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ABSTRACT

Perturb and Observe (P&O) maximum power point tracking (MPPT) algorithm is widely applied
due to its simplicity, costless and easy implementation. However, P&O tracking algorithm suffers
from drift or instabilities due to change of irradiance, and oscillation around maximum power point
(MPP) at steady state. Drift occurs due to the incorrect decision taken by the conventional P&O
algorithm at the first step change in duty cycle during the change in irradiance. This paper modifies
conventional P&O algorithm to overcome these drawbacks and improve MPPT performance of
photovoltaic (PV) system and DC/DC converter to supply a resistive load under rapidly change of
weather conditions. This modified technique is proposed to avoid the problem of irradiance
variation by incorporating the information of voltage, current and power in the decision process for
updating the duty cycle of the converter. Simulation results of the proposed algorithm achieved
minimum power oscillations with high accuracy, better dynamic response and stability for changes
of irradiance, load and temperature. The obtained results are compared with the previous
experimental results which are obtained in the literature.

Keywords: Photovoltaic (PV) system; Maximum power point tracking (MPPT); Perturb and
Observe (P&O) algorithm.

1. Introduction

Recently, the field growth of photovoltaic (PV) system market is increased because of its
benefits such as availability in everywhere, abundant, costless maintenance and eco-friendly
nature [1]-[2]. Although PV system has many benefits, it faces three major problems. One of
them is the lowering of its efficiency that can be hardly reached up to 20% for multi-
crystalline modules, while the two others are the changing of the electric power with weather
variations and non-linearity of their electrical characteristics. The lowering of efficiency is
coming from manufacturing techniques and weather conditions. Normally, the efficiency of
the PV system mainly depends on the operating point on the characteristic curves of the PV
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module [2]-[6]. These characteristic curves will alter with solar irradiance level and
atmospheric temperature [1]. The PV system should be operated at a maximum power point
(MPP) which is normally unigue point on the P-V curve to obtain the highest efficiency. This
point varies its location as a result change of weather conditions [6]-[8].

Maximum power point tracking (MPPT) represents the important algorithm that should
be included in every PV system to satisfy the highest efficiency. It is an electronic
controlled system intended to monitor the terminal voltage/current of the PV system for
extracting the MPP. This is done by adjusting the duty cycle of a DC/DC converter that
matches the output load with source impedance of the PV system. Normally, the optimal
MPPT should track MPP at all times whatever the weather conditions or load variations
are being. It also should be simple, accurately and implemented economically [5], [9]-[10].

Until now a numerous of MPPT techniques have been developed [11]-[33] to increase the
efficiency of the PV system and satisfy the optimal MPPT. These techniques vary in various
aspects such as tracking speed, oscillations around MPP, cost, and hardware required for
implementation. Most famous MPPT algorithms available are such as fractional open circuit
voltage [11], fractional short circuit current [11], Hill-climbing (HC) [6], [12], perturb and
observe (P&O) [13]-[20], incremental conductance (IncCond) [21]-[25], incremental
resistance (INR) [26], ripple correlation control (RCC) [27], fuzzy logic (FL) [28], artificial
neural networks (ANN) [29], particle warm optimization (PSO) [18], [30]-[31], and sliding
mode [32]-[33]. Overview of various MPPT techniques are discussed in [34]-[37].

Among all mentioned methods, the P&O algorithm is the most popular and widely used
due to its simplicity, ease of implementation and low cost. However the algorithm fails
tracking MPP during rapid change of weather and its tracking performance has steady state
oscillations around MPP according to step size [6]-[7], [13], [18]. Ref. [13] has applied a
constraint on perturbation step size (AD) to enable conventional P&O algorithm to
overcome the deviation from MPP or instability problem due to rapid variation of weather.
Although the modification successes to track MPP under rapid change of weather, a higher
value of step size (AD) causes high power losses in steady state. Ref. [15] suggested
maximum and minimum threshold value of power change (AP) to overcome the previous
problem. This suggestion is not optimal solution due to constraints on power change that is
depends mainly on weather conditions. Entire trend of P-V curve was proposed by Ref.
[16] to solve such problem, but it is not practical in case of a rapid change of weather as
the operating point moves into the new point on the corresponding irradiance P-V curve
for each irradiance change. Ref. [1] suggested the positive sign of current change (Al) to
avoid the problem, but this solution is only for increasing of irradiance, and lacking
information about rapid decreasing of weather.

