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“He is who makes the clouds rise at the end of the Earth; “And [in His] directing of the winds, there are Signs for
people who use their intellect.”
Holy Quran, 45:5
“He makes lightnings for the rain and brings out the wind from his storehouses.”
Holy Bible, Psalms 135:7
“There is nothing new under the sun but there are lots of old things we do not know.”
Ambrose Bierce, USA journalist, satirist

OVERVIEW
The world is embarking on a new industrial revolution: the “Low Carbon Age,” or the
“Renewables Age,” with electricity replacing the depleting hydrocarbon fuels and their possible
effect on climate change; and wind power is being reinvented to help satisfy the need.
Electricity using wind is a massive public health boon. By reducing particulate matter and
air pollution that triggers asthma attacks and creates smog, wind avoids over $9 billion in public
health costs every year. A Lawrence Berkley National Laboratory (LBNL) report found USA wind
energy production from 2007 to 2015 generated up to $108 billion in air-quality and public health
benefits, mainly by helping to avoid up to 12,200 premature deaths.

Figure 1. Rhode Island wind farm as a tourist attraction.

Figure 2. Innovative concrete tower. Source: MidAmerican Energy Company.
A Pew poll in the USA found 85 percent of people support “more wind turbine farms.” That
includes 79 percent who self-describe as Republican/lean Republican and 91 percent who selfdescribe as Democrat/lean Democrat. Over 99 percent of wind projects are built on private land as
well, meaning projects only get built if people agree to host them. In a 2017 Lawrence Berkeley
National Laboratory, LBNL study, researchers found 1.3 million homes in the USA are located
within five miles of a wind turbine. In a representative survey of people living in these homes,
LBNL found 92 percent of respondents reported positive or neutral experiences of the nearby wind
turbine.
Over 500 USA factories build wind turbine parts, employing more than 25,000 Americans.
Ohio leads the nation with 60 wind factories, while Texas is runner up with 46. Large wind
manufacturing footprints are also found in Michigan (26 factories), Wisconsin (28 factories) and
Pennsylvania (29 factories).
Wind turbines are largely composed of steel and concrete, the same materials as other power
plants and countless other things in our modern world. A typical wind turbine repays its carbon
footprint in less than six months and generates carbon-free electricity for the remainder of its 20
year lifespan. In 2019, wind helped avoid 43 million cars’ worth of carbon emissions. Wind also
avoids significant amounts of air pollution like sulfur dioxide, nitrogen oxides and particulates,
which create smog and trigger asthma attacks.
Wind energy causes less than 0.01 percent of all human-related bird deaths. Exponentially
larger sources include tall buildings (550 million) and cars (80 million).
In 2010, only two states, Iowa and North Dakota, generated more than 10 percent of their
electricity using wind power. By 2019, wind penetration exceeded 10 percent in 14 states, while
six states generated more than 20 percent of their electricity from wind power. Today the USA has
enough installed wind capacity to power over 30 million homes.
The USA wind industry has been a bright spot in the economy when it comes to job creation
and domestic manufacturing. It counts over 500 domestic manufacturing facilities and crossed the
100,000 American job threshold in 2016. The second fastest growing job in the country is the wind
turbine technician.

Renewables are now considered as "in the money". Currently, 30 percent of the European
power production comes from renewable sources, something made possible by hefty incentives,
and the world is following. Wind and solar-produced electricity costs are below wholesale prices
in most regions. As more costly fossil fuel plants are replaced by renewables, and legacy incentives
expire, the renewable sources additions are even causing a deflationary impact on electricity prices.
In December 2016, the World Economic Forum reported that as the cost of producing wind
turbines has fallen by more than 30 percent in the previous three years, the cost of electricity from
wind power has fallen to $50 per megawatt hour on average worldwide, without subsidies. That is
half the cost of coal electricity.
Renewable forms of energy such as wind and solar are likely to grab a bigger share of the
energy market in the coming decades, generating more electricity than coal worldwide by 2040,
according to the International Energy Agency (IEA). Renewables will reap about two-thirds of
$11.3 trillion in investment expected to flow to power plants over the period. This is despite that
there are 1,600 coal-fired power plants either under construction, in the permitting process, or on
the drawing boards. That is one per week for the next 30 years.
In January 2017, the national Netherlands rail service with Dutch electricity Company
Eneco reported that all of the country’s electric trains run on wind energy. They beat a deadline of
January 2018 by about a year. One windmill running for an hour powers a train to operate for a
distance of 120 miles or 200 kilometers. The wind-powered electric trains serve 600,000 passengers
every day. The cities of Seattle, USA and Santiago, Chile are planning the same.
Germany as the clean energy leader of the world gets 30 percent of its electric power from
wind and solar energies and other green sources. It plans to raise that number to 80 percent by 2050.
Hawaii, which belches high transportation cost diesel fuel exhaust from its power plants, declared
it will deliver 100 percent of its electricity from renewable sources by 2045. Denmark announced
in 2011 that it will be free from all fossil fuels as oil, gas and coal by 2050.

Figure 3. German electricity prices turned negative on October 31, 2017. Source: Bloomberg.
A stormy October 31, 2017 weekend led to free electricity in Germany. Wind power
generation reached a record, forcing power producers to pay customers the most since Christmas
2012 to use electricity. Wind electricity Power prices turned negative as wind output reached 39,409
Megawatts, equivalent to the output of about 40 nuclear reactors. To keep the grid supply and
demand in balance, negative prices were adopted to encourage producers to either shut power
stations or else pay consumers to take the extra electricity off the network. The process is called
"faulting out" where the rotor blades are no longer pitched at an angle to rotate, instead they are

directly facing the wind. The term for that situation is "vaning" as in a wind vane. Energy storage
is lacking. Some turbines are used in pumped storage where geography permits it where water is
into an uphill reservoir, then hydroelectric generation is used from what was stored.

Figure 4. Weekly mix of sources for electrical production, Germany, 2016

Figure 5. France’s daily energy mix, December 20, 2020.

Germany has invested over US$200 billion in renewable power over the last few decades,
primarily wind and solar. During times when electricity demand is low - such as weekends when
major factories are closed, or when the weather is unseasonably sunny - the country's power plants
pump more electricity into the grid than consumers actually need. The disparity arises because wind
and solar power are generally inconsistent. When the weather is windy or sunny, the plants generate
a lot of electricity, but all that excess power is difficult to store. Battery technology is not quite
advanced enough to fully moderate the supply to the grid. So when the weather is hot, like it was
in parts of Germany over the 2017 Christmas weekend, and most businesses are closed, plants
generate an excess supply of power despite unusually low demand. Then it is a matter of simple
economics - prices, in effect, dip below zero.
It is important to note that Germany's utilities companies are not depositing money directly
into consumer's accounts when this happens. Rather, the periods of negative-pricing lead to lower
electricity bills over the course of a year.
The New York Times reported that some manufacturing plants and offices were
incentivized to use electricity, at a cost of US$60 per megawatt-hour. And earlier in 2017, power
prices in Germany spent a total of 31 hours below zero during an unseasonably warm October,
according to the Times.
Traditional power grids - which mostly rely on fossil fuels to generate electricity - are
designed so that output matches demand. But renewable energy technology has not yet been
developed to produce according to demand, since generation is a function of weather. That is "one
of the key challenges in the whole transition of the energy market to renewable power," Tobias
Kurth, the managing director of Energy Brainpool, told the Times. As storage technology lags
behind the efficiency of renewable power sources, it is likely that this negative-pricing situation
will occur again. In that case, governments might need to provide incentives for people to increase
their power usage when prices go negative.
These irregularities need to get figured out sooner rather than later, since renewable energy
is growing rapidly, driven by the declining cost of technology and government subsidies. The
International Energy Agency predicts that renewable energy will comprise 40 percent of global
power generation by 2040.
In the coming years, the share of electricity generated by renewables worldwide is set to
grow faster than any other source. In the UK, renewable energy sources generated over triple the
electricity as coal did in 2017, according to The Guardian. In June, during a particularly windy
night, power prices actually went negative in Britain for a few hours as well - and it is likely to
happen again.
As of 2015, the USA has an installed wind capacity of 69,471 MW in 49860 wind turbines,
with over 13,250 MW of wind capacity under construction and an additional 4,100 MW in the
advanced stages of development [4]. The state of Texas leads with over 16,000 MW of installed
capacity, Oklahoma has over 4,000 MW and Kansas has over 3,000 MW [5].

