V curve to achieve the MPP accordingly by increasing and decreasing duty cycle of INC 
controller algorithm methodology as shown in table-2 and in Fig. 3 its flow chart is given [14, 15] .  
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Fig. 2. Incremental Conductance MPP Curve 

 
Table-2. Incremental Conductance Algorithm Methodology[16] 
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The scheme of (6), (7) & (8) is that the slope of P-V curve at MPP is equal to zero as described in (9).  

 
 kp
km & 0                             (9) 

 
Therefore, (9) can be rewritten as  
 

kp
km & k(l∗m)

km & V ∗ kl
km + I ∗ km

km                                        (10) 

 
 kp
km V ∗ kl

km + I                                                               (11) 

 
Which implies that  
 

kl
km + l

m & 0                                                                (12) 

 

 
Fig. 3. Incremental Conductance MPPT Algorithm Flow Chart 

 
However, in INC the slope of PV curve determines by varying the converter duty cycle in fixed or 
variable step size until the MPP is achieved. The larger step size helps to reduce the MPP tracking time 
but not get rid of the oscillation around MPP [17], the smaller step size reduces the oscillation under 
rapidly changing solar irradiance conditions with greater efficiency but due to smaller step size and 
complicated algorithm speed is slow [4, 18]. 

4. Simulation Results and Discussions. 

To investigate the performance of incremental conductance MPPT method under non-uniform solar 
irradiance at different duty cycles. A MATLAB Simulink model was developed as shown in Fig. 4, 
which consist of the PV array, a DC-DC boost converter and incremental conductance MPPT 
controller technique.  
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Fig. 4. MATLAB/Simulink Model of INC MPPT 

 
Furthermore, to investigate the effectiveness of the incremental conductance MPPT method at different 
duty cycles at ∆d= 0.001, 0.005 and 0.01. The output voltage results in Fig-5 (A, B and C) in magenta 
colour and output power in Fig -6 (A, B and C) in green colour clearly illustrates that performance of 
the INC MPPT. 

 

 
Fig.5. Output Voltage of MPPT Control at ∆d= 0.001, 0.005 and 0.01 

 
It can be observe in Figs. 5 (A, B & C) as ∆d is increases from 0.001 to 0.01, INC's output voltage 
decreases from the range of (385-407) volts to (374-397) where the upper limit decreases to 10 volts 
and the lower limit went down to 11 volts. 
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Fig.-6. Output Power of MPPT Control at ∆d= 0.001, 0.005 and 0.01 
 

In the same way, in Fig. 6 (A, B & C) output power of INC at ∆d = 0.001, INC's output power is 
between (2775-3100) watts, and at ∆d=0.01 INC's output power is (2625-2955). 

 
Furthermore, table-3 surmises the measurement output voltage and power of INC at duty cycle ∆d= 
0.001, 0.005 and 0.01 in order to verify the repeatability of the results, It can be seen that smaller ∆d 
reduces the steady-state losses caused by the oscillation of the PV operating point around the MPP, but 
it makes the algorithm slower and less efficient in the case of rapidly change in solar irradiations and 
larger step size contributes to faster dynamics but excessive steady state oscillations, resulting in a 
comparatively low efficiency as it can easily be seen in Figs. 5 & 6. 
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Table-3.  INC Output Voltage and Power Comparisons at Different ∆d  
∆d 
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5. Conclusion  

This paper presents a study analysis of incremental conductance method with different duty cycles (∆d) 
under non-uniform solar irradiations in MATLAB/Simulink. Simulation results reveals smaller ∆d 
decreases the steady-state losses caused by the oscillation around the MPP and the larger the step size 
tends to faster dynamics but produces unnecessary steady state oscillations. Resulting in a 
comparatively low efficiency. Considering the best possible rapport of incremental conductance 
simulation at 0.001 step change response of ∆d obtained maximum power from PV system.   

 
References 

 
[1] Z. Liao, and X. Ruan, "Control strategy of bi-directional DC/DC converter for a novel stand-alone photovoltaic power 

system." pp. 1-6. 
[2] A. Ali, W. Li, and X. He, “Simple Moving Voltage Average Incremental Conductance MPPT Technique with Direct 

Control Method under Nonuniform Solar Irradiance Conditions,” International Journal of Photoenergy, vol. 2015, 
2015. 

