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Foreword
 
The current version of the Wind Energy Toolkit was developed under the New York State Energy & Research 
Development Authority (NYSERDA) PON 995, Agreement 9998. 

This publication was created by AWS Truewind, LLC to update relevant information in the toolkit documents and 
compile a more comprehensive document. 

Contributing authors and reviewers were Dan Ryan, James Doane, Julien Bouget, Marie Schnitzer, Eric White, 
and Whitney Wilson of AWS Truewind, LLC. Original documents were provided on the NYSERDA website and 
were written and compiled by the following individuals and organizations: 

 Global Energy Concepts (GEC) 
 Saratoga Associates, Inc. 
 Anntonette Z. Alberti, JD, Tetra Tech EC, Inc. 
 Pace Energy Project 
 Pace University 
 NYS Department of Environmental Conservation 
 Katherine Daniels of the NY Planning Federation 
 Kevin Hale NYS Energy Research & Development Authority 
 Matthew Brower, NYS Department of Agriculture and Markets 

The opinions expressed in this report do not necessarily reflect those of NYSERDA or the State of New York, and 
reference to any specific product, service, process, or method does not constitute an implied or expressed 
recommendation or endorsement. Further, NYSERDA, the State of New York, and the contractor make no 
warranties or representations, expressed or implied, as to the fitness for particular purpose or merchantability 
of any product, apparatus, or service, or the usefulness, completeness, or accuracy of any processes, methods, 
or other information contained, described, disclosed, or referred to in this report. NYSERDA, the State of New 
York, and the contractor make no representation that the use of any product, apparatus, process, method, or 
other information will not infringe privately owned rights and will assume no liability for any loss, injury, or 
damage resulting from, or occurring in connection with, the use of information contained, described, disclosed, 
or referred to in this report. 
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Wind Energy Toolkit – Overview 

1. Introduction
 
The Wind Energy Toolkit was developed for the New York State Energy Research & Development Authority 
(NYSERDA) by AWS Truewind, LLC, to provide information on the various aspects of wind energy development. 
The document’s intended audience includes communities in New York State preparing for wind energy 
development, both by a developer and a community sponsored project. 

New York State has an abundance of land suitable for wind development and a mandate to increase use of 
renewable energy. Depending on the wind resource throughout the State, wind energy projects may be planned 
near the landowner’s community.  The decision on whether or not to have a wind farm sited in a community 
resides within the locality, as New York is a home rule state. Therefore, it is important that local officials become 
familiar with all aspects of wind development. 

In addition to serving communities that may be affected by a utility scale wind farm, the toolkit provides 
information to communities that are interested in installing one or multiple turbines.  Community wind projects 
are becoming increasingly popular throughout the country and New York’s available wind resource can make 
community wind projects attractive.  The toolkit provides links to relevant information to help communities plan 
and initiate a community wind project to better serve localities within the State. 

The information in this toolkit is intended to provide information necessary for everyone concerned with wind 
development in a community – from the farmer or landowner who want to lease their land – to the town 
officials charged with zoning, planning and permitting – to interested members of the public – to towns/groups 
that are interesting in beginning a community wind project. This toolkit is not a policy or regulatory manual, nor 
is it a collection of guidelines - it is information about the process for siting wind energy facilities in localities in 
New York State, and all the considerations that go into the decision-making effort. 

Please read, download, and distribute these materials as needed and consult NYSERDA if additional information 
or assistance is required. (www.powernaturally.org) 
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2. Wind Energy in New York State
 

2.1. Market Drivers 
Rural areas in the Northeast, such as those in Upstate New York, are receiving increased attention from wind 
energy proponents and developers. New York’s geographic location and relative proximity to major load 
centers, combined with its good wind resources, the high costs of electrical energy in the Northeast, concerns 
over regional air quality, federal tax incentives, and legislative mandates in New York and neighboring states, 
has resulted in renewed interest in wind energy development in New York. Some specific factors that are 
driving the market for wind energy in New York include the following: 

