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Abstract—In this study, an accurate algorithm for
Maximum Power Point (MPP) estimation of a
photovoltaic (PV) generator is investigated. The PV
generator is composed of solar PV module and DC-
DC converter. For this purpose, the effects of parasitic
of the filter elements, parasitic elements in MOSFETS,
and climate forcing on MPP estimation of a PV
generator are taken into consideration to obtain the
proposed algorithm. Detail mathematical model of DC-
DC Converter including the proposed factors have
been developed for improving the accuracy of this
model. In order to evaluate the effectiveness of the
proposed algorithm, an accurate model for
photovoltaic panels, based exclusively on datasheet
parameters has been developed and implemented.
The most important contributions of this paper are the
clear description of the MPP estimation process
based on an accurate effective model and also
determination the expected added value of maximum
generating power of a PV generator as a result of
applying the proposed algorithm which take the
proposed factors into consideration.

Keywords—Maximum Power Point (MPP),
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Nomenclature

VL- the voltage across the inductor

Vpv- the photovoltaic voltage

D- Duty cycle

F;-Switching frequency

CD-Capacitance of Schottky Diode
COSS-Capacitance of MOS Switch

STC- Standard Test Conditions (Eref =1000
W/m? Tref=25 °C, spectrum AM1.5).

Tref=25 °C.

lo - Dark saturation current in STC.

Rsh- Panel parallel (shunt) resistance.

Vmpp - Voltage at the Maximum Power Point
(MPP) in STC.

Impp — current at the Maximum Power Point
(MPP) in STC.

g- Electron charge.

VL- the voltage across the inductor
CSW-Total Capacitance of Switching Elements
IL - Inductor Current

l,- Output Current

Psw- Power Absorbed by All Switching Elements
r.- Inductor Series Resistance

rsw -Parasitic Switching Resistance

T- Cell Temperature, in Kelvin.
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ns - Number of cells in series.

Ion - the photo-generated current in STC.
Rs - Panel series resistance.

A - Diode quality (ideality) factor.

V, - Junction thermal voltage.

| .INTRODUCTION

The growing energy demand coupled with the
possibility of reduced supply of conventional fuels,
evidenced by petroleum crisis, along with growing
concerns about environmental conservation, has
driven research and development of alternative
energy sources that are cleaner, are renewable, and
produce little environmental impact. Among the
alternative sources, the electrical energy from PV cells
is currently regarded as a natural energy source that
is more useful, since it is free, abundant, clean, and
distributed over the Earth and participates as a
primary factor of all other processes of energy
production on Earth [1]. There is a unique point on the
I-V or (power —voltage) curve of the solar array called
MPP, at which the entire PV system (array, converter,
etc.) operates with maximum efficiency and produces
its maximum output power. The location of the MPP is
not known, but can be located, by different algorithms
[2]. The studies on the Maximum Power Point
Tracking (MPPT) area are normally grouped in two
categories: the first one relates to the DC-DC
converter optimization, focusing on methods to
choose the suitable DC-DC converters to operate as
MPPT [3-4]; and the second one refers to the
maximum power point tracking algorithm [5-8]. the
MPPT is achieved by a DC-DC converter ,there are
many factors can be effect on the dc-dc converter
performance ,The influence of filter elements on the
performance of the converter has been studied[3].and
also the effect of parasitic elements present in
MOSFET switch considered in paper[4].

The most commonly used MPPT algorithm is P&O
method. This algorithm uses simple feedback
arrangement and little measured parameters. In this
approach, the module voltage is periodically given a
perturbation and the corresponding output power is
compared with that at the previous perturbing cycle
[5].The incremental conductance method is based on
the derivative of PV output power with respect to the
PV voltage. The derivation is zero at MPP, positive on
the left side of MPP and negative on the right side of
MPP [6].The constant voltage method has been
suggested in paper [7]. Paper [8] presents a
temperature-based MPPT algorithm applied to PV
systems.
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Many investigations were reported above, about
MPPT algorithms of a pv panel through dc-dc
converter but no attention was paid to the effects of
parasitic of the filter elements, parasitic elements in
MOSFETs, on MPPT estimation of a PV - DC-DC
boost converter system, although neglecting the
parasitic effects lead to unacceptable errors in the
calculation of duty cycle of the converter. The most
cited MPPT algorithms on the literature [5-8] it has
some limitations, like slow response speed, and even
tracking in wrong way under rapidly changing
atmospheric conditions, increased complexity and
suffers from low accuracy. Paper [8] presents the
MPPT algorithm based on the values of temperature
only. Therefore this algorithm may be suffered from
low accuracy because the Vmpp depend on both the
temperature and irradiance values. This motivates the
authors to investigate an accurate algorithm for MPP
estimation of a PV generator including the numerous
factors which are ignored in previous works. In this
paper the effects of parasitic elements present in
MOSFET switch are considered beside effect of filter
elements inductor and capacitor in order to construct
an accurate algorithm for MPP estimation of a PV
generator. This paper also presents algorithm the
Vmpp is estimated based on both the temperature
and irradiance values. In order to evaluate the
effectiveness of the proposed algorithm, an accurate
model for photovoltaic panels, based exclusively on
datasheet parameters has been presented. The
proposed algorithm has been implemented in Matlab,
in order to verify it in wide range of different
temperature and irradiance conditions based on an
accurate model.

