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levels – and in the rich diversity of behavior of which they are capable.
The Springer Series in Understanding Complex Systems series (UCS) promotes
new strategies and paradigms for understanding and realizing applications of
complex systems research in a wide variety of fields and endeavors. UCS is explicitly
transdisciplinary. It has three main goals: First, to elaborate the concepts, methods
and tools of complex systems at all levels of description and in all scientific fields,
especially newly emerging areas within the life, social, behavioral, economic,
neuro- and cognitive sciences (and derivatives thereof); second, to encourage novel
applications of these ideas in various fields of engineering and computation such as
robotics, nano-technology and informatics; third, to provide a single forum within
which commonalities and differences in the workings of complex systems may be
discerned, hence leading to deeper insight and understanding.
UCS will publish monographs, lecture notes and selected edited contributions
aimed at communicating new findings to a large multidisciplinary audience.
More information about this series at http://www.springer.com/series/5394

Hassan Qudrat-Ullah • Aymen A. Kayal
Editors

Climate Change and Energy
Dynamics in the Middle East
Modeling and Simulation-Based Solutions

Editors
Hassan Qudrat-Ullah
College of Industrial Management
King Fahd University of Petroleum and
Minerals
Dhahran, Saudi Arabia

Aymen A. Kayal
College of Industrial Management
King Fahd University of Petroleum and
Minerals
Dhahran, Saudi Arabia

ISSN 1860-0832	    ISSN 1860-0840 (electronic)
Understanding Complex Systems
ISBN 978-3-030-11201-1    ISBN 978-3-030-11202-8 (eBook)
https://doi.org/10.1007/978-3-030-11202-8
Library of Congress Control Number: 2019934773
© Springer Nature Switzerland AG 2019
This work is subject to copyright. All rights are reserved 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, express 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

To My Grandfather
Raja Munawwar Khan (late)
—Hassan Qudrat-Ullah
To My Parents, Wife, and Children
—Aymen A. Kayal

Preface

Global climate change and global warming has the potential to severely impact both
the production and consumption of energy across the globe. The Middle East region
with even slightly warmer weather can result in an increased demand of energy
(e.g., for more air conditioning use and energy-intensive methods for water supply),
lower labor productivity (e.g., relatively few hours are available during the day), and
less supply of energy (e.g., hydro generation can suffer due to none or less availability of water due to rising temperature). The potential imbalance of energy
demand and supply can often lead to rising electricity costs and power outages
which, in turn, can have severe impact on the socioeconomic welfare of the population of these countries. Although more sunny days can help in harnessing solar
power, the predominant use of fossil-based electricity generation by this region and
the resulting environmental emissions are major concerns to be addressed.
Consequently, for the decision-makers, to better understand the sustainable production and consumption of energy and the related socioeconomic dynamics requires a
systematic and integrated approach. Modelling and simulation in general and system dynamics and optimization modelling in particular have the capabilities to deal
with the complexity of climate change and energy dynamics. Therefore, the primary
aim of this book is to present, in the context of the Middle East region, the latest
decision-making tools, techniques, and insightful and innovative solutions that the
decision-makers can utilize to overcome the challenges that their energy systems
face. Furthermore, we hope to encourage further theoretical and empirical research
that perhaps may be interwoven by the works presented herein and in advancing
new methodological perspectives to include multilevel and cross-level analysis to
better understand the dynamics of sustainability-focused supply chains.
Unified by the common goal of making better decisions in the sustainable production and consumption of energy, we invited potential authors to submit and
showcase their work related to the major theme of this book, Climate Change and
Energy Dynamics in the Middle East. In addition to relevance of their work to the
Middle East, we sought both theoretical (only state-of-the-art reviews) and empirical chapters with a focus on system dynamics, econometric, optimization, and
conceptual modelling. It is our hope that this book will stimulate a new way of
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thinking as a proclamation of a new era of resource constraints and renewed focus
on “integrative” solutions for the challenges in climate change and energy
policy-making.

Content Overview
The integrating theme of this book is modelling-based solutions to deal with dynamics of climate change and energy domains. The book contains five parts. Part I
presents the introduction and preview of Climate Change and Energy Dynamics in
the Middle East. Part II of this book, “Dynamic Modelling in Service of Climate
Change and Energy Decisions,” examines the dynamic modelling-based approaches
to better understand the dynamics of climate change and energy-related issues in the
Middle East. Five state-of-the-art applications of dynamic modelling include
Socioeconomic and Environmental Implications of Renewable Energy Integrity in
Oman: Scenario Modelling Using System Dynamics Approach, Energy and
Emissions Modelling for Climate Change Mitigation from Road Transportation in
the Middle East: A Case Study from Lebanon, Climate Change and Energy Decision
Aid Systems for the Case of Egypt, Control Strategy and Impact of Meshed DC
Micro-Grid in the Middle East, and The Energy-Water-Health Nexus Under Climate
Change in the United Arab Emirates – Impacts and Implications. Part III of this
book, “Understanding the Dynamics of Climate Change and Energy Using
Optimization and Econometric Modelling,” showcases four unique contributions
addressing the challenges of climate change and energy dynamics utilizing optimizing and econometric modelling approaches: (i) Leapfrogging to Sustainability:
Utility-Scale Renewable Energy and Battery Storage Integration – Exposing the
Opportunities Through the Lebanese Power System, (ii) Climate Change and
Energy Dynamics in the Middle East: Challenges and Solutions, (iii) Greenhouse
Gases Emissions and Alternative Energy in the Middle East, and (iv) Quantitative
Analysis Methods Used in Modelling Power Systems and Climate Change for Saudi
Arabia. Part IV of this book highlights the role of conceptual modelling in a better
understanding of climate change and the energy dynamics of the Middle East. In
this category, we have two chapters: (i) Transformation Toward Clean Energy in the
Middle East: A Multi-Level Perspective and (ii) Global CO2 Capture and Storage
Methods and the New Approach to Reduce Emission for Geothermal Power Plants
with High CO2 Emission: Turkey Case Study.
Finally, Part V of this book overviews the key insights and learning points as well
as the future research avenues contained in this book.

