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Quick Facts 

 Wind currently provides about 2.3 percent of America’s electricity.1 

 Wind power was 26 percent of all U.S. electricity generation capacity added in 2010.2 

 The U.S. Department of Energy found that generating 20 percent of U.S. electricity from wind by 

2030 would avoid 825 million metric tons of carbon dioxide (CO2) in 2030, a 25 percent reduction 

relative to a no-new-wind scenario.3 

 The levelized cost of electricity generation4 (including tax incentives) from a new wind farm can range 

from around 6-11 cents per kilowatt-hour (kWh).5 Actual costs for wind power projects will vary 

depending on project specifics, and the cost of wind power is sensitive to tax incentives.  

Background 

Wind power harnesses the energy generated by the movement of air in the earth’s atmosphere to drive 

electricity-generating turbines. Although humans have used wind power for hundreds of years, modern 

turbines reflect significant technological advances over early windmills and even over turbines from just ten 

or twenty years ago.  

Wind resource potential varies significantly across the United States with substantial resources found in the 

Midwest and along the coasts (see Figure 1).  

Winds generally blow more consistently and at higher speeds at greater heights. As wind speed increases, 

the amount of available energy increases following a cubic function,6 so a 10 percent increase in speed 

corresponds to a 33 percent increase in the amount of available energy.7 Modern turbines continue to grow 

larger and more efficient--two important factors that allow a single turbine to produce more usable energy.  

Improved materials and design have allowed for larger rotor blades and overall improvements in efficiency 

(measured as total energy production per unit of swept rotor area,8 given in kilowatt-hours per square meter) 

and greater gross generation.  
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Figure 1: Wind resource potential at 50 meters (164 feet) above ground 

 

Source: NREL
9
 

Description 

Wind technologies come in a variety of sizes (larger turbines can generally produce more electricity), and 

styles. Since wind is a variable and uncertain resource, wind turbines tend to have lower capacity factors 

than conventional power plants that provide most of the nation’s energy. A power plant’s “capacity factor” 

provides a measure of its productivity by comparing its actual power production over a given period of time 

with the amount of power the plant would have produced had it run at full capacity over that period. 

Conventional coal- and gas-fired power plants generally have capacity factors between 40% to 60%.10,11 

Wind turbines generally have capacity factors that are closer to 25 to 40 percent.12  Wind turbine capacity 

factors have improved over time with advances in technology and better siting, but capacity factors are 

fundamentally limited by how much the wind blows.  

Technologies to harness wind power can be classified into a number of broad categories: 

 Onshore, utility-scale turbines  

A modern utility-scale wind turbine generally has three blades, sweeps a diameter of about 80-100 

meters, and is installed as part of a larger wind farm of between 30 and 150 turbines.13 An 

individual wind turbine can have a generation capacity of up to 3.0 megawatts (MW).14  

 Onshore, small wind 
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 Small wind turbines are those with generation capacities of less than 100 kilowatts (kW). Small 

turbines can be coupled with diesel generators, batteries, and other distributed energy sources for 

remote use where there is no access to the utility grid.15 Small wind remains a niche opportunity but 

is growing quickly within the overall wind market.  

 Offshore wind  

Offshore wind technology has yet to reach full commercial scale and remains a relatively expensive 

technology. Even so, projects do exist and more are planned. Offshore wind installations could take 

advantage of higher sustained wind speeds at sea to increase electricity output by 50 percent 

compared to onshore wind farms.16 

Environmental Benefit / Emission Reduction Potential 

Wind power generates almost no net greenhouse gas emissions. Although electricity generation from wind 

energy produces no greenhouse gas emissions, the manufacture and transport of turbines produces a small 

amount. Compared to conventional fossil fuel sources, wind energy also avoids a variety of environmental 

impacts, such as those pertaining to mining, drilling, and air and water pollutants.17  

 Emissions reduction potential in the United States 

The U.S. Department of Energy found that generating 20 percent of U.S. electricity from wind by 

2030 would avoid 825 million metric tons of carbon dioxide (CO2) annually in 2030, a 25 percent 

reduction relative to a no-new-wind scenario.18 This also represents a cumulative CO2 emissions 

reduction of more than 7,600 million metric tons by 2030. 

 Emissions reduction potential globally 

The International Energy Agency’s aggressive technology scenario for reducing GHG emissions 

included a significant role for wind power—i.e., 1.5 to 4.8 gigatons of annual GHG abatement 

compared to “business-as-usual,” or 4 percent of total abatement from energy use, and about 12 

percent of global electricity production in 2050.19  

Cost 

The cost of wind power has fallen significantly over the past few decades.20 In 1981, the cost of generating 

electricity from a 50-kW capacity wind turbine was around 40 cents per kWh. Technological and efficiency 

improvements (such as longer and stronger turbine blades from new advanced materials and designs) allow 

today’s turbines to produce 30 times as much power at a much lower cost.21 Technological improvements 

have the potential to further drive down costs over time.  