Il. Description of the System under Study

The PV generator under study is composed of
solar PV module and boost converter as shown in
Fig.1. The photovoltaic cell converts the sunlight into
electricity. Solar PV module generates DC power at its
maximum using boost converter with MPPT algorithm,
which is discussed in this study.

DC-DC Boost Converter

b, -
VPV Vo

PV Module

Fig.1. a PV generator configuration

exclusively on datasheet parameters .Fig. 2.shows the
equivalent circuit for a PV cell. The output current of
the equivalent circuit, I,,, can be expressed as a
function of the PV cell's voltage, V,,, [1]:
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Fig.2. Equivalent circuit of a photovoltaic cell using
the single exponential module

Vpv +IRs
Vpy +IpyR
lov = loh— 1o (e ns Vi —1)—% 1)
In the above equation, Vt is the junction thermal
voltage:-
AKT
Vi=— @

q

Equation (1) can be written for the three key-points
of the V-1 characteristic: the short-circuit point, the
maximum power point and the open-circuit point.

IscRs

IscR
- V, Sc'\s
lso=lpn —loe™% — 2= 3)
Vmpp+lmppRs
Impp= lon — lo€ sVt _ Vmpp+ImppRs @)
pp='p Ran
Voc v
— -_— \/, 0oC
|0C_o_|ph—|oenst—R—sh (%)

An additional equation can be derived using the
fact that is on the P-V characteristic of the panel, at
the MPP, the derivative of power with voltage is zero.

aP| V=Vinpp _

avl 1=lmmp — "MPP
Vmpp+ImppRs —Voc

(Isc Rs+Voc—IscRgp)e nsVe 1
nsViRsp "Rsh  _
Vinpp Vinpp*ImppRs —Voc =0 (6)
1_UscRs +Voc=IscRsp)Rse nsVi | Rs
nsVeRsp Rsh

The fifth equation can be derived using the fact
that is on the P-I characteristics of a PV system at the
maximum power point, the derivative of power with
respect to current is zero.

aP| V=Vmpp _

dal I=Immp_ mpp
Vmpp+ImppRs —Voc

) 1 (IscRs +Voc=IscRsp)Rse nsVe 4+ RBs
A. An Accurate Model of Photovoltaic Module. I, nsViRsh _ Rsh — (7)
pp Vmpp+HmppRs —Voc
The effectiveness of the proposed algorithm can (Isc Rs+Voc=IscRsp)e sVt 4t
be evaluated by using an accurate model for nsVtRsh Rsh
photovoltaic panels, which is deduced based
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equations. (3) And (5) can be inserted into Eq. (4),
which will take the form
| | Vimpp+ImppRs—IscRs
mpp ~ 'sc T
Vimpp + Impp Rs =V
Voe—lscRs)  ———v——=
(Isc _ ocRS:c s) e nsVi — O (8)
The Newton-Raphson calculate the three unknown
parameters (Rs, A, and Rsh) of PV panel model Rsh
using equations. (6), (7) and (8).Then, the other
parameters (I, and Iph) are calculated directly from
equations (9, 10) respectively.

Voc
Voc— lscR - —F
Io: (Isc_ OCRS:C s)e nsVt (9)
Voc
— ngV, Voc
lon = lo€"vt + = (20)

sh

B- An Accurate Model of DC-DC Converter.

In order to begin analysis, it is important to observe
the converter behavior without any added parasitics
(switch resistance, inductor resistance, diode forward
voltage drop, et cetera). Thus, Fig. 3. will be used for
the ideal derivations.

