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A Maximum Power Point Tracking System
With Parallel Connection for PV
Stand-Alone Applications

Roger Gules, Juliano De Pellegrin Pacheco, Hélio Ledes Hey, Member, IEEE, and Johninson Imhoff

Abstract—This paper presents the analysis, design, and imple-
mentation of a parallel connected maximum power point tracking
(MPPT) system for stand-alone photovoltaic power generation.
The parallel connection of the MPPT system reduces the negative
influence of power converter losses in the overall efficiency because
only a part of the generated power is processed by the MPPT
system. Furthermore, all control algorithms used in the classical
series-connected MPPT can be applied to the parallel system.
A simple bidirectional dc—dc power converter is proposed for
the MPPT implementation and presents the functions of battery
charger and step-up converter. The operation characteristics of
the proposed circuit are analyzed with the implementation of a
prototype in a practical application.

Index Terms—DC-DC power conversion, photovoltaic (PV)
power systems, solar energy.

I. INTRODUCTION

HE CONTINUOUS growth of the global energy demand

associated with society’s increasing awareness of envi-
ronmental impacts from the widespread utilization of fossil
fuels has led to the exploration of renewable energy sources,
such as photovoltaic (PV) technology. Although PV energy has
received considerable attention over the last few decades, the
high installation cost of PV systems and the low conversion effi-
ciency of PV modules are the major obstacles to using this alter-
native energy source on a large scale. Therefore, several studies
are being developed in order to minimize these drawbacks
[1]-[9]. In order to extract the maximum power of the PV
array, the classical implementation of the maximum power
point tracking (MPPT) in stand-alone systems is generally
accomplished by the series connection of a dc—dc converter be-
tween the PV array and the load or the energy storage element.
Considering that in the series connection, the dc—dc converter
always processes all power generated, the total efficiency of the
PV system greatly depends on the efficiency of this series dc—dc
converter. As an alternative to this configuration, this paper
presents an MPPT system based on the parallel connection of
a dc—dc converter. With this configuration, only a part of the
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energy generated is processed by the dc—dc converter, making
it possible to obtain an increase in the total efficiency of the PV
system as compared with the series configuration.

The operation principle, theoretical analysis, design method-
ology, and experimental results of a laboratory prototype of the
parallel MPPT system are presented in this paper.

II. MPPT IN STAND-ALONE PV SYSTEMS
A. Solar Cell Output Characteristic

The maximum power of the PV module changes with cli-
matic conditions, and there is only one value for the current
(Impp) and the voltage (Viypp), Which defines the maximum
power point (MPP), as shown in Fig. 1 [1]-[3]. The PV current
changes with the solar irradiation level, whereas the PV output
voltage changes with the temperature of the PV module. There-
fore, an important challenge in a PV system is to ensure the
maximum energy generation from the PV array with a dynamic
variation of its output characteristic and with the connection of
a variable load. A solution for this problem is the insertion of a
power converter between the PV array and load, which could
dynamically change the impedance of the circuit by using a
control algorithm. Thus, MPP operation can be obtained under
any operational condition.

B. Series Connection of the MPPT

The classical implementation of the MPPT is the series
connection of a dc—dc converter between the source and load,
which is as shown in Fig. 2 and which presents both functions
of battery charger and MPPT.

In order to obtain a good dynamic performance from the
MPPT, different control algorithms were developed [4]-[8].
With data for the actual power extracted from the PV array,
which are obtained by measuring the voltage and current in the
PV array, the task of these algorithms is to change the converter
duty cycle in order to reach the MPP.

The practical implementation of the MPPT algorithm is
normally accomplished through a digital system, which uses a
microcontroller or DSP.

As shown in Fig. 2, the dc loads can be directly supplied
from the battery bank. If it is necessary to supply ac loads, a
step-up dc—dc converter must be utilized in order to increase
the battery bank voltage to the required dc bus level, which
is necessary for generating 110/220 V,. output voltage from
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Fig. 1. Output characteristic of a PV module.
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Fig. 2. MPPT system with series connection.

a dc—ac converter. As there are several converters that are
in series with this configuration, its overall efficiency greatly
depends on the efficiency of each converter. Therefore, the
efficiency of each stage must be optimized in order to avoid
an excessive decrease in efficiency, which would increase the
implementation cost and the number of PV modules.

