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Interfacing Photovoltaic Systems to the Utility Grid:
A Comparative Simulation Study to Mitigate the
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Abstract—This paper presents the modeling and the control of a
grid-connected photovoltaic system (PVS). Firstly, the MPPT control
of the PVS and its associated DC/DC converter has been analyzed in
order to extract the maximum of available power. Secondly, the
control system of the grid side converter (GSC) which is a three-
phase voltage source inverter (VSI) has been presented. A special
attention has been paid to the control algorithms of the GSC
converter during grid voltages imbalances. Especially, three different
control objectives are to achieve; the mitigation of the grid imbalance
adverse effects, at the point of common coupling (PCC), on the
injected currents, the elimination of double frequency oscillations in
active power flow, and the elimination of double frequency
oscillations in reactive power flow. Simulation results of two control
strategies have been performed via MATLAB software in order to
demonstrate the particularities of each control strategy according to
power quality standards.
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[. INTRODUCTION

ENEWABLE energies are energy sources that use natural

resources considered inexhaustible namely wind, sun,
biomass ... These energies do not produce greenhouse gases
and pollutants emissions, and do not generate waste. Also,
these energies do not use fossil resources of the planet, such as
natural gas or oil, with reserves diminish with excessive
consumption and increase of electrical energy use [1], [2]. For
example, the European Union should meet the goal of 20% of
total consumption from renewable energy sources by 2020.
Furthermore, the share of renewable sources of energy is
required to achieve 55% of global energy consumption in
2050.

Despite the growth in the use of renewable energy sources,
various factors still prevent the use of these energies. The
main reason is that until recently, the production costs of these
energies were much higher than those of fossil fuels [1], [3].
In addition, renewable energy sources are not constant; e.g.
wind suddenly falls or clouds cover the sun.

Optimal exploitation of these sources would also require the
construction of facilities in remote areas, including the
connection to the main network would be both expensive and
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difficult. However, the situation is changing rapidly. Policies
put in place have helped boost demand for renewable energy
sources in the world, causing a rapid reduction in their
production costs [4], [5]. Given the rising price of gas and oil
in recent years and the initiatives taken by governments, there
is no doubt that renewable energy sources have a bright future.

Among the most promising systems for the renewable
energy use, there are Hybrid Renewable Energy Systems
(HRES). The term HRES refers to the generation of electric
power systems using different types of sources. The use of
several sources of energy in a hybrid system should have a
beneficial effect on the production of energy, in terms of cost
and availability [3]-[5]. Among the means of production of
renewable energy, wind energy systems and photovoltaic
systems have large production capacities.

In this paper, we are interested in the study of a grid-
connected photovoltaic system. In the literature, several
studies [2], [3], [5] dealt with the consideration of static
performances, the energy efficiency and the sizing of some
configurations comprising a photovoltaic generator and some
interfacing converters while exhibiting the various models
describing the behavior of a PV Cell / PV Module / PV panel
(61, [7].

For selecting an appropriate model for our simulations,
several factors were considered. The most important is the
accuracy that can be obtained knowing that there is always a
compromise between accuracy and simplicity.

Indeed, there are two types of photovoltaic system
structures: the system connected directly to the network and
the intermediate DC bus system. The first configuration
consists of a photovoltaic generator which is connected to the
electrical grid via an inverter [8], [9]. This device has the
fewest components but its major drawback is the immediate
and total stopping of the production of energy at a problem
occurring upstream of the inverter. In addition, the maximum
power point tracking control is approximate because the cells
do not deliver the same current due to differences in their
internal structure and sunshine which they are subject. For the
intermediate DC bus configuration, the photovoltaic generator
is connected to a DC bus via a DC-DC converter [10]-[12]. An
inverter delivers a modulated voltage. This is filtered to reduce
harmonics (THD). Is then obtained at the output of this device
a useable voltage which may be injected to the network. The
study of this configuration is introduced in this work through
the satisfactions it develops.

In this work, the control systems for grid side inverter are
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designed for operation during unbalanced conditions. Indeed,
two control systems were studied: the IARC technique and
BPSC technique [13]-[15]. A comparative study was also
presented to allow the choice of the appropriate technique
depending on the intended purpose.

II. MODELING AND CONTROL OF THE PHOTOVOLTAIC
CONVERSION SYSTEM

A PVS is a system that combines a PV generator controlled
via its associated converters. As a PVS does not deliver a
constant power their association with appropriate control
systems provides a controlled power generation. From a
technological point of view, the reliability is not just a matter
of compliance with standards for electricity supply, but also
maintenance, given the particular conditions of the network

they are connected [2], [11].

The performance of a PVS, its performance and lifetime,
are influenced partly by design, that is to say the architecture,
components, sizing, type of components etc. and other hand
by the choice of the operating strategy. In this paper, the
selected architecture is that of Fig. 1.