AV

PV Module -

A4

Fig.3. Ideal boost converter circuit

During the switch is closed, the voltage across the
inductor, VL is equal to the photovoltaic voltage, Vpv,
and the inductor current is approximately constant (in
that it is increasing linearly), it can be said that:

. Vpy D
AIL,<:Iosed = If_Fs (11)

Next, the switch is open. As such, the voltage
across the inductor becomes Vpv — VO, and referring
to the inductor current graph for shown in Fig.4.
rearranging the equation for voltage in an inductor
yields:

. Vo=V )(1-D)
AIL,open = % (12)

In steady-state, the total change in inductor current
must equal zero, thus by using (11) and (12):

0= AiL,closed + AiL,open

DTs : (1-D)Ts
DTg Ts

Fig.4. Inductor Current in Boost Converter

Rearranging the above equation to solve for the
DC output-to-input transfer unction yields:

Yo _ 1

Vpy  1-D (14)
Fig.5.shows the boost converter circuit with

parasitics added in. In order to derive the output

voltage of the non-ideal boost converter, the concept

of energy conservation [4] is used where in:

va =Py + Pioss (15)

Thus it is necessary to observe what mechanisms
will cause power loss in the non-ideal model. The
dynamic switching losses in both the transistor switch
and the diode, given by (16).

1
I:,CSW = ECswvzsts (16)

L I

C——

PV Module

Tsw

v

Fig.5.Non-Ideal Boost Converter Circuit

Using Schottky diodes in switched DC-DC
converter circuits caused increasing that capacitance
causes a corresponding linear increase in power
consumption as evidenced by plugging (17) into (16).

Csw = Coss + Cp (17)

Assuming that the diode on-resistance is small and
that the forward voltage drop will be the primary
source of static loss in the diode, the total power loss
can be given as,

Ploss = P + Psw + Pp (18)

=VnD+V,(1-D)-V,(1-D) (13) where Py, is equal to both the conduction loss due
to the switch, PrSW, as well as the dynamic switching
losses, PCSW and PD is equal to the conduction loss
due to the diode.
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Likewise, since the diode is only conducting for
the time interval of (1 — D) TS, the average power
absorbed by the diode is just (1 — D) VD IL. This
yields the equation:

Ploss = NI°L + Drswl’L + 5 CewVo’Fs + (1 = D)Vpl (19)
Since,
Py = Py + Py + Py + Pp (20)
 Voulpy = Volo + 1P + Dryl?L +35Cou Vo Fs +

(1 -D)VplL (21)

Since current through the diode is equal to (1- D)
IL, and all of the DC component of the diode current
must be delivered to the load, the following
relationship can be established and

then solved for IL :
1 -D)IL=1,

—__ b
L= 575 (22)
Dividing (21) through by IL and plugging (22) into
IL yields:

Vo
lo lo 1-D

(1 =D)Vo + 1L %+ Drgy 7% + ZCSWVOZFS +

(1-D)Vp (23)

I1l. AN ACCURATE ESTIMATION OF MAXIMUM POWER
POINT.

An accurate algorithm for MPP estimation of a PV
system based on accurate model of DC-DC boost
converter which is describe in the previous section
and the climate forcing on MPP estimation of a PV
generator have been assessed and taken into
consideration as cleared in the following steps.

stepl. The PV module surface temperature T,
irradiances G, and the output voltage Vo which can be
measure or estimated [9] are applied as input data for
the tracking algorithm.

Step2.Estimation of MPP take the temperature and
irradiances into consideration based on the fact that
the output photovoltaic voltage and current are directly
proportional to the temperature and irradiances values
on the photovoltaic surface [10]. The maximum power
point voltage and current are calculated as follow.

G
Vipp = Vmppyret + Vi N (@) + K (T = Trep) (24)

G
Impp = Impp,ref G " Ki(T — Trer) (25)

Step3. The values of duty cycle of the converter to
operate at MPP can be calculated based on equations
(21,24 and 25) which is take the different factors
(parasitic of the filter elements, parasitic elements in
MOSFETSs, and climate forcing) into consideration and
it can be given as follow

2 2 1 2
1 Vimpp!mpp=T11“mpp—Drsw! mpp_ECson Fs

Step4.To verify the effectiveness of this algorithm
The value of maximum generating power of the
system with the proposed algorithm (Ppgq) from
equation (27) and the opposite values based on ideal
calculation (Pngp) are calculate using equation (28).
And also the percentage added value to maximum
generating power(P,4q%) of a PV system as a result
of applying the proposed algorithm which take the
proposed factors into consideration can be calculated
using equation(29).