C. Farallel Connection of the MPPT

Fig. 3 shows an alternative proposal to implement stand-
alone PV power generation based on a parallel MPPT system.
The parallel connection of the MPPT circuit was introduced
in [9], and the main advantage of this configuration is that
the dc—dc converter processes only a part of the generated
power, allowing for higher efficiency as compared with the
series configuration. In line with this concept, an integrated
power circuit is proposed in this paper with the following
multiple functions: battery charge, battery regulator, and step-
up converter. The best operation condition occurs when the load
current value is equal to the PV module MPP current value
(Impp ), where the dc—dc converter does not process power.

Depending on the dc load voltage level, the dc loads can
be connected in parallel with the PV module (“DC Load-1")
and/or in parallel with the battery bank (“DC Load-2"). How-
ever, the voltage level of the PV module is higher than the
battery voltage. If the system must also supply the ac loads,
a dc—ac converter can be connected in parallel with the PV

Photovoltaic Module

DC Load-1

D

— Battery AC Load

DC-DC :le DC Load-2

DC-AC
converter

Converter

Microcontroller

Fig. 3. MPPT systems with parallel connection.

modules, as shown in Fig. 3. In this case, an output transformer
can be used to generate the nominal ac voltage, or additional PV
modules can be added in a series connection in order to obtain
the dc voltage level that is necessary to generate the nominal
ac voltage. As can be seen, two conversion stages between
the PV modules and the output inverter are eliminated in the
proposed parallel stand-alone system when compared with the
series stand-alone system.

This may represent a significant increase in the overall effi-
ciency and reliability of the system, which is besides enabling a
reduction in the cost of the electronic system utilized. On the
other hand, the series connection of a higher number of PV
modules would present a significant reduction in the energy
generated and could make it difficult to obtain the MPP in cases
of shading/defect of one or more PV modules.

The output characteristic of two PV modules under two
different sunlight conditions is shown in Fig. 4. The black curve
represents the output characteristic of the module operating
with total solar irradiation, and the gray curve represents the
output characteristic of a shaded module operating with partial
solar irradiation. Fig. 5 shows the equivalent output character-
istic of PV modules connected in series, where one module
operates with partial solar irradiation. Besides the reduction of
the maximum power, the classic MPPT algorithms may create
difficulty in reaching the MPP due to the existence of two power
peak values. The configuration shown in Fig. 6 can not only
generate a high dc voltage but can also solve the problems of
the series connection of the PV module. The proposed parallel
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MPPT circuit presents a modular characteristic, and two or
more circuits can be connected in series, obtaining a high
dc voltage. Each MPPT circuit can provide an individualized
MPPT, reducing the effects of the shading/failure of PV mod-
ules and maximizing the energy generated by the system.

III. PROPOSED MPPT CONTROLLER
A. Power Circuit Operation

In order to verify the operation characteristics of the pro-
posed parallel MPPT system shown in Fig. 7, only a dc load
connected in parallel with the PV module was considered
(Fig. 3, “DC Load-1"). It was composed of a battery bank
storage energy, (C) a capacitor, (L) an inductor, and a power
semiconductor leg (S;—D; and Sy —D5). The bidirectional con-
verter operates as a buck converter in the battery charge mode
and as a boost converter when the battery must supply the load
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(Ry,) or when the load energy demand is higher than the energy
generated. The converter duty cycle is generated by the same
control algorithms that are used in the series-connected MPPT.
The operation analysis of the proposed converter is presented
for use with hard-switching pulsewidth modulation. However,
it must be highlighted that the power circuit efficiency can be
improved by using soft-switching techniques [14], [15].

1) Buck Operation Mode: Fig. 8 shows the two topological
stages that occur during the buck operation mode. The battery
bank voltage must be lower than the PV module voltage for
correct operation. When the energy generated is enough to
supply the load, the exceeding energy is used to charge the
battery. When the power switch S; is turned on, the inductor
L stores energy, and the energy flows from the PV module to
the battery bank. When the power switch Sy is turned off, the
diode D4 conducts, and the energy stored in the inductor L is
transferred to the battery. The switches’ command signals are
complementary, and therefore, the switch Ss is turned on during
the conduction of the diode Ds.

2) Boost Operation Mode: If the energy generated at the
MPP is not enough to supply the load, the power system
operates as a boost converter, transferring energy from the
battery to the load. In this case, while the switch Ss is turned
on, the inductor L stores energy from the battery, as shown in
Fig. 9. When the switch Sy is turned off, the energy stored
in the inductor is transferred to the load. Fig. 10 shows the
command signal of the power switches S1 (Veg1) and So(Vesz)
and the inductor current waveform (Ir,) in the buck and boost
operations.

