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Abstract

The depletion of conventional energy sources and global warming has raised worldwide
awareness on the usage of renewable energy sources particularly solar photovoltaic (PV). Renewable
energy sources are non-polluting sources which can meet energy demands without causing any
environmental issues. For standalone PV systems, a low conversion efficiency of the solar panel and high
installation cost due to storage elements are the two primary constraints that limit the wide spread use of
this system. As the size of the system increases, the demand for a highly efficient tracking and charging
system is very crucial. Direct charging of battery with PV module will results in loss of capacity or
premature battery degradation. Furthermore, mostof the available energy generated by the PV module or
array will be wasted if proper tracking technique is not employed. As a result, more PV panels need to be
installed to provide the same output power capacity. This paper presents selection, design and simulation
of maximum power point tracker (MPPT) and battery charge controller for standalone Photovoltaic (PV)
system. Contributions are made in several aspects of the whole system, including selection of suitable
converter, converter design, system simulation, and MPPT algorithm. The proposed system utilizes direct
duty cycle technique thus simplifying its control structure. MPPT algorithm based on scanning approach
has been applied by sweeping the duty cycle throughoutthe -V curve to ensure continuous tracking of the
maximum power irrespective ofany environmental circumstances. For energy storage, lead acid battery is
employed in this work. MATLAB/Simulink® was utilized for simulation studies. Results show that the
propose strategy can track the MPPs and charge the battery effectively.

Keywords: SEPIC converter; maximum power pointtracking (MPPT); charge controller; standalone
photovoltaic (PV) systems
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1. Introduction

Among the alternative energy sources, solar energy is one of the most widely used and
readily available renewable energy sources. Solar energy supplied by the sun in one hour is
equal to the energy required by the human population in a year. Power generated by PV module
depends upon the solar irradiation, cell temperature and load impedance [1-4]. To efficiently
utilize solar energy, maximum power point tracking (MPPT) technology is normally employed to
ensure continuous operation of the PV systems at its maximum power point. Various MPPT
strategies were utilized in the literature to adjust the maximum output power of the PV systems
with the change in solar irradiance and temperature. In general, there is only one maximum
power point on the P-V curve of a PV module where it produces maximum output power under
uniform solar irradiance condition. Thus, in order to achieve maximum efficiency for PV
systems, some conventional maximum power point tracking algorithms such as Hill-Climbing,
Perturb&Obsene (P&O), Incremental Conductance (Inc. Cond) [5] were employed.

In order to maximize the power transfer from the photowltaic array to the battery bank,
a battery charger with charge controller should be utilized. It performs two main functions. The
first one is to accurately track the maximum power point (MPP) regardless of how quickly
atmospheric conditions change. The other function is to minimize the battery charging time to
back up the PV arrays as fast as possible while ensuring its safety and life cycle [6]. The battery
charging control methods can be classified into two classes: (i) single stage, and (ii) multi-stage
method. The constant current charging is a good example for single stage method, while
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constant wltage technique is a good example for multistage charging method. Studies show
that, the multi-stage charging is the most efficient for battery charging regardless of the battery
type [7].

The algorithm of a battery charge controller determines the effectiveness of battery
charging as well as the PV array utilization, and ultimately the ability of the system to meet the
electrical load demands. The most common approaches for charge controllers are the shunt,
series, pulse width modulation (PWM) and MPPT charge controllers. The shunt regulator
controls the charging of a battery from the PV array by short-circuiting the array internal to the
controller. The series controller utilizes some type of control element connected in series
between the array and the battery. While this type of controller is commonly used in small PV
systems, it is also a practical choice for larger systems due to the current limitations of shunt
controllers. The MPPT battery charge controller incorporates a DC-DC conwverter such that the
PV array can operate at the maximum power point at the prevailing solar irradiance. The
structure of battery charge controllers depends on the type of the controller. In the series and
shunt controllers, it simply consists of a switching element, such as a relay that is switched
on/off based on the value of a predefined set point. In a PWM and MPPT controllers, the circuits
are more sophisticated. In PWM generator circuits, microcontrollers are needed in order to drive
the switches of a DC-DC conwerter while MPPT controller consists of a controller that manages
the maximum power point tracking process and DC-DC converter [8]. In this paper, a DC-DC
SEPIC converter is selected and has been employed for standalone PV system application.
Using this conwerter, the PV system is able to execute good MPPT and charging control
performance.