Wind is cost-competitive with traditional power generation technologies in some U.S. regions.  Recent 

analyses estimate the levelized cost of electricity22 generation from a new wind power project to be 6-11 

cents per kWh.23 These costs, however, depend on project specifics (such as the wind turbines’ capacity 

factor) and are sensitive to the inclusion of tax incentives for wind power. For example, the Federal 

Production Tax Credit for wind power lowers the levelized cost of electricity generation from wind by roughly 
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2 cents per kWh.24 Recent estimates for the levelized cost of electricity generation from new coal-fueled 

generation run from 6.4 cents per kWh to 9.5 cents per kWh.25,26 Similar estimates for the levelized cost of 

electricity from a natural gas combined cycle plant are in the range of 6.9 to 9.6 cents per kWh.27  

At present, offshore wind turbines are approximately 50 percent more expensive than onshore installations, 

yet they produce about 50 percent more electricity due to higher wind speeds.28 

Current Status of Wind  

Wind capacity is growing fast and accounts for the largest share of added renewable energy capacity over 

the last several years.29 Cumulative global wind capacity has grown at approximately 26 percent per year 

since 2003.30  

 Wind in the United States  

Wind currently provides about 2.3 percent of America’s electricity, but this relative share is growing 

quickly. Twenty-six percent of all electricity generation capacity added in the United States in 2010 

was wind power,31 while it accounted for 39 percent in 2009.32 The amount of electricity generated 

from wind in the United States increased by 61 percent between 2007 and 200833 and by 28 

percent between 2008 and 2009.34  In 2010, United States dropped to second globally in terms of 

installed wind power capacity (40.2 gigawatts (GW)) after China more than tripled its installed 

capacity since 2008 (12 GW to 44.7 GW by the end of 2010).35  

In February 2011, the Departments of Energy and the Interior released A National Offshore Wind 

Strategy: Creating an Offshore Wind Industry in the United States, calling for the deployment of 54 

GW of offshore wind capacity by 2030, with 10 GW of offshore wind capacity by 2020 as an interim 

target.36  Offshore wind projects in Massachusetts and New Jersey could begin construction in 2011, 

and several other coastal states are in the process of approving possible projects.  

 Wind at a global scale 

Since 1996, global installed wind power capacity has grown by a factor of 32,37 reaching 197.0 GW 

in 2010,38 which could meet approximately 2.5 percent of global electricity demand in 2010.39 The 

United States accounts for about 20.4 percent of installed global wind power capacity.40 

Even assuming no new policy interventions – such as renewable portfolio standards or carbon 

emissions constraints – wind will continue to grow quickly, with installed capacity expected to 

quintuple in size by 2035.41 Though some projections estimate it could account for as little as 5 

percent of global electricity production in 2035, this share could be as high as 13 percent if policies 

are put in place to aggressively reduce greenhouse gas emissions and spur technological 

developments in renewable energy.42  

A number of offshore wind farms are currently in operation or development globally. The United 

Kingdom has the world’s largest offshore capacity (1,341 MW), followed by Denmark (854 MW). 

Additional offshore wind projects in Europe and China began electricity generation in 2010.43  The 

London Array, the world’s largest offshore development, is expected to have a capacity of 1,000 
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MW.44  

Obstacles to Further Development or Deployment of Wind  

A number of factors pose barriers to the further development of wind resources. 

 Variability and uncertainty 

Wind power is inherently variable and uncertain due to weather factors, since winds vary in strength 

and sometimes do not blow at all. Wind power is uncertain insofar as wind speeds can be forecast 

with only limited accuracy. These issues can be overcome to some extent by developing better wind 

forecasting methods and addressing electricity grid interconnection issues between regions. The U.S. 

DOE estimates that the U.S. could generate 20 percent of its electricity from wind without any new 

energy storage.45 To achieve even higher levels of generation, wind power will require enabling 

technologies such as energy storage and demand-response. Storage options for wind energy include 

pumped hydroelectric storage, compressed air energy storage, hydrogen, and batteries.46 

 Geographic distribution and transmission 

Wind resources are unevenly distributed and many of the best wind resources are located far from 

the population centers that require electricity. New transmission infrastructure is necessary to bring 

electricity generated by wind resources in remote areas to end users. 

 Siting issues 

Related to issues over geographic distribution of wind resources, siting of wind power projects can 

face opposition from local communities who see wind farms as a form of visual pollution that spoils 

views and property or have concerns about the potential impacts of the wind farm on wildlife 

(especially birds and bats) and habitat. 

 Investment uncertainty 

Recent wind power growth rates in the United States have been volatile – largely driven by the cycle 

of lapses and reinstatements of tax policy support, namely the Federal Production Tax Credit. Such 

uncertainty hurts investment in wind power projects. 