Although conventional P&O has remarkable advantages and many research modified it,
the oscillation problem and tracking of MPP under rapid change of weather are still
challenging problems [1], [6] - [7], [18]. This paper presents an accurate and simple
solution to enable conventional P&O algorithm to track MPP under rapid change of
weather (either increasing or decreasing) and minimizing its oscillation. The steady stated
oscillation is reduced by choosing a linear variable “d” between input and output voltages
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of the DC/DC buck-boost converter that is result smoothing change of duty cycle “D”. The
minimizing oscillations are satisfied with fast tracking of MPP at the same time.

2. Conventional perturb and observe algorithm

Conventional P&O algorithm is the simplest, costless, popular and almost applicable in
practice with efficiency up to 96.5% [3]. However, it is not robust in tracking the right MPP
at rapid changes of weather [6], [13], [18], [38]. The algorithm obtains its information from
the actual operating point of the PV module or array (i.e., voltage, V,, and current, lpy) to
scan the P-V curve in order to obtain MPP as shown in Fig. 1. The scanning of the P-V curve
is done by changing the operating point (Vpy or lpy), Which is known as perturbation step,
and then measuring the change in PV power (AP), that is known as observation step. The
resulting change of PV power is observed as follow [1], [38]:

o If % is positive, the perturbation of voltage should be increased from point "A"
towards MPP as shown at the left side of Fig. 1.

o If % is negative, the perturbation of voltage should be decreased from point "B"
towards MPP as shown at the right side of Fig. 1.

e The previous process is repeated until is reached to MPP where 2—5 is closely to zero;

this is satisfied condition is called steady state.
o The P&O keeps perturbing the system in order to detect a change in the MPP (caused by
a change in the environmental conditions or load), which triggers a new scan.

Normally, this process causes the operating point of the PV system to oscillate around
MPP. The flowchart of conventional P&O algorithm is shown in Fig. 2 [38].
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Fig. 1. Perturb and observe on P-V curve.
2.1. Conventional perturb & observe algorithm and weather variations

2.1.1. Rapid change of irradiance

The successive rapid increasing of irradiance causes drift or instability problem due to
conventional P&O algorithm is unable to recognize the increase in power either is coming
from weather or perturbation change. Suppose there is an increase in irradiance level from
(400-800) W/m?, whiles the PV system operates at point MPP1 at perturbation K as shown
in Fig. 3 then, the operating point will be moved to a new point 2 in corresponding
irradiance curve during the same perturbation K which results positive change in both
power (AP) and voltage (AV) [13], [34], [39]-[41]. The information of positive change
during perturbation K+1 will make algorithm to increase voltage perturbation instead of
decreasing and move operating point from point 2 to point 3 as shown in Fig. 3. This
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wrong decision causing the operating point of PV system is far away from MPP as a result
of successive change of weather as shown in Fig. 3. Also, the successive rapid decreasing
of irradiance will deviate the operating point of PV system away from MPP as discussed in
Ref. [2]. The simulation result of Ref. [2] is shown in Fig. 4.
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Fig. 2. Flowchart of conventional P&O algorithm [38].
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Fig. 3. Simulation results of rapid change in irradiance (increasing).