Figure 6. Modern wind turbines are replacing the iconic old American wind turbine technology on
the American High Plains. Photo: M. Ragheb.
Wind power accounted for 5.6 percent of the USA electricity generating capacity in 2012,
up from about 3 percent in 2011. Developers installed 13.1 GWs of wind capacity in 2012,
surpassing natural gas power plant construction to become the largest new source of electricity. The
growth is driven by tax incentives, utility demand, falling costs and better technology including
taller towers and lighter rotor blades.
The production tax credit incentive at 2.2 cents / (kW.hr) incentive was extended for a year
at the start of 2013. The rate was increased to 2.3 cents in April 2013 as an adjustment to inflation.
Wind power is spreading in the Midwest and Great Plains. Kansas gets 11.4 percent of its
power from wind after doubling its capacity in 2012. In 2012, 60 percent of the USA’s wind power
capacity was in California, compared with about 9 percent in 2000. Thirty-nine USA states are
producing wind power. Iowa gets 24.5 percent of its power from the wind, the most in the country,
followed by South Dakota at 23.9 percent and North Dakota’s 14.7 percent. About 3.5 percent of
the country’s electricity comes from a total of 49,860 wind turbines.

Figure 7. Symbiotic relationship emerging between agricultural farming and electrical wind
farming in the American Midwest. Farmers in Illinois obtain attractive royalties from the
installation of wind turbines on their farms while continuing to farm around them; much like
ranchers in Texas obtain royalties from oil wells drilled on their cattle grazing properties. Each
turbine occupies a space of about 2.5 - 4 acres including the electrical cabling and access roads
while paying a royalty in the range of $10,000 per year per installed turbine. Photo: M. Ragheb.
The USA investment in wind projects rose 76 percent from the $14.2 billion spent in 2011.
NextEra Energy Incorporated (NEE), based in Juno Beach, Florida, the largest USA developer of
renewable energy, installed 1.3 GWs of capacity. It also owns the most wind capacity, with 9.8
GWs, about 16.4 percent of the total in the SA. Iberdrola SA (IBE) followed with a 9.1 percent
share and renowned financier Warren Buffett’s MidAmerican Energy Holdings Company had 6.2
percent.
Renewable energy capacity in the USA doubled from 2009 to 2012, reducing the nation’s
CO2 emissions in 2012 to the lowest since 1994. The cumulative installed solar, wind, geothermal
and biomass-based energy sources in the USA reached 85.7 Gigawatts (GWs) in 2012, compared
with 43.5 GWs in 2008. The USA has reduced carbon emissions by 13 percent from a high of 6.02
Gigatons in 2007. Natural gas consumption increased as the use of coal and oil declined. USA
energy consumption fell 6.4 percent from 2007 to 2012 as new, energy-efficient commercial
buildings were built and older ones were retrofitted. There has been a growth in the sales of hybrid
and electric vehicles.
In Denmark, wind power contributes 16-17 percent to the electricity production. In the USA
it is just 3 percent of the carbon-free electricity production; including solar energy as one percent,
geothermal sources as 3 percent, hydroelectricity as 73 percent, and nuclear electricity as 21
percent. Wind power provides 2.3 percent of USA electricity up from 1.8 percent in 2009.

Wind power generation gives the USA a chance to rebuild its sagging and exported
industrial and manufacturing sectors. For this purpose, it needs more engineers than financial
wizards. Since World War II, jobs growth has kept up with population growth of 10-20 percent per
decade. In the last decade, however, the population grew by 25 million, but there was no net jobs
creation. Almost 6 million jobs were eliminated since 2000.
Only 9 percent of Americans work in the manufacturing sector. This is half as many as in
1985. About 45 million Americans are considered as poor, with 4 million of them falling below
the poverty line in 2009 alone. One fourth of all children in the USA depend on government food
stamps. Four lengthy, festering, unending, concurrent and distracting wars have cost the country
$1 trillion in debt. This is expectedly comparable to the $1.75 trillion injection of stimulus newlycreated money used by its privately owned central bank: the Federal Reserve Bank, to purchase
treasury bonds and securitized mortgage loans; a procedure designated as Quantitative Easing (QE).
They are financed with government debt to its economical competitors that is growing from 57
percent of Gross Domestic Product (GNP) in 2000 to 83 percent in 2009. The national debt reaching
$18 trillion amounts to about 94.3 percent of GNP. In 1978, the average personal income in the
USA was $45,879. In 2007 it was $45,113, adjusted for inflation. The total USA household debt
is $15 trillion, which is 20 times as in the 1970s. The unemployment rate in the USA is about 9
percent. Accounting for people who have given up on looking for work, the figure rises to around
20 percent. In September of 2010, the USA economy had lost 100,000 jobs.
To restore prosperity and avoid national bankruptcy and economical and social collapse, a
minimum creation of 100,000 new jobs / month is needed to serve those who want to enter the work
force. A bright sign is that the rate of personal savings as a percentage of personal income, which
was negative only a few years ago, has reached a new value of 5.8 percent. With those new savings,
the USA will start producing new products that are needed and competitive, create jobs and serve
the nascent renewable energy market.
Wind energy is recognized as the lowest-cost form of renewable energy available now in
the USA. It is a mature form of renewable energy and it is considered as a mainstream power
generation in the USA. A boom in wind farms construction in the USA resulted from government
incentives. The 2009 economic stimulus package provided wind farm developers with cash grants,
in place of tax credits, to encourage development. Businesses installing facilities that produce
electricity from the wind have a choice between a 30 percent tax credit for investments in energy
projects, or a Production Tax Credit (PTC) that gives up to 2.2¢ per kW.hr for electricity produced
from renewable sources.
Recognizing that offshore wind farms offer an intermittence factor of 40 percent, compared
with 20-30 percent on land, the Google Company invested $200 million in electrical grid
infrastructure to support a wind farm 10 miles off the USA’s East Coast to be operational in 2016.
Considering the economies of scale in offshore installations, the General Electric Company (GE)
is designing giant 4 MW and 10 MW of rated power wind turbines targeted for offshore
installations. Approval from the USA Department of the Interior (DOI) was granted for a $1 billion
130 wind turbines farm off the coast of Cape Cod. Wind farms are planned off the Atlantic coast in
federal waters from Massachusetts to North Carolina and on land in the Midwest states from North
Dakota to Nebraska and into Kansas providing power to the eastern electrical grid which extends
from the Plains states to the Atlantic coast and south to the Gulf of Mexico.
The General Electric Company (GE) with a 34 percent stake, Google Inc., and Sumitomo
Corporation and Itochu Corporation with a 56 percent stake, invested about $500 million in the
Shepherds Flats on-shore wind farm. The installed 845 MW of rated capacity would make it the

world’s largest wind farm using 338 GE 2.5-MW wind turbines feeding electricity into the Southern
California Edison, a unit of Edison International, electrical utility grid. The $2 billion wind farm
will stretch over 30 square miles of north-central Oregon and generate enough energy for 235,000
USA homes. The site's developer is Caithness Energy. Sumitomo jointly owns a Texas wind farm
with GE and owns wind farms in Japan and China. Itochu joined a partnership with GE on an
Oklahoma wind farm. Google has invested more than $350 million in the clean energy sector.
Google’s largest investment in wind power is in the Mojave Desert, at the Alta Wind Energy
Center, a project being developed by Terra-Gen Power. It invested $157 million in two winddevelopment projects. It has also invested $100 million in Shepherd’s Flat, predicted to become the
world’s largest wind farm, near Arlington, Oregon.
Google is stepping up wind-power purchases to reduce emissions, even as it devotes most
of its renewable energy investments to sun-related projects, a trade-off aimed at reining in costs as
the company seeks higher returns. Google had 30 percent of the energy it consumed in 2011 from
renewable sources, mostly using wind power, up from 19 percent 2010. The company invested
$917 million in renewable-energy projects. About $622 million, or 2/3 of it, is devoted to solar
energy, even though it is increasingly favoring wind power, as wind power is 50 percent cheaper
than solar energy. Google consumes 2.26 million MW.hrs of electrical energy per year, mainly for
data centers. The company operates data centers in states that include Iowa and Oklahoma.
While both wind and solar are more costly than coal-generated electricity, Google opted for
this option as part of its effort to becpmr carbon neutral. Although Google has invested more than
$622 million in solar projects, the company does not purchase solar power for its data centers. The
solar panels on the company’s headquarters at Mountain-View, California, generate about 3 million
kW.hr of energy, compared with more than 790,000 MW.hr, virtually all of the renewable energy
it buys, for wind. While Google has invested $295 million in wind projects, it does not buy power
from the wind farms in which it invests, but purchases power from the electric grids where its data
centers are located. It has set up long term power-purchasing agreements with NextEra Energy in
Iowa and Oklahoma, which both contain Google data centers. After purchasing the electricity at
wholesale prices from NextEra, Google resells it to a local utility in exchange for renewable energy
credits, offsetting the price of conventional electricity from the utilities.
Other big wind-farm developers are Portland, Oregon, Iberdrola Renewables and Terra-Gen
Power, based in New York. Another wind-power consumer is Intel, the world’s largest maker of
computer chips. The Santa Clara, California Company purchased 2.7 million MW.hrs of renewable
energy in 2012, with wind power being 50 percent of it. Intel also purchases solar, geothermal, lowimpact hydro, and biomass.
The companies of Whole Foods Market, Bank of New York Mellon, Starbucks, and Intel
made the biggest wind-power purchases in 2010.
The global wind energy installed rated capacity increased by 41 GWs, enough to power
about 12 million USA homes. Wind energy is the most mature and least expensive of the renewable
sources. The average wind project is constituted of 80-100 MWs of rated power. In comparison, an
average large utility-scale solar project has about 5 MWs of rated power.
By the end of 2011 in the USA Midwest, it costs $30-50 dollars per MW.hr for wind. Solar
energy is typically 2-3 times that of wind power. The levelized cost of onshore wind energy is
$80.04 per MW.hr, compared with $169.18 per MW.hr for solar photovoltaic modules mounted on
structures that rotate to track the sun.