The greatest advantage of the proposed parallel MPPT sys-
tem with a bidirectional power circuit, which is as shown in
Fig. 7, is the integration of multiple functions in a single cost-
effective converter, which combines simplicity, reliability, and
low cost. The multiple functions of the proposed system are
as follows: battery bank charger, which is when the energy
generated by the PV array is higher than the load consumption;
MPPT controller, which is in order to extract the maximum
energy from the PV array; and step-up dc—dc converter, which
is when the energy of the PV array is not enough to supply
the load. The control algorithm ensures the operation of the PV
module at the MPP, implementing the MPPT function.

The battery charge state is also observed by the digital control
system, which avoids battery overcharge or excessive discharge
in order to prolong the battery life time.

B. System Operation Modes

The basic circuit of the parallel MPPT system can present
five operation modes considering climatic conditions and load
variation. Figs. 11-15, present the operation modes, and for the
purpose of simplification, the PV module is represented by a
current source (Iy).

1) Operation Without Load (I. = 0)—Mode 1 (Fig. 11):
When the load is not connected, the battery is charged with the
PV module current (/y = Iy,, and I. = 0). The MPPT algorithm
ensures that the converter current (I},) is equal to the PV module
MPP current (Impp)-
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In addition, the sum of the battery and the capacitor voltages
(Wi, + V) is equal to the PV module MPP voltage (Vinpp). The

system operates as a buck converter to charge the battery.

MPP Current (I, < Impp)—Mode 2 (Fig. 12): If the load
current value (1) is lower than the PV module MPP current

(I,

mpp)> part of the energy generated by the PV module is
used to supply the load, and another part is used to charge
the battery. The control algorithm maintains the sum of the

load current and the converter current equal to the MPP current
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(If = Impp = I + I1,). The system operates as a buck con-
verter to charge the battery.

3) Operation With Load Current That is Equal to the MPP
Current (I = Iypp)—Mode 3 (Fig. 13): When the load current
value (I..) is equal to the PV module MPP current (Ippp,), the
power processed by the dc—dc converter is zero. In this case, the
efficiency of the power system can be considered close to 100%
because the maximum power of the PV module is transferred to
the load without any power processing by the dc—dc converter.

4) Operation With a Load Current That is Higher Than
the MPP Current (I, > Ipp)—Mode 4 (Fig. 14): If the load
current value (I..) is higher than the PV module MPP current
(Impp). all energy generated by the PV module is supplied to
the load. The additional power that is necessary to complement
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the load power must be supplied by the dc—dc converter. The
control algorithm maintains the PV module current at the MPP
(Iy = Impp = I — I,). The battery is discharged during this
operation mode, and the dc—dc converter operates as a boost
converter.

5) Operation Without Solar Irradiation (I; = 0)—Mode 5
(Fig. 15): The dc—dc converter supplies the load during opera-
tion without solar irradiation or under shading. In this case, the
MPPT algorithm is disabled, and a digital voltage control loop
regulates the load voltage.

The battery is discharged during this operation mode, and
the dc—dc converter operates as a boost converter, consider-
ing the battery as the input source. The control system also
verifies the battery discharge state and must turn off the dc—dc
converter when the battery energy level reaches its lowest limit.

C. Control Algorithms

The control strategy of the proposed system is composed
of different algorithms, which must control the MPPT process
(operation modes 1, 2, and 4), the charge process of the battery
bank (operation modes 1 and 2), and the output voltage regula-
tion (operation mode 5).

1) MPPT Algorithm: The PV voltage and current are mon-
itored, and the PV power can be controlled as in the series-
connected system. There are many studies that analyze the
energy efficiency of different MPPT algorithms, and several
control algorithms with different performances are presented
in the literature [4]-[8]. The transition between the different
operation modes must occur without discontinuity of the load in
the parallel-connected MPPT system. The convergence time of
the MPPT algorithm is, normally, not important for the series-
connected system because the climatic transitions occur with
a high constant time and because the load is connected to the
battery bank. However, the utilization of a fast convergence
MPPT algorithm is important for the parallel system in order
to minimize the transient in the output voltage with the load
variation. As the analysis of the MPPT algorithm was not the
focus of this paper, the perturbation and observation method
was utilized, and the control algorithm is shown in Fig. 16.
The sample of the PV module voltage Vy(,,) and current I,
are used to calculate the instantaneous power Py (,,). The power
obtained in the last iteration Py, is compared with the power
calculated in the previous iteration Py, 1). In addition, the
value of the duty cycle at the last iteration D(,) is compared
with the previous duty cycle D, 1) in order to ascertain
whether the converter duty cycle must be increased or decreased
in order to reach the MPP.

