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B
usiness leader Ted Turner, founder of Turner 

Renewable Energy, announced last May that 

he’s “never seen anything clearer than the 

case for wind, solar, and geothermal.” The 

setting was WINDPOWER, the wind industry’s 

biggest gathering, where Turner also remarked that the 

business potential of renewable energy is more obvious to 

him than the future of CNN was when he founded it in 1980.

But you don’t have to take Turner’s word for it. A study 

conducted by researchers at Harvard and the VTT Technical 

Research Centre of Finland concluded that “ … a network of 

land-based, 2.5-megawatt turbines … operating at as little as 

20 percent of their rated capacity could supply more than 40 

times the current worldwide consumption of electricity.” 

By Meredith Holmes, SWE Contributor

Wind Power:
As technical advances and market 
pressures create a 21st century 
energy rush, wind power is taking 
an increasingly dominant role.

Remaking the  
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Turbine power 
assembly at Biglow 
Canyon, as blades 
and turbine are 
fl own into position.

The United States is wind-rich, with the highest wind 
speeds in the Great Plains from Texas to North Dakota, 
along the coasts, and around the Great Lakes. Advances 
in turbine engineering, higher towers (100 meters is the 
projected operating hub height of the next generation 
of turbines), and more effi cient grid connection and 
transmission have expanded wind power’s potential in 
the United States. Current U.S. land-based and offshore 
wind resources are estimated to be suffi cient to supply 
the electrical energy needs of the entire country several 
times over. 

Wind power has profound environmental, economic, 
and strategic benefi ts. It is a clean and inexhaustible 
source of energy. By displacing coal- and gas-generated 
electricity, wind-generated electricity reduces carbon 
dioxide emissions. The Global Wind Energy Council’s 
(GWEC) most conservative estimate for how much 
carbon dioxide wind power displaced in 2010 is 243 
million metric tons.

Wind boosts employment, globally and domestically, 
generating well-paid, skilled technical jobs in turbine, 
electrical, construction, project development and 
management, and transmission design engineering. 
The American Wind Energy Association estimates that 
with federal policy support, wind power could create 
274,000 jobs (half in manufacturing) by 2025. The 
GWEC estimates that as of 2010, for every megawatt 
of new capacity, the annual market for wind energy 
created 14 jobs in manufacturing, component supply, 
installation, transportation, and indirect employment. 
A study by the Perryman Group on the economic 
impact of wind power development in Texas found that 
construction of wind capacity created 157,728 jobs, and 
that operations and maintenance of Texas wind farms 
yielded 3,876 permanent jobs.

Both the cost and the supply of wind are stable and 
not vulnerable to political shifts, natural disasters, or 
foreign confl icts. The major costs of wind power are up 
front — in turbine manufacture and installation. One 
factor contributing to the higher cost of wind relative 
to natural gas, oil, and coal is that the “wind belt,” a 
huge landmass in the center of the U.S., is far from 
the “load centers,” the areas of dense population and 
manufacturing that consume electricity. If the United 

States invests in wind power infrastructure in the near 
future and builds transmission lines, it will invigorate 
the national economy and take the country several 
steps closer to energy independence. In addition, 
as wind energy’s contribution to the U.S. electrical 
supply increases and begins to compete with fossil fuel, 
consumers will enjoy lower electricity prices.

A global perspective
By any measure, the potential of wind power is 

enormous, and the global wind industry 
has grown dramatically from a small 
base. What was once considered an 
“alternative” energy source has gone 
mainstream, with giant corporations like 
GE, Siemens, and Vestas engineering, 
manufacturing, and installing titanic 
turbines for utility-scale wind farms. 
Just 10 years ago, all the wind turbines 
in the world produced only 17 gigawatts 
of electricity. Now, 94 gigawatts are 
produced worldwide. Until recently, the 
United States was the undisputed wind 
power world leader, with installed wind 
power capacity of 41 gigawatts (41,000 
megawatts). But China is not far behind, 
far surpassing us in new installation 
in 2010. China surged from 26,010 
megawatts in 2009 to 33,800 in 2010, 
while the U.S. increased from 35,159 to 
36,300 in the same period. According 
to some reports, China reached 40,000 
megawatts (40 gigawatts) early in 2011.