2.1.2. Steady change of weather

The steady change of weather will cause wrong decision of P&O algorithm at first
perturbation as discussed in rapid change of weather, but the next perturbation will correct
this wrong action. Suppose increasing in irradiance level from (600-800) W/m? and the PV
system operates at MPP1 as shown in Fig. 5. The result of increasing PV power and
voltage will increase perturbation voltage and consequently will divert the operating point
from MPP2 at point 2 as shown in Fig. 5. The next perturbation at the same curve -without
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weather change- is the negative change in PV power (AP < 0) and the positive change in

PV voltage (AV > 0) will decrease the voltage perturbation towards MPP2 with subsequent
next perturbations as shown in Fig. 5.
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Fig. 4. Simulation results of rapid change in irradiance (decreasing).
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Fig. 5. Simulation results of steady change in irradiance.
2.2. Conventional perturb & observe algorithm and load change

The photovoltaic load (R.) is connected across PV terminal via DC/DC buck-boost
converter as shown in Fig. 6. The DC/DC buck-boost converter is intended to match the
load impedance with source impedance of the PV system to satisfy maximum power
transfer. Also, P&O MPP tracker is used to enable the PV system to operate at MPP. The
relations between input and output variables of DC/DC buck-boost converter are expressed
as follow [1]-[2], [13], and [38]:

Vour = —d *Vpy (1)

lour =—Ipy /d (2)

d=D/(1-D) 3)

St =lIpy/ Vpv = d? (Tout/ Vour) = dZ/RL 4)

Ry, = d*® (Vpy/ Ipy) (5)
Where:

Vou lout @re output voltage and current of DC/DC buck-boost converter;
Vv, Ipy are voltage and current of PV system,
d is a linear control variable between Vo, and Vpy
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D is the duty cycle,
Sv is the slope of load line, and
R is the output load resistance of DC/DC buck-boost converter.
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Fig. 6. Block diagram of PV system with MPPT control.

The operating point of the PV system is determined by the slope of load line as shown
in Fig. 7 which normally is directly proportional with squared of controlled variable “d”
and inversely proportional with load resistance "R,". This slope will change the operating
point on |-V characteristic curve of the PV system by changing linear variable “d” or load
resistance. The algorithm will take this variable as controlled variable for voltage change
and then computes the duty cycle from Eq. (3) as follow:

D =d/(1+d) (6)

Normally, the PV system operates closed to MPP at steady weather and without change in
load as shown in Fig. 7. The load change causes the operating point of the PV system to move
away- either right or left side- from MPP at point b of Fig. 7. The increasing in load resistance
from R4 to R, will move the operating point to the right side of MPP that is causing decrease
in power and increase in voltage. The negative change in PV power (AP < 0) and positive
change in PV voltage (AV > 0) will decrease the perturbation voltage as illustrated from
flowchart of Fig. 2 [38], [41]. The positive change in power and negative change in voltage in
subsequent perturbation will decrease the voltage at the same direction to MPP. Also, the
decreasing of load resistance from Ry, to R 3 will move the operating point to the left side of
MPP at point ¢ of Fig. 7. This action will cause negative change in both power and voltage that
are causing the algorithm to increase the PV voltage towards MPP [1].

2.3. Problem description of conventional perturbs and observe algorithm

It is obviously from the previous explanation that the conventional P&O algorithm is
taking wrong decision at first step of weather change that is accumulated with successive
change of irradiance. The P&O algorithm confused its direction towards the MPP due to
lack its information about the cause of power change either is coming from weather
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variation or perturbation step due to load change. Also, the steady state oscillation is due to
compromise between step size and tracking speed of MPP. Also, it is noticed that, there is
no wrong decision or correction due to load change at steady weather. This means that the
best performance of conventional P&O is for load change at steady weather.