 New York State is ranked 15th in annual wind energy generating potential (7080 MW or approximately 
62 billion kWh)—more than California or any state east of the Mississippi and the largest potential of 
any state in the Northeast.1 

 Renewable energy purchase mandates or renewable portfolio standards (RPS) in New York and 
neighboring states are driving the demand for new renewable resources in the region, particularly wind 
energy. The current New York State RPS calls for an increase in renewable energy used in the state from 
its current level of about 19% to 25% by the year 2013. Additionally, there has recently been increased 
discussion in the state government of increasing the state RPS to 30% and adding a 15% reduction in 
electricity consumption.  This plan, called the 45 by 15 plan, would significantly increase New York’s 
commitment to renewable energy and would put it far ahead of other states.  Wind energy is expected 
to supply a significant portion of the RPS requirement. This effectively creates a stable, long-term 
market for the retail sale of wind energy in New York. 

 Being located downwind from the major industrial centers of the Upper Midwest, New York has a long 
history of working to reduce emissions from fossil fuel combustion sources to help reduce acid rain, 
improve air quality, and curb the emission of greenhouse gases.  New York is a member of the Regional 
Greenhouse Gas Initiative, or RGGI, a cooperative effort by Northeastern and Mid-Atlantic states to 
reduce carbon dioxide emissions, such as those from fossil fuel-burning power plants. 

 In 2001, Governor George Pataki issued an Executive Order requiring all state agencies to purchase 10% 
of their electricity from renewable energy sources by 2005 and 20% by 2010.  In March 2008, Governor 
David A. Paterson continued the executive order. 

 Funding incentives available to project developers and green power marketers through NYSERD!’s NY 
EnergySmartSM Program are helping to promote the technology by reducing some of the initial capital 
costs for selected wind projects and providing incentives for consumers to purchase green power at the 
retail level. 

 The American Recovery and Reinvestment Act passed in February, 2009 provides an additional 3 year 
extension of the Production Tax Credit (PTC) through December 31, 2012 and introduced additional 
incentive options including an Investment Tax Credit (ITC) and grant program. 

 New York State consumers are free to choose retail electricity service providers.  Research shows that 
given the choice, consumers often select services that offer some renewable energy content. 

1 
American Wind Energy Association 
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2.2. Installed Utility-Scale Projects 
Although wind energy research and wind resource assessment projects had been previously conducted in New 

York, commercial development activities were not seriously initiated in the state until the late 1990s.  As of June 

27, 2009, fourteen utility-scale wind energy projects have been installed in the state.  The installed capacity in 

the state is 1263.8 MW, which ranks New York seventh in the nation with installed capacity.  There is one 

additional project under construction, representing an additional 21 MW of capacity (Bellmont). Several other 

projects are in the planning stages. Figure 1 shows the location of the utility-scale wind projects in New York 

and Table 1 provides additional details2. 

Figure 1 – Wind resource map and location of Wind Projects in New York created by AWS Truewind. 

2 
American Wind Energy Association 
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Table 1–Wind Energy Projects in New York 