This paper is organized in the following manner: Section 2 is the research method
which are provides a review of standalone photowltaic charging, with an emphasis on various
battery charging control and MPPT methods. In order to validate the suggested system,
simulation results together with discussions are provided in Section 3. The operation of the
proposed solar charger, including the transitions between the MPPT and CV modes, are
explained in this section. Lastly, conclusion is presented in Section 4.

2. Research Method
2.1. Standalone Photovoltaic (PV) Charging Systems

Solar energy systems can generally be categorized into i) standalone PV systems
which consist of a PV panel, battery and load; and ii) grid connected PV systems which feed
additional power to the grid. Standalone PV systems are essential as they provide a power
solution for remote and isolated areas which are unreachable by grid [9]. Red dotted line in
Figure 1 shows the typical components of a standalone PV charging system.

Batteries are the power tank of solar power systems. They play the role of power supply
when the sun does not shine. Batteries can be awided from reaching either overcharged or
over discharged condition by implementing a charge controller into the system. Furthermore,
inverter is used to conwert dc to ac if there is alternating current load being used.

..........................................

PV array
Charge : | peac
: Load
—»t  Controller —»| Inverter —p 025
&MPPT =
Battery bank

Figure 1. Typical components of standalone PV charging system
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2.2. PV Array

A photowltaic module consists of a number of interconnected solar cells and they can
be arranged in series or parallel configurations to maximize the power for high-power
applications. Solar cells consist of a p—n junction fabricated in a thin layer of semiconductor [10].
A solar cell equivalent electrical circuit can be represented by a single-diode model as shown in
Figure 2. Generally, the maximum output power produced depends on the applications used
ranging from hundred watts to kilowatt or even megawatt. Figure 3 shows the equivalent circuit
of the PV module arranged in NP parallel and NS series. Array can be formed when more
modules are wired together. More electricity can be produced by using a larger area of module
or array. Five different array configurations are reported in this paper. These are series (S),
series—parallel (SP), total-cross-tied (TCT), bridged-link (BL), and honey-comb (HC) [11].
The relationship between the cell terminal current and wltage is as follows: [12-14]:

ANN—>——e
ID + Rs | +
IPV CT) l ! VD § Rsh \
: .
Figure 2. Equivalent circuit of PV cell
V +IxR V +IxR
=1, -l ex S |-1]- s
pv o{ p[ axVi, J } Rep ()

where | and V are the output current and output wltage of the photowoltaic cell, respectively. I,
is the diode’s rewverse saturation current, a is the diode ideality factor, Rs and Rgy, is the series
and parallel resistance, respectively. V, is the thermal wltage of the cell, which is
expressed as,

Vin = q )

where q is the electron charge (1602 x 10 C) T is the junction temperature in Kelvin (K), and
Kp is the Boltzmann constant (1380 x 10 J/K) Ipv is the generated photocurrent; it depends
mainly on the radiation and cell’s temperature, which is expressed as,

G
STC

lov = [ISC_STC +Ki(T ~Tstc )]G 3)

where Isc stc (in Ampere, A) is the short-circuit current at standard test condltlons (STC), Tstc
(25°C) is the cell temperature at STC, G (in watts per square meters, W/m ) is the irradiation on
the cell surface, Gsrc (1000 W/mz) is the irradiation at STC, and K; is the short circuit current

coefficient, usually provided by the Vo stc +Ky (T —TSTC)ceII manufacturer. In addition, the
saturation current |, is influenced by the temperature according to the following equation [14-15]

L= lsc_sTCc+ Ki(T - TsTc)
° " explVoc_stc +Ky(T ~Tsre))/axVin|-1

(4)

where Vo stc (in Volt, V) is the open circuit wltage at STC; K, is the open circuit wltage
coefficient, these values are available on the datasheet provided by module’s manufacturer.

Maximum Power Point Tracking Charge Controller for Standalone PV ... (Mohd Asri Jusoh)



1416 = ISSN: 1693-6930

—

1 § RaNss /Ner I

R

Figure 3. Equivalent circuit of PV module
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The equation for PV array can be expressed as (5). The specifications for the PV
module used in this paper are given in Table 1. Using these parameters, the model of the PV
module is dewveloped in MATLAB/ Simulink®, and the corresponding I-V and P-V curves under
varying irradiations and at 25°C temperatures are plotted in Figure 4.

