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Part VII: Winds of Change-Energy,
Jobs, and Economic Opportunity!
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“The answer my friend is blowing in the wind.”
Bob Dylan

In 1888, Charles Francis Brush, an inventor and
entrepreneur, built a large wind turbine in his backyard
to generate electricity for his home in Cleveland, Ohio.
Mr. Brush’s company, Brush Electric eventually merged
with Thomas Edison’s company, Edison Electric to form
General Electric’. Wind power has come quite a way
since then.

Wind is the most developed of all renewable-energy
technologies and is now the fastest-growing form of
electricity generation in the world, employing more than
350,000 workers. There are 9,000 large-scale turbines
in some 60 countries. Wind power grew by more than
30 % in 2007, reaching over 100,000 megawatts of
installed power by April 2008, the equivalent to the
installed power of more than 100 large coal-fired plants,
ora similar number of nuclear plants.

The U.S. leads in annual wind power growth, although
surprisingly, China is close behind (see Figure 1)°.
In Europe, wind provides a respectable level of total
electricity in several countries - 20% in Denmark, 10%

Annual Wind Capacity Additions in China, Germany,
Spain, and the United States, 1980—2007
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THE WAY THE WIND BLOWS

Most regions have enough usable wind to meet existing electricity needs
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in Spain and 7% in Germany. Czech Power Group (CEZ)
plans to build a 600 megawatt wind power park in
Romania, which would be the biggest onshore wind
power park in all of Europe®. With no significant
change in power-generation strategies, wind power is
expected to nearly triple in global capacity by 2012 to
290,000 megawatts. At that point wind will account for
nearly 3% of world electricity generation, and by 2017,
itcould be nearly 6%*.

Although wind energy currently supplies 1 % of U.S.
power, a U.S. Department of Energy study found that
wind energy could readily supply 20 % of U.S. electricity
requirements by 2030. With no significant improve-
ments in technology this

The World Energy Council estimates that more than
80 % of the Earth’s surface has wind speeds suitable
for capturing energy. By exploiting just 10 % of the global
wind resources, the world’s entire electricity require-
ments could be met in a carbon-free future.

The cost to generate wind energy has decreased
significantly, from more than 30 cents/kwh (cents per
kilowatt-hour) in the 1980s to less than 10 cents/kwh
today. When tax credits and feed-in tariffs are facto-
red in, wind power is already cost-competitive with
electricity generated from the most efficient gas-, coal-
or nuclear-power plants. With a modest carbon tax of
$30 per ton of CO,, subsidies would not even be requi-
red and wind power would compete with all other power
sources, globally’.

Modern wind turbines are very efficient, extracting
around 50 % of the energy of the impinging wind-close
to the 59.3% theoretical limit. The newest turbines are
built with light-weight, graphite-fiber-reinforced blades
and are computer controlled so that the blade pitch can
be adapted to wind speed fo-r optimum energy genera-
tion (see Figure 3)°.

Currently, 99 % of all wind turbines are located on-
shore because they cost 40 % less to build and install

would cost a mere 2 % more
than staying with the cur-
rent energy mix. This 2 %
increase in cost would be

1.PRODUCING ENERGY

As wind moves over the blades, they
rotate at about 10 to 30 revolutions
per minute, causing a shaft to rotate.

AIRFOIL TECHNOLDGY: In cross section,

How turbines generate electricity

more than compensated for
by modest tax incentives,
and this expansion would
create more than 500,000
new jobs. This growth in
zero-emissions wind energy
by 2030 would nearly elimi-
nate the projected increa-
ses in greenhouse gas emi-
ssions from U.S. power
plants between now and
2030. It would also elimi-
nate the consumption of
4 trillion gallons of water,
an increasingly precious-
commodity®.

Wind power is attractive
because it is available near-
ly everywhere, and is a re-
newable source of energy,
producing neither pollution,
nor climate-changing green-
house gases (see Figure 2)'.

the glass- and carbon-fiber-reinforced
plastic blades are shaped [tke the wings

of an airplane to make the most of the
wind. Just as air flowing over a plane’s
wing generates a force that lifts the plane,
air flowing over each blade generates a
force that causes it to tum,

Figure 3©

2.CONVERTING ENERGY INTO ELECTRICAL CHARGE

a. A gearbox amplifies the rotating speed of the shaft 50 to 100 times.

b. The shaft spins a coll of copper wire inside 2 magnet in the generator,
Inducing an electrical current.

The VANE and
measure wind direction and speed.

