
Studies in Systems, Decision and Control

Volume 434

Series Editor

Janusz Kacprzyk, Systems Research Institute, Polish Academy of Sciences,
Warsaw, Poland



The series “Studies in Systems, Decision and Control” (SSDC) covers both new
developments and advances, as well as the state of the art, in the various areas of
broadly perceived systems, decision making and control–quickly, up to date and
with a high quality. The intent is to cover the theory, applications, and perspectives
on the state of the art and future developments relevant to systems, decision
making, control, complex processes and related areas, as embedded in the fields of
engineering, computer science, physics, economics, social and life sciences, as well
as the paradigms and methodologies behind them. The series contains monographs,
textbooks, lecture notes and edited volumes in systems, decision making and
control spanning the areas of Cyber-Physical Systems, Autonomous Systems,
Sensor Networks, Control Systems, Energy Systems, Automotive Systems,
Biological Systems, Vehicular Networking and Connected Vehicles, Aerospace
Systems, Automation, Manufacturing, Smart Grids, Nonlinear Systems, Power
Systems, Robotics, Social Systems, Economic Systems and other. Of particular
value to both the contributors and the readership are the short publication timeframe
and the world-wide distribution and exposure which enable both a wide and rapid
dissemination of research output.

Indexed by SCOPUS, DBLP, WTI Frankfurt eG, zbMATH, SCImago.

All books published in the series are submitted for consideration in Web of Science.

More information about this series at https://link.springer.com/bookseries/13304

https://link.springer.com/bookseries/13304


Moussa Labbadi • Kamal Elyaalaoui •

Loubna Bousselamti • Mohammed Ouassaid •

Mohamed Cherkaoui

Modeling, Optimization
and Intelligent Control
Techniques in Renewable
Energy Systems
An Optimal Integration Of Renewable Energy
Resources Into Grid

123



Moussa Labbadi
INSA Hauts-de-France
Université Polytechnique Hauts-de-France
Valenciennes, France

Loubna Bousselamti
Mohammed V University in Rabat
Rabat, Morocco

Mohamed Cherkaoui
Mohammed V University in Rabat
Rabat, Morocco

Kamal Elyaalaoui
Mohammed V University in Rabat
Rabat, Morocco

Mohammed Ouassaid
Mohammed V University in Rabat
Rabat, Morocco

ISSN 2198-4182 ISSN 2198-4190 (electronic)
Studies in Systems, Decision and Control
ISBN 978-3-030-98736-7 ISBN 978-3-030-98737-4 (eBook)
https://doi.org/10.1007/978-3-030-98737-4

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature
Switzerland AG 2022
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, expressed or implied, with respect to the material contained
herein or for any errors or omissions that may have been made. The publisher remains neutral with regard
to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://orcid.org/0000-0002-1603-450X
https://doi.org/10.1007/978-3-030-98737-4


Preface

The present book Modeling, Optimization and Intelligent Control Techniques in
Renewable Energy Systems—An Optimal Integration Of Renewable Energy
Resources Into Grid publishes a good work in the field of renewable energy and
control, presented in an informal and high-quality manner. The book’s content is
fascinating and appealing because it covers a wide range of technologies and
control techniques, such as advanced robust control, intelligent control methods,
wind farm, fractional-order controllers, algorithm optimizations, PV-CSP
hybridization, thermal energy storage, dispatching strategy, modeling,
mono-objective optimization and multi-objective optimization.

The goal is to include the theory, applications and perspectives on current and
future advancements in renewable energy control and optimization, variable con-
verters and related domains, as well as the paradigms and methodologies that
underpin them.

The chapters in this book are written for graduate students, researchers, edu-
cators, engineers and scientists who need to know about mathematical analysis
theories, methods and applications.

This book provides two parts. It has a total of 11 chapters, which are organized
as follows: the first part focuses on applications of control theory on wind turbine
and comprises six chapters.

The chapter Introduction to Power System Stability and Wind Energy
Conversion System discusses the power system stability and the identification of the
many forms and causes of instabilities in the power system such as voltage and
frequency instability, as well as the frequency control types and the active power
management capability constraints. The description of the grid code requirements
for integration of wind energy conversion system into grid will be presented.