Policy Options to Help Promote Wind  

 Price on carbon 

A price on carbon would raise the cost of electricity produced from fossil fuels, making wind power 

more cost-competitive.47 

 Tax credits and other subsidies 

Stabilizing Federal Production Tax Credit cycles can help sustain investment and growth in wind 

power (for example, by putting into place incentive programs with longer periods before required 

Congressional renewal). Other forms of assistance include grant programs and loan guarantees to 
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wind power project developers.  

 Renewable portfolio standards  

A renewable portfolio standard (RPS), sometimes called a renewable or alternative energy standard, 

requires that a certain amount or percentage of a utility’s power plant capacity or generation come 

from renewable sources by a given date. At present, 29 U.S. states and the District of Columbia have 

adopted an RPS, while 8 U.S. states have renewable portfolio goals.48 RPSs encourage investment in 

new renewable generation and can guarantee a market for this generation. States and jurisdictions 

can further encourage investment in specific resources, such as wind power, by including a “carve-

out” or set-aside in an RPS, as is the case in Illinois, Minnesota, and New Mexico. 

 Development of new transmission infrastructure 

One of the greatest barriers to investment in new renewable generation and tapping the full potential 

of resources such as solar and wind is the lack of necessary electricity transmission infrastructure. 

While estimated wind and solar resources are vast, frequently the areas with the most abundant 

concentrations of these resources are remote and far removed from end-users of electricity. Policies 

that promote the build-out of new electricity transmission lines allow access to these resources and 

can provide additional incentives for utilities to invest in them. 

Related Business Environmental Leadership Council (BELC) Company Activities  

 American Electric Power  

 DTE Energy  

 Exelon  

 TransAlta  

 BP 

 Duke Energy 

 GE 

 Shell 

Related Pew Center Resources 

Climate Change 101: State Action, 2011 

Wind and Solar Electricity: Challenges and Opportunities, 2009 

Further Reading / Additional Resources 

American Wind Energy Association (AWEA) 

http://www.pewclimate.org/companies_leading_the_way_belc/company_profiles/aep
http://www.pewclimate.org/companies_leading_the_way_belc/company_profiles/dte_energy
http://www.pewclimate.org/companies_leading_the_way_belc/company_profiles/exelon
http://www.pewclimate.org/companies_leading_the_way_belc/company_profiles/transalta
http://www.pewclimate.org/companies_leading_the_way_belc/company_profiles/bp_amoco
http://www.pewclimate.org/companies_leading_the_way_belc/company_profiles/duke%20energy
http://www.pewclimate.org/companies_leading_the_way_belc/company_profiles/ge
http://www.pewclimate.org/companies_leading_the_way_belc/company_profiles/shell
http://www.pewclimate.org/docUploads/climate101-state.pdf
http://www.pewclimate.org/report/Wind-Solar-Electricity/June2009
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 Wind Energy Basics Fact Sheets, accessed  20 July 2011 

http://www.awea.org/learnabout/publications/factsheets/factsheets_windenergybasics.cfm U.S.  

 Small Wind Turbine Industry Roadmap 

http://www.awea.org/learnabout/smallwind/upload/US_Turbine_RoadMap.pdf 

Congressional Research Service 

 Power Plants: Characteristics and Costs, by S. Kaplan, November 2008 

http://www.fas.org/sgp/crs/misc/RL34746.pdf.  

 Wind Power in the United States: Technology, Economic, and Policy Issues, by J. Logan and S. 

Kaplan, June 2008  http://fas.org/sgp/crs/misc/RL34546.pdf 

 

InterAcademy Council, Lighting the Way: Toward a Sustainable Energy Future, 2007 

http://www.interacademycouncil.net/?id=12161  

International Energy Agency (IEA), Energy Technology Perspectives 2010: Scenarios and Strategies to 2050, 

2010  http://www.iea.org/Textbase/techno/etp/index.asp  

 “Levelized Cost of Energy Analysis Version 3.0” Lazard, June 2009 

http://efile.mpsc.state.mi.us/efile/docs/15996/0145.pdf 

U.S. Department of Energy (DOE) 

 20% Wind Energy by 2030: Increasing Wind Energy’s Contribution to U.S. Electricity Supply, 2008  

http://www1.eere.energy.gov/windandhydro/pdfs/41869.pdf 

 2010 Wind Technologies Market Report.  By R. Wiser and M. Bolinger, 2010 

http://www.windpoweringamerica.gov/pdfs/2010_annual_wind_market_report.pdf 

 The Role of Energy Storage in the Modern Low-Carbon Grid, presentation by P. Denholm from the 

National Renewable Energy Lab, 2008  http://tinyurl.com/d4t4pu 
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