2) Battery Charge Control: While the PV module generates
energy, the MPPT algorithm is active and maintains the PV
module operating with maximum power. If the PV current
is higher than the load current, the battery bank is charged
with the difference between these currents. The PV module
presents a current source output characteristic at the maximum
current value, as shown in Fig. 1. Therefore, if the maximum
PV current is considered in the design of the battery bank, a
current control loop is not necessary to limit the maximum bat-
tery charge current. The highest battery charge current occurs
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when the system operates with maximum solar irradiation and
without load. When PV-generated energy is lower than the load
demand, the necessary additional energy is supplied by the
battery bank. Thus, the charge or discharge battery current is
controlled by the MPPT algorithm. During the operation of the
MPPT algorithm, the battery state of charge is verified, and
when the state of charge reaches its lowest level, the battery
discharge function is disabled, and the system is turned off. In
addition, when the battery state of charge reaches its highest
limit level, the MPPT algorithm is disabled, and the output
voltage control loop is enabled (operation mode 5). In this
case, the reference voltage adopted for the constant voltage
control loop must define an output voltage that is close to the
PV MPP voltage but higher in order to allow for the battery
discharge. After a small partial battery discharge, the MPPT
algorithm returns to operation, and a cyclic transition between
the MPPT and voltage regulation algorithm occurs while the
battery is fully charged and the energy generated is higher
than the load energy demand. The control algorithm developed
for the parallel MPPT operates only with the battery bank
connected to the system.

3) Voltage Control Loop: The voltage control loop is also
activated when the energy from the PV module is very low or
null. In this case, the MPPT algorithm is disabled, the dc—dc
power circuit operates as a boost converter, and the battery bank
supplies the load with a constant voltage. In this situation, the
reference voltage defined in the control algorithm is compared

with the output voltage, and the error signal is applied to the
digital voltage compensator. The control action defines the
converter duty cycle in order to regulate the output voltage.
The voltage reference considered is equal to 15 V, which is
the intermediate value of the MPP voltage of the PV module
utilized in the practical implementation. As occurs with the
MPPT algorithm during the voltage control loop operation, the
battery state of charge is verified, and the system is turned off
when the battery reaches its lowest level.

D. Design Parameters

The MPP voltage (Vinpp) of the PV module utilized in the
practical implementation is between approximately 12.5 and
17.5 V for typical climatic conditions, and the battery voltage
must be lower in order to allow for the operation of the power
circuit in the buck and boost operation modes. The battery uti-
lized in the practical implementation presents a nominal voltage
that is equal to 6 V. The continuous conduction mode opera-
tion is considered in the determination of the main prototype
components, which is based on the circuit shown in Fig. 7. The
components and semiconductors of the parallel MPPT system
must be designed, considering the operation condition under the
highest current level, which occurs in the boost operation mode
without solar irradiation (mode 5). The switching frequency
was defined as equal to 30 kHz. The maximum power of the PV
module is 45 Wp, and this value was considered in the design.
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1) Inductor: The average inductor current in the boost op-
eration is defined by (1), considering an efficiency equal to
n = 90%

P 45

I = =
LTV on 609

=8.333 A.

(D

A current ripple that is equal to 20% was considered in the
inductance determination

Al =0.2-Ir, =0.2-8.333 = 1.667 A. 2)

The operation point defined is a duty cycle that is equal to
D = 0.67, which is in order to obtain a load voltage that is equal
to 18 V, with a battery voltage equal to 6 V. The inductance is
calculated by

_ Vi-D _ 6-0.67

L= =
f-AI 30-103 - 1.667

3)

= 80.4 uH.

An inductance value that is equal to 90 yH was utilized in
the prototype.

2) Capacitor: A capacitor voltage ripple that is equal to 5%
was adopted in the design of the filter capacitor

AVe =V,-0.06=18-0.06=09 V. 4
The capacitance is calculated by
Ieop - D
C =2 . 5
NG (&)
The capacitor current is defined by
Al
Tap =1 .
% + 2
45 1.667
Teap = 8 + — = 3.333 A. (6)
Thus
3.333 - 0.667
= ————— = 82.337 uF. 7
30-10° 0.9 a @)

Three capacitors with 33 ;F/50 V were connected in parallel
for the output capacitor implementation while also considering
the equivalent series resistance.