[3] F. Liu, S. Duan, F. Liu, B. Liu, and Y. Kang, “A Variable Step Size INC MPPT Method for PV Systems,” IEEE 
Transactions on Industrial Electronics, vol. 55, no. 7, pp. 2622-2628, 2008. 

[4] A. Safari, and S. Mekhilef, “Simulation and Hardware Implementation of Incremental Conductance MPPT With 
Direct Control Method Using Cuk Converter,” IEEE Transactions on Industrial Electronics, vol. 58, no. 4, pp. 1154-
1161, 2011. 

[5] N. Femia, G. Petrone, G. Spagnuolo, and M. Vitelli, “A Technique for Improving P&O MPPT Performances of 
Double-Stage Grid-Connected Photovoltaic Systems,” IEEE Transactions on Industrial Electronics, vol. 56, no. 11, 
pp. 4473-4482, 2009. 

[6] N. Fermia, D. Granozio, G. Petrone, and M. Vitelli, “Predictive & Adaptive MPPT Perturb and Observe Method,” 
IEEE Transactions on Aerospace and Electronic Systems, vol. 43, no. 3, pp. 934-950, 2007. 

[7] A. K. Abdelsalam, A. M. Massoud, S. Ahmed, and P. N. Enjeti, “High-Performance Adaptive Perturb and Observe 
MPPT Technique for Photovoltaic-Based Microgrids,” IEEE Transactions on Power Electronics, vol. 26, no. 4, pp. 
1010-1021, 2011. 

[8] S. Jain, and V. Agarwal, “A new algorithm for rapid tracking of approximate maximum power point in photovoltaic 
systems,” IEEE Power Electronics Letters, vol. 2, no. 1, pp. 16-19, 2004. 

[9] X. Weidong, and W. G. Dunford, "A modified adaptive hill climbing MPPT method for photovoltaic power systems." 
pp. 1957-1963 Vol.3. 

[10] A. Varnham, A. M. Al-Ibrahim, G. S. Virk, and D. Azzi, “Soft-Computing Model-Based Controllers for Increased 
Photovoltaic Plant Efficiencies,” IEEE Transactions on Energy Conversion, vol. 22, no. 4, pp. 873-880, 2007. 

[11] D.-C. L. Ahmed G. Abo-Khalil, Jul-Ki Seok, Jong-Woo Choi, Heung-Geun Kim, “Maximum Power Point Tracking 
Controller Connecting PV System to Grid,” Journal of Power Electronics, vol. 6, no. 3, pp. 9, July 2006, 2006. 

[12] J. L. Agorreta, L. Reinaldos, R. Gonzalez, M. Borrega, J. Balda, and L. Marroyo, “Fuzzy Switching Technique 
Applied to PWM Boost Converter Operating in Mixed Conduction Mode for PV Systems,” IEEE Transactions on 
Industrial Electronics, vol. 56, no. 11, pp. 4363-4373, 2009. 

[13] A. Ali, Y. Gu, C. Xu, W. Li, and X. He, "Comparing the performance of different control techniques for DC-DC 
boost converter with variable solar PV generation in DC microgrid." pp. 603-609. 



4th International Conference on  
Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 
[14] K. Kobayashi, I. Takano, and Y. Sawada, “A study of a two stage maximum power point tracking control of a 

photovoltaic system under partially shaded insolation conditions,” Solar energy materials and solar cells, vol. 90, no. 
18, pp. 2975-2988, 2006. 

[15] H. Patel, and V. Agarwal, “Maximum Power Point Tracking Scheme for PV Systems Operating Under Partially 
Shaded Conditions,” IEEE Transactions on Industrial Electronics, vol. 55, no. 4, pp. 1689-1698, 2008. 

[16] S. Kumar Dash, S. Nema, R. K. Nema, and D. Verma, “A comprehensive assessment of maximum power point 
tracking techniques under uniform and non-uniform irradiance and its impact on photovoltaic systems: A review,” 
Journal of Renewable and Sustainable Energy, vol. 7, no. 6, pp. 063113, 2015. 

[17] T. Esram, and P. L. Chapman, “Comparison of Photovoltaic Array Maximum Power Point Tracking Techniques,” 
IEEE Transactions on Energy Conversion, vol. 22, no. 2, pp. 439-449, 2007. 

[18] A. Woyte, V. V. Thong, R. Belmans, and J. Nijs, “Voltage fluctuations on distribution level introduced by 
photovoltaic systems,” IEEE Transactions on Energy Conversion, vol. 21, no. 1, pp. 202-209, 2006. 
 