The UK in 2010 issued licenses for nine offshore wind projects, which would generate up
to 25 percent of its energy needs. China came in first in the world in installed wind power capacity
in 2010 and 2011, ahead of the USA and Germany.
It is expected that 20 percent of the global energy needs would be powered by wind within
20 years. In a conservative scenario, 11.5-12.3 percent or 2,600 TW.hrs of the global electrical
energy needs can be satisfied. An optimistic scenario sees this figure expanding to 18.8-21.8
percent or 5,400 TW.hrs. A very conservative scenario considers 4.8 percent figure that is equal to
Europe's energy consumption.
Embracing wind power, it is estimated that 34 x 109 tons of CO2 emissions would be averted
by 2030, equal to the present yearly generation. A 2010 study from the National Renewable Energy
Laboratory (NREL) predicts that wind energy would produce 20 percent of the electricity needed
by households and businesses in the eastern half of the USA by 2024. It would require $90 billion
in investment. A total of 22,000 miles of new power lines and infrastructure would have to be
constructed. Billions of dollars have been dedicated to double the amount of electricity produced
by wind and other renewable sources by 2012. The amount of USA electricity generated by wind
was up 29 percent during 2009 compared with 2008. Reaching the 20 percent goal by 2024 would
require 225,000 megawatts (MWs) of wind generation rated power capacity; a 10 fold increase
from current levels. One MW of electrical capacity can provide the power to 240-300 average
American homes with a family of four or about 1,000 persons.
Many states already require utilities to produce a portion of their electricity from renewable
energy sources. A federal mandate covering all utilities nationwide would require USA utilities to
generate 15 percent of their electricity from renewable by 2021, would contribute to reaching the
20 percent goal by 2024.
This new industrial revolution is not driven by market forces encouraging mass production
for wasteful consumption. Instead, with the help of emission control laws, investment incentives,
and regulations, the frugal use of the available resources is the norm.
A new environmental movement is born. It is driven by engineering and scientific
entrepreneurs starting young companies that are supported with specialized knowledge in the design
and construction of highly efficient equipment. Supported by ecologists as well as electricity
consumers, they are now leading industry worldwide. Examples are the wind energy companies
Suzlon in India, Vestas in Denmark, Gamesa in Spain, Enercon in Germany and European
electricity producer E.on with the world largest wind turbine farms operating in the state of Texas
and the state of Oregon in the USA. Even the existing large electrical manufacturing companies
such as Siemens in Germany and General Electric in the USA are redefining their product lines to
fit in.
Admittedly, Joachim Weimann, an environmental economist at Magdeburg, Germany,
cautions that: “Green expenditures represent costs more than anything else, particularly for energy
intensive industries. They increase the costs of production and hamper competition; effects that are
sometimes glossed over. Environmental protection is not available for free.”
On the other hand, some people contend that established industries needs to revitalize and
rejuvenate themselves worldwide; innovating, revamping their products, and ultimately generating
more added value than is lost: they need to change or fade into oblivion. In this regard, Dennis
Meadows, the USA coauthor of the 1972 book: “The Limits to Growth,” predicts that: “In the next
20 years, we shall experience more changes than in the last 100 years.”
This offers hope to developing countries to catch up with the rest of the industrialized world.
Instead of hopelessly competing within established technologies in which they lag behind, they can

leapfrog into the future with the adoption of the new high technology industries, becoming world
leaders in their particular niches.
Wind power is recently blooming all over the world, particularly in the European Union
(EU), as an answer to the problems of fossil fuels depletion, greenhouse gases emissions, global
climatic change considerations and adherence to the Kyoto Treaty.
Wind farms are being contemplated to be sited inland, along sea and lake shores, as well as
at offshore locations.
Three main considerations affect the choices of industrial electrical wind production
locations:
1. The existence of suitable wind resources,
2. The volume of possible production and conveyance, dispatch ability and conveyance to the
electrical power grid,
3. Overcoming the intermittence characteristic by energy storage methodologies,
4. State and government regulation and subsidies.
Local efforts are being backed up by a nationwide push that set a goal for the USA to get
20 percent of its power from renewable sources by 2024. California, the largest USA state, required
its utilities to get 20 percent of their power from renewable sources by 2010 with an added target
of 33 percent by 2020. Texas is the leading USA state for wind power, followed by Iowa and
California. Indiana, Maine and Nebraska are the fastest growing states.

Figure 8. USA wind energy installed capacity, 2015. Source: Awea.

Figure 9. State installations of wind turbines. The southeast USA has limited wind resources.
Source: Awea.

Figure 10. Wind energy manufacturing facilities. Source: Awea.

Figure 11. Wind share of electrical generation. Source: Awea.
In the USA, wind power projects enjoy a distinct advantage over fossil or nuclear electrical
generation. It takes about 2 years to obtain the required authorizations and licensing from the local
county boards, the engineering design, secure financing, and sign agreements with landowners for
the inception of a wind project in the USA. Once complete, it takes just about 8 months to construct
and start the operation of a wind farm. This compares with at least 10-15 years for a fossil or
nuclear power plant which are subject to lengthy non-local federal government review, regulation
and licensing and securing financing with large amounts of capital. Moreover, the local licensing
boards are friendly to these projects since they become a source of welcome property tax revenues
to support their school systems and other local social needs such as health facilities and the
maintenance of water and road systems.
A bill by USA lawmakers would mandate 15 percent energy production from renewable
energy sources such as wind, solar and biomass by 2025.
A bottleneck has already been reached. Many possible wind power parks in the USA have
not yet been built because there is no way to move the produced electrical power from the
production sites to the load centers. The 200,000 miles of power lines forming the North American
USA and Canada electrical power grid are owned by over 500 companies that are unprepared for a
boom in domestic electricity capacity. There is a need to supplement the existing primarily
inefficient and energy-wasteful High Voltage Alternating Current (HVAC) grid with High Voltage
Direct Current (HVDC) power transmission, which is characterized with low energy loss for
transmission over long distances. Electrical energy generation is growing four times faster than
transmission and grid development in the USA.
The USA energy bill that was signed in December 2007 endorsed the 25 x 25 concept, which
is the goal of 25 percent of the nation's energy being supplied by renewable resources by the year
2025. Wind can be a substantial portion of that total energy package for the electricity side. In the