Name ID County Developer Turbines MW Rated 

Altona 51 Clinton Noble 58 87 

Bliss 9 Wyoming Noble 67 100.5 

Chateaugay 47 Franklin Noble 71 106.5 

Clinton 48 Clinton Noble 67 100.5 

Cohocton/Dutch Hill 19 Steuben First Wind 50 125 

Ellenburg 49 Clinton Noble 54 81 

Fenner 22 Madison Canastota Wind Power 20 30 

High Sheldon 12 Wyoming Invenergy 75 112.5 

Madison 25 Madison Horizon Energy 7 11.5 

Maple Ridge 37 Lewis Horizon/PPM 195 321.8 

Munnsville 24 Madison Airtricity 23 34.5 

Steel Winds 1 Erie BQ Energy 8 20 

Wethersfield 11 Wyoming Western NY Wind Power Partners 10 6.6 

Wethersfield 10 Wyoming Noble 84 126 

Total 789 1263.4 

2.3. Potential for Additional Projects 
According to the American Wind Energy Association (AWEA), New York has a potential capacity of 7080 MW and 
is ranked 15th in the United States for wind energy potential.  Developers are actively pursuing additional wind 
projects in a number of other locations in New York. One of the key considerations in development work is the 
potential wind resource in a location.  Good wind resources have been identified along large hilltops in Western, 
Central, and North-Central Upstate New York.  Project proposals from wind energy developers are likely in these 
areas, assuming other siting considerations are met.  There are several companies investigating the feasibility of 
developing off-shore wind energy projects in the Atlantic Ocean, Lake Erie, and Lake Ontario. 

Figure 1 shows the public wind resource map for New York.  The wind map shows the estimated annual average 
wind speeds at a height of 230 ft (70 m) above the ground.  They produced similar maps at 30 m, 50 m, and 
100 m, as well as an estimated wind power density map at 50 m.  

In New York, areas with annual average wind speeds greater than 14.5 mph (6.5 m/s) are considered potentially 
good for utility-scale wind energy development.  Lower wind speeds may be acceptable for on-site use of small-
scale wind generation systems.  As wind technology improves, sites with lower wind speeds may be favorable 
for utility-scale development. 

Based on the above wind map, criteria necessary for a viable project, and assuming that protected areas within 
the Adirondacks and Catskills are excluded from development, the following upstate New York counties have 
potentially developable wind resources: 

Allegany Erie Madison Otsego Wyoming 
Cattaraugus Herkimer Oneida Schoharie Yates 
Chautauqua Lewis Onondaga Schuyler 
Delaware Livingston Ontario Steuben 

5 
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3. Wind Energy Applications
 
Wind generation equipment is categorized into three general classifications based upon their nominal power 
output: 

 Small-Scale – Corresponds to micro- and small-scale turbines (400 watts to 250 kW) intended for remote 
power, battery charging, or net metering type generation.  The small turbines can be used in 
conjunction with solar photovoltaics, batteries, and inverters to provide constant power at remote 
locations where installation of a distribution line is not possible or is more expensive.  The current NYS 
net metering program limits the turbine size to 27.5 kW for residential systems, 500 kW for farm-based 
systems, or 110% of the property’s annual consumption (verified by comparing expected annual energy 
production estimate with annual usage). 

 Medium-Scale – Corresponds to medium sized turbines (250 kW to 1000 kW) intended for remote grid 
production, often in conjunction with diesel generation or load-side generation.  Load-side generation 
produces electricity on the customer’s side of the utility meter, which directly offsets their consumption 
of higher cost grid power and will possibly reduce peak loads. New York State has a net metering 
program that allows the owner of a renewable energy source, such as a wind turbine, to sell any excess 
energy back to the utility at retail price. To be eligible for the current net metering program, the size of 
the system is subject to limitations, a non-residential wind turbine installation is limited to the lesser of 
the peak load or 2.0 MW.  

 Utility-Scale – Corresponds to large turbines (1000 kW and larger) intended to generate bulk energy for 
sale in power markets. They are typically installed in large arrays or wind energy projects, but can be 
installed in small quantities on distribution lines, otherwise known as distributed generation.  Utility-
scale development is the most common form of wind energy development in the U.S. 

While discussion of utility-scale turbines is the primary focus of the NYSERDA Wind Energy Toolkit, general 
information about small-scale and medium-scale turbines is provided in the toolkit for use in planning activities. 

3.1. Small-Scale 
Small wind turbines can be grid-connected for residential generation or they can be used in off-grid applications 
such as water pumping or battery charging.  These turbines are typically installed as a single unit or in small 
numbers.  The smallest turbines (with power ratings less than 1 kW) are normally used to charge batteries for 
sailboats, cabins, and small homes.  Turbines with power ratings between 1 kW to 20 kW are normally used for 
water pumping, small businesses, residential power, farm applications, remote communication stations, and 
government facilities.  They are often found as part of a hybrid system that can include photovoltaic cells, grid 
power connections, storage batteries, and possibly back-up diesel generator sets.  Small turbines with power 
ratings between 1 kW and 20 kW can be connected to single-phase electrical service, which is typical in almost 
every home.  