To put this in perspective: Added wind 
capacity in the United States from 2009 
to 2010 (1,200 megawatts) tied with 
India and was greater than eight of the 
world’s top 10 wind-power-producing 
countries: Germany (660 megawatt increase), Spain 
(400), Italy (450), France (500), the UK (500), 
Portugal (230), and Denmark (190). China is a highly 
centralized economy, and the government faces little 
opposition when it decides to mobilize the nation’s 
resources to meet economic goals.
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Dianne Anderson is executive director of the 
Great Lakes Energy Institute (GLEI), a clean-
energy research center at Case Western Reserve 
University in Cleveland. GLEI won an Ohio Third 

Frontier grant to install a research 
wind turbine on campus, and 
has several wind power research 
projects in the works, including two 
Lake Erie wind farms, one offshore 
and one onshore. With a bachelor’s 
in civil engineering and more than 
25 years of executive leadership with 
oil, gas, and electrical companies, 
as well as experience with federal 
regulators in the United States and 
Canada, Anderson is reluctant to 
compare the United States with 
other countries that embraced wind 
power earlier and developed it more 
consistently.

“Countries make choices based 
on different objectives,” she said. 
“Germany is a good example. 

Because of its location and resources, it has to care 
more about energy security and independence 
than we do.” Many wind energy advocates point 
to Denmark, which moved from 95 percent 
dependence on imported oil in 1973 to generating 
30 percent of its electricity with renewables and 
exporting energy in 2011. In May, the Danish 
government announced its goal of 100 percent 
independence from fossil fuel by 2050.

“The policies of other countries are in service of 
strategies that may not be applicable to the United 
States,” said Anderson. “I don’t think we can 
complain about that. But here’s something we can 
complain about: We do not have a national energy 
policy, and that leads to a lack of clarity.”

Across the United States
Patricia Hoffman, assistant secretary, Offi ce 

of Electricity Delivery and Energy Reliability, 
U.S. Department of Energy, is responsible for 
modernizing the electrical grid, which includes 

improving security and reliability, as well as 
integrating and transmitting renewable energy. 
Hoffman holds bachelor’s and master’s degrees 
in ceramic science and engineering and takes an 
engineering approach to her formidable task. 
“In creating strategies for modernizing the grid, 
I ask, ‘what does the system require?’” she said, 
addressing attendees at the IEEE EnergyTech 2011 
in May. She also declared, “Policy drives markets.” 
While some may bristle at this assertion, politics, 
especially budget battles, are as much a factor in 
developing wind power as environmental realities 
like topography and wind speed.

State renewable electricity standards (RES) 
mandate that a certain percentage of a state’s 
power be generated by renewables. These 
mandates have driven wind power development 
in the United States. Stimulus funds maintained 
the momentum of wind power investment through 
the worst of the recent economic downturn, and 
the production tax credit (PTC) has served as an 
incentive to wind power investment. Advocates 
of renewable energy and those with a stake in the 
wind industry want a national RES that would set 
fi rm, clear, near-term targets and a long-term goal 
of 25 percent renewables by 2025.

Texas has 10,000 megawatts of installed 
capacity — more than any other state in the U.S. — 
and generates 7.8 percent of its electricity through 
wind. Texas established its renewable portfolio 
standard (RPS) in 1999; current provisions require 
5,880 megawatts of renewable energy by 2015, 
with a target of 10,000 megawatts of renewable 
energy by 2025. Upholding its reputation for 
doing everything in a big way, Texas is home to 
the Roscoe Wind Farm. Covering 100,000 acres, 
Roscoe is the largest wind farm in the world. It 
has 627 turbines and a 781.5-megawatt capacity, 
enough to power 250,000 homes.

Iowa, in second place, has 3,675 megawatts and 
generates almost 20 percent of its electricity from 
wind. Iowa passed one of the country’s earliest 
renewable generation laws in 1983. California, in 
third place, is a national leader in both wind power 

WIND POWER: REMAKING THE ENERGY LANDSCAPE

Dianne Anderson, 
executive director, Great 
Lakes Energy Institute 
at Case Western Reserve 
University:

“The cost of wind 
must compete with 
the cost of coal, 
but fossil fuel costs 
are rising, and 
wind power costs 
are falling. Where 
those two lines 
meet — wind will 
penetrate.”

Biglow Canyon 
Wind Farm:  

operating turbines 
and turbines under 

construction.

PORTLAND GENERAL ELECTRIC
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generation and manufacturing. First passed in 
2002, California’s RPS targets were increased in 
September 2009 and now stand at 33 percent by 
2020. All utilities must comply.