future it may even provide more of the transportation type fuels as the electric or hydrogen and fuel
cell cars are introduced. It is an important part and logically has the potential to become 20-25
percent of the total energy package from the electrical standpoint. Wind energy generation has seen
tremendous growth throughout the USA. In the last eight years the USA’s wind power capacity
has increased more than 600 percent.
In February 2008, the USA House of Representatives resurrected tax provisions that were
jettisoned from the 2007 energy bill, extending production tax credits for wind and biomass
electrical generation through 2011. An extension was provided through the end of 2012. Making
these provisions permanent or long term would provide an incentive to wind power generation.
On February 17, 2009 President Barack Obama signed the American Recovery and Reinvestment Act of 2009 into law. With a significant emphasis on renewable energy technology
deployment and job expansion, the bill improved upon the 2008 tax credit by removing “cost caps.”
This change allows consumers and small businesses to take a 30 percent tax credit off the installed
cost of a wind turbine. To a consumer or business purchasing a single residential wind turbine, this
doubles the credit. Additionally, consumers and businesses also have the option of receiving the
credit in the form of a cash grant.
SUSTAINABILITY OF ELECTRICAL RESOURCES: THE SMART GRID
For a sustainable electrical energy supply, the engineering and scientific consensus is the
need for the implementation of the "Smart Grid System" in both developed and emerging
economies. Using a Complex Systems description, its different components include an energy mix
at its nodes with interconnected exchanges:
1. Base power stations including nuclear, coal, hydroelectric and geothermal stations. These supply
continuous electric service to industries and basic infrastructures.
2. Renewable Energies. These include wind, solar thermal and photovoltaic, and essentially have a
zero cost of the energy supply but suffer from their nature as intermittent sources and must be
provided with backup systems such as gas turbines, except for biomass.
3. To overcome the intermittency problems of the renewables, storage systems such as battery,
hydrogen and pumped storage, as well peaking sources such as natural gas turbines plants are also
needed.
4. Decentralized power production, conservation and Smart Metering for consumers and industry
would encourage the use of the produced energy when it is available. In this case, they are paid for
the energy they produce and pay for the actual unsubsidized price of the energy they buy, which
would encourage its production. To advance an analogy, consumers must be encouraged by laws
and regulations to catch the fish, use some of it for their own need, and sell the surplus into the
market place. This concept is implemented in Germany where farmers use part of their pastures to
produce photovoltaic electricity, use part of it on their farms, store part of it, and sell the surplus to
the electrical grid system. In Denmark, homeowners with small tracts of lands produce wind power
for their own use and the electrical utilities are obligated by law to purchase their excess surplus
production and feed it into the electrical grid.
5. The Internet of Things (IoT), decentralized control of the smart grid system turning components
of the Smart Grid system on and off depending on the demand.
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Figure 12. Smart grid configuration using Internet of Things “IoT’, connecting renewables and
conventional energy sources to electricity consumers within the smart power grid.

NET METERING
New net-metering state rules that apply to all power producers have been enacted governing
the interaction between investor owned utilities and individual producers of wind power.
Customers in the state of Illinois, for instance, are billed for the net power they use and receive
credit for the excess self-generated power they send to the utility company. Net-metering currently

applies to investor owned utilities. Electrical cooperatives are developing their own interconnection
standards.
However, it must be emphasized that while it is possible to offset an electrical bill, it is not
possible to receive income from the utilities. Thus the new rules apply to residential and
commercial customers who just want to zero-out their electrical bills and not become power
producers. Allowing these producers to sell their excess power to the utility, like in some European
countries, would provide a further incentive to wind and solar power generation.
The net metering laws in the USA are unfortunately toothless and do not yet seriously favor
large scale energy production by the small producers like those in the European countries,
particularly Denmark. Through effective political lobbying and campaign contributions to
unsuspecting and uninformed officials and lawmakers, they are presently discouragingly biased in
favor of the electrical utilities, which do not encourage small power producers to connect to their
grids less they potentially destabilize them. In fact, any potential wind power producer must obtain
the approval, with the payment of an inspection fee, from the local power utility before being
allowed to connect to the grid system. In their present lacking reactionary form, these toothless laws
are defanged and do not encourage small scale production and make it totally unfeasible for small
power producers to sell their excess power to the local grid. Consider the disadvantage, frustration
and the unsolvable dilemma facing a potential solar power producer in the state of California [1]:
“Last year I looked into installing a photovoltaic system on my house here
in Southern California. Then I found out that I would have to sell any excess power
back to Southern California Edison for less than Southern California Edison sells it
to me.
Plus I would have to use a special meter. I would not be permitted to install
the equipment myself (although I am an industrial electrician with more than 20
years of experience), and I would have to pay an approved contractor for the system
installation.
Lastly, if there is a power credit at the end of the year (if I produce more
power than I use), the credit is forfeited!
Why bother?”
It is surmised that at the core of the problem is a cultural tradition originating from the
history of the well-established fishing industry in the European countries, such as Denmark, of
favoring the small producer and providing him with a ready-market for his product. In the USA,
on the other hand, large scale producers are favored, and the small producers are forced into a “catch
and release” sportsmanship inefficient corner; to carry out the fishing analogy. Should the
capability of small scale producers be unleashed, a substantial supply of wind and solar energy
would be provided into the supply chain, replacing fossil fuels, extending their depletion time, and
reducing their prices.
The British government plans to build up to 25 GWs; the equivalent of 25 standard size
1,000 megawatts fossil or nuclear power plants, of offshore wind turbines by 2020, triple the
amount previously planned. The European Union has set a target date of 2020 for 20 percent of its
energy to come from renewable sources. The British Wind Energy Association suggests that the
UK will contribute 15 percent; meaning that up to 40 percent of the country’s power will come
from wind power by the target date.
Before the 2008 financial credit crisis, American oilman and financier T. Boone Pickens,

expecting to turn in a 25 percent return planned on reinvesting the money he accumulated from the
oil patch through his company Mesa Power, planned to invest $10 billion in 2,700 wind turbines to
build the world’s biggest wind farm in Texas, with a rated capacity of 4,000 MW. This would
provide power to 1 million homes and pump underground water supplies from northern Texas to
the parched areas in the South. This is a part of a wider vision of using wind power to satisfy the
electrical electricity demand that is expected to grow by 15 percent within a decade, and using the
displaced natural gas, which is primarily a power generation fuel now, to power vehicles as natural
gas liquids as a bridge-fuel providing a transition to fuel cells or electric cars in the long term.
Shifting natural gas to transportation uses would cut USA oil imports by 38 percent and stop the
largest transfer of wealth of $800 billion per year from the USA to its world economical
competitors. The “compass” vision considers a north to south stretch high wind corridor from
Saskatchewan and the Dakotas to Texas covered with wind turbines and an east to west axis from
Texas to California covered with large arrays of solar generators; the equivalent of a 21st century
Manhattan Project and Tennessee Valley Authority (TVA). The world financial credit crisis and
the ensuing collapse in energy prices led to the postponement of this project to a future date.
The Texas Public Utility Commission completed by August 15, 2008 a plan to spend nearly
$5 billion to build transmission lines to transport the state's rich wind energy resources to its
industrial and population centers at Dallas, Houston, Austin and San Antonio. Transmission
companies will pay to build the lines in order to ease a bottleneck in the state with the residential
customers to be billed about $4 per month for the transmission lines costs. A coupling of the Texas
grid to the Mexican electrical; not the North American Canada and USA grid, has been
contemplated.
The North American Electric Reliability Corporation, that oversees the reliability of the
bulk power system in the USA and most of Canada, projects that the demand for electricity will
increase by 18 percent over 10 years although the electrical industry capacity to generate power
will increase by just 8.5 percent. A longer term forecast by the USA Department of Energy
(USDOE) predicts that the demand for electricity will increase fully by 40 percent over 25 years.

Figure 13. Zaafarana is a desert area along the Red Sea’s Gulf of Suez, Egypt, with a
substantial wind resource speed of 9-11 m/s sustainable wind [2].

Figure 14. Horizontal Axis wind turbines at Clides Corner, New Mexico desert, USA. Photo
courtesy: Andrew Gazdziak.

Figure 15. Interior of tower showing control equipment of Horizontal Axis wind turbines at
Clides Corner, New Mexico, USA. Photo courtesy: Andrew Gadzdziak.

Figure 16. Vertical Axis wind turbines at Clides Corner, New Mexico desert, USA. Photo
courtesy: Andrew Gadzdziak.

The Electric Power Research Institute (EPRI), a non-profit utility sponsored consortium,
notes that efficiency improvements could reduce electricity demand by just 9 percent over the next
22 years.
The simple conclusion is that with a shortage of electric capacity and a large demand for
power in North America including the USA and Canada, as well as Mexico, are facing the making
of a perfect storm and will face an increase in the retail rates and electricity bills by 25-40 percent.
Brownouts and blackouts and economic dislocations will be inevitable unless additional power
plants and transmission systems are brought in line. This has to be supplemented with a massive
$90 billion research and development program exceeding that of the Apollo project to the moon.

CURRENT HURDLES, LESSONS TO BE LEARNED
After the wind industry's recent boom years in Europe, wind power providers and experts
are becoming concerned. It appears that the existing facilities may not be as reliable and durable
as producers claim. Multiple mishaps, breakdowns and accidents have been reported in recent years
and the difficulties seem to be mounting.
Addressing these issues becomes paramount for the new generation of engineers and
scientists worldwide in view of achieving the potential benefits of this technology.
Gearboxes inside the nacelles perched on top of the structural towers have been the weakest
links in the chain with short operational lives, often failing before even five years of the design
lifetimes of 20 years for a typical wind turbine. That 20 years lifetime goal is itself a reduction
from an earlier 30 years lifetime design goal.

