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Preface

The 3rd edition of this book is an expanded, revised, and updated version of the 2nd
edition with new chapters such as AC wind systems, HVDC and all-DC wind sys-
tems, multiphase and DC wind turbine conversion systems, and solar power electron-
ics for on-grid and off-grid systems. The new edition is the result of teaching the
course to inquisitive students and short courses to professional engineers that
enhanced the contents in many ways. The book is designed and tested to serve as
textbook for a semester course for university seniors in electrical and mechanical
engineering fields. The practicing engineers will get detailed treatment of this rapidly
growing segment of the power industry. The government policy makers would ben-
efit by overview of the material covered in the book. The book is divided into four
parts in 21 chapters.

Part A covers the wind power technologies. It includes the engineering funda-
mentals, the probability distributions of the wind speed, the annual energy potential
of a site, and the wind power system operation and the control requirements. Since
most wind plants use induction generators for converting the turbine power into elec-
trical power, the theory of the induction machine performance and operation is
reviewed. The electrical generator speed control for capturing the maximum energy
under wind fluctuations over the year is presented. The rapidly developing offshore
wind farms with their engineering and operational aspects are covered in detail.
Included in Part A are also new chapters on AC wind systems and DC wind
systems.

Part B covers the solar photovoltaic technologies and the current developments
around the world. It starts with the energy conversion characteristics of the photovol-
taic cell, and then the array design, the effect of the environment variables, the sun-
tracking methods for the maximum power generation, the controls, and the emerging
trends are discussed. A new chapter on modern power electronics needed for solar
power conversion for on-grid and off-grid systems is included in Part B.

Part C starts with large-scale energy storage technologies often required to aug-
ment non-dispatchable energy sources, such a wind and PV, to improve the availabil-
ity of power to the users. It covers characteristics of various batteries, their design
methods using the energy balance analysis, factors influencing their operation, and
the battery management methods. The energy density and the life and operating cost
per kWh delivered are presented for various batteries, such as lead-acid, nickel-
cadmium, nickel-metal-hydride, and lithium-ion. The energy storage by the flywheel,
compressed air, the superconducting coil, and their advantages over the batteries are
reviewed. The basic theory and operation of the power electronic converters and
inverters used in the wind and solar power systems are then presented. The grid-
connected renewable power systems are covered with voltage and frequency control
methods needed for synchronizing the generator with the grid. The theory and the
operating characteristics of the interconnecting transmission line, the voltage regula-
tion, the maximum power transfer capability, and the static and dynamic stability are
covered. About two billion people in the world not yet connected to the utility grid

xiii
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Xiv Preface

are the largest potential market of stand-alone power systems using wind and photo-
voltaic systems in hybrid with diesel generators Of fuel cells which are also
covered.

Part C continues with the overall electrical system performance, the method of
designing system components to operate at their maximum possible efficiency, the
static and dynamic bus performance, the harmonics, and the increasingly important
quality of power issues applicable to the renewable power systems. The total plant
economy and the costing of energy delivered to the paying customers are presented.
It also shows the importance of a sensitivity analysis tO raise confidence level of the
‘nvestors. The past and present wends of the wind and PV power, the declining price
model based on the learning curve, and the Fisher-Pry substitution model for predict-
ing the future market growth of the wind and PV power based on historical data on
similar technologies are presented.

Part D covers the ancillary power system derived from the sun, the ultimate
source of energy on the carth. It starts with the utility-scale solar thermal power plant
using concentrating heliostats and molten salt steam turbine. It then covers the solar-
induced wind power, the marine current power, and the ocean wave powcer.

List of acronyms and conversion of units are given at the Starting of the book.
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BIPV  Building-integrated photovoltaics
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PM
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QF
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SiC
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SRC
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THM
TPV
TSR
TWh
UCE
VvSC
WF
Wp

PREFIXES

k kilo (10%)

M Mega (10°)

G Giga (10%)

T Trillion (10'%)

List of Abbreviations and Conversion of Units

Permanent Magnet
Photovoltaic
Pulse width modulation
Qualifying facility
Revolutions per minute
Silicon Carbide
State of charge of the battery
Specific rated capacity (kW/m?)
Total harmonic distortion in quality of power
Top head mass (nacelle + rotor)
Thermophotovoltaic
Tip speed ratio (of rotor)
Trillion (10'2) watthours
Unit cost of energy
Voltage source converter
Wound field
Watt peak
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Glossary

CONVERSION OF UNITS

The information contained in the book comes from many sources and many countries
using different units in their reports. The data are kept in the form they were received
by the authors and were not converted to a common system of units. The following
is the conversion table for the most commonly used units in the book:

—

To Change From

Into

Multiply By

mph

m/sec

0.447

kn

m/sec

0.514

mi

km

1.609

ft

m

0.3048

cm

2.540

kg 0.4535
Btu W-sec 1054.4
k Btu kW-h 293 x 10*
: Bu/fe2 W-sec/m? 11357
Btu/h w 0.293
Btu/ft?/h kW/m? 3.15x 107
Btu/W/ft?/°F W/m?%°C 5.678
hp W 746
gallon of oil (U.S) kWh 42
gal (U.S.) liter 3.785
barrel of oil Btu 6 x 10°
barre] gal (U.S.) 42
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