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I n recent years, electrical energy 
storage (EES) became the most im
portant technology in isolated pow

er systems (IPS), electrical power qual
ity, distributed energy resources, and 
sustainable mobility. Electric Energy 
Storage Systems explains the modeling, 
planning, and implementation method
ologies of EES systems.

The book’s first chapter presents 
an overview of the technical and re
gulatory boundaries on the evolution 
of electric power systems to future 
smart grids, including concepts such 
as power to gas and power to heat. Dis
tribution networks need storage due to 
volatile, low dutycycle renewable en
ergy sources (RES), such as solar and 
wind, to increase green energy penetra
tion, while maintaining power quality 
and energy resilience.

Chapter 2 deals with EES modeling 
in power systems, presenting generic 
EES models and algorithms to compute 
optimal storage, storage unification, 

integration of EES in dis
tribution network plan
ning, and multicriteria 
optimization of storage in 
IPS. The approach follows 
the cyberphysical layers 
and concepts [1] and pres
ents case studies.

Chapter 3 presents 
de  velopment trends in 
power systems in various 
scenarios from European 
countries to north and south Ameri
cas, from Japan to China, and Russia 
and Australia. Chapter 4 discusses the 
need for EES, presenting practical ex
amples. Chapter 5 describes EES tech
nologies, its properties and operation 
constraints, namely, compressed air 
energy storage, pump hydro energy 
storage, super  conducting magnetic en
ergy storage, supercapacitor energy 
storage, flywheel energy storage, bat
tery energy storage (BES), and hydro
gen energy storage systems. 

Chapter 6 explores mobile energy 
storage systems (electric vehicle to 
grid), electric vehicles (EVs) as distrib
uted EES, and transportation systems. 
Chapters 7 and 8 detail the economics 
of EES and the contribution of EES to 
smart grid reliability, respectively.

The aforementioned chapters in
clude the following subsections:

Chapter 1: Future Power Systems
1) “Introduction”
2) “Towards a Smart Grid (Renew

able Generation in the Future, Eu
ropean SmartGrid Vision, Energy 
Policy in Europe and Smart Grids, 
Power System Operation and Need 
for More Flexible Smart Grids)”

3) “Regulatory Boundaries for Smart 
Grid and Electric Energy Storage.”

Chapter 2: Electric En
ergy Storage System (EES)

1) “Requirements for an 
EES System (EES Use 
and Extension of Stor
age Usability in Smart 
Grids)”

2) “Generic Model of EES 
(Generic Model of EES, 
Physical Surface of the 
EES Model: Mathemat
ical Generic Model)”

3) “EES in the Transmission and Dis 
tribution System (Factors for Value  
of Storage in Transmission Net
works, EES in the Distribution 
Systems, Example of Modeling 
and Implementation of the Models 
in the Planning and Simulation in 
Distribution, Standardized Models 
of BES Using the Surface and Inter
face Structure)”

4) “Storage Systems in Isolated Power 
Systems (CaseBased Optimization 
of Electric Energy Storage Size in an 
Isolated Power System, MultiCriteria 
Optimization of IPS, Case Studies).”

Chapter 3: International Develop
ment Trends in Power Systems
1) “State of the Art”
2) “Smart Grid Concept for the Fu

ture Grid”
3) “European Scenario”
4) “Renewable Energy Development 

in the Iberian Peninsula”
5) “The Danish Scenario”
6) “North American Scenario”
7) “South American Scenario”
8) “Japanese Scenario”
9) “Russian Scenario”

10) “Chinese Scenario”
11) “Australian Scenario.”

Chapter 4: Need for Storage: Practi
cal Examples
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1) “Methodology of Investigation”
2) “Example: NetworkUpgrade Deferral”
3) “Technical Aspects: Examples from 

Japan”
4) “Storage for Full RES Integration.”