Figure 17. Wind turbine collapse resulting from high wind conditions and soggy ground from
heavy rains, exposing its massive concrete foundation, October 2002, Germany.
In other cases, micro fractures form along the rotors, or even in the concrete foundations,
after only limited operation. Short circuits or overheated generators or transmissions have been
known to cause oil fires.
Gearboxes had to be replaced in large numbers according to the German Insurance
Association. In addition to generators and gearboxes, rotor blades also often display defects. The
insurance companies are complaining of problems ranging from those caused by improper storage
to dangerous cracks and fractures. The frail turbines coming off the assembly lines at some
manufacturers threaten to damage an industry that for years has been hailed as a great success.
Generous government subsidies have transformed wind power production into a booming

European industry within a few years. The main reason is that energy providers have to purchase
wind power at set prices by law. The industry's prodigious success is leading to its technological
shortcomings. Many companies have sold a large number of units without allocating time for
testing prototypes and improving on the designs, particularly if those turbines are built in locations
with different characteristics than they have been earlier successfully installed in.
The rotors have a worldwide demand and take a long time to deliver. Simple replacement
and spare parts are hard to find, requiring a waiting period of 18 months, which means the turbines
stand still for a long down time.
A questionnaire passed out to members of the German Wind Energy Association asking
them to rank manufacturers suggested that only one manufacturer: Enercon, based in Germany, had
a ranking of just “good.” This company produces gearless wind turbines without gearboxes,
eliminating one of the weakest links in the chain. Interestingly, it has no market penetration in the
USA, citing patent problems as the reason even though its turbines are constructed under license in
Japan by the Japan Steel Works (JSW) Company.
Among insurers, who raced into the new market in the 1990s, wind power is currently
considered a risky sector. German industry giant Allianz was faced with around 1,000 damage
claims in the year 2006 alone. On average an operator has to expect damage to his facility every
four years, excluding malfunctions and uninsured breakdowns.
Many insurance companies have learned their lessons and now are writing maintenance
requirements committing wind producers to replace vulnerable components such as gearboxes
every five years directly into their contracts. A gearbox replacement can cost up to 10 percent of
the original construction cost, enough to cut deep into the projected profits. Between 3,000 and
4,000 older facilities qualified for new insurance policies and it is known that many of these
facilities have flaws and severe safety issues.
In December of 2007, fragments of a broken rotor blade landed on a road shortly before
rush-hour traffic near the city of Trier, Germany. Two wind turbines caught fire near Osnabrück
and in the Havelland region in January of 2008. The firefighters could only watch: Their ladders
were not tall enough to reach the burning lubrication oil in the nacelle. A 70-meter or 230 feet tall
wind turbine folded in half in Schleswig-Holstein—right next to a highway in January 2007. The
rotor blades of a wind turbine in Brandenburg ripped off at a height of 100 meters or 328 feet.
Fragments of the rotors stuck into a grain field near a road.
Engineers are coming to realize that the stresses that affect the rotors are much greater than
originally expected, particularly during wind gusts and random directional variations. Instead of
working to create more efficient technology, many manufacturers have simply elected to build even
larger rotor blades. Large machines may have great capacity, but the stresses and strains they are
subject to are even harder to control.
The technically basic concrete foundations are suffering from those strains. Vibrations and
load changes cause fractures, water seeps into the cracks, and the concrete reinforcing steel bars
begin to rust. Construction errors are suspected as the facilities keep getting bigger but the diameter
of the structural towers has to remain the same because otherwise they would be too large to
transport on the highway system.
Yet, the wind power business is focusing on replacing smaller facilities with ever larger
ones. With all the best sites already taken, increasing the size is one of the few ways left to boost
output.
Danish company and world market leader Vestas had to remove the turbines from an entire
wind park along Denmark's western coast in 2004 because the turbines were not sufficiently

resilient to withstand the local sea and weather conditions. Similar problems were encountered off
the British coast in 2005.
The German wind turbine manufacturer Enercon considers the risks associated with
offshore wind power generation to be too great, and the company reportedly does not want to lose
its good reputation on the high seas by refusing to get involved in offshore wind projects.

USA WIND DEVELOPMENT SCENARIO
By the summer of 2008, the USA wind industry moved past the 20,000-megawatt (MW)
installed rated capacity milestone. It passed Germany to become the world leader in wind
generation. It was shortly surpassed by China to lead the world in installed rated wind capacity. By
the end of September 2008, the USA had over 21,000 MW of rated wind capacity.
The American Wind Energy Association (AWEA) explored in a July 2008 report by the
USA Department of Energy, the National Renewable Energy Laboratory and the Lawrence
Berkeley National laboratory, the possibility of: “Twenty percent Wind Energy by 2030: Increasing
Wind Energy’s Contribution to U. S. Electricity Supply.”
This 20 percent of wind electricity production goal by 2030 compares with the 19 percent
electricity contribution by Nuclear Power in the USA. The report was based on the assumptions
that the USA electricity consumption would grow by 39 percent over the period 2005 - 2030, wind
turbine energy production will increase 15 percent, with the capital cost of wind turbines decreasing
by 10 percent by 2030.
Achieving the 20 percent wind electricity production goal by 2030 would reduce electrical
utilities’ natural gas consumption by 50 percent, cut total natural gas consumption by 11 percent,
reduce electrical utilities’ coal consumption by 18 percent and avoid the addition of 80 GWs of new
coal power plant capacity.
The 20 percent scenario would result in a reduction of CO2 emissions by 80 percent by 2050
below 2008 levels. This would avoid the consumption of 4 trillion gallons of water by 2030 and
would cut the electrical sector usage of water by 17 percent.
If implemented within the 2020-2030 period, rural landowners could receive $600 million
in royalty payments, while property taxes could increase by $1.5 billion.
About 500,000 jobs would be created with another 100,000 in associated manufacturing
industries.
As of 2008, only 50 percent of the turbine rotor blades were manufactured in the USA,
which should increase to 80 percent by 2030. The structural towers manufacture would increase
from 26 percent to 50 percent. As the best wind energy sites are at remote locations, enhancement
of the existing power grid would be required to relieve congestion in the existing power grid, and
increase the access to lower cost energy.
Preparing qualified workers requires college and universities to add wind power courses of
study to meet the demand for qualified personnel and future certification needs.

ENVIRONMENTAL CONCERNS
Wind power production being unequivocally an industrial process, poses challenges and
concerns to be surmounted for the sustainable implementation of wind power systems. These
include:

1. Transmission and grid implementation,
2. Access roads construction and land use,
3. Aesthetics, offset distances and siting near human dwellings and property values,
4. Effects on fauna, flora particularly bird and bat populations,
5. Noise and electromagnetic interference problems,
6. Shadow and reflection light strobe effects in unsuitably located wind turbines,
7. Safety concerns from tower collapses, blades ejection, icing, fires and oil spills.

Figure 18. A gearbox lubricating oil fire near Uelzen, Germany on December 2, 2009, resulted in
€750,000 in damage. Photo: DPA.
Current research shows that wind energy is responsible for no more than 0.003 percent of
all human-caused bird mortality. Migrating and local bat mortality has been higher than expected
as bats are attracted to the humming sound and vibration of wind turbines. There have been reports
of bats affected by the low pressure created in the wake of wind turbines, collapsing their lungs.
Remedies are suggested by installing high frequency warning devices and operating wind turbines
during periods of high wind when bats do not usually fly.
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Wind energy saw dynamic growth worldwide with 14.9 Gigawatts (GWs), (1 GW = 10
Watt = 1 billion Watt) in 2006 adding up to a global installed capacity of 73.904 GW by the end of
December 2006. In 2004, the world wind capacity was 47.317 GW.
The added capacity corresponded to a growth rate of 25 percent. The installed wind power
capacity as of 2007 generated about 1 percent of the global electricity consumption. The prediction
for 2010 is 160 GW to be installed by the end of 2010.
From 1990 to 2002 wind has been the fastest growing power source worldwide on a
percentage basis, with an annual average growth rate exceeding 30 percent. Wind power plants are
heavily concentrated in Europe, the USA and China. Ten nations accounted for over 86 percent of
the total wind energy produced in 2003. Wind power was supplying the electrical energy needs of
about 50 million people. The global wind power capacity is projected to quadruple by 2020.

Wind power is projected to produce 20 percent of the USA’s electricity by 2030. This will
require a $500 billion dollar investment over 2 decades. To achieve this 20 percent goal by 2030;
that is incidentally equal to present day nuclear electricity generation, the USA must add more wind
power generating capacity in the single year of 2016 than it has added in the past 25 years. By the
end of 2007 a cumulative capacity of 14 GW has been installed. To achieve the 20 percent goal,
305 GW, the equivalent of 305 fossil fuel or nuclear power plants of 1,000 MW standard capacity
would have to be installed by 2030.
The worldwide rated capacity of wind power was 93.849 GW in 70 countries with 19.696
GW added in 2007. The added capacity constitutes a growth rate of 26.6 percent, compared with a
growth rate of 25.6 percent in 2006. The installed capacity produced 200 TW.hr/year of energy,
which is just 1.3 percent of the global energy consumption. About 350,000 people are employed
in the wind industry worldwide as of 2007, compared with 300,000 in 2006.
Table 1. World’s cumulative installed wind capacity as of 2016. China leads the world in installed
wind capacity, followed by the USA and Germany. Source: WWEA.

