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a b s t r a c t

The introduction of microgrids in distribution networks based on power electronics facilitates the use of
renewable energy resources, distributed generation (DG) and storage systems while improving the
quality of electric power and reducing losses thus increasing the performance and reliability of the
electrical system. The hierarchical control structure, which consists of primary, secondary, and tertiary
levels for microgrids that mimic the behavior of the mains grid, is reviewed. The main objective of this
article is to give a description of state of the art for distributed power generation systems (DPGS) based
on renewable energy and explore the power converters connected in parallel to the grid which are
distinguished by their contribution to the formation of the grid voltage and frequency and are
accordingly classified in three classes. This analysis is extended focusing mainly on the three classes
of configurations: grid-forming, grid-feeding, and grid-supporting. The article ends up with an overview
and a discussion of the control structures and strategies to control distribution power generation system
(DPGS) units connected to the network.
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1. Introduction

Today, there is an increasing use of small-scale renewable power
sources into modern electric grids, because the current growing
demand for electrical energy [1,2]. Photovoltaics, wind power and
hydroelectric power are three of the renewable energies that are
mostly used; they are clean for the environment and inexhaustible.
This renewable energy has experienced rapid technological develop-
ment, which makes them at affordable prices. This advantage allows
the energy security of countries to reduce imports of fossil fuels, which
allows maintaining a lower cost than usual prices and improves the
standard of living without harming the environment, especially in a
time when the economic crisis is timely. Another advantage, they can
easily support the electrical network in remote sites and rural areas
[2]. As shown in Fig. 1, the rate of investment of wind energy was
more important in 2010, but it started dropping in 2011, 2012 and
2013 in contrast to the solar energy that has experienced the same
problem a year later compared to wind power. Despite the economic
problems many countries support programs connecting renewable
energy with global and local power grid. In order to integrate different
kinds of renewable energy sources, the concept of microgrid (MG) was
proposed several years ago [3]. A microgrid can be defined as a part of
the grid consisting of prime energy movers, power electronics con-
verters, distributed energy storage systems, and local loads [4].

This makes the electrical network more flexible and intelligent [5].
Microgrids and virtual power plants (VPPs) are two low voltage
distribution network concepts that can participate in active network
management of a smart grid [6,7]. They are becoming an important
concept to integrate distributed generation (DG) and energy storage
systems [5,8]. The interest of DG grows and is taking importance [9]
when it is composed of different energy resources: Photovoltaics, wind
power and hydroelectric power with electrical energy storage (EES) (e.
g., batteries or super capacitors) [6] forming a Hybrid Energy System
(HES) [2], because they can easily support the electrical network in
island mode and rural areas or grid- connection mode. Other non-
renewable based power systems (diesel or gas), whose generation
profile can be easily controlled are also likely to be integrated into
microgrids [10]. This gives the user the possibility to produce and store
part of the electrical power of the whole system [9]. The use of DPGS
makes no sense without using distributed storage systems to cope
with the energy balances [5]. Microgrids should be able to locally solve
energy problems and hence increase flexibility [11]. The advance
carried in recent years in power electronics makes this latter very
attractive when integrating renewable energy resources, distributed
energy storage systems and active loads [4,12]. The Power Electronic

Converters are typically used as interfaces between these devices and
the MG, acting as a voltage source (voltage source inverter VSI, in the
case of AC network micro) [3,8,12]. MGs need to be able to operate
intelligently in both grid and island mode [13]. At the same time, AC
and DC sources sometimes coexist in a practical microgrid. The
interfacing converters are usually connected in parallel [3]. The control
of the parallel VSIs forming a MG has been investigated in the last
years [12]. Thus, the greatest challenge is to ensure stability and
voltage regulation for offering a better power quality for the customer
[9]. In order to avoid circulating currents among the converters
without using any critical communication between them, the droop-
control method is often applied [5,11]. This is a kind of collaborative
control used for sharing active and reactive power between VSIs in a
cooperative way [12]. These control loops, also called P�ω and Q�E
droops, have been applied to connect inverters in parallel in unin-
terruptible power supply (UPS) systems to avoid mutual control wires
while obtaining good power sharing [5,11,14,15]. However, although
this technique achieves high reliability and flexibility, the price to pay
is that the sharing is obtained through voltage and frequency devia-
tions in the system (load dependent frequency and amplitude devia-
tions) [12,16,17], which limit its application [5,11]. In order to solve
these problems, an external control loop named secondary control is
implemented in the microgrid control central to restore the nominal
frequency and amplitude values in the microgrid [4,5,11,12]. An
additional tertiary control can be used for bidirectional control the
power flow. In case of AC microgrids, the objective is to regulate the
power flows between the grid and the microgrid at the point of
common coupling (PCC) [5,11,18,19]. In countries with hydro power
potential, small hydro turbines are used at the distribution level, in
order to sustain the utility network in dispersed or remote locations
[20]. At present time, most of renewable based DG units directly
produce DC or variable frequency/voltage AC output power and hence
power electronics devices (PEDs) have become the key elements in
order to realize the MGs [21]. But an increased amount of DPGS based
onwind turbine and photovoltaic are connected to the utility network
and can create instability in the power systems because of the
variation of the wind and sun. In order to maintain a stable power
system in countries with a large penetration of distributed power,
transmission system operators issue more stringent demands regard-
ing the interconnection of the DPGS to the utility grid [22]. Besides
their low efficiency, the controllability of the DPGS based on both wind
and sun are their main drawback [23]. As a consequence, their
connection to the utility network can lead to grid instability or even
failure, if these systems are not properly controlled. Moreover, the
standards for interconnecting these systems to the utility network are
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