3) Power Switches: The switch RMS current can be approx-
imately defined by

Igims = IL - VD = 8.333-v0.67 = 6.8 A. (8)

The power switch utilized in the prototype implementation
was the MOSFET IRFZ48N.

E. Efficiency Analysis of the Parallel MPPT

The efficiency of the parallel MPPT can be analyzed by
considering the different operation modes.

1) Efficiency for Operation Mode 2: Operation mode 2,
which is shown in Fig. 12, occurs when the load current (I..)
is lower than the PV module MPP current ([,pp). Thus, part
of the energy generated is used to charge the battery. Therefore,
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Fig. 17. Parallel MPPT laboratory prototype.

the efficiency of the system is defined by (9), considering the
PV module as the energy input, and the outputs are the load
and battery

Po _ PLoad + PBattery _ Vf . Ic + VBat . IBat

n) = 5 = v,

PModule

&)

2) Efficiency for Operation Mode 4: Operation mode 4,
which is shown in Fig. 14, occurs when the load current (1)
is higher than the PV module MPP current (I,pp,). Thus, part
of the energy used by the load is supplied by the battery.
Therefore, the efficiency of the system is defined by (10),
considering the PV module and the battery as the energy inputs,
and the output is the load

P,

n

(%)

s

PLoad

B PModulc + PBattcry
_ Vi1,
Vf If +VBat 'IBat'

(10)

3) Efficiency for Operation Mode 3: When the load current
(I;) is equal to the MPP current (Inpp), corresponding to
operation mode 3, the battery current (Ip,¢) is zero. As shown
in Fig. 13, the load current (I..) is the same as the PV module
current (I;) when Iy, is zero. Thus, substituting I; = I, and
Ipat = 01in (9) or (10), the efficiency is equal to 100%. In this
case, all the energy generated is used by the load without losses,
provided that there are ideal cables and connections.

IV. EXPERIMENTAL RESULTS

The operation of the proposed system was tested with the
implementation of a laboratory prototype, which is shown in
Fig. 17. The PV module utilized in the practical test was the
Kyocera Solar KC40T with maximum power equal to 45 W.

A. MPPT Operation

The practical implementation of the control algorithms was
accomplished with the microcontroller MSP430F149. The data
acquisition was obtained through serial transmission from the
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microcontroller to a computer. The main control information,
such as voltage, current, power, and converter duty cycle, is
stored during MPPT operation.

The experimental results of the MPPT system using the PV
module KC40T are shown in Figs. 18-20, considering a load
resistance that is equal to 12 Q. Fig. 18 shows the PV module
power and current.

The maximum power obtained for the climatic conditions
was about 32 W, and the MPP current was equal to I,p, =
2.1 A. Fig. 19 shows the PV module output current and voltage
curve, as well as two load lines. The lower line represents the
connection of the load resistance directly to the PV module
without the MPPT circuit.

The power obtained in this case was equal to 24 W. The
upper line represents the equivalent load adjusted by the dc—dc
converter and MPPT algorithm, obtaining a power that is equal
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Fig. 21. PV module KC40T output as a function of temperature.

to 32 W. Thus, the 25% gain in power obtained with the MPPT
was used to store energy in the battery.

Another test was carried out with the MPPT operating during
a period of 3 h on a sunny day, and Fig. 20 shows the data
obtained. This test shows the automatic transition between
the different operation modes of the MPPT system. The test
began at 15:52 h, and the energy generated by the PV module
supplied the load and charged the battery, operating as a buck
converter (operation mode 2). The battery current was positive
during this operation mode. With the gradual reduction of solar
irradiation, the power generated decreased. When the power
generated by the PV module was lower than 15 W, the power
circuit operated as a boost converter, and the power generated
was complemented by battery energy (operation mode 4). The
battery current was negative during this operation mode. At
18:07 h, solar irradiation was very low, and the power generated
was almost zero. Thus, a voltage control loop regulated the
output voltage, and only the battery energy supplied the load
(operation mode 5). A low-capacity battery was used in order
to show the discharge protection.

One hour after operation with the voltage regulation, the bat-
tery reached its minimal charge level, and the power converter
was turned off. As shown in Fig. 20, the load voltage variation
was low and was maintained at close to 15 V for all operation
modes.