Table 2. Energy per capita consumption per year in some countries, 2005.

Country
USA
Japan
Switzerland
Germany
Hong Kong
China

Energy consumption
[kW.hr / (capita.year)]
12,878
7,432
7,206
6,027
4,847
1,899

Figure 19. Correlation between Gross National Product (GNP) in 1995 USA dollars per capita
and the primary energy use in Tons of Oil Equivalent (TOE) per capita. Source: IEA, 2000.

Figure 20. Additions to global electrical generation since 2004.
Wind power generation is thriving with the help of new regulatory measures. For instance,
the State of Illinois in the USA passed on August 28, 2007 a statewide Renewable Energy Standards
(RES) law that mandates that the state’s utilities produce a certain percentage of the electricity
generated in the state from renewable sources. It starts with 2 percent in 2008 and increases to 25
percent in 2025. Fully 75 percent is earmarked for wind power, and the other 25 percent from other
sources such as biomass, existing hydropower and solar energy. Wind energy projects of 14 GW
of electrical capacity have been proposed for Illinois alone, even though not all of them will be
built, placing it at the epicenter of wind energy production in the American Midwest.
A hurdle to the spread of wind generating electricity in the USA is that the wind resources
are concentrated in states such as North Dakota away from the industrial and population centers.
At such locations a turbine can produce 25 times the energy produced by a turbine located in a state
like Illinois. This will necessitate major investments in the electrical grid connections. Yet, because
the transmission losses can reach up to 30 percent, wind generated electricity in the low wind
resources states is of greater value due to its vicinity to the industrial and population consumption
centers. A new grid system using High Voltage Direct Current (HVDC) transmission would reduce
the losses to 3 percent over a 1,000 miles distance.
Unlike fossil fuel power plants, wind turbine developers do not pay for a fuel cost or fuel
storage costs. However, wind farms require a large upfront capital cost investment, followed by a
substantial operation and maintenance cost over the 20 year lifetime of a turbine.
The delivered cost per kW.hr of wind generated electrical energy in the UK in 2006
amounted to about 12.5 cents/kW.hr compared with 10.5 cents/kW.hr for natural gas. The cost
includes all capital costs and operational expenses for a period of 50 years, but does not include
CO2 controls.

Table 3. Cost of delivered electrical energy in the USA. USA Energy Information Administration,
EIA, November 2010.
Energy Source
Hydroelectric
Natural Gas, Combined Cycle
Biomass
Coal
Nuclear
Geothermal
Wind, On-shore
Coal, Carbon Capture and Storage, CCS
Solar, Thermal
Wind, Offshore
Solar, Photo-Voltaic, PV

Cost
cents / (kW.hr)
3.4
5.2
5.7
5.8
5.8
6.4
6.6
9.9
13.6
15.8
20.8

As of July 2007, the German Wind Energy Association reported that the German wind
power industry expanded by a solid 40 percent in 2006, providing employment for 74,000 people.
Germany has been a global leader with 19,000 wind turbines dotting the countryside.
Table 4. Cost of delivered electrical energy in 2006 in the UK.
Energy Source
Nuclear
Coal
Natural gas
Wind
Solar, micro wind

Cost
cents / (kW.hr)
5.5
7.0
10.5
12.5
40.0

Table 5. Wind energy contributes a small fraction of the USA’s electricity production,
2015. Source: USA Energy Information Administration.
Electricity source
Coal
Natural Gas
Nuclear
Hydroelectric
Petroleum
Wind, solar, other
renewables.

Percentage share
33
33
20
6
1
7

Other gases
Total

<1
100

Green power has become a point of pride in Germany in recent years, and plans were
underway to construct vast new wind farms along the country's North Sea and Baltic Sea coasts.
There were no offshore wind parks in German waters as of 2007. Plans are for offshore wind farms
to produce a total of 25,000 Megawatts by 2030.
With the history of the American West repeating itself, wind farms are proliferating and
taking roots in the USA prairies. In a state that up till now had none, using large efficient wind
turbines, several wind farms exist in North Central Illinois as part of a sustainable energy program,
and many more are on the drawing boards.
More wind farms are in the planning and development stages to the tune of 5,169 MW of
rated capacity in Northern Illinois alone, which is equivalent to five nuclear or ten coal-fueled
power plants. For comparison, Illinois had in 2006 ten operating nuclear power plants, more than
any another state in the USA.
Advocates maintain that wind power is one of the cleanest and most environmentally friendly
forms of energy today competing with solar and nuclear energy.
Small businesses in the USA are acquiring small size wind mills to satisfy their power needs
and sell their surplus to the electrical grid. The electrical power grid is used as a backup power
supply in case of unavailability from the wind.
The European Wind Energy Association advocates that the wind is capable of supplying 10
percent of the world's electricity within the next 20 years even assuming that electricity usage
doubles over the period. Wind energy growth in Europe has been so strong that it has raised its
goal for the region by 50 percent, from 40 GW of installed capacity by 2010 to 60 GW, enough to
meet 2/3 of California's electricity demand. The European Union hopes to increase its use of
renewable energy sources to 21 percent, with much of it from wind power.

Figure 21. Wind turbines constructed with a short offset-distance close to a human residence near
Paw Paw, Illinois. Photo: M. Ragheb.

Figure 22. The Colorado Green wind farm is 30 miles south of Lamar, Colorado, USA. It
has 108 GE 1.5 MW turbines, with a tower height of 80 m, a rotor diameter of 70.5 m and 162

MW of rated power. It is a joint venture between PPM Energy from Scotland, UK, and Shell Oil
Company, The Netherlands as developers. The customer is Xcel Energy, Public Service of
Colorado.

Figure 23. Avedore wind farm adjacent to a coal power plant as part of an industrial
complex near Copenhagen, Denmark.

USA STATUS OF WIND POWER GENERATION
INTRODUCTION
About 6.740 GW of wind power capacity were installed in the USA as of January 2005,
generating over 17 billion kW.hr annually. That is as much electricity as about 1.6 million average
American households, with 4.3 million people use each year.
One megawatt of electrical wind capacity is enough to supply the electrical use of 240-300
average American homes with a family of four.
Texas and California are the leading wind producer states. Other states with sizable wind
plants include Colorado, Iowa, Kansas, Minnesota, Nebraska, New Mexico, New York, North
Dakota, Oklahoma, Oregon, Pennsylvania, South Dakota, Washington, West Virginia, Wisconsin,
and Wyoming.
PRODUCTION TAX CREDIT, PTC, INVESTMENT TAX CREDIT, ITC
The renewable energy Production Tax Credit (PTC), a credit of 2.1 cents per kilowatt-hour,
is the primary federal incentive for wind energy and has been essential to the industry’s growth.
Since its establishment in 1992, the PTC has undergone a series of short-term extensions,
and has been allowed to lapse in three different years: 1999, 2001 and 2003.
In
February
2009, through the American Recovery and Reinvestment Act, Congress acted to provide a threeyear extension of the PTC through December 31, 2012. It has been renewed to the end of 2013.
Wind project developers can choose to receive a 30 percent Investment Tax Credit (ITC) in