Turbines less than 1 kW are usually customer installed on short pole-type masts, the electrical connections are 
made with the help of an electrician. Turbines larger than 1 kW should be installed by a qualified small wind 
installer. For turbines over 1 kW, tower heights can range from 9.1 m (30 ft) to 42.7 m (140 ft).  Rotor diameters 
range from 1.1 m (3.5 ft) for a 400 W turbine to 15 m (49 ft) for a 50 kW turbine.  Figure 2 presents a comparison 
of small wind turbines with common structures. 

6 
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Figure 2 - Small Wind Turbine Size Comparisons (Source: Paul Gipe, Wind Energy Basics) 

Grid connected systems may be practical if the following conditions exist: 

 The wind resource at hub height averages at least 10 mph over the course of the year. 
 Local electrical rates are high – ranging from 10 to 15 cents per kilowatt hour (¢/kWh). 
 The local utility requirements for connecting a small wind turbine are not prohibitively expensive. 
 Good incentives for the sale of excess electricity or for the purchase of a small wind turbine exist. 

The technology utilized in most small turbines is much less sophisticated than that found in utility-scale turbines.  
Several resources on small wind turbines covering both technical and non-technical information are referenced 
in the additional resources section at the end of the chapter.  

3.2. Medium-Scale 
Medium-scale wind turbines can range in size from 50 kW to 250 kW and are typically used in light 
commercial/industrial and village power applications. These turbines typically utilize rotor diameters between 
15 m (50 ft) and 30 m (100 ft) and hub heights between 25 m (80 ft) and 40 m (131 ft).  Resulting maximum tip 
heights can vary from 30 m (100 ft) to 55 m (180 ft). Medium-scale turbines require connection to three-phase 
electrical power found more typically in commercial and village power applications, as opposed to residential 
locations.  These turbines are installed by construction crews with the guidance of the turbine manufacturer.  
Electrical interconnection would be guided by the local utility. A link to a case study regarding a medium-scale 
wind turbine installation at a manufacturing facility in Ontario, New York is provided in Section 3.4: Additional 
Resources. 

3.3. Utility-Scale 
Most wind energy projects in the U.S. are commercial facilities that generate electrical energy for delivery and 
sale on the bulk power system (the grid). In 2008, the average wind energy project size was approximately 83 
MW3. Most current commercial wind power plants range in size between 10 and 750 MW.  The nameplate 
capacity and number of turbines installed at a particular project depends on a variety of factors, including the 
wind resource, project area, land use restrictions, and turbine size. Larger wind projects (100 MW or more) 
have been installed in several locations throughout the U.S.  One example of a utility-scale wind project within 

3 
2008 Wind Technologies Market Report, U.S. Department of Energy 
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New York State is the Maple Ridge Wind Farm located in Lewis County.  The farm became fully operational in 
January of 2006; with a total of 195 turbines, it is capable of producing a maximum of 320 MW. 

While large wind turbines are most commonly deployed in large arrays of multiple turbines, they are also 
installed in distributed generation applications that consist of a single or a few turbines connected directly to a 
distribution line.  Common examples include installing one large turbine to offset electric purchases at a school, 
or a municipality or an electric cooperative may wish to install a few large wind turbines to offset electric needs 
at municipal buildings or to supplement the bulk energy purchases of the cooperative on behalf of its customer-
owners.  Aspects of community wind projects are explored in greater detail in Section 17: Community Wind 
Energy Development. 