2 2 1 2
ng1 = va1 Ipv1 = nl"L = Dyswl™L — ECson Fs—

(1 - Daccurate)VDlL (27)
2 2 1 2
ng2 = va2|pv2 - r'II L™ DrswI L™ ECSWVO Fs -
(1 — Digea) VoL (28)
Padg = 182 4 100% (29)
ng2
Where

(Vpv1,lpv1) Is the operating point of a PV model
which calculated based on accurate model of a PV
and accurate duty cycle of the converter values which
is calculated by using equation (26)

(Vo2 lpv2) Is the operating point of a PV model
which calculated based on accurate model of a PV
and ideal duty cycle values of the converter values
which is calculated by using equation (14)

IV. RESULTS AND DISCUSSION

Section (2.1) describes the construction of an
accurate PV panel model which is used to verify the
effectiveness of the algorithm for MPP estimation of a
PV generator .So an accurate PV panel model has
been implemented in Matlab and tested using
manufacturer data sheet. In order to verify it in
different temperature and irradiance conditions. The
temperature dependencies of the model’'s V-l and P-V
curves have been verified by plotting the
characteristics for three different temperatures as
shown in figures 6 and 7.

5

Calculated data
A Experimental data

current(A)

r
20 25

10 15
voltage(V)

Fig. 6.Voltage current characteristics of the shell
SP75 model at three different temperatures and

Daccurate = Vo tVo) (26) standard irradiation.
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10 15
voltage(V)

Fig.7. Voltage-power characteristics of the shell
SP75 model at three different temperatures and
standard irradiation.

The effect of the irradiance on the voltage-current
(V-1) and voltage-power (V-P) characteristics of shell
SP75 solar panel under various irradiances level is
best depicted in Figuress, 9.

90

80/~ = 2 B
Calculated data G= 1000 W/m

A Experimental data

power(W)

G=400 W/m?

TAMAA
20 25

10 15
voltage(V)

Fig. 9.Voltage —power characteristics of the shell
SP75 model at different irradiation and standard
temperature.

From figures (6-9) it can be noted the calculated (I-
V, P-V) curves based on proposed an accurate model
are in good agreement with the experimental data for
different effects of the environment (temperature and
irradiance) and it can be used to verify the
effectiveness the algorithm for MPPT estimation of a
PV system.

Section (3) describes the construction of the
proposed algorithm for MPP estimation of a PV
system. It has been implemented in Matlab, in order to
verify it in wide range of different temperature and
irradiance conditions based on an accurate model
which is tested previously. Fig.10. show the calculated
values of duty cycle using the proposed algorithm
which is take the different factors (parasitic of the filter
elements, parasitic elements in MOSFETs, and
climate forcing) into consideration and the calculated

values using conventional algorithm [9] (ighore the
proposed factors)

From Fig.10. it can be noted that ,there are
unacceptable errors in the calculation of duty cycle of
the converter was found due to ignore the proposed
factors which are included into the proposed
algorithm.

D accurate
------ D ideal

Duty cycle(D)

L L L : 3 L
200 300 400 500 700 800 200 1000

600
Irridance(G)

Fig. 10. Duty Cycle versus irradiance Comparison
for proposed and conventional algorithms

Fig.11. show the values of maximum generating
power (P_mg1l) of a PV generator using the proposed
algorithm which is take the different factors into
consideration against the values based on the
conventional algorithm (P_mg2).

80

—— proposed algorithm
------ conventional algorithm

70

FN '3 @
=3 S o

Maximum generation Power
w
=3

20

%00 300 400 500 600 700 800 900 1000
Irridance (G)

Fig. 11. Maximum generation Power versus
irradiance Comparison for proposed and conventional
model

As can be seen in Fig.11. the proposed algorithm
achieve high maximum generating power of a pv
generator compare to the values which are achieved
by using the conventional algorithm at the same
environment conditions

This difference between the proposed and
conventional model lllustrated clearly by calculated
the percentage added value to maximum generating
power of a pv generator due to use of the proposed
algorithm as shown in Fig.12.
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From Fig.12. it can be noted that, the added value
to maximum generating power of a PV system as a
result of applying the proposed algorithm which take
the proposed factors into consideration reached to 6
% from the corresponding values of conventional
algorithm.