Anderson maintains that government and 
academe play important and complementary roles 
in developing the renewable energy sector. GLEI 
and Case Western Reserve University have eight 
different wind-related projects in pre-proposal and 
proposal stages before the Department of Energy 
(DOE). Government funding is crucial in the early 
stages of technology development. Anderson 
acknowledges that a pilot project with fi ve turbines 
in Lake Erie is not going to beat the low cost of 
coal-fi red electricity. “One of the keys to future 
development is getting the price down,” she said, 
“and DOE funding fi lls the gap.”

Anderson believes it will be a long time before 
we replace fossil-fuel energy, and that every 
state, depending on its own set of resources and 
demands, needs a mixed energy portfolio that 
includes renewables. “All those who say wind 
power is still too expensive — they are right. And 
all those working in academia on great ideas to 
bring those costs down — they are right, too.”

Mining the hills for wind
You could call Carole Womeldorf, Ph.D., a 

prospector in the great 21st century energy rush. 
A professor in the department of mechanical 
engineering at Ohio University and an expert in 
environmental fl uid dynamics, Dr. Womeldorf has 
found wind in southeast Ohio where conventional 
wisdom said there was little or none. She has 
also determined that wind speeds below 14 mph, 
which a utility company would not bother to 
exploit, can provide a lot of power and make a 
profi t for investors. Dr. Womeldorf is director of 
the Wind Energy Assessment and Visualization 
(WEAV) research group and primary investigator 
of an Appalachian Regional Commission grant to 
identify places in southeast Ohio where generating 
electricity with wind is feasible.

Spurred by discussions at WINDPOWER 2006 
about the best places to site wind turbines, and 
eager to contribute a solution to the U.S. energy 
problem, Dr. Womeldorf began to study wind data 
and pore over the National Renewable Energy 
Laboratory wind maps. The pre-2010 wind maps 
indicated there wasn’t much usable wind in Ohio. 
Most of the state, except for the southeast corner 
and a small area near Lake Erie, was rated class 
2 (13.2 mph at 98 feet and 14.3 mph at 164 feet). 
Class 2 is considered “marginal” for wind-energy 
development. These maps gave a “certainty” rating 

based on available data, terrain, and meteorological 
uncertainty. Areas with sparse data had a higher 
uncertainty rating. Dr. Womeldorf realized that a 
high uncertainty rating didn’t necessarily indicate a 
lack of wind. It could just mean there was no airport 
to host a monitoring station or no National Weather 
Service station collecting and storing data. “Personal 
experience told me this was the windiest place I’ve 
ever lived,” she said. 

Three other considerations suggested that the 
old wind maps weren’t telling the whole story. First, 
in 1991 a group near Bowling Green State University 
in northwest Ohio put up a wind monitoring station 
and found they had class 3 wind (14.6 mph at 98 
feet and 15.7 mph at 164 feet), not class 2, as the 
maps had indicated. The group took their data to 
the bank, procured fi nancing for two turbines, and 
built the fi rst community wind installation in the 
state. The second eye-opener was an increase in 
wind research, new meteorological data sets, and 
new computer tools that enabled more accurate and 
nuanced wind mapping. “Good wind maps are the 
fundamental infrastructure of wind energy,” said Dr. 
Womeldorf. “That’s why the Appalachian Regional 
Commission funded this project.” 

Finally, Dr. Womeldorf brought her expertise 
in fl uid dynamics and numerical modeling to bear 
on the question of the area’s complex terrain. 
Previous wind mapping models were not suited 
to hills, valleys, and ridges. Valleys can have a 
“funneling effect,” causing wind to speed up as 
it circles, something like water rushing around a 
rock in its path. Wind also accelerates as it moves 
perpendicularly across a ridge. “On average,” said 
Dr. Womeldorf, “the wind might not be great, but 

WIND POWER: REMAKING THE ENERGY LANDSCAPE

“Most utility 
companies 
won’t consider 
investing in 
an area with a 
capacity factor 
of less than 
30 percent, 
although it’s still 
profi table. With 
good fi nancing 
and good 
management, 
installations with 
a capacity factor 
of 21 percent can 
get a 5 percent 
return.”

