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 
Abstract—The purpose of this paper is to study and compare two 

maximum power point tracking (MPPT) algorithms in a photovoltaic 
simulation system and also show a simulation study of maximum 
power point tracking (MPPT) for photovoltaic systems using perturb 
and observe algorithm and Incremental conductance algorithm. 
Maximum power point tracking (MPPT) plays an important role in 
photovoltaic systems because it maximize the power output from a 
PV system for a given set of conditions, and therefore maximize the 
array efficiency and minimize the overall system cost. Since the 
maximum power point (MPP) varies, based on the irradiation and cell 
temperature, appropriate algorithms must be utilized to track the 
(MPP) and maintain the operation of the system in it. 
MATLAB/Simulink is used to establish a model of photovoltaic 
system with (MPPT) function. This system is developed by 
combining the models established of solar PV module and DC-DC 
Boost converter. The system is simulated under different climate 
conditions. Simulation results show that the photovoltaic simulation 
system can track the maximum power point accurately.  
 

Keywords—Incremental conductance Algorithm, Perturb and 
Observe Algorithm, Photovoltaic System and Simulation Results 

I. INTRODUCTION 

LOBAL warming and energy policies have become a hot 
topic on the international agenda in the last years. 

Developed countries are trying to reduce their greenhouse gas 
emissions. For example, the EU has committed to reduce the 
emissions of greenhouse gas to at least 20% below 1990 levels 
and to produce no less than 20% of its energy consumption 
from renewable sources by 2020 [1]. In this context, 
photovoltaic (PV) power generation has an important role to 
play due to the fact that it is a green source. The only 
emissions associated with PV power generation are those from 
the production of its components. After their installation they 
generate electricity from the solar irradiation without emitting 
greenhouse gases. In their lifetime, which is around 25 years, 
PV panels produce more energy than that for their 
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manufacturing [2]. Also they can be installed in places with no 
other use, such as roofs and deserts, or they can produce 
electricity for remote locations, where there is no electricity 
network. 

The efficiency of a PV plant is affected mainly by three 
factors: the efficiency of the PV panel (in commercial PV 
panels it is between 8-15% [3]), the efficiency of the inverter 
(95-98 % [4]-[5]) and the efficiency of the maximum power 
point tracking (MPPT) algorithm (which is over 98% [6]). 
Improving the efficiency of the PV panel and the inverter is 
not easy as it depends on the technology available, it may 
require better components, which can increase drastically the 
cost of the installation. Instead, improving the tracking of the 
maximum power point (MPP) with new control algorithms is 
easier, not expensive and can be done even in plants which are 
already in use by updating their control algorithms, which 
would lead to an immediate increase in PV power generation 
and consequently a reduction in its price. 

MPPT algorithms are necessary because PV arrays have a 
non-linear voltage-current characteristic with a unique point 
where the power produced is maximum [7]. This point 
depends on the temperature of the panels and on the irradiance 
conditions. Both conditions change during the day and are also 
different depending on the season of the year. Furthermore, 
irradiation can change rapidly due to changing atmospheric 
conditions such as clouds. It is very important to track the 
MPP accurately under all possible conditions so that the 
maximum available power is always obtained. 

II. PERTURB AND OBSERVE METHOD 

The P&O algorithm is also called “hill-climbing”, but both 
names refer to the same algorithm depending on how it is 
implemented. Hill-climbing involves a perturbation on the 
duty cycle of the power converter and P&O a perturbation in 
the operating voltage of the DC link between the PV array and 
the power converter [8]. In the case of the Hill-climbing, 
perturbing the duty cycle of the power converter implies 
modifying the voltage of the DC link between the PV array 
and the power converter, so both names refer to the same 
technique. In this method, the sign of the last perturbation and 
the sign of the last increment in the power are used to decide 
what the next perturbation should be. As can be seen in Fig. 1, 
on the left of the MPP incrementing the voltage increases the 
power whereas on the right decrementing the voltage increases 
the power. 
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The VSC converts the 500V DC link voltage to 260V AC 
and keep unity power factor. The VSC control system uses 
two control loops: 
 external control loop which regulates DC link voltage to 

+/- 250 V and 
 Internal control loop which regulates Id and Iq grid 

currents (active and reactive current components).  
Id current reference is the output of the DC voltage external 

controller. Iq current reference is set to zero in order to 
maintain unity power factor. Vd and Vq voltage outputs of the 
current controller are converted to three modulating signals 
Uabc_ref used by the PWM Generator. The control system uses a 
sample time of 100 microseconds for voltage and current 
controllers as well as for the PLL synchronization unit. Pulse 
generators of Boost and VSC converters use a fast sample 
time of 1 microsecond in order to get an appropriate resolution 
of PWM waveforms. 

