Sustainable Energy, Grids and Networks 5 (2016) 156–166

Contents lists available at ScienceDirect

Sustainable Energy, Grids and Networks
journal homepage: www.elsevier.com/locate/segan

Islanding in distribution systems considering wind power and storage
Pilar Meneses de Quevedo a , Javad Allahdadian b , Javier Contreras a,∗ , Gianfranco Chicco b
a

E.T.S. de Ingenieros Industriales, University of Castilla - La Mancha, 13071 Ciudad Real, Spain

b

Energy Department (DENERG), Politecnico di Torino, 10129 Torino, Italy

article

info

Article history:
Received 13 April 2015
Received in revised form
4 December 2015
Accepted 5 December 2015
Available online 30 December 2015
Keywords:
Islanding
Distributed generation
Distribution system
Storage devices
Two-stage stochastic programming

abstract
In modern power systems the penetration of renewable energies has been growing dramatically. The
combination of renewable energy and energy storage is seen as an opportunity to better exploit the
intermittent and uncertain local generation in distribution systems, especially in the case of islanding.
The main goal of this paper is to keep the load and generation units on-line under islanding conditions
with respect to the total power imbalance of the isolated area and minimizing the power losses and
nodal voltage deviations. A two-stage stochastic linear programming model is introduced to solve the
optimization problem and find the best combination of generation, demand and electrical energy storage
under islanding conditions. The proposed model has been tested on a 69-bus distribution system and
the results obtained in the islanded areas are presented considering two case studies (with and without
electrical energy storage), under different levels of generation and demand.
© 2015 Elsevier Ltd. All rights reserved.

1. Introduction
Currently, regulatory agencies are highly committed to increasing the integration of Renewable Energy Sources (RES) due to their
global interest and benefits, including economic and ecological advantages. Likewise, several types of Energy Storage Systems (ESS)
are being developed and applied in electrical networks to cope
with problems such as smoothing the output power of RES [1], improving power system stability [2,3] and being economically efficient [4]. On the other hand, the penetration of RES, especially
wind power, creates several problems regarding their intermittency and uncertainty [5,6]. In particular, to manage and increase
the penetration of RES and ESS in electrical networks, an innovative procedure is required for both normal and abnormal conditions. Although having RES and ESS in electrical networks creates
challenges to integrate them within Electrical Distribution Systems
(EDS), exploiting RES and ESS in abnormal conditions like islanding
can be seen as an opportunity to use more generation and demand
within the island.
Islanding in power systems may be intentional or unintentional.
Due to large frequency perturbations or contingency plans, intentional islanding is planned in advance in power systems to cope
with problems in the network. On the other hand, unintentional
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islanding may occur due to the automatic response of the protection system to a fault happening in radial systems. In this case, it
may be more challenging to define the islanded area conditions and
guarantee the success of the islanding procedure.
In power systems, especially those with islanding conditions,
supply and demand have to be balanced in real-time due to the
fact that electrical energy cannot be stored efficiently in large
amounts. An imbalance between supply and demand leads to
several problems, such as frequency and voltage deviation in the
power grid. Therefore, the definition of a predefined procedure
able to keep the islanded area energized and avoid complete
blackout becomes essential.
Several works have been carried out to deal with the disconnection from the bulk power system creating islands. For example, in [7–9] the configuration and control of islanding in a
random way based on the topology of the grid is presented. A twostep algorithm is introduced in [10] using spectral clustering to
find suitable islanding. In [11], a time domain simulation is presented to control islanding by dividing a bulk power system into
several pre-selected islands. In some works, load shedding is minimized under intentional islanding conditions [12–14]. A review
regarding research on planned islanding operation for a rotating
type of distributed generation with a particular focus on small hydro generation is presented in [15]. A load shedding and generator
tripping logic for proper islanding is developed in [16], based on
detailed power system studies. An evolutionary algorithm based
on current limiting protectors for controlled islands in distribution
systems is presented in [17]. An islanding control approach based
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State of the switches in branch ij: 1 if closed, 0
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Total switching cost function
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on the optimization of a linear DC power flow is presented in [18]
and developed in [19] by implementing a piecewise linear approximation of an AC power flow. The main technical issues to develop
control techniques for establishing a microgrid, in case of islanding, are addressed in [20]. In distribution systems, an island partition model with distributed generation and a two-stage branch
and bound algorithm is designed in [21]. An innovative islanding
feasibility function in subtransmission systems based on reactive
power and real power is proposed in [22,23], respectively.
In the technical literature, an optimization procedure considering the combination of wind power with energy storage under islanding conditions in distribution systems has not been presented
yet. It is worth mentioning that, due to the intermittency and uncertainty of wind power, the combination of RES and ESS is desirable in case of islanding to improve the reliability and reduce the
real power imbalance between load and generation. Consequently,
the motivation of this paper is to show the benefits of combining
RES with ESS to minimize operational storage system costs, wind
and generation curtailment, power losses and voltage deviation of
buses. In other words, in this paper, a novel algorithm is presented
to keep the load and generation units on-line under islanding conditions with respect to the total power imbalance of the isolated
area and minimizing the power losses and nodal voltage deviations.

