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Smart grid (SG) is an emerging area of engineering and technology which integrates elec-
tricity, communication, and information infrastructures to ensure an efficient, clean, and 
reliable electric energy supply. This is an extremely complex field with different disciplines 
and engineering areas pooled together. This book aims to cover SG technologies and their 
applications in a systematic and comprehensive way. Different areas of SGs have been 
included in this book, such as architectural aspects of the SG, renewable energy integra-
tion, power electronics domination in the SG, energy storage technologies for SG applica-
tions, smart transportation, communication and security aspects, the pivotal role of 
artificial intelligence toward the evolution of SGs, SG challenges and barriers, standardiza-
tion, and future vision. For this reason, the book has been written by experienced individu-
als who specialize in various areas of SGs.

The objective of this book is to equip readers with up-to-date knowledge of the funda-
mentals, emerging grid structure, current research status, and future vision in the develop-
ment and deployment of SGs. The concepts presented in this book include four main areas 
of SGs and its applications: Advanced SG Architecture which includes smart power sys-
tems, communication systems, information technology, security, and the advancement of 
microgrids. Renewables energies, entail technologies of both energy storages, and power 
electronics suitable for renewable energy systems and SG applications. SG applications 
are divided into fundamental and emerging applications. The fundamental applications 
refer to energy management strategies, reliability models, security, and privacy, in addition 
to promoting demand-side management (DSM). Emerging applications include the deploy-
ment of electric vehicles (EVs) and mobile charging stations. SG tools are divided into 
crucial tools for distribution grids such as Big Data management and analytics, cloud man-
agement and monitoring tools, consumer engagement, and artificial intelligence for the 
SG, the requirements for the simulation tools and the recently adopted standards, in addi-
tion to the challenges and future business models of SGs.

The book builds its foundation by introducing the SG architecture and integrating renew-
able energy sources and energy storage systems in the next generation power grid. The first 
chapter provides a basic discussion on the infrastructure of SGs followed by the technolo-
gies used in the SG. An overview of different renewable energy resources is discussed in 
Chapter 2 showing their current status, future opportunities, and the challenges of inte-
grating them with the grid. Energy storage systems and power electronics converters as 
grid integration units are presented in Chapters  3–4. A comprehensive review of 
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microgrids, including their characteristics, challenges, design, control, and operation 
either in grid-connected or islanded modes are introduced in Chapter  5. Chapter  6 is 
devoted to one of the most emerging applications of SGs, which is smart transportation. 
This chapter presents an overview of EVs; their current status and future opportunities, in 
addition to the challenges of integrating them into the SG. The impact of EVs on SG opera-
tion and modeling EV mobility in energy service networks are also exemplified in this 
chapter. The net-zero energy cost building uses energy efficiency and renewable energy 
strategies as part of the business model. Chapter  7 describes the zero energy buildings 
(ZEBs) definition, design, modeling, control, and optimization. This chapter discusses the 
benefits and barriers of the current state and the future trends of ZEBs as a step to reduce 
energy consumption in the building sector. The goal of Chapter 8 is focused on the SG fea-
tures utilizing multi-way communication among energy production, transmission, distri-
bution, and usage facilities. The multi-way communication among energy generation, 
transmission, distribution, and usage facilities is discussed in Chapter 8. The reliable, effi-
cient, and intelligent management of complex power systems necessitates an employment 
of high-speed, reliable, and secure data information and communication technology into 
the SG to manage and control power production and usage; this topic is described in 
Chapter 9. The electric energy sector is sitting on a data goldmine, the so-called Big Data. 
The real value of Big Data utilization resides in a good understanding of its analytics tech-
nologies, promise, and potential applications in SGs, which is discussed in Chapter  10. 
Driven by concerns regarding electric sustainability, energy security, and economic growth, 
it is essential to have a coordination mechanism based on heuristic rules to manage the 
energy demand and enhance the survivability of the system when failures occur or at peak 
periods, which is achieved by the principle of DSM systems defined in Chapter 11. It is 
essential to know the business model concepts, their main components, and how they can 
be used to analyze the impact of SG technology to create, deliver, and capture values for the 
utility business. The value chain for both traditional and smart energy industries are 
needed. The different electricity markets have been described and presented in Chapter 12. 
Chapter 13 aims to provide energy systems researchers and decision-makers with proper 
insight into the underlying drivers of consumer acceptance of the SG and the logical steps 
for their engagement to promote SG technology and make it feasible promptly. The funda-
mental relationship between SG and cloud computing services is also covered. The archi-
tectural principles, characteristics of cloud computing services, and the examination of the 
advantages and disadvantages of those characteristics for SG are defined. Furthermore, the 
opportunities and challenges of using cloud computing in SGs, and the major categories of 
data security challenges of cloud computing are described in Chapter 14.

In Chapter 15, the latest taxonomy of Artificial Intelligence (AI) applications in SGs is 
discussed, including load and renewable energy forecasting, power optimization, electric-
ity price forecasting, fault diagnosis, and cyber and physical layers security. Chapter  16 
discusses the current state of simulation-based approaches including multi-domain simu-
lation, co-simulation, and real-time simulation and hardware-in-the-loop for SGs. 
Furthermore, some SG planning and analysis software are summarized with their advan-
tages and disadvantages. Chapter 17 presents an overview of SG standards; new standardi-
zation studies, SG policies of some countries, and some important standards for the smart 
grid. Chapter  18 depicts the concepts of distributed generation, micro-grid, SG, and 
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distributed operation, which all pose more complexity and challenges to the modern power 
systems. This chapter presents the challenges and barriers that modern SGs face from dif-
ferent perspectives.

This book has the typical attributes of a contemporary book and discusses several aspects 
that will appeal to students, researchers, professionals, and engineers from various disci-
plines looking to increase their knowledge, insights, and ideas for the future development 
of SG as the next energy paradigm. This work perfectly fills the current gap and contributes 
to the realization and a better understanding of SG and its enabling technologies.
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