PV array used in simulation delivers a maximum of 300 kW 
at 1000 W/m2 irradiance. VSC produces harmonics which is 
filtered by a 10-kvar capacitor bank, Three-phase coupling 
transformer has a rating of 100-kVA 260V/25KV .Utility 
grid has specification of (25-kV distribution feeder + 120 kV 
equivalent transmission system). 

 
1. Simulation Results of PV Module with IC as MPPT 

Algorithm 
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Fig. 7 (a)-(d) Output at Boost Converter 
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(c) 

Fig. 8 (a)-(c) Output of voltage source converter 
 

 

Fig. 9 Output at the inverter 
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Fig. 10 (a)-(d) Output at the grid 

C. Simulation of Grid Connected PV Module with P&O as 
MPPT Algorithm 

A 100-kW PV array is connected to a 25-kV grid via a DC-
DC boost converter and a three-phase three-level Voltage 
Source Converter (VSC). Maximum Power Point Tracking 
(MPPT) is implemented in the boost converter by means of a 
Simulink model using the 'Perturb & Observe' technique. The 
average model contains the following components: 
 PV array delivering a maximum of 100 kW at 1000 W/m2 

sun irradiance. 
 DC-DC boost converter 
 3-level 3-phase VSC 
 100-kVA 260V/25kV three-phase coupling transformer 
 Utility grid (25-kV distribution feeder + 120 kV 

equivalent transmission systems). 
The main difference between the previous model and this 

model is in the way that DC-DC boost converter and three-
phase VSC are modeled. In this model the boost and VSC 
converters are represented by equivalent voltage sources 
generating the AC voltage averaged over one cycle of the 
switching frequency. Such a model does not represent 
harmonics, but the dynamics resulting from control system 
and power system interaction is preserved. This model allows 
using much larger time steps than the detailed model (50 
microseconds v/s 1 microsecond), resulting in a much faster 
simulation. In the IC model the PV-array model contains an 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0.7

0.75

0.8

0.85

0.9

0.95

1

Time (sec)

M
o

d
u

la
ti

o
n

 In
d

ex

Modulation Index vs Time plot

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
-600

-400

-200

0

200

400

600

V
ab

 (
V

)

Vab vs Time plot

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
-60

-40

-20

0

20

40

60

80

Time (sec)

P
o

w
er

 (
kW

)

Power vs Time plot

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

-2

-1

0

1

2

x 10
4

Time (sec)

V
a 

(V
)

Va vs t plot

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
-4

-2

0

2

4

Time (sec)

Ia
 (

A
)

Ia vs t plot

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
-4

-2

0

2

4

Time (sec)

Ia
 (

A
)

Ia vs t plot



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:8, No:7, 2014

1230

alg
ite
sa

Al

Ir
ra

d
ia

n
ce

(W
/m

2
)

gebraic loop.
erative and ac
ample times ar

 

 
1. Simulation

lgorithm 

0 0.2
0

200

400

600

800

1000

Ir
ra

d
ia

n
ce

 (
W

/m
2

)

0 0.2
0

20

40

60

80

P
o

w
er

 (
kW

)

 This algebr
ccurate solutio
re used. This a

n Outputs of P

0.4 0.6 0.8

Irradia

0.4 0.6 0.8

Powe

raic loop is r
on of the PV
algebraic loop

Fig. 11 S

PV Module w

(a) 
 

(b) 

1 1.2
Time (sec)

nce vs Time plot

1 1.2
Time (sec)

er vs Time plot

required to g
V model when
p is easily solv

Simulation of PV

with P&O as M

1.4 1.6 1.8

1.4 1.6 1.8

 

get an 
n large 
ved by 

Sim
imp

V Module with 

MPPT 

 

 

2

2

23

24

25

26

27

28

29

30

P
V

 V
o

lt
ag

e 
(V

)

0

0.4

0

0.5

D
u

ty
 C

yc
le

mulink. The '
plemented in th

 P&O as MPPT

Fig. 