Dr. Carole Womeldorf,  
assistant professor 
of mechanical 
engineering, Ohio 
University and 
director of the Wind 
Energy Assessment 
and Visualization 
research project.
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in complex terrain, there can be hot spots with good wind.” 
The WEAV wind-monitoring station was installed 

in 2009, on a communications tower in Athens, Ohio. 
Sensors mounted at six heights from 140 to 790 feet have 
been collecting data, including wind speed and direction, 
temperature, pressure, and relative humidity for 1.5 
years. Using these data and GIS terrain information, a 
computational fl uid dynamics wind simulator will create 
very high-resolution maps of a 2,500-square-mile area. 
Now comes the part of the story where the nugget of gold 
shows up in the prospector’s pan: “If only 1 percent of the 
2,500-square-mile area has hot spots, that’s 20 square 
miles,” said Dr. Womeldorf. “If only half of that is usable, it 
could host more than 100, 1.5 megawatt wind turbines; those 
turbines could generate more than 650 gigawatt hours of 

clean electricity for 60,000 homes annually. That’s a lot of 
power in a place where everybody said there was no wind.” 
The wind assessment technique developed by Dr. Womeldorf 
can be performed anywhere and is far less expensive than 
conventional techniques.

The Saudi Arabia of wind
In January, after almost 10 years of review, the Cape Wind 

energy facility proposal to build 130, 3.6-megawatt wind 
turbines in Nantucket Sound, Mass., was approved by the 
New England District of the Army Corps of Engineers. The 
decision was historic and unprecedented. Unlike Europe and 
China, the United States has no maritime wind farms, and 
Cape Wind was the fi rst to be proposed when the application 
for a federal permit was submitted in November 2001. The 

WIND POWER: REMAKING THE ENERGY LANDSCAPE

In 2007 Oregon adopted a renewable 
portfolio standard (RPS) that requires 
large utilities to derive 25 percent 

of their electricity from renewables 
by 2025. Oregon now ranks seventh 
in the United States for installed wind 
power capacity. The state has 2,104 
megawatts currently online. It added 
283 megawatts in 2010, and has 1,046 
megawatts under construction.

At 25,000 acres, with a 450-megawatt 
capacity, the Biglow Canyon Wind Farm, 
in Sherman County, Oregon, is the 
eighth-largest wind farm in the United 
States. It’s owned by Portland General 
Electric (PGE), but all the land (except 
for the area around the substation) is 
leased from the owners, many of whom 
are farmers. These farmers continue 
to work their land and receive leasing 
income from PGE. The entire collection 
system linking the generators at the 
base of each turbine to the substation is 
underground, so it won’t interfere with 
crop cultivation.

Arya Behbehani is manager of 
environmental services and compliance 
at PGE. She worked on siting for the 
fi rst phase of Biglow Canyon and 
on compliance for all three phases. 
“We’re responsible for compliance in 
all aspects of PGE’s operation — that 
covers fi sh and birds, air quality, oil 
spills, Superfund — all of it,” she said.

Behbehani’s career has taken her 
across the country, overseas, and into 

many sectors of the energy industry. 
After earning a degree in architectural 
engineering from Roger Williams 
University, she worked for nuclear 
power subcontractors. Then she moved 
to Oregon and joined PGE, working as a 
nuclear plant engineer 
at the Trojan plant, 
which was shut down in 
1992. She took a leave 
of absence from PGE 
and worked in Iran for 
seven years on design, 
engineering, and 
construction projects.

In 1997, Behbehani 
rejoined PGE as a 
power supply services 
engineer. She worked 
at all fi ve of PGE’s 
hydroelectric plants 
on civil engineering 
projects on PGE’s 
park areas. In order to 
secure a federal license, 
power companies must 
develop the natural 
areas around their 
facilities for tourism and 
protect them for wildlife. 
These responsibilities 
transitioned Behbehani 
into environmental work. 
“I found I communicated well with 
regulators,” she said.

When PGE decided to buy Biglow 

Canyon from the developer, Orion 
Energy Systems Inc., Behbehani worked 
on due diligence for the project. Orion 
had acquired the land leases and 
performed the wind analysis. “It’s not 
so hard to get permits if you agree to 

the requirements,” said 
Behbehani, “but you 
have to evaluate whether 
you can live with those 
requirements.”

Behbehani’s background 
in structural engineering 
came in handy when she 
designed the turbine 
foundations, which have 
to be extremely strong to 
support the towers. The soil 
must be able to support the 
massive foundations, and 
Behbehani’s team vetted 
the location of each turbine 
before construction, testing 
the soil and making sure 
there was no pooling water. 
“I spent four days with the 
survey crew riding through 
the wheat fi elds,” she said, 
“checking the maps and 
making adjustments. It 
was one of the most fun 
experiences I’ve had in my 
whole career. Then to see 

the project grow out of those wheat 
fi elds and transform the whole area — 
that was great, too.”