The chapter Description and Modeling of Wind Energy Conversion System
presents the modeling of the different elements of the variable speed wind power
system based on a squirrel cage induction generator, as well as modeling of grid,
filters, transformer and transmission line. The infinite grid model, dynamic grid
model, RL filter model and LCL filter model are considered. These models are
developed in the (d, q) reference frame, using the Park transformation.
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The chapter Power Quality Improvement of Wind Energy Conversion System
Using a Fuzzy Nonlinear Controller proposes a fuzzy sliding mode control
(Fuzzy-SMC) using a smooth function based on fuzzy logic. The proposed control
algorithm is used to control the wind energy conversion system connected into the
grid through a LCL filter with passive damping and to reduce the harmonics due to
the chattering phenomenon. The proposed control system is validated by the
numerical simulation and also validated experimentally using a test bench based on
DSPace Board and three-phase inverter.

The chapter Supervisory and Power Control Systems of a WF for Participating
in Auxiliary Services investigates a fuzzy PIFPI controller for reactive power and
LVRT control in an uncompensated power system. The supervision system based
on proportional distribution algorithm, according to three operating modes (MPPT
control mode, PQ control mode and fault control mode) is developed to ensure the
optimal operation of grid-connected wind farm based on the squirrel cage induction
generator.

The chapter LVRT Control Using an Optimized Fractional Order Fuzzy
Controller of a Wind Farm proposes the fractional order fuzzy controller
(FOPI-Fuzzy-FOPI) to improve the voltage and reactive power responses and
studies the problem of voltage drop in an uncompensated power system. The
supervisory system ensures the cooperation between the different parts of the wind
farm system and the optimal interaction between the wind turbines.

The chapter Primary Frequency Control for Wind Farm Using a Novel PI Fuzzy
PI Controller addresses the participation of the wind farm in primary frequency
control using inertial power reserve supported by pitch control strategy. The pro-
posed PI-Fuzzy-PI (PIFPI) controller for primary frequency control ensures the
balance between power demand and power production, provides high performance
and satisfies the grid code requirements. The WF of 90 MW capacity is aggregated
into a multi-machine model. It consists of 3 equivalent wind turbines based on
squirrel cage induction generator and is connected to two grid areas.

The second part of this book includes five chapters and emphasis on the mod-
eling and optimization of hybrid photovoltaic (PV)-concentrated solar power
(CSP) systems coupled to a thermal energy storage system.

The chapter Hybridization PV-CSP: An Overview investigates an overview of
hybrid photovoltaic (PV)-concentrated solar power (CSP) system. The challenges
that can be addressed based on the world energy context are presented. In this
context, renewable energy sources are presented as an ecological and economical
alternative to fossil energies for the production of electricity. Then, the issues and
proposed solution related to the grid integration of renewable energy sources are
discussed. Finally, a survey of the literature on hybridization PV-CSP is presented.

The chapter Detailed Modeling of Hybrid PV-CSP Plant focuses on modeling of
hybrid PV-CSP systems. Firstly, the mathematical model is presented to calculate
the hourly electrical power produced by the PV plant and the hourly electrical
power generated by the solar field of the CSP plant based on parabolic trough
technology. Finally, a dispatch strategy is proposed in order to manage the power
flows in the hybrid PV-CSP system to supply the requested load.
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The chapter Techno-economic Parametric Study of Hybrid PV-CSP Power
proposes a parametric study of three main solar plants (PV, CSP and hybrid
PV-CSP). This study focuses on evaluating the influence of decision parameters
(PV orientation angles, solar multiple (SM), thermal energy storage capacity
(TES) and fraction of hybridization) on solar power plants, by calculating the
electrical annual energy and electricity cost. Several simulations have been estab-
lished and discussed in detail to evaluate the optimal configuration of the PV-CSP
in comparison with PV plant and CSP plant.

The chapter Optimal PV-CSP System Sizing Using Mono Objective Optimisation
addresses a mono objective optimization model to find the optimum size of hybrid
PV-CSP plant so as to meet the requested load with possible minimum electricity
cost and highest efficiency. Hybrid particle swarm optimization (PSO)–Cuckoo
search (CS) algorithm have been used through this model for determining the
optimum size of the PV-CSP system, and the minimum electricity cost at a pre-
determined level of capacity factor value, in order to satisfy two types of requested
load.

The chapter The Multi-objective Optimization of PV-CSP Hybrid System with
Electric Heater presents a multi-objective optimization approach of the hybrid
PV-CSP system coupled to an electric heater (EH), which is used to convert the
excess electrical energy from the PV plant into thermal energy that will be stored
for later use. Therefore, a model of the PV-CSP-EH plant was established and a
multi-objective optimization using the genetic algorithm was adopted. The purpose
of the optimization is to minimize the electricity cost and dumped energy and to
maximize the capacity factor simultaneously. The Final optimal configurations are
obtained from the Pareto front by applying a decision-making method.
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Rabat, Morocco
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Rabat, Morocco Mohammed Ouassaid
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