0 0.2 0.4
30

40

50

60

70

80

90

00

0 0.1 0.2
.4

45

.5

55

Perturb and 
he MPPT Con

T Algorithm 

(

(

12 (a)-(d) Outpu

0.6 0.8
Ti

PV Voltag

0.3 0.4
T

Duty Cycl

Observe' MP
ntrol MATLAB

(c) 
 

d) 

ut at Boost Con
 

1 1.2 1.4
me (sec)

e vs Time plot

0.5 0.6 0.
ime (sec)

le vs Time plot

PPT algorithm
B Function blo

nverter 

4 1.6 1.8

7 0.8 0.9

m is 
ock. 

 

 

 

2

1



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:8, No:7, 2014

1231

 

 

 

(a) 
 

 

(b) 
 

 

(c) 

 

(d) 

Fig. 13 (a)-(d) Output of voltage source converter 
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Fig. 14 (a)-(c) Output at the grid 

V. COMPARATIVE STUDY OF RESULTS 

A comparative study is performed with IC and P&O MPPT 
algorithm. The comparisons shown in Fig. 15 shows that with 
same varying irradiance values the area under the curve in 
power plot is more in IC than P&O algorithm so more power 
is generated using IC algorithm than P&O algorithm with 
same varying irradiance values. In IC Voltage curve settle 
down fast than P&O. So IC algorithm leads to less settling 
time. 

We thought at the outset of this study that we would find 
that the perturb-and-observe and incremental conductance 
algorithms should have very similar overall efficiencies, but 
that incremental conductance should be slightly better. 
However, the results of this study indicate that, to within the 
accuracy available, the MPPT efficiencies of the incremental 
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conductance and perturb-and-observe MPPT algorithms are 
essentially the same. When optimized for the particular MPPT 
hardware in use, P&O and IC had the same performance under 
clear sky conditions, indicating that the penalty in efficiency 
caused by the oscillation about the MPP inherent in P&O 
under steady-state conditions was insignificant for the 
optimized algorithms. Incremental conductance Outperformed 
P&O under partly cloudy conditions, as expected, but the 
difference was very small. Also, interestingly, P&O had a 
significantly higher efficiency than incremental conductance 
under cloudy skies. 

The results suggest that the simplicity of the P&O algorithm 
may outweigh any advantage offered by incremental 
conductance in most applications, particularly low-cost 

applications such as module-integrated power electronics. The 
P&O method can be implemented with fairly simple analog 
circuitry or a very-low-cost microcontroller. Incremental 
conductance, on the other hand, requires differentiation, 
division circuitry and a relatively complex decision making 
process, and therefore requires a more complex 
microcontroller with more memory. The choice of which of 
these two MPP tracking algorithms to use in a PV system can 
be made by weighing the increased cost of the MPPT to the 
overall increase of energy produced. This would suggest that 
an increase in MPPT cost might be justified in a larger PV 
system, where a small percentage increase in efficiency would 
lead to a significant increase in energy output. 

 

 
Fig. 15 Comparative Studies of Results 

 
VI. CONCLUSION 

This study presents an experimental comparison of the 
maximum power point tracking efficiencies of two MPPT 
control algorithms that are discussed in the literature. The 
scope of the study was limited to those algorithms thought to 
be applicable to low-cost implementations with currently 
available hardware. The results suggest that, on the basis of 
maximum power point tracking efficiency, the Perturb-and-
Observe method, already by far the most commonly used 

algorithm in commercial converters, has the potential to be 
very competitive with other methods if it is properly optimized 
for the given hardware. Incremental conductance performed as 
well as Perturb-and-Observe method, but in general its higher 
implementation cost would not be justified by any 
improvement in performance. Since output voltage using 
Incremental conductance method varies less in rapidly varying 
atmospheric conditions and also more power is generated in 
Incremental conductance algorithm than Perturb-and-Observe 
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