Preface

ix

Acknowledgments
We would like to thank everyone, mentioned herein or not, for their continued support in helping to bring this book project to completion. Most importantly, I am
sincerely grateful to the contributing authors of this book. Their support of this
endeavor enabled us to platform the collective lessons presented in the book. We
also acknowledge the work and knowledge of the members of our review panel. My
thanks also go to all the people at Springer, USA, especially Christopher and
HoYing with whom we corresponded for their advice and facilitation in the production of this book. I would like to thank Taub Jeffrey, Chandhini Kuppusamy, and the
production team from Springer for their help in the final production of this book. We
are grateful to my families for their encouragement and support throughout this
endeavor.
Finally, the editors would like to acknowledge the financial support provided by
the Deanship of Scientific Research (DSR) at King Fahd University of Petroleum &
Minerals (KFUPM) for funding this work through project No. BW171006.
Dhahran, Saudi Arabia
December, 2018

Hassan Qudrat-Ullah
Aymen A. Kayal

Contents

Part I Introduction
1	Introduction: Climate Change and Energy Dynamics
in the Middle East ������������������������������������������������������������������������������������   3
Hassan Qudrat-Ullah and Aymen A. Kayal
Part II Dynamic Modelling in Service of Climate Change and Energy
Decisions
	  2	Socio-economic and Environmental Implications of
Renewable Energy Integrity in Oman: Scenario Modelling
Using System Dynamics Approach ���������������������������������������������������������� 17
Aisha Al-Sarihi and Hafiz Bello
	  3	Energy and Emission Modelling for Climate Change
Mitigation from Road Transportation in the Middle East:
A Case Study from Lebanon �������������������������������������������������������������������� 47
Marc Haddad and Charbel Mansour
	  4	Climate Change and Energy Decision Aid Systems
for the Case of Egypt �������������������������������������������������������������������������������� 79
Aya Sedky Adly
	  5	Control Strategy and Impact of Meshed DC Micro-grid
in the Middle East ������������������������������������������������������������������������������������ 109
Mohamed Barara, Hervé Morel, Guy Clerc, Mustapha Jamma,
Pascal Bevilacqua, and Abderrahime Zaoui
	  6	The Energy-Water-Health Nexus Under Climate Change
in the United Arab Emirates: Impacts and Implications ���������������������� 131
William W. Dougherty, David N. Yates, Jose Edson Pereira, Andrew
Monaghan, Daniel Steinhoff, Bruno Ferrero, Ilana Wainer, Francisco
Flores-Lopez, Stephanie Galaitsi, Paul Kucera, and Jane Glavan
xi

xii

Contents

Part III Understanding the Dynamics of Climate Change
and Energy Using Optimization
and Econometric Modelling
	  7	Leapfrogging to Sustainability: Utility-Scale Renewable
Energy and Battery Storage Integration – Exposing
the Opportunities Through the Lebanese Power System �������������������������� 183
Ahmad Diab, Hassan Harajli, and Nesreen Ghaddar
	  8	Climate Change and Energy Dynamics with Solutions:
A Case Study in Egypt ������������������������������������������������������������������������������ 225
Champa Nandi, Somudeep Bhattacharjee, and Samrat Chakraborty
	  9	Greenhouse Gases Emissions and Alternative Energy
in the Middle East ������������������������������������������������������������������������������������ 259
Erginbay Uğurlu
10	Quantitative Analysis Methods Used in Modeling
Power Systems and Climate Change for Saudi Arabia ������������������������ 293
Aymen A. Kayal and Mohammad A. Al-Khars
Part IV Understanding the Dynamics of Clean Energy
Using Conceptual Modelling Approach
11	Transformation Toward Clean Energy in the Middle East:
A Multilevel Perspective �������������������������������������������������������������������������� 309
Muatasim Ismaeel
12	Global CO2 Capture and Storage Methods and a New Approach
to Reduce the Emissions of Geothermal Power Plants
with High CO2 Emissions: A Case Study from Turkey ������������������������ 323
Fusun S. Tut Haklidir, Kaan Baytar, and Mert Kekevi
Part V Finally
13	Finally: Key Insights and Future Research for Better
Understanding of Climate Change and Energy Dynamics ������������������ 361
Aymen A. Kayal
Index ������������������������������������������������������������������������������������������������������������������ 367