Va =Ngs xVinoqd
Ia =Npp XNmog
Voca =Nss *Vocmod

®)
Isca =Npp xlscmod
Nss
Rsa = Y. Rsmod
PP

Table 1. Specification of PV module at STC (1000W/25°C)

Parameters Variable Value Unit
Pow er Ppv 10 W
Open circuit voltage Voc 4.48 \%
Short circuit current Isc 2.96 A
Voltage at maximum pow er Vvep 3.66 \%
Current at maximum pow er Impp 2.74 A
Temperature coefficient of Voc Tvoc -0.32 %/°C
Temperature coefficient of Isc Tisc 0.09 %/°C
Number of cell NeeLL 12 -
——1000W/m2 —8-300W/mZ ——100W/m2 —8-1000W/m2 ——S00N/m2 100W/m2

30— —
2 %

Voltage(¥) Vokagz[V)

Figure 4. (a) I-V (b) P-V characteristics of PV module

2.3. MPPT Charge Controller

The ultimate goal of a charge controller in standalone PV systems is to maintain the
highest possible state of charge while preventing battery overcharge during high solar insolation
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and awoid ower discharging during low insolation and excessive loading. A good charge
controller does this with the least amount of PV energy being dumped. Charge controllers can
be classified as on/off controllers and soft controllers [16]. Using an MPPT algorithm is a good
choice in these situations, because working parameters are continuously adjusted in order to
reach the optimal energy extraction [12].

2.3.1. DC-DC Converter Selection

When proposing an MPP tracker, the major task is to choose and design a highly
efficient conwerter, which supposed to be operated as the main part of the MPPT charge
controller. The efficiency of switch-mode DC-DC conwerters is widely discussed in [17]. Most
switching-mode power supplies are well designed to function with high efficiency. Among all
DC-DC converter topologies, buck—boost, Cuk and SEPIC converters provide the opportunity to
have either higher or lower output wltage compared with the input voltage. Although the buck-—
boost configuration is cheaper due to its less components count compared to than Cuk and
SEPIC conwerters, it has some disadvantages that makes it less efficient such as discontinuous
input current, high peak currents in power components, and poor transient response. On the
other hand, the SEPIC conwerter has low switching losses and the highest efficiency among
non-isolated DC-DC conwerters. It can also provide a better output current characteristic due to
the inductor on the output stage. Thus, the SEPIC configuration is a proper converter to be
selected as the MPPT charge controller.

Figure 5 shows a DC-DC SEPIC conwerter (battery charge controller) with MPPT
control. The SEPIC converter has two modes of operation. The first mode of operation is when
the switch is closed (ON). In this mode, the capacitor releases energy to the output. Second
operating mode is when the switch is open (OFF), in which the diode is in forward-biased and
the energy is supplied to the load/battery. Capacitor C1 is charging from the PV supply. Figure 6
shows SEPIC converter in both operating modes, which is used as the intermediate stage
between the PV module and the battery.

Q

Figure 5. SEPIC converter based battery charge controller

(a) 1 Cs

o]

O

Figure 6. SEPIC converter with (a) switch ON [DT] (b) switch OFF [(1-D) T]
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Where

D: Duty cycle of PWM signal (%)

T: Period PWM signal (s)

From 0 to DT: the switch is closed and diode is open, so current across L, increase at the
rate of:

diy; _Vey
—= =Y, 0<t<Dt
d L (6)

So that L; and L, are charging; C, and C3 are discharging. From DT to T: the switch is open and
diode is closed, so current across i ; decrease at the rate of;

A Veat | prcp<t
dt L )

So that L, and L, are discharging; C, and Cjz are charging. V1 has two lewels, their average
equals zero:

(Vpy PT + (- Voar J1-DJT _ 0 @
T
So that:
(Voy D + (- Vpar J1-DJT =0 )

Simplifying above equation, the final input-output woltage expression:

D
Vpatt =Vpy X —— 10
batt =Vev x5 (10)

Thus, the conwverter performs buck function mode for D less than 0.5, and boost function mode
for D larger than 0.5. The ripple current across both inductors, L; and L, is given
approximately by:

Al = 40% x Ipy (max) (11)

The values of L; and Ly:

Vpy (minxD
Lifmir) = Lofmin) = % (12)

The selection of capacitor C, and C; are given:

lpatt XD lpatt X D

Cofi ) = att & Cafi) = batt

2(min) AVigpre <1 3(min) AVypple < f (13)
AViipple = 1% xVpayt (14)

The relations between input and output of a SEPIC conwerter are given in the following:

Ps =P,
Vels =Volo

Vs =Vpy =Vi1 =Vco (15)
Vo =Vbatt

Is =11

lo =12
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V,
D=—29_ AVo/No
VoV N (16)

The specifications of the designed conwerter are listed in Table 2.