BLADE  SHAFT  GRASON

ADJUSTING TO THE WIND:
Sensors placed throughout the
twrbine monitor the condition of
its parts and feed that information to
a controller. The computer system in
the controller processes the data and
makes changes to optimize turbine
performance. For example:
= A wind speed changes, the con-

trofler varies the angle of the blades
o maximize energy output.
mUnlike older turbines, the newer
models speed up and slow down
with the wind. Electronics in the
generatods even out the surges and
drops in voltage caused by the
change in rotor speed and ensure a
steadly flow of electricity to the main

power grid.

m\When the wind speed is too high, the
controller turns off the turbine to
prevent damage.
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POWER TO THE PEOPLE Figure 41

Flow batteries are just one technology that can store electricity, but they could be among the
cheapest and most versatile for large-scale storage
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than offshore turbines. However, as the technology is
further developed, more turbines will move offshore.
There are a number of advantages. Offshore winds have
much greater speed and are less intermittent than
winds over land. Offshore machines are also easily
positioned near highly populated areas, where power
is most needed. They can be built sufficiently offshore
to be out of sight, and not heard, appealing to those
who oppose wind power for those reasons.

The two most significant challenges for wind power
are wind variability and ineffectiveness of the current
global power grid. As for variability, it is now possible to
forecast wind speed over a 24-hour period with good
accuracy, making it possible to schedule wind power
just as fossil power sources are planned. However, un-
like electricity from conventional sources, wind power is
not always available on demand. Utility operators must
ensure that reserve sources of power are available in
case the wind is not blowing at sufficient speed. But
because wind power generation and electricity demand
both vary, the extra capacity required to reach a 20%
share of power by wind is quite small, just a few percent
of the total installed wind capacity, and it can come
from other existing power sources®.

To exceed 20% power provided by wind, will require
a means of storing electricity that is generated during
low demand periods for use when demand is high.
Several technologies have been developed to address
this issue. These include pumping water uphill and
discharging it through turbine generators during high-
demand periods; super-capacitors for electrical dischar-
ge when extra power is required; high-power flywheels
that store energy mechanically for conversion back to
electricity; high-capacity lithium ion batteries; and
flow batteries (see Figure 4)".

Flow battery technology is particularly promising.
When excess electricity is generated by the wind tur-
bines, itis used to convert a water solution of vanadium

5*ions to vanadium 2* ions. This means that each vana-
dium 5* ion captures 3 negative electrons and forms
vanadium 2* ions. The vanadium 2" solution is stored in
atank, and when electricity is in high demand, this solu-
tion is run through an ion-exchange battery and the va-
nadium 2* ions give up their electrons which flow as
electricity to the grid, giving back vanadium 5* ions, and
the system is recycled again as needed (see Figure 5)'.
This flow battery system can also be used for solar
power, providing a means of storing electricity for distri-
bution at night.

The most significant challenge for wind power, as well
as other renewable power sources such as solar energy,
is the current ineffective global grid system. Though
more complex and larger in size, the global grid is not
much different than the original one constructed in
1882 by Thomas Edison to serve
59 customers in lower Manhat-
tan. A key challenge is that power
transmission lines are not opti-
mally located. Forexample, in the
U.S. the gusty plains in the
Midwest, an area that could sup-
ply the entire nation with wind
power, are far removed from ma-
jor electrical arteries that supply
major metropolitan areas such
as Chicago, New York or Los An-
geles. Using current technology
to reach 20% wind power instal-
lation in the U.S. by 2030 would
require a $60 billion investment
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TO BE CONTINUED...

rate reductions, to let the utility control the power to
certain appliances, e.g. water heaters'*. The technology
exists to create a “smart” grid and is being implemented
in a limited number of areas throughout the world. But
much broader investment will be necessary to tap into
the great potential of variably available power sources
such as wind and solar energy.

Over 100 years have passed since Mr. Brush built
the first wind turbine to generate electricity for his
home. Wind power may never supply all of our global
power needs, but it could supply a meaningful fraction.
Indeed, it has already demonstrated that it has great
potential to address simultaneously both energy se-
curity and climate change.

Victor Abate, Vice President of Renewables for GE
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in 12,650 miles of new transmis-
sion lines'2. However, this would more than pay for
itself in a short period of time in fossil fuel saved and
carbon credits.

A second issue is that the current grid lacks the elec-
trical storage capacity to deal with power variability.
This could be addressed by the storage technologies
listed in Figure 4.

And finally, power flow is currently managed by hu-
man beings in a control room. Compared with other
mechanized systems used in our modern world, the grid
is quite “dumb.” For example, in many instances if the
power goes down in your neighborhood, the utility com-
pany will not be aware of this unless you or one of your
neighbors calls them. In a smart grid system there is
a seamless two-way connection with every user of elec-
tricity (see Figure 6)“. During a power demand surge,
a signal goes out to meters in homes, factories and
offices of customers who have agreed in exchange for

SMART GRID

A vision for the future — a network
of integrated microgrids that can
monitor and heal itself

Smart appliances

Can shut off in response to
frequency fluctuations. &

Execute special protection
schemes in microseconds.

generated at off-
peak times could be stored
in batteries for later use.

Wind farm

Energy from small generators
and solar panels can réduce
overall demand on the grid

Figure 614

Use can be shifted to off-
peak times to save money.

Disturbance
in the grid

disturbances, and can signal - @
for areas to be isolated,

* Central power
plant

By Industrial
plant

zero-carbon perspective, wind power is currently the
most cost-effective and scalable technology available
to mankind.”

James A. Cusumano, PhD H
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