I
I
Normal operation :

Decreasing of load v
“d? R.,”

resistance “d%/ R 5”

PV current (A)
PV power (W)

Increasing of load
resistance “d%/ R.,” 1

Vc Vb
PV voltage (V)

Fig. 7. Change of operating point with respect to load resistance (Ry).
3. Modification of conventional perturbs and observe algorithm
3.1. Basic modification

The performance of conventional P&O algorithm as a result of the above discussions can be
divided into weather change under constant load and load change under constant weather. The
conventional P&O algorithm has best performance with load change, while has poor
performance with weather change. To enhance the performance of conventional P&O
algorithm due to weather change under constant load (R.), it should be recognized this
condition during rapid change or steady change of weather by computing load value (R.) in
every perturbation step to ensure unchangeable of load and the change in power is coming
from weather change. Also, the load change (AR,) is done under constant weather conditions.

3.2. Modification procedures due to weather change

It is observed that P&O conventional algorithm is based only on a single P-V or I-V
characteristic curve, and all perturbations are focused on it. These perturbations have not
taken into account the variations of weather. Normally, the weather variations are
occurrence at least between two P-V characteristic curves [6], [13], [36]. So, the P&O
conventional algorithm should recognize the variation of the PV power between these P-V
curves. The change in the PV power may increase or decrease according to weather
conditions under constant load. The following steps explain the modified algorithm:

1) During perturbation K suppose that, the solar irradiance is increased from 400 W/m?
to 1000 W/m? under fixed load "R,". The increasing of weather will move the
operating point of PV system from point "A1" on lower I-V curve to point "B1" on
upper I-V curve as shown in Fig. 8. The transferring of the operating point will
increase the PV voltage from point "A1" on lower 1-V curve to point "B1" on upper
I-V curve. Also, the PV power point "C1" that is located on MPP1 of lower P-V
curve will change to point "D1"that is far away from MPP2 on the upper P-V curve.

2) Both increasing of PV power and voltage under constant load from lower to upper 1-V
and P-V curves of Fig. 8, will give positive change in power AP > 0, AP = P(k) —



351
JES, Assiut University, Faculty of Engineering, Vol. 43, No. 3, May 2015, pp. 344 — 362

P(k — 1) and positive change in voltage AV > 0,AV = V(k) — V(k — 1) without
change in load resistance. Both positive change in power (AP > 0) and voltage (AV> 0)
under constant load (AR =0) will orient algorithm to decrement voltage perturbation to
obtain MPP2 of Fig. 8. MPP is the main goal of algorithm to optimize the PV power.

3) Suppose that the solar irradiance is decreased from 1000W/m? to 400W/m? during
perturbation K+1 of P&O algorithm. The reducing of irradiance level will reduce
voltage level and move the operating point from point "A2" on upper I-V curve to
point "B2" on lower I-V curve as shown in Fig. 8. The transferring of operating
point will also decrease the PV power from point "C2" that is located on MPP2 on
upper P-V curve to point "D2" that is deviated from MPP1 on lower P-V curve as
illustrated of Fig. 8 on P-V curves under fixed load with negative change in power
AP < 0,AP = P(k+2)—-P(k+ 1) and negative change in voltage AV <
0,AV = V(k+2)—-V(k+1). Both negative change in power (AP < 0) and
voltage (AV< 0) under constant load (AR, =0) will orient algorithm to increment
voltage perturbation to reach MPP1 of Fig. 8. Optimizing of power is satisfied for
algorithm by extracting MPP.

4) When the load is varied under constant weather condition, the conventional P&O
algorithm will track MPP of PV system with best performance.

Therefore, the load resistance (R.) will orient the proposed P&O algorithm to recognize
the cause of power variation which is either coming from weather or load. The
combination of both weather and load change techniques, will result a modified P&O
algorithm. This algorithm can distinguish between the change in power is coming from
weather or load as shown in flowchart of Fig. 9.
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Fig. 8. PV power and voltage due to weather variations.
3.3. Minimizing oscillations with fast tracking of MPP