Table 2. SEPIC conwerter design parameters

Parameter Value

Output pow er, Pq 50 W

Maximum input voltage, Vi 30V

Maximum input current, |; 35A
Sw itching frequency, fs 200 kHz
Maximum inductor current ripple, Aig may < 30%

Output voltage ripple, AVg Ng <3%
Inductor, L1 and L 100 uH
Input capacitor, C; 820 uF
Capacitor, C, 660 uF
Capacitor, C3 660 uF

2.3.2. Battery Charging Method

On the other hand, the controller uses a multi-stage charging algorithm, which is the
most safe and effective method of charging [6]. The principle of battery charging is shown in
Figure 7. In the first stage, the battery wltage is increased gradually to the preset wltage leel,
which is called the bulk level using constant charge current. When the bulk level wltage is
reached, the absorption stage starts. During this phase, the wltage is maintained at a bulk
wltage level for specific time while the current is gradually dropping. After the absorption time
passes, the float stage begins. The wltage is lowered to the float level and the battery draws a

very small current [6].

[A] v

Charging
Rate

ebejion

Lioyieg

Constant-Current Phase Constant-Voltage Phase

Pre-charge Phase
\d

Trickle-charge Phase

Time

Figure 7. Battery charging characteristics

2.3.3. MPPT Techniques

MPPT methods can be roughly classified into two categories: there are conventional
methods, like the Perturbation and Obsenation (P&O) [18-20] ,the Incremental Conductance
(Inc.Cond) [21-24] and hill climbing and advanced methods (soft computing), such as fuzzy
logic control [25-27], artificial neural network and particle swarm optimization have the ability to
differentiate between the global MPP and local MPPs for non-uniform irradiance conditions.

Maximum Power Point Tracking Charge Controller for Standalone PV ... (Mohd Asri Jusoh)



1420 = ISSN: 1693-6930

In this paper, duty cycle sweeping technique is selected as the fundamental algorithm.
This method is a very effective when the entire PV array is under the uniform solar irradiance
condition. Herein, duty cycle control has been chosen and adjusted directly in the algorithm [28].
Figure 8 shows the flowchart of the MPPT algorithm for SEPIC conwerter based solar charge

controller.
START

Read dV, dVp,

dP, dPyy
v
adV=VVoy
dP'P-PoM
AV =Visu-Ynattold
APpan=Pran-Pyattol
D scanning
Dyy=0.075, AD=0.02
For each D calculate P &
Pyt and store
Find Prp & Phatmp and
dP<0 correspond Dynp
dPpy<0
g D=Dpp
| D=Dypdelta | D=DygtdeitaD| | D=DydeltaD | |D=D,ygtdeltaD
V=vold- P=Pold

Viatt=Vianokts Poatt=Pbattotd

'

RETURN

Figure 8. Flowchart of SEPIC converter duty cycle sweeping algorithm

3. Results and Analysis

Figure 9 shows owerall model of DC-DC SEPIC conwerter as maximum power point
tracker and battery charger implemented in MATLAB/Simulink®. The output of the system is
connected to 12V lead acid battery and the input of the system is connected to a PV array which
is consist of 5 PV module connected in series. The specification of PV module used shows in
Table 1. Typical values for 12V battery are as follow: owercharge wltage V=15V, floating
wltage Viox=13.5V, discharge threshold Vcngen,=10.5V and load disconnect woltage Viq,=11.4V.
The switching frequency of the conwerter is chosen to be 200 kHz. For this simulation the duty
cycle is set to be Dyin=0.075, Dnex=0.875 and deltaD=0.05. Parameters for DC-DC SEPIC
conwerter used in the simulation are as tabulated in Table 2.
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Figure 9(a-d). MATLAB/Simulink® model of SEPIC conwerter based MPPT charge controller
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Figure 9(a-d). MATLAB/Simulink® model of SEPIC conwerter based MPPT charge controller