place of the PTC for facilities placed in service in 2009 and 2010, and also for facilities placed in
service before 2013 if construction begins before the end of 2010. The ITC then qualifies to be
converted to a grant from the Department of Treasury. The Treasury Department must pay the
grant within 60 days of an application being submitted. This policy is designed to help the wind
energy industry continue to finance projects during these challenging economic times.
A boon to wind power financing in the USA was the Energy Policy Act of 2005. It provided
a federal PTC of 1.5 cents/kW.hr for the first ten years of operation to any renewable energy facility
built by December 31, 2008, which was the provision’s “sunset” date at which it was supposed to
expire. On December 13, 2007, the key vote on the Reid Substitute Energy Bill Amendment that
would have extended the PTC for an additional 2 years and created a small wind tax credit fell 1
vote short of reaching the 60 votes needed to overcome a filibuster.
The current PTC was renewed; as most of its predecessors were on an undesirable on/off
situation. In February 2008, the USA House resurrected the tax provisions that were jettisoned
from the recent 2007 energy bill, extending tax credits for wind and biomass electrical generation
through 2011.
Its salient feature is its size; the 1.5 cents adjusted for inflation is 1.9 cents/kWhr and is
enough to underwrite 20-30 percent of a typical wind farm’s total installed cost. The PTC is
typically exhausted by the 10th year of a facility’s commercial operation. However, it is not directly
available to tax-exempt entities, such as municipal utilities or munis. To take advantage of the
federal PTC, municipal utilities need to develop other models with other options. One is the early
buyout, which entails having a third party, such as the developer, own and operate a wind farm until
its PTC runs out and then sell the plant to the utility at its current market value. Many agreements
also include a buyout option at the end of the contract term.
A four-year extension of the PTC beyond 2013 would provide the industry more certainty
and stability. Continuity in the federal tax credit would ensure steady growth and a stable financial
environment, allowing companies to continue producing clean energy and providing thousands of
new jobs.
RENEWABLE ELECTRICITY STANDARD, RES, RENEWABLE PORTFOLIO
STANDARD, RPS
The Renewable Electricity Standard (RES), also known as a Renewable Portfolio Standard
(RPS), uses market mechanisms to ensure that a growing percentage of electricity is produced from
renewable sources, like wind power. The RES provides a predictable, competitive market, within
which renewable generators compete with each other to lower prices.
Renewable Portfolio Standards (RPSs) of various forms have been adopted by 28 states and
the District of Columbia; but are not adopted at a national level. Some set voluntary goals with
long implementation schedules. Others, like those of Texas, which call for 5,880 MW of renewable
power sales by 2015, mandate both an absolute value and a near-term deadline.
A national RES that calls for 25 percent of the nation’s electricity to come from renewable
energy by 2025 is advocated. An aggressive near-term target, such as the 10 percent by 2012
objective called for in the Obama-Biden “New Energy for America” plan, encourages rapid
renewable energy deployment.
Several RPSs, like in Illinois, Minnesota, and Oregon, aggressively target a penetration goal
as high as 25 percent but allow plenty of time to meet it until 2025.
State RPSs have proven to be necessary, but hardly sufficient, for renewable energy project

development. For example, California’s Investor Owned Utilities (IOUs) have seen about 60
percent of the renewables projects proposed to them fail to evolve into viable power plants.
Historically, the fatal blow has usually been an inability to secure financing, a site, or a grid
interconnection for a project. Recently, however, a new obstacle has arisen in one segment of the
renewable generation market: a shortage of wind turbines that has made both IOUs and municipal
utilities less confident in the ability of otherwise suitable projects to help them meet their RPS goals
on time.

Figure 24. States with Renewable Energy Standards (RESs). Source: USDOE.
CALIFORNIA’S ENERGY ACTION PLAN
California’s scramble for renewable energy resources has been, for the most part,
legislatively driven. In 2002, California passed Senate Bill (SB) 1078, which created an RPS for
California’s three Investor Owned Utilities (IOUs): Southern California Edison, Pacific Gas and
Electric Co., and San Diego Gas and Electric Co. The goals of this RPS included increasing total
annual retail power sales from eligible renewable resources by at least 1 percent per year, and
attaining 20 percent aggregate annual retail sales by 2017. Although municipal utilities were
exempted from the specific provisions of SB 1078, the legislation did require them to develop their
own renewable energy programs with the same objective as SB 1078.
In 2005, California’s Energy Action Plan and the California Energy Commission’s
Integrated Energy Policy Report revised the 20 percent penetration level goal by calling for it to be
met seven years earlier, in 2010. The acceleration made California’s RPS one of the nation’s most
aggressive standards.
The state of California established a new Renewable Energy Standard (RES) of 33 percent
by 2020. This ambitious RES includes near-term and incremental targets of 20 percent by the end
of 2013 and 25 percent by the end of 2016.
WIND POWER DEVELOPMENT IN THE USA
The USA Department of Energy has announced a goal of obtaining 6 percent of USA

electricity from wind by 2020; a goal that is consistent with the current rate of growth of wind
energy nationwide. As public demand for clean energy grows, and as the cost of producing energy
from the wind continues to decline, it is likely that wind energy will provide a growing portion of
the nation's energy supply.

Figure 25. USA Federal Energy incentives. Source: Awea.
In the USA, the top five states in terms of capacity installed are: Texas, with 7,116 MW,
Iowa, with 2,790 MW, California, with 2,517 MW, Minnesota, with 1,752 MW, Washington, with
1,375 MW, Oregon with 1,000. Wyoming has 285 MW installed capacity. Vermont has a single
commercial 6 MW operating wind farm.

Figure 26. Single wind turbine providing power to a small business at Rochester, New
York: Harbeck Plastics, Inc. Its surplus production can be wheeled into the electrical grid.
Photographs courtesy: Chris Kabureck.
WIND POWER COSTS
Wind plants typically cost approximately $1,000 per kilowatt of installed capacity. Thus,
the installed base of 6,740 megawatts, as of January 2005, in the USA amounted to nearly $7 billion
in investment.

The USA wind energy industry is composed of many small to medium sized companies
with a growing range of capabilities, plus a few large firms that are divisions of Fortune 500
companies such as the General Electric Company (GE) and Clipper Wind Energy. The USA wind
companies provide vertically integrated services ranging from wind turbine manufacturing to
financing, project development, and operation and maintenance.

ADVANTAGES OF WIND POWER
The perceived advantages of wind power generation include:
1. Its source of energy, the wind, is free.
2. It forestalls or replaces the need to build potentially more polluting conventional fossil
power plants,
3. It produces virtually no operational pollution of air, water or soil, even though the
manufacturing process does,
4. It is renewable and non-depletable having its origin in the nuclear fusion reactions
powering the sun. There is enough potential wind energy in the USA to power the entire country,
5. Because of its modular nature, it is easy to incrementally add capacity as needed,
6. The installation and the construction of wind turbines are relatively fast,
7. While the power is currently more expensive than other conventional sources of energy,
the price of wind energy is not affected by fuel price increases or supply disruptions,
8. There is currently an attractive federal tax credit subsidy, as well as state subsidies for
wind energy generation.
Wind energy is human power intensive providing more jobs per unit of energy produced than
any other form of energy. The number of people employed by the industry worldwide is estimated
to be 100,000 workers. Each megawatt of wind power capacity provides 2.5-3 job-years of
employment.
Wind turbines provide financial benefits to farmers and other landowners who agree to lease
the land wind farms are built on and collect royalties. The leases payments help bolster their
incomes and the farmers are still able to maintain ownership and use their land for grazing or
planting.
Wind farms pay significant dollars in property taxes to the communities in which they are
located. Wind energy technology is also scalable in nature, making it well suited for energy
applications large or small. Its relatively simple design also makes for short construction lead times,
providing yet another advantage over traditional power plants.

ENVIRONMENTAL IMPACTS
Some of the potential environmental impacts associated with wind energy development
include:
1. Usage of large tracts of land. The average wind farm requires about 1.7-4.1 acres of land
to produce one megawatt of electricity. Concurrent land uses such as agriculture and cattle grazing
often occur,
2. Erosion in desert areas,

3. Changes in aesthetics and visual quality since wind farms tend to be located at or just
below mountain and hill ridge lines,
4. Disturbances to flora, fauna and wildlife habitats,
5. Avian, bat and insects mortality due to collisions with wind turbines and associated towers
and wires,
6. Noise that wind turbines generate is both the audible frequency range and the low
frequency inaudible range,
7. Grass or brush fires caused by shorts in the electrical cables in the unlikely event that they
become stretched or twisted when the turbines turn to catch the wind,
8. Electromagnetic interference with electromagnetic waves such as television, microwaves
communications and radar systems close to airport facilities.
9. Vulnerability to lightning strikes and stormy weather.

Figure 27. Louis Guarnaccias paintings of Nantucket Sound without and with offshore wind
turbines.

MODERN WIND TURBINES TECHNOLOGY
Wind turbines have been used in Europe for agricultural drainage and in the American West
primarily for pumping water for grazing cattle. They have been superseded with high technology
diesel and electricity generators.

Figure 28. Evolution of wind turbine designs shown in the European Post wind mill design
(left) to the Funenkade Olen tower wind mill design, Amsterdam, The Netherlands.

Figure 29. American water pump “Wind Baron” drag or impulse wind mill.
A modern wind generator with propeller blades is currently the favored engine for wind
power generation. It converts the mechanical fluid energy of the wind into electrical energy. The
electricity generated by a wind turbine farm can then be harvested, stored in some form in batteries
or as hydrogen or sent directly through pipelines or transmission lines to the power consumption
sites.
Modern windmills are large engineered structures. On top of a high tower, a nacelle houses
an electrical generator, a gear box transmission and a brake, as well the associated electronic
equipment.
With the use of lighter and high strength materials, manufacturers are producing wind
turbines that can carry propeller blades reaching 34 meters in radius. The next generation of
windmill blades is headed towards a 50 meters radius, making the total span about the length of a
football field. Larger blades imply a larger power output per turbine, boosting power output to the
level of 1.5-10 MW of rated power per turbine. The materials in the blades, the way the loads are
handled, the gearing, and the electrical generators that exist about 70 feet above the ground in the
nacelles of the units are highly sophisticated technological designs.