Chapter 5: Storage Technologies 
and Systems
1) “Overview”
2) “Energy Storage Performance 

Indicators”
3) “ElectricEnergy Storage System 

Classification”
4) “PumpedHydroelectric Storage”
5) “FlywheelEnergy Storage”
6) “BatteryEnergy Storage Systems”
7) “Superconducting Magnetic En

ergy Storage”
8) “PowertoGas”
9) “CompressedAir Energy Storage.”

Chapter 6: Mobile Energy Storage 
Systems. VehicleforGrid Options
1) “Electric Vehicles”
2) “EV Standards and Technologies for 

Power and Transportation Systems”
3) “ElectricVehicle Networks as En

ergy Storage Systems in the Power 
and Transportation System.”

Chapter 7: Economics of Electric 
Energy Storage Systems
1) “ElectricEnergy Storage System 

Applications and Services”
2) “ElectricEnergy Storage Econom

ics (Cost Analysis, Investment, and 
Operation Costs Analysis of EES).”

Chapter 8: Reliability in Smart Grids 
with Energy Storage Systems

1) “Reliability in PowerEnergy Sys tems”
2) “GridReliability Calculations”
3) “StorageSystem Reliability (Case 

Study: Calculation of StorageSys
tem Reliability).”

Each chapter lists meaningful ref
erences and final questions. A table 
of contents, preface, and acknowledg
ments are also included.
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Electric Energy Storage 
Systems is a timely book, 
highlighting methods of  
energy storage implemen
tation in generation, trans
mission, and distribution, 
heading to 100% green en
ergy power systems with 
enhanced flexibility and reliability. The 
book is a valuable tool for academics, 
power engineers, researchers, practic
ing engineers, and advanced students.

—Fernando A. Silva
Instituto Superior Técnico, 

 Universidade  
de Lisboa, Portugal
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Conventionally, power electronic 
converters and drives have 
been controlled by linear sin

gleinput, singleoutput control loops. 
Particularly for highpower convert
ers with multiple coupled dynamics 
and tight operating constraints, model 
predictive control (MPC) is expected 
to evolve into the control method of 
choice. MPC allows one to increase 
the power capability of a converter,  

lower the current distortions, reduce 
the converter hardware, achieve very 

fast transient responses, 
and ensure the reliable op
eration within safe operat
ing area constraints.

Chapters 1–6 offer a 
detailed review of three
phase power electronics, 
electrical machines, carri
erbased pulsewidth mod
ulation, optimized pulse  
patterns, stateoftheart 
art converter control meth
ods, and the principle of 
MPC. Chapters 7–14 include 

an indepth treatment of MPC methods 
that fully exploit the performance po
tential of highpower converters. These 
control methods combine the fast control 
responses of deadbeat control with the 
optimal steadystate performance of 
optimized pulse patterns by resolving 
the antagonism between the two. 

The content consists of 15 chapters 
organized in five parts as follows:

Part I: Introduction
1) “Introduction”
2) “Industrial Power Electronics”
3) “Classic Control and Modulation 

Schemes.”
Part II: Direct Model Predictive Con

trol with Reference Tracking
4) “Predictive Control with Short 

Horizons”
5) “Predictive Control with Long 

Horizons”
6) “Performance Evaluation of Predic

tive Control with Long Horizons.”
Part III: Direct Model Predictive 

Control with Bounds
7) “Model Predictive Direct Torque 

Control”
8) “Performance Evaluation of Model 

Predictive Direct Torque Control”
9) “Analysis and Feasibility of Model 

Predictive Direct Torque Control”
10) “Computationally Efficient Model 

Predictive Direct Torque Control”
11) “Derivatives of Model Predictive 

Direct Torque Control.”
Part IV: Model Predictive Control 

Based on Pulse Width Modulation
12) “Model Predictive Pulse Pattern 

Control”
13) “Performance Evaluation of Model 

Predictive Pulse Pattern Control”

CONvENTIONALLy, 
pOwER ELECTRONIC 
CONvERTERS AND 
DRIvES hAvE bEEN 
CONTROLLED by 
LINEAR SINGLE-
INpUT, SINGLE-
OUTpUT CONTROL 
LOOpS. 