From the Ground Up: Planning and Building an Oregon Wind Farm
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Arya Behbehani, 
manager, Environmental 

Services, Portland 
General Electric:

“The energy 
industry is a good 
fi eld to get into; 

I’ve been working 
in energy since 
1981, and I’ve 

never been bored.”
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project made its way through the rigorous 
approval processes of several government 
agencies, as well as opposition from the 
general public, birders, boaters, and 
the military. 

“We knew it would be a long slog,” said 
Wendi Goldsmith, CEO of Bioengineering 
Group, an environmental planning 
and restoration consulting company 
that contracted with the Army Corps of 
Engineers to provide technical assistance on 
Cape Wind’s National Environmental Policy 
Act review. “And we knew this proposal 
would touch a lot of raw nerves.” Goldsmith 

knew there would be widespread concern about 
aesthetic, cultural, and ecological issues, as well 
as some confusion, from stakeholders unfamiliar 
with wind power. Nevertheless, she agreed to take 
on the task. Bioengineering has a track record of 
success with “fi rst-of-a-kind” projects. Goldsmith 
was confi dent that Bioengineering’s team of 
engineers, scientists, planners, and facilitators, 
all of whom have experience with land use and 
environmental regulatory issues in the United 
States and abroad, could navigate the uncharted 
waters of the Cape Wind project. 

Goldsmith has an undergraduate degree from 
Yale, where she studied geology, geophysics, and 
environmental science, and a master’s in ecological 
landscape design from the Conway School. After 
working for a large engineering fi rm in Boston, she 
studied design and construction of stream, river, 
and shoreline projects with a hydraulic engineer 
in Germany. She wanted to bring her expertise in 
green technology and commitment to resource 
restoration and management to the United States, 
but, not fi nding a company that offered these 
services, she launched Bioengineering in 1992. 
Her scientifi c training and broad experience with 
implementation of projects are fundamental to her 
unabashedly pro-renewable energy views. She saw 
the Cape Wind project as an opportunity to exploit 
the spectacular wind resources of the region. “The 
entire area off the coast of New England is part 
of the continental shelf. It’s a very pronounced 

zone of shallow water, which many have called the 
‘Saudi Arabia of wind.’” 

Bioengineering has done extensive work with 
aquatic habitat assessment and restoration. 
Goldsmith viewed the detailed scientifi c studies 
required by the permitting process not as “red 
tape,” but as a chance to advance understanding of 
the ecosystem. In addition, she saw the Cape Wind 
project as an opportunity — with both economic 
and environmental benefi ts — to improve the 
habitat for fi nfi sh and shellfi sh.

Marine scientists have observed that lobster 
populations spike in the two to three years 
following a major hurricane because debris 
washes ashore and creates shelters. The turbine 
footings, engineered to stabilize the towers and 
control erosion, will also serve as artifi cial reefs, 
an enriched fi sh habitat. “Any diver knows that a 
sunken ship quickly becomes an excellent artifi cial 
reef,” Goldsmith explained. “In some countries, all 
existing offshore structures are viewed as potential 
marine habitat, and new ones are engineered 
specifi cally to enhance marine productivity.” This 
practice is not common in the United States, but 
management of a submerged artifi cial reef system 
is a key feature of the Cape Wind project and a 
modifi cation proposed by Bioengineering.

Although construction has not yet begun on the 
Cape Wind project, Goldsmith envisions that this 
large installation and others like it could change 
not only how the Nantucket Sound looks, but 
also how the U.S. power grid functions. We have 
become accustomed to centralized generation and 
distribution of electrical power. The eastern half 
of the United States became acutely aware of this 
— maybe for the fi rst time — during the blackout 
of 2004. Wind power lends itself to regional 
generation and distribution, which Goldsmith says 
has many advantages. “A grid that consists of many 
micro-grids is a lot more resilient,” she said. “We 
take centralized energy for granted, but there are 
wonderful alternatives, more sustainably derived 
and more securely distributed, that go back to a 
locally sourced energy model that humans have 
lived with for a very long time.”   ■

WIND POWER: REMAKING THE ENERGY LANDSCAPE

Wendi Goldsmith, CEO 
of Bioengineering 
Group:

“So much of what 
people think 
about energy 
is governed by 
our system for 
producing and 
delivering the 
power we use.  
But that’s not 
the only way to 
look at it.  You 
derive different 
conclusions if you 
look at energy 
from a more 
scientifi c point 
of view, one that 
does not assume 
that the current 
infrastructure is 
the only way or 
the best way.”
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