The steady state oscillations of conventional P&O algorithm are minimized with fast
tracking of MPP. These are satisfied using a variable “d” that gives linear relation between
input and output voltages [42]. This variable has an efficient effect on the duty cycle “D” to
speed up the algorithm to track MPP. The relation between duty cycle and that variable is
given from Eq. (6). From Eq. (6), it can be seen that the duty cycle has variable values with
fixed change of variable d as shown in Fig. 10. This figure indicates large variation of the
duty cycle at lower values of d and smaller variation of D at higher value of d which satisfied
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the optimum requirements of extracting MPP. The change of duty cycle will reduce the
oscillations at steady state. Normally, the zero value is floating point due to truncation error
and cannot be determined with the precious practical manner which closely to it [25, 41]. So,
it should assume a precious value that is below it, the algorithm will fix the duty cycle to
minimize steady oscillations to zero without consideration loss of PV power. To satisfy this
requirement, the minimum change in power with respect to its power (AP/P) is proposed less
than the precious value “g”. If the change in (AP/P) is less than & < 0.004, the algorithm will
fix the value of "d" and consequently the duty cycle.

Begin Modified P&O
Algorithm

A 4
:I Measure: V(K) and 1(K) |

'

P(K) = V(K)* I(K)

AP(K) = P(K) - P(K-1)
AV(K) = V(K) - V(K-1)
RL(K) = (V(K) / I(K))* (d)®
ARL(K) = RL(K) - R(K-1)

No Yes
VA
Yes @ @ Yes

No l No
Decrease Increase Decrease Increase Increase Decrease
Module Module Module Module Module Module
Voltage Voltage Voltage Voltage Voltage Voltage

v ' ' ' v v
!

Update History
V(K-1)=V(K)
P(K-1)=P(K)

Fig. 9. Flowchart of modified P&O algorithm.
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Fig. 10. Relationship between duty cycle and variable “d”.
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4. Modelling of photovoltaic module

The current equation of the two diode-model of Fig. 11 is written as [43].

Vpv + Ipy Rg (Ns /Np)
Ipy = NI, — NI -1
PV p'ph pls1 {exp ( al-Ns-VT

Vpy + IpyR¢ (Ng /N
— Npls2 {exp( al ;:NS E,TS/ p)>—1}
N..
B <VPV+IPVRS (Ns /Np)>
Rsh (Ns /Np)

Np Np Rs(Ns/Np)

()

r ¥ B — +
I’\

3
b 4
Np'ph@) Ns Yoiy ¥ Nelyooy ¥ Rsnle/Np) Vi
Pry ot -

Fig. 11. Equivalent circuit model of generalized PV module [43].

Where,

N, is the number of parallel cells,

N, is the number of series solar cells,

R, is the series resistance of the module (€2),

Rq is the parallel resistance of the module (Q2),

V7 is the thermal voltage of the diode (V), (V1= KT/q),
a; and a, are ideality factors for D1 and D2 respectively,
I,y is the output current of PV model (A),

V,y is output voltage of PV model (V),

Is; is the diffusion saturated current of D1 (A), and

Is, is recombination saturated current of D2 (A).

The photo current , I}, is a function of temperature and solar irradiance is given as
follows [43]:

Iph = (G/Gsrc)[Iph atstc + Ki(T — Tsrc)] €)
Where,

G is the solar irradiance (KW/m?),

Gsrc is the solar irradiance at standard test conditions (STC) [Gsre=1kW/m?],
T is the cell working temperature (Kelvin),

Tsrc is the temperature of PV cell at STC,

I,n at STC is the photo current at STC (A)and

K is the short circuit current coefficient (A/C°).
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The two-diode saturation currents as function of working PV temperature are given as
follow [43]:

= tawsre () e [(25) (7 -3)] ;
s1 — !s1atSTC TSTC exp al.K TSTC T ()
= taare () o0 (258) ()] 10
Where,

K is Boltzmann constant (1.38 * 102)/Kelvin),
q is electron charge (1.6 * 10™°C) and
E, is the band gap energy of semiconductor (eV).