B. Output Voltage Variation

The PV module KC40T output characteristic, which is as a
function of the temperature, is shown in Fig. 21. The MPP volt-
age changes from 17.5 V at 25 °C to 12.5 V at 75 °C. Therefore,
a PV module temperature increase of 40 °C represents an MPP
voltage reduction of 5 V. Solar irradiation does not present a
significant influence on the MPP voltage. The MPPT algorithm
ensures that the PV module operates at the MPP voltage for any
climatic condition and load. Thus, the loads connected directly
to the PV module (Fig. 3, “DC Load-1") must support the MPP
voltage variation in the parallel MPPT system.

Fig. 22 shows the output voltage variation (Vioaq — C2) for
a load change from 5 to 10 2, using a classic perturbation and
observation algorithm. When the load power and load current
I. were reduced in operation mode 2, the converter [}, the
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Fig. 22.  (C2) Output voltage transient with load power reduction (0.5 A/div,
5 V/div, and 1 ms/div).
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Fig. 23. (C2) Output voltage transient with load power increase (0.5 A/div,
2 V/div, and 0.5 ms/div).

battery charge, and the (C1) inductor I, currents were increased
in order to maintain the PV current at the MPP (I = I;;,pp, =
I, + 1.). The output voltage variation in this case was about
3 V. Fig. 23 shows the load change from 10 to 5 2. With the
increase of the load power and current ., which is in operation
mode 2, the converter [}, battery charge, and (C1) inductor
I1, currents were decreased in order to maintain Iy = I, =
I, + I.. The voltage variation in this transient was about
2.5 V. Loads whose voltage variation is critical can also be
directly connected to the battery bank in the parallel system
(Fig. 3, “DC Load-2”). However, as occurs in the series-
connected system, the battery voltage can also change from the
full charge to discharge states from 14.4 to 10.5 V.

C. Efficiency Experimental Results

Fig. 24 shows the series and parallel MPPT systems’ ef-
ficiency curves obtained experimentally with the PV module
KC40T. The MPP obtained with the parallel system (operation
modes 2, 3, and 4) was equal to 32 W, as can be seen in Fig. 18.
Thus, when the load power is equal to 32 W, the maximum
system efficiency is reached because all the energy generated
is transferred to the load (operation mode 3), and the power
processed by the dc—dc converter is zero. Operation mode 2
occurs when the load power is lower than 32 W, and operation
mode 4 occurs when the load power is higher than 32 W.
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Fig. 24. Series and paralle]l MPPT systems efficiency.

Fig. 24 also shows the parallel MPPT system efficiency for
operation mode 5, with the disconnection of the PV module.
The bidirectional converter operates as a classical boost. How-
ever, it is important to highlight that the efficiency of the parallel
MPPT system is always higher than the efficiency of the power
converter.

In order to compare the measured efficiency of the proposed
paralle]l MPPT system with the series-connected MPPT system,
a buck dc—dc converter was implemented by using the same
components and connecting the dc load, which is as presented
in Fig. 2. The efficiency curve of the series-connected system is
shown in Fig. 24. Efficiency decreased until it reached 87% at
the MPP, which is equal to 38 W in this test. The parallel MPPT
system efficiency was higher than the efficiency obtained with
the series-connected system during PV power generation. How-
ever, considering dc load operation without solar irradiation,
such as at night, the efficiency of the series-connected system
is higher because the dc loads are directly connected to the
battery while the parallel system presents the efficiency curve
shown in Fig. 24. However, some specific loads, such as the
lighting system, can be directly connected to the battery (Fig. 3,
“DC Load-2”) in order to reduce the disadvantage of the
parallel system during the operation without solar irradiation.
Therefore, in order to maximize the system efficiency, the dc
loads should be properly shared between Load-1 and Load-2
(Fig. 3) on the basis of their prevalent use, i.e., during the day
or during the night, respectively. When considering ac loads,
the efficiency during operation without solar irradiation will be
equivalent in the series and parallel connected systems because
in both configurations, the step-up dc—dc converter efficiency
must be considered.

V. CONCLUSION

An MPPT circuit with parallel connection is presented in this
paper. The parallel connection of the MPPT system reduces the
negative influence of power converter losses in the overall effi-
ciency during PV power generation. The control algorithm en-
sures operation at the MPP as in the classical system; however,
only a part of the power generated is processed by the dc—dc
converter. The power converter implemented is multifunctional,
operating as an MPPT circuit, battery charge, battery regula-
tor, and step-up converter. A stand-alone generation system,
with a reduced number of energy-processing stages, is pro-
posed, allowing for the implementation of a high-efficiency PV
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system. The main operational aspects of the parallel MPPT
were verified with the implementation of a prototype. The
transitions of the different operational modes were tested and
occurred without any discontinuity of the system’s operation.
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