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ARTICLE INFO ABSTRACT

Article history: Variability and intermittency are some of the main features that characterize renewable energy sources.
Received 13 June 2014 Intermittency usually includes both predictable and unpredictable variations. The many drawbacks of
Received in revised form intermittency of renewable sources can be overcome by considering some special design considerations.

30 March 2016

Integrating more than one renewable energy source and including backup sources and storage systems
Accepted 3 May 2016

are among the few measures to overcome these drawbacks. These additional design considerations
usually increase the overall cost of the renewable system. Furthermore, the presence of more than one
Keywords: energy supply/storage system requires the control of energy flow among the various sources. Therefore,
Energy management optimizing the size of the components and adopting an energy management strategy (EMS) are essential
SRE;:(;’Z?::; ;I;f)rr i)i’ systems to decreasir}g the cost of the sy§tgm a'nd limiting its negati\{e e.ffects. The energy management strategy is
Grid connected hybrid systems commonly mtegra'tecl with optimization to ensure the. continuity of load supply and to decr'ease the cost
of energy production. Therefore, energy management is a term that collects all the systematic procedures
to control and minimize the quantity and the cost of energy used to provide a certain application with its
requirements. The energy management strategy usually depends on the type of energy system and its
components. Various approaches and techniques have been used to develop a successful energy man-
agement strategy. In this paper, a comprehensive review of the approaches proposed and used by authors
of many papers is conducted. These approaches include both the standalone hybrid renewable energy
systems and the grid-connected hybrid renewable systems. More attention is focused on popularly used
techniques to address the features of each system. The selected papers in this review cover the various
configurations of the hybrid renewable energy systems for electric power generation only.
© 2016 Elsevier Ltd. All rights reserved.

Contents
B OO o1 o Ta LT (o o I 822
Energy management strategies in standalone hybrid renewable energy SYStems . . .. ..o v vttt ittt ittt e e 823
2.1.  Energy management based on linear programming — standalone applications. .. ..........iuititttntnt e 823
2.2.  Energy management based on intelligent techniques - standalone applications. . ......... ...ttt 825
3. Energy management systems in grid-connected hybrid renewable energy Systems . .. .........iutitit it ini it 826
3.1.  Energy management based on linear programming - grid-connected applications ..................i it inrnenanan.. 826
3.2. Energy management based on intelligent techniques - grid connected applications . ........... ... ... i enan.. 827
4. Energy management strategies in smart grids including renewable energy SOUICES. . .. ... ..ottt ettt i ie e 827
5. Energy management by fuzzy [0giC CONLIOIIETS . . . . . ..ottt e et e et ettt e e et e e e 828

* Corresponding author at: Electrical Engineering Department, Palestine Technical University-Kadoorie, Tulkarm, Palestine. Tel.: +970 599566319.
E-mail addresses: olatomiwa.l@futminna.edu.ng (L. Olatomiwa), saad@um.edu.my (S. Mekhilef), mahmoud_kafa@yahoo.com (M.S. Ismail),
mahmoud@um.edu.my.com (M. Moghavvemi).

http://dx.doi.org/10.1016/j.rser.2016.05.040
1364-0321/© 2016 Elsevier Ltd. All rights reserved.