Figure 30. Components inside the nacelle of a modern horizontal axis wind turbine.

Figure 31. Hub and tower components of a wind turbine. Source: Siemens.

Figure 32. Rotors delivery at Vancouver. Source: Vestas.

Figure 33. Rotor shipment on highway, Australia. Source: Vestas.
Table 6. Relative dimensions of utility level wind turbines.
Component
Wind turbine height
Wind turbine diameter
Wind turbine rotor length
Wind turbine hub height
Boeing 747 Jumbo Jet length
Boeing 747 Jumbo Jet wing span

Dimension
95 m
75 m
35 m
60 m
70.5 m
59.6 m

INTERMITTENCE AND RELIABILITY
In terms of reliability, wind generators are reliable and are available to generate electricity
nearly 99 percent or more of the time, which is on par with other energy generation sources.
However, “reliability” should not be confused with “intermittence” which can be about 1050 percent depending on the site. The wind does not blow all the time, but an electric national grid
can be equipped to deal with such variability and act as an energy storage and distribution system
for electricity generated at different locations from different sources.
Power plants are throttled up and down every day to follow the load demand based on how
much electricity is being used, and what plants are in service. What is important is that when the
wind blows, more costly thermal natural gas fired plants can be throttled down. The energy
produced by the wind would then replace the energy that would have been produced by these plants.

LANDSCAPE SIGNATURE
A study conducted by Pacific Northwest Laboratory suggests that 20 percent of the USA’s
electricity could be provided by wind farms located on less than 1 percent of the land in the
contiguous 48 states. This compares to the 20 percent share of electricity production by nuclear
power plants. Less than 5 percent of that land would be occupied by wind support structures,
equipment or access roads. A single wind turbine occupies about 0.5-1.75 acres of land. When the
access roads and the drainage facilities are included, this raises the figure to 4.1 acres.
Because they must be located in windy open areas, wind turbines are highly visible in the
landscape. However, they occupy far less land than traditional power plants and are designed to
appear more aesthetically pleasing. To reduce the visible impacts of wind turbines on the
surrounding areas, the support structures are painted into a subtle color like gray or blue to blend in
with the landscape. The design of support structures can also affect the look of a wind turbine. The
more accustomed people are to seeing wind turbines, the less they are bothered by their visual
impacts. Wind turbines have been a part of the European landscape for more than 800 years and
had a high level of acceptance in the region. The USA wind industry proponents hope wind turbines
will one day become an accepted part of the working landscape just as grain silos did on American
farms for so many years.

SOUND GENERATION
Modern wind turbines are quiet compared with the older wind mills. Engineering and
technology improvements have minimized the sound generated from wind turbine gearboxes and
electrical generators. The whooshing noise of the blades has also been greatly reduced due to their
improved aerodynamic design. The whirring of the blades is usually hidden by the background
sound of the wind in nearby trees or bushes.

SITING AND LICENSING
The siting of wind power projects takes into consideration multiple factors including wind
quality, transmission and grid coupling capability, local land ownership, environmental and
engineering requirements, as well as roads access and construction costs.
The cost and the economic viability of a wind project depend strongly on its chosen location.

Costs can vary, for instance, depending on property taxes in a given location. As an example,
Illinois has a uniform method of assessing wind farm projects, but this does not mean that this will
result in uniform property tax payments.
If local property tax rates are considered, they can vary from $8,400 to $13,000 per MW of
installed capacity. The annual property taxes for a 2 MW turbine can thus lie in the range of
$16,800-26,000; which can influence where they are preferentially located.
The state of Illinois treats the siting of wind turbines as a zoning matter requiring a special
use permit. County plans become important to guide county boards in land use decisions, especially
if a wind farm decision is later challenged in court, where judges would consider county land use
plans in such a case.

Figure 34. North Hoyle offshore wind farm, in the Irish Sea, North UK.

LEGISLATION
Efforts are directed towards the establishment of a national renewable electricity production
standard, a production tax credit long term extension, new interstate transmission highways and
climate change legislation, federal research funding and federal agency support for siting wind
energy projects and new transmission lines.

SUSTAINABILITY CONSIDERATIONS
The investment of 2 percent of the world's Gross Domestic Product, GDP could transition
the planet from a “brown,” unsustainable economy to one that is both low-carbon and resource
efficient. The United Nations, UN report issued in 2011: “Towards a Green Economy: Pathways to
Sustainable Development and Poverty Eradication,” suggests the need to invest $1.3 trillion / year
to create new clean industries, boost jobs, cut down CO2 emissions, and increase energy efficiency
savings.

Figure 35. Sankey Diagram. USA energy resources, 2013, The quad is a unit of energy equal to one quadrillion or
1015 BTUs (British Thermal Units) or 1.055 quintillion or exajoules or 1.055 × 1018 Joules.
Source: DOE, LLNL.

Figure 36. USA energy use, 2008, 99.3 Quads. Source: LLNL.
With 2.5 billion people living on less than $2 / day, and with more than 2 billion people
being added to the global population by 2050, it is clear that there is a need to develop and grow
the world economies.
In the UN's green economy scenario, a global investment of 2 percent of GDP in agriculture,
buildings, energy, fisheries, forests, manufacturing, tourism, transport, water and waste
management would stabilize the global energy requirements at current levels by 2050. This would
cut CO2 emissions by 1/3, increase global crop yield by 10 percent, and cut water demand by 1/5.
Under the proposed scenario, humanity treads lightly enough on the Earth to maintain some
semblance of sustainability. The USA spent $211 billion over the period 2005-2010 in the green
sectors, and China spent $468 billion.

DISCUSSION
For wind power to supply 20 percent of the USA electricity by 2024, there exists a need to
build an estimated 22,000 miles of transmission lines. At a cost to generate power of 6 cents/kW.hr,

about the same as geothermal energy, the transmission lines would cost $2.6 million per mile, or
$57 billion. Another $37 billion would be needed for the infrastructure for a total of $90 billion.
That figure would be the equivalent of 12 years' funding for NASA.
Even though the wind can be considered as an ideal energy source, many obstacles are
making it difficult for this industry to realize its full potential.
Like other renewable forms of energy production, wind energy faces market penetration and
commercialization barriers because it lacks the infrastructure and the economies of scale enjoyed
by the more established conventional energy industry.
Wind energy projects do not receive the same level of hidden financial subsidies that fossil
fuels receive such as the cost of maintaining foreign bases and standing armies to protect the fossil
energy supplies and their supply lines across the world. In addition, the current tax code includes
provisions for more than $13 billion in tax breaks for energy production and conservation over 5
years. About 96 percent or $12.5 billion goes to the conventional energy industries such as coal,
oil, natural gas and nuclear power. Just $1/2 billion goes to the renewable energy industry and
conservation. With improved financial incentives, wind energy could be made competitive with
the conventional energy industries.
Wind farms require large upfront investment in land and equipment, making financing its
capital cost difficult and hard to obtain. On the other hand the use of single turbines for small
businesses is a nascent trend.
Small wind machines may be the only power source alternative in remote inaccessible
location.
Public and environmental benefits that wind energy sources provide are not reflected in
energy market prices in the cost of electricity. This provides little incentive for consumers to use
new green technologies. Regulations and environmental legislation should eliminate the barriers
to launching the emerging wind energy source.
Yet, as the famous painter Paul Gaugain moved to the South Seas around 1891 and recorded
in his journal published under the title of “Noa Noa” [2]:
“Nature is rich, she is generous, she refuses to no one who will ask his share
of her treasure of which she has inexhaustible reserves in the trees, in the mountains,
in the sea. But one must know how to climb the tall trees, how to go into the
mountains. One must know how to catch fish, and how to dive to tear loose the
shellfish so firmly attached to stones at the bottom of the sea. One must know, one
must be able to do things.”
Meanwhile, wind energy is growing rapidly as an energy alternative, with wind farms being
installed and people feeling enthusiasm and sensing an economic opportunity joining in and playing
diverse roles in the effort.

APPENDIX I

APPENDIX II

APPENDIX III

EXERCISE

1. One megawatt of electrical power supplies the electrical use of 240-300 average American homes
with a family of four. Assuming the same electrical needs worldwide, estimate the number of
people that wind power served in:
a) Different countries
b) In the USA states.
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