The PV system is implemented in Matlab/Simulink with DC/DC buck-boost converter
to obtain MPP using modified P&O algorithm.

5. System Simulation and Results

Fig. 12 shows the Matlab/Simulink simulation model of the PV system. The simulated
system is composed of multi-crystalline solar modules, P&O proposed algorithm, DC/DC
buck-boost converter and R,..
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lowapatnture { o Come UL KLanad)
T Snie PV ipoded y L

Fig. 12. PV system model on Matlab/Simulink.
The performance of the modified P&O algorithm is simulated for the following conditions:
5.1. Solar irradiance variation

The simulation model is composed of (4 MSX-60) modules connected in series [18]; each
module has rated at 60 W to obtain total power of 240 W at STC. Parameters of two-diode
model for (MSX-60) module and DC/DC buck-boost converter are given in Table 1 [18, 43].

The solar irradiance level is stepped from low to high and then to low again as shown in
Fig. 13. The initial level is set at G=0.4 kW/m?At t=2sec, the irradiance is suddenly
stepped up to G=1.0 kW/m?. Finally at t=6sec, it is stepped down to G=0.4 kW/m?. The
temperature is kept constant at 25°C for all irradiance levels. Figs. 14-16 show the
simulation results of extracted maximum power, current and voltage respectively as
compared with available PSO-P&O algorithm results of Ref. [18]. It can be seen from
figures that, the modified P&O algorithm is more accurate, powerful and responsively than
PSO-P&O algorithm of Ref. [18].
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Table 1.
Parameters of MSX-60 and DC/DC buck-boost converter.
BP solar MSX-60 DC/DC buck-boost converter
Datasheet Parameter Two-diode Computed Converter | Parameter value
parameter value [43] model results [43] parameter [18]
[43] parameter [18]
[43]
Pop, W 60.000 Lo, A 3.8084 L H 1.000x10°
Ise, 3.8000 Is1, A 4.8723 x 10 Cin, F 470.0000x10°®
Voor V 21.1000 Isp, A 6.1528 x 1070 Couts F 220.0000x10°®
Inp, A 3.5000 R, Q 0.3692 f,Hz 50.000x10°
Vinp, V 17.1000 Ry, Q 169.0471 R.,Q 50
K,,V/C° | -80.0000 x 107 a; 1.0003
K;, A/C° 3.000 x 107 a, 1.9997
[\ 36.000
N, 1.000

The tracking efficiency of the proposed algorithm can be calculated from the following equation:
N=Pexiracted/ Peatcutated (11)
Where: Peuracted 1S the maximum extracted power at certain irradiance and temperature.
Peacuated 1S the maximum power from manufacturing data sheet at certain irradiance and temperature.
At STC:  Peyuracted OF Series modules (MSX-60) =237.6W as shown in Fig. 14.
Peatcuiated = Maximum power of module*number of modules = 60*4=240W as shown in Table 1.
Proposed algorithm efficiency = (237.6/240)*100=99.125%.

From the obtained results, it can be seen that the proposed algorithm is extracted
maximum power with high efficiency (99.125%) and response without oscillation.
Obtained efficiency from proposed algorithm is greater than the efficiency of the
conventional P&O algorithm which is normally about 96.5% [2].
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Fig. 13.Variation of solar irradiance.
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Fig. 14. PV system power compared to results of Ref. [18] during irradiance change.
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Fig. 15. PV system current compared to results of Ref. [18] during irradiance change.
5.2. Load variation

Fig. 17 shows the maximum output power by the proposed P&O algorithm as compared
with PSO-P&O algorithm of Ref. [18] during load variation. Under standard conditions
(1000W/m?, 25°C), the output PV system is 240W. At t =2 Sec., a 50% step change in load
is imposed (inserting additional resistor R qq) of 100 in parallel with load resistor R, of
50Q using circuit breaker as shown in Fig. 12, causing a sudden drop in the PV power.
Then, the modified P&O algorithm is forced to track the MPP for the new load condition.
From this figure it can be seen that, quick response with minimum oscillation of the
modified P&O algorithm as compared with PSO-P&O modified algorithm of Ref. [18].