Pmpt & Pbatt Vs Duty Cycle (P-D) at Different
Irradiance

e PP 000 == P31 1000 ~E=PMmS00 Pbatt500 Pmptidd Fbatt100

Power(W)

20
15
10

Duty Cycle

Figure 10. Comparison of SEPIC converter and battery output power

Table 3 (Appendix A) show the duty cycle (D), maximum SEPIC converter output power
(Prpt), battery power (Ppaw, maximum SEPIC conwerter wltage (Vip), maximum SEPIC
converter current (lyp), battery woltage (Vpar) and battery current (Ipatt) responses of the PV panel
during the MPPT mode at irradiance of 1000W/m?, 500W/m? and 100W/m? respectively. It can
be seen in Figure 10 that the proposed duty cycle control algorithm is able to reach the MPP at
duty cycle of 0.435 for the different irradiance 1000 W/m?, 500 W/m? and 100 W/m?.

The simulation results of SEPIC conwerter for maximum power point tracking and
standalone PV charging application under uniform irradiance conditions are shown in Figure 11
(Appendix B). For a solar irradiance of 1000 W/m?, 500 W/m? and 100 W/m?, maximum power,
battery woltage and current are shown in Figure 11(a), 11(b) and 11(c) respectively. During the

TELKOMNIKA Vol. 16, No. 4, August 2018: 1413-1426
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bulk charging phase (trickle and pre charging mode), the maximum available PV power is
transferred to the battery stack, according to the MPPT algorithm. The charge regulation phase
(CV mode) is |n|t|ated when the battery woltage rises to 13.21V (1000 W/m )/13 15 (500 W/m )/
13.1 (100 W/m ) (Figure 11(a)/11(b)/11(c) second figure) and the battery charglng current
(F|gure 11(a)/11(b)/11(c) third figure) is progressively reduced to 0.89A (1000 W/m )/O 44A (500
W/m )/ 0.08A (100 W/m ) at the end of this phase.

Table 3. Simulation results of implementing SEPIC converter as maximum power point tracking
charge controller at different irradiance [Pmpt & Pbatt in Watt (W), Vmp & Vbatt in Volt (V),
Imp & lbatt in Ampere (A)]

Irr=500 Irr=1000

1] Pmpt  Pbatt  ¥mp Imp  ¥hatt  Ibatt D Pmpt  Pbatt  ¥mp Imp  ¥hatt  Ibatt
0295 2336 1734 MEET 0102 13085 0133 0235 2464 1841 2230 0m 13.096 0.141
0.315 ZE15 1994 1651 0121 13086 0152 035  27E6 auE 2229 0126 13086 0164
0.33% 2951 2303 21632 0136 13097 0478 0.335 1z 2443 22EE 00 13087 0187
0358  xiA 2R HEG 0.151 13.098 0200 0355 2467 2784 223 0156 13088 0213
0378 aE2Y 2864 21534 0J96E 12099 0226 0.3¥3 3859 JIER 2z2EB4 0T 13083 0242
0395  TIE: £.A41 M3EY 0335 13105 0499 0395 20135 1954 21BEF 043 13126 1423
0415 22013 21628 19.905 1.1 13.130 1647 0415 41918 40897 20085 20YT 13.164 3122
0435 26228 24823 1944 1370 13.139 1889 0435 43738 48780 18772 2EG0 13183 3698
0455 24326 24024 1701 1430 13143 1829 0455 43185 48280 17381 2830 13191 3EED
0475 22723 2623 16T 1446 13.145 1.714 0475 46267 4667 1BOTE 2878 13195 3480
0495 21084 20873 MGz 1463 13148 1595 0495 43051 42451 14867 2896 13.199 3218
0515 13554 19617 12418 1457 13.148 1485 0.515 39961 38607 13TR0 2A06 13201 24993
0.53% 1806 18150 12347 1461 13149 1.380 0.53% 3r083  ZEFH 12717 2915 13204 2782
0555 16773 16860 11450 1455 13.180 123 0555 34352 3408 WTET 292 13206 2583
0575 15514 15626 10567 1468 13151 1188 0575 82 ME40 10863 2823 13208 2396
0595 14334 4483 aT4a 1471 13151 1102 0595 23430 28330 10028 2836 13209 2EM
0615 13229 13423 84974 1474 13152 1021 0615 271397 2TIRE 9249 a4 1320 20856
0635 12189 12401 8.2 1477 13053 0943 0635 26097 25035 8619 2946 13.21 1899
0655 11208 1412 T.BTE 1474 13183 0868 0653 2313 E3N0 Yal2 2.951 13212 1743
0675 10.E73 10483 BAIT 1482 13983 0797 D6FS 21236 240 T 2956 13.213 1608
0695 5400 1624 6,335 14504 13054 0732 0695 19461 19478 EET4 2960 13.213 1474
0.Fs  8h72 2812 5.7ES 1486 13154 0EYO0 0.Fs  IrvEE 1RSI0 6000 2965 13.214 1348
0738 7.7 2032 5236 1488 13.154 061 0735 16205 122 6453 2989 13.214 1227
0755  T.080 T.268 4732 14480 13054 0553 0755 14705 4EEE 4947 rave 13.213 1110
077 E342 E.516 4.251 1492 13053 0495 D.FFS 13270 1273 4453 2ATE 13213 0997
0.79% G668 5793 3789 1493 13153 0440 0.79% 1888 1733  3.930 2980 1323 0899