A.Modeling of the PV Generator

Considering the complexity of modeling the behavior of the
PV system, we used the model of [2]. This model has allowed
us to know the I-U and P-U characteristics of the panel. It also
allowed us to vary the voltage, current and power while also
varying the number of cells in series and the number of panels
in parallel [2]-[4].
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Fig. 1 Configuration of the studied system

According to the literature, the modeling of a panel
composed of "Ns" modules in series and "Np" modules in
parallel is given by [2].

vV, Rl
J R (1)
N, N, N,V, R.I,
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With the growth of PVS-based applications use, it usually
becomes important to control these systems with DC/DC
piloted by the famous Maximum Power Point Tracking
(MPPT) technique allowing to produce permanently the
maximum power output under any given weather conditions.
the maximum of available power.

Though, MPPT can be used with a mechanical tracking
system that physically moves the modules to make them point
more directly at the sun, it is a fully electronic system that
varies the electrical operating point of the PVS to its optimum
[11],[12].

The DC/DC converter was modeled, in state space
representation, as:

dl
V":LdtL+U”°(1_d) 3)

Cdljit‘”ﬁ-loz(l—d)h

B. Control of the PV System

The power delivered by the PVS depends on the irradiation,
the temperature and the terminal voltage. One way to optimize
the power flow to the DC load is to introduce a chopper for
imposing an operating point close to the Maximum Power
Point (MPP).

Several algorithms have been proposed for carrying out the
MPPT control. Following a classification of various existing
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MPPT according to their basic principle, the most commonly
encountered methods are commonly known as Hill Climbing
respectively Perturb & Observe (P&O), the increment of
Conductance (IncCond) and artificial intelligence (fuzzy logic,
neural networks) [2], [4], [12]. In this paper a fuzzy logic
controller (FLC) has been used.

III. CONTROL OF THE GRID SIDE CONVERTER UNDER GRID
IMBALANCES

As we mentioned a control method was applied to the grid
side converter. The control strategy consists of two control
loops. The internal loop is based on the control of the network
current and the external loop is based on the regulation of the
DC bus voltage and the management of the reactive power [8],
[9].

In order to inject the produced energy to the grid there was
used a Phase Lock Loop (PLL) for synchronizing the output
voltage of the inverter with the grid [13], [15].

As we focused on the study of the integration of a PVS to
the electrical grid affected by a voltage imbalance, we begin
by expressing the active and reactive power injected to the
grid which are written as:
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where the exhibitors P, N and Z denote positive, negative and
zero sequences voltage components respectively. The
subscript "L" is used to represent the vector offset by 90°.

The first studied control strategy is called Balanced
Positive-Sequence Control (BPSC) and the second one is
called Instantaneous Active Reactive Control (IARC) [13],
[14]. According to the theory of the two strategies, the control
currents are given respectively by (6) and (7):
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IV. SIMULATION RESULTS

In this section, simulation results obtained in
MATLAB/Simulink are presented for a PV system connected
to an electrical grid affected by a single-phase voltage
imbalance that has been used to study the dynamic system
behavior.

The default scenario is shown in Fig. 2. It is a Type E
voltage dip (50% of the rated voltage in phases "b" and "c" at
0.2 sec).

The consequences of the aforementioned default are
presented and analyzed in Figs. 3 and 4 respectively.
Particular attention was focused on the quality of active and
reactive power exchanged with the electrical grid and also
currents system injected to the point of common coupling
(PCO).

The photovoltaic system was controlled to track the
maximum power point (extract maximum energy).
Furthermore, the grid side converter was controlled via BPSC
and IARC techniques in order to remedy the adverse effects of
the occurrence of the single-phase fault.

According to the simulations, we notice that the active and
reactive power generated by the IARC control strategy are
perfectly constant (Fig. 3). However, in the presence of BPSC
control strategy, the generated active and reactive powers are
oscillating as soon the fault occurred. It oscillates around their
reference values at twice the grid frequency (Fig. 4).

It is important to note that the existence of oscillations at
twice the fundamental frequency in the active and reactive
power is expected due to interaction between the current of the
positive sequence voltage and the negative sequence.

Via results (Fig. 3), we show that since the fault occurs at
t=0.2s, the injected currents become strongly deformed. In
addition, it turns out the major advantage of this control
strategy is that it ensures constant active and reactive powers
even during the fault phase.
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Fig. 3 Injected currents, active and reactive powers before and during the voltage sag: case of IARC strategy
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Fig. 4 Injected currents, active and reactive powers before and during the voltage sag: case of BPSC strategy

Faced with the same cited fault (Fig. 2) for pre-analyzed
strategies, the simulations’ results of the application of the
BPSC control strategy show that the currents are balanced and
sinusoidal (Fig. 4). We note that the current amplitude is
increased to maintain the average active power injected into
the network when the drop occurs at PCC voltages.

V.CONCLUSIONS

Photovoltaic energy systems are very promising for the use
of renewable energy. In this work, we presented the optimized
configuration of PV systems connected to the grid. We first
defined the modeling methodologies specific to a PVS and its
control to extract the maximum available power. We also
studied two CCR control strategies.

We found that the two control strategies are not
advantageous from the point of view that they do not allow the
control of the exchanged powers and the injected electric
current network together. Indeed, the technique IARC allows

us to generate constant active and reactive powers but an
unbalanced system of injected currents. However, the BPSC
technique generates balanced and sinusoidal currents with
fluctuating powers.
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