5.3. Temperature variation

The whole PV system model with its associated DC/DC buck-boost converter which
consists of 36 cells and modified P&O algorithm is shown in Fig. 12. The solar cells

parameters are given in Table 2 [8], also, the estimated parameters of two-diode model and
DC/DC buck-boost converter are given in Table 2.
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Fig. 16. PV system voltage compared to results of Ref. [18] during irradiance change.
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Fig. 17. PV system power compared to results of Ref. [18] during load change.

The PV system is subjected to temperature variations under constant irradiance at
1000W/m? as follow:

The PV system temperature is stepped from high to low and then again to high with
linearly increasing up to 50° C as shown in Fig. 18. The initial temperature value is set at
T=25° C. At time equal to 3 sec, the temperature is suddenly stepped down to T=10° C. Then
at time equal to 5 sec, it is stepped up to T=25° C. The temperature is kept constant at25°C up
to 6sec. After that the temperature is linearly increased from 25°C to 50°C during time period
starting from 6sec up to 9 sec. Finally the PV system temperature stills constant at 50°C.

Figs. 19-20 show the simulation results of both power, and voltage as compared with
the experimental results of incremental conductance algorithm of Ref. [8]. These figures
illustrate that the modified algorithm is more accurate, powerful, and responsively than
incremental conductance algorithm experimental results of Ref. [8]. Also, these figures
indicate large oscillation of voltages using incremental conductance algorithm around MPP
as compared to modified P&O proposed algorithm.
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Table 2.

Parameters of solar module and DC/DC buck-boost converter.

Solar cell module parameters

DC/DC buck-boost converter

Datasheet Parameter Two diode Computed Converter Parameter value
parameter value [8] model results parameter
parameter
Prp, W 63.0000 Ion, A 3.3001 Ls H 1.5000x10°
I, A 3.3000 I, A 1.4767x10™ L, H 85.0000x10°
Voo, V 25.0000 I, A 1.26688x10° CyF 200.0000x10°
Inp, A 3.1000 R, Q 0.1981 CousF 100.0000x10°
Vinp, V 20.3000 Rgp, Q 1.0196x10° f,Hz 50.0000x10°
K,,V/C° | -80.000x107 a 1.0000
K;, A/C° 3.0000x107° a, 2.0000
N, 36
N, 1
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Fig. 18. Diagram of temperature variation of the PV system for Ref. [8]
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Fig. 19. PV system power compared to results of Ref. [8] during temperature change.
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Fig. 20. PV system voltage compared to results of Ref. [8] during temperature change.
6. Conclusions

Maximum power point tracking techniques extract the maximum output power of the
PV systems at certain weather conditions to maximize its efficiency and minimize the
overall system cost. Unfortunately, MPPT techniques deviate from MPP location as a
result of weather or load variations. The most conventional and popular technique is P&O
algorithm due to its simplicity, costless and has minimum controlled parameters. The
conventional P&O algorithm has many drawbacks such as failure to extract MPP during
rapid change of weather, oscillations around the MPP and instabilities. In this paper, a new
modified P&O algorithm is proposed to enhance the conventional P&O algorithm for
overcoming previously drawbacks. This proposed algorithm is based on load technique to
enable conventional P&O algorithm to recognize the cause of power change either is
coming from weather or load change. The results of proposed P&O algorithm show good
excellent maximum power tracking due to rapid variations in weather or load as compared
with simulation and experimental previous research works. The modified proposed P&O
algorithm satisfies extracting maximum power with high efficiency due to rapid change of
weather, minimizing the oscillations around MPP, giving quick and high response, and
finally increasing stability of PV system. This paper provided a clear, accurate, and
practical powerful tool for MPP field applications.
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