Irr=100

[n) Pmpt FPbatt  Y¥Ymp Imp ¥hatt  lIbatt
0.295 1935 1463 13.451 0100 13085 oz
0315 2.214 1BET 13891 nm 13095 0AET
0.335 2462 1893 13213 0124 13096 0145
0.355 2734 2158 18729 0139 13097 0I6S
0.375 2995 2414 19636 01583 13097 0134
0.395 3274 2E35 19524 0168 130958 0.208
045 3597 3027 18372 0988 13093 0.2
0.435 4762 4.253 18115 0.263 13102 0325
0.455 4751 4315 16715 0284 13403 0329
0,475 4463 4035 15423 0289 13103 0.313
0.495 4146 3828 444 029 12104 0252
0515 384 3551 12152 0.282 13.104 027
0.535 3556 3285 12140 0233 13.104 0.251
0.555  3.289 30yz .20 0.294 13106 0.234
0575 3039 2873 0328 0294 13.105 n.213
0.595 2806 277 4515 0.235 13106 0.204
0E1S 2587 2475 5.755 0.235 13.105 0123
0.635 2380 22 2.041 0.298 13.105 073
0.655 2185 2073 770 0.297 13.105 0153
0675 20M 1310 E.737 0.297 13.105 0146
0.695 1326 1763 E.14 0.297 13.105 0135
0715 1662 1642 5ha2 0.23% 13.105 0125
0.735 1503 1513 5056 0.23% 13.105 011
0.755 1361 1381 4 BED 0.293 13.105 0105
0775 1222 1226 4087 0.293 13106 0.094
0.795 1087 1068 3.631 0.233 13106 0082
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Figure 11. Battery wltage and current characteristic during MPPT

Owerall, the system performs well under three different irradiance conditions, where it
switches between maximum power point tracking and CV modes to maximize charging of the
battery while maintaining the battery woltage within the allowable limit. During maximum power
point tracking operation, the efficiency of SEPIC conwerter functioning as tracker is around
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97.2-99.9% and the efficiency as solar charger is around 92.4-98.3%. The efficiency of SEPIC
conwverter functioning as solar charger is lower compared to the maximum power point tracker
within the range 1-5% based on Table 4 information. It is worth noting that the SEPIC converter
efficiency drops during CV mode. This is due to the fact that the system is trying to maintain a
constant charging wltage instead of operating at the maximum power point.

Table 4. Efficiency comparison of SEPIC converter for two different functions

Irradiance, G Efficiency, n (%)
PV array (WInm) MPP tracker Battery charger
(Series x Parale) 500 o0 o83
100 97.2 92.4

4. Conclusion

In this paper, the dewlopment and analysis of SEPIC converter as MPPT charge
controller for standalone PV system under uniform irradiance conditions is presented. The main
aims are to extract maximum power from PV array and manage the power transfer to the
storage system (battery) regardless of the changing in irradiation value. The efficiency of the
proposed SEPIC conwerter is high which is 97.5% (as solar charger) and 99.5% (as maximum
power tracker) at standard test condition. The result of this work leads to study, design and
dewelopment of an intelligent energy management system, which optimizes the power transfer
within a standalone PV system.
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