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PREFACE

The word small is a relative term in that it often means something different to
almost everyone. The size of small wind turbines has been changing since
the beginning of the use of wind power to grind grain and pump water.
Wind turbine sizes in today’s small wind category include all but a handful of
machines that were constructed prior to 1980. Some notable large wind
turbines built before 1980 include the Smith—Putman built in 1941, the
John Brown built in 1955, and the Gedser erected in 1957. Several countries
in Europe were experimenting with larger wind turbines in the 1950s, but
abandoned most development because of the abundance of low-cost
petroleum. Many of the first wind turbines installed in wind farms in
California, Denmark, and Germany during the mid-1980s had rotor
diameters of approximately 15 m, which gave them a rotor area of just under
200 m® (2,200 ft*). Everyone considered them large because they were
much larger than the common electric battery—charging turbines sold in the
1930s and 1940s.

The first small wind turbine standard, developed by the International
Electrotechnical Commission (IEC) in 1996, defined small wind turbines as
those with a rotor area smaller than 40 m” (440 ft*). They had a 7.2 m (24 ft)
diameter and a power rating of approximately 13 kW at an 11 m/s wind
speed. However, as wind turbines became larger in the early 2000s, the
upper limit of small wind was questioned. When the IEC revised the small
wind design standard in 2006, the rotor area was increased to 200 m?
(2,200 ft?), five times the earlier upper limit. A turbine with an area of
200 m? has a rotor diameter of 16 m (52 ft) and a power rating of 65 kW at
a wind speed of 11 m/s. The British Wind Energy Association Small Wind
Turbine Performance and Safety Standard also set the upper limit at 200 m”.
In 2009, when the AWEA Small Wind Turbine Performance and Safety
Standard was adopted, the rotor area for small wind machines followed the
IEC standard of 200 m”. Not too long after that, the association changed
their definition of small wind to include all turbines with a rotor capacity
of 100 kW or less. A 100 kW wind turbine has a rotor area of 350 m’
(3,850 ft*) and a rotor diameter of 21 m (70 ft).

So the upper limit of small wind turbines has grown. As a result, the
definition of “small” keeps changing as the wind industry matures and
gains more experience with larger machines. The IEC has prepared a draft
third revision for the small wind turbine design standard. In the new draft
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Xii Preface

they retain the 200 m” upper limit for small wind turbines, which means
that, for the next 10 years, we can expect the upper limit to remain the same
as is currently.

There are many things to consider when choosing a small wind system
either to provide electricity where none is available or to offset the purchase
of expensive electricity. The two most important things to consider are the
location of the turbine and the type of turbine to purchase. Selecting
a proper site requires time to examine the wind speeds available, the permits
required, and the land available to meet all safety and operational concerns.
Selecting a wind turbine of sufficient size requires knowledge of the
anticipated electric load that it will power, as well as knowing that it has
been tested and is certified to meet performance and safety standards. It is
hoped that the information in this book will help readers make the right
choices and guide them in completing a successful installation.
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INTRODUCTION

Harvesting the Wind

The energy in the wind was first used to power small boats. As man learned
to control these crafts, he built larger boats with larger sails. In time, sails
were placed on rotating booms to turn shafts and thus operate grinding
stones and pumps. Archeological records have shown that early forms of
windmills were used by the Babylonians, Chinese, and Egyptians. Written
references to windmills are found in early manuscripts, with a Persian
vertical-axis windmill described in some detail in the 7th century A.D.
European documents after the 13th century refer to various windmill
designs. European mills used rotors or sails constructed primarily of wood,
reeds, and canvas prior to 1900. Many different concepts and designs were
used, including springs and shutters to increase or decrease the sail area. Peak
power from some of the larger mills reached 30 kW [1]. Figure 1.1 shows
a restored 18th-century Dutch windmill used to ctush and grind seeds to
produce vegetable oils.

Windmill development in the United States duplicated European
designs, but American machines did not provide the flexibility needed to
withstand the fickle weather of the Midwest. In 1857, Daniel Holladay

Figure 1.1 Restored 18th-century Dutch windmill used for grinding grains. Others were
used for pumping water.

Small Wind © 2014 Elsevier Inc.
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2 Harvesting the Wind

began making wind machines that were self-regulating using paddle-shaped
blades that pivoted, or feathered, as wind speed increased. The Eclipse
windmill was introduced a few years later and was the first to use a solid
wheel assembly and a side vane to turn the rotor out of the wind as velocity
increased. Both of these machines used a reciprocating pump driven by
a crank or offset cam. Such wind machines worked sufficiently to lift water
from deep underground sources in the arid parts of the United States.
Enclosed gears, metal wheels, and towers improved until the systems
operated well in light winds and ran smoothly. At the beginning of the
20th century, it is estimated that 200 U.S. companies were oftering wind-
mills for powering saws and shelling corn as well as pumping water. Figure
[.2 shows some of these windmills, which have been restored and placed in
a windmill museum in Texas.

Wind machines that generated electricity for charging batteries were
being manufactured in the 1930s. They were much different from earlier
multiple-blade water pumpers in that their two or three blades rotated at
much higher speeds. Electrical output was normally 12, 24, 32, or 48 volts
DC, and they incorporated batteries for energy storage. Most electric
systems were capable of generating and storing enough power to operate
two to three lights and a radio. The Jacobs Wind Electric Company reported
selling tens of thousands of these units between 1931 and 1957 [2]. Most of
the electric systems were discarded when the U.S. Rural Electrification
Administration (REA) installed electric power lines in many farming and

Figure 1.2 Restored American windmills manufactured from 1875 until 1940 and used
for water pumping. This basic design is still being manufactured.