[ T y T
— propased aigerithm
— conventional algorithm
= st
E
B
7
g
=0 4F -
g -
2 o
- 5~
i
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3 o
5 — 4
32 — T=60°C 1
s L— =
21} P ek B
L L L L . L L
%0 300 400 500 600 700 800 00 1000
Irridance (G)

Fig. 12 .percent of power added to maximum
generation at versus temperature and irradiance

V. CONCLUSION

This paper investigates an accurate algorithm for
MPP estimation of a PV generator. This algorithm
including the effects of parasitic elements present in
MOSFET switch beside effect of filter elements
inductor and capacitor. Also a new tracking algorithm,
based on the PV surface temperature and irradiances
is introduced. From the present analysis, one can
draw the following main conclusions:-

The effects of parasitics (parasitic of the filter
elements, parasitic elements in MOSFETS) have been
taken into consideration for improving the DC-DC
boost converter accuracy, to avoid unacceptable
errors in the calculation of duty cycle of it.

The proposed algorithm, estimate Vmpp based on
both the temperature and irradiance values.

The proposed algorithm is more reliable because
An accurate PV panel model which is used to verify
the effectiveness of the algorithm for MPP estimation
of a PV system give (I-V, P-V) curves are in good
agreement with the experimental data for different
effects of the environment (temperature and
irradiance).

The percentage added value to maximum
generating power (P,q4q) Of @ PV generator as a result
of applying the proposed algorithm which takes the
proposed factors into consideration reached to 6 %.

References

[1] M. A. G. de Brito, L. P. Sampaio, G. A. e Melo,
and C. A. Canesin, “Evaluation of the Main MPPT
Techniques for Photovoltaic Applications,” |EEE
Trans. Industrial Electronics , vol .60, NO. 3, pp1156-
1167 , March 2013.

[2] M. Berrera, A. Dolara, R. Faranda, and S. Leva,
“Experimental test of seven widely-adopted MPPT
algorithm,” IEEE Bucharest Power Tech Conference
2009, pp. 1 -8.

[3] Subramanya Bhat, Nagaraja H N “Effect of filter
elements on the performance of buck converter’
IEEEInternational Conference on Advances in Energy
Conversion Technologies(ICAECT) pp 169-173,
Manipal, India Jan. 2014.

[4] Jianjing Wang ; Chung, H.S.-H. ; Li, R.T.-H.
“Characterization and Experimental Assessment of
the Effects of Parasitic Elements on the MOSFET
Switching Performance” Power Electronics, |IEEE
Transactions on Volume: 28 ,pp 573 - 590 ,2013.

[5] V. Salas, E. Olias, A. Barrado and A. Lazaro
“Review of the maximum power point tracking
algorithms for stand-alone photovoltaic systems”Solar
Energy Materials and Solar Cells Volume 90, Issue
11, 6 July2006, Pages 1555-1578

[6] Liu, B; Duan, S; Liu, F. and Xu, P. “Analysis and
Improvement of a Maximum Power Point Tracking
Algorithm Base on Incremental Conductance Method
for Photovoltaic Array.” IEEE InternationalConference
on, 2007, pp. 637-641.

[7] Sera,D; Kerekes, T; Teodorescu, R. and
Blaabjerg, F. “Improved MPP Algorithms for Rapidly
Changing Environmental Conditions”. IEEE Power
Electronics and Motion Control Conference, 2006, pp.
1614-19.

[8] Coelho, R. F., Concer, F. M., & Martins, D. C.
(2010). A MPPT approach based on temperature
measurements applied in PV systems. IEEE/IAS
International Conference on Industry Applications, 1-
6.

[9] Tan, RH.G. , Tai, P.L.J. and Mok, V.H. “Solar
Irradiance Estimation Based on Photovoltaic Module
Short  Circuit Current  Measurement”. IEEE
International Conference on Smart Instrumentation,
Measurement and Applications (ICSIMA), 6-27
November 2013, pp. 1-4.

[10] Ahmed A. El Tayyan, “PV system behavior
based on datasheet”, Journal of Electron Devices,
Vol. 9, 2011, pp. 335

WWW.jmest.org

JMESTN42350773

1184


http://www.jmest.org/
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=63
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=63
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=6299036