3.4. Additional Resources 
 Customer Sited Wind Handbook - A wind energy handbook created by AWS Truewind and NYSERDA that 

provides a comprehensive overview of small wind turbine technology and siting. 
(www.powernaturally.org) 

 American Wind Energy Association: U.S. Wind Energy Projects – New York.  A website that provides 
information about wind turbine installations across the U.S. 
(http://www.awea.org/PROJECTS/projects.aspx?s=New+York) 

 Small windExplorer – A website sponsored by NYSERDA that uses an interactive map to provides wind 
resource and energy production information specifically for small wind installations. 
(http://windexplorer.awstruewind.com/) 

 New York Public Service Commission Website – interconnection requirements for distributed generation 
systems between 15 and 300 kW.  This document includes technical requirements as well as non
technical requirements such as fees, forms, and insurance. 
(http://www.dps.state.ny.us/) 

 California Energy Commission (2002) – Buying a Small Wind Energy System. This document discusses 
grid connected small systems. 
(http://www.awea.org/smallwind/documents/WindGuide_final.pdf) 

 Mick Sagrillo (2002) – Choosing a home-sized Wind Generator.  Mick is a wind energy expert and 
reviews most wind generators sold and supported in the U.S. and includes technical descriptions of 
each. 
(http://www.renewwisconsin.org/wind/Toolbox-Homeowners/Apples%20and%20Oranges.pdf) 

 American Wind Energy Association – Small Wind Website: Advice from an Expert.  A website hosted by 
AWEA that includes a collection of articles written by Mick Sagrillo concerning small wind turbines. 
(http://www.awea.org/smallwind/sagrillo/index.html) 

 U.S. Department of Energy, EERE – Small Wind Electric Systems: A U/S/ �onsumer’s Guide/  This 
document includes information on sizing, zoning issues, technical information, how to choose a turbine, 
connecting a turbine to the grid, insurance, and off-grid applications. 
(http://www.windpoweringamerica.gov/pdfs/small_wind/small_wind_guide.pdf) 

 Harbec Plastics Inc. in Ontario, New York, installed a 250 kW wind turbine to help offset electric 
purchases.  This particular turbine is on a 130 ft (39.5 m) tower and has a rotor diameter of 30 m (100 
ft). More information on the Harbec wind turbine is available on the internet at: 
(http://www.northerndevelopment.com/renewableenergy.html) 

 2008 Wind Technologies Market Report, U.S. DOE. Annual assessment of the wind industry by the DOE. 
(http://eetd.lbl.gov/ea/ems/reports/2008-wind-technologies.pdf) 

8 

http://www.powernaturally.org/
http://www.awea.org/PROJECTS/projects.aspx?s=New+York
http://windexplorer.awstruewind.com/
http://www.dps.state.ny.us/
http://www.awea.org/smallwind/documents/WindGuide_final.pdf
http://www.renewwisconsin.org/wind/Toolbox-Homeowners/Apples%20and%20Oranges.pdf
http://www.awea.org/smallwind/sagrillo/index.html
http://www.windpoweringamerica.gov/pdfs/small_wind/small_wind_guide.pdf
http://www.northerndevelopment.com/renewableenergy.html
http://eetd.lbl.gov/ea/ems/reports/2008-wind-technologies.pdf


       

 
 

  

  
  

  
 

  

 

     

  
  

  
   

  

    
   

 
   

 
 

Wind Energy Toolkit – Overview 

4. Utility-Scale Wind
 

4.1. Turbine Design 
In North America, most commercially available, utility-scale wind turbines from established turbine 
manufacturers utilize the Danish concept turbine configuration.  This design uses a horizontal axis, a three-
bladed rotor, an upwind orientation, and an active yaw system.  The major components of a utility-scale wind 
turbine are shown in Figure 3. 

Figure 3 - Major Turbine Components (Source: www.eere.energy.gov) 

The rotor consists of the blades and the hub, the mechanical link between the blades and the low-speed shaft.  
The turbine blades capture the kinetic energy from the wind and convert it into torque that is transmitted to the 
gearbox through a rotational shaft.  The yawing mechanism allows the turbine to rotate about its vertical axis; 
this system is used to orient the rotor into the direction of the wind.  Turbines with an active yaw system have a 
controller that is linked to a wind vane device; if the wind vane detects a change in wind direction, the yawing 
system will activate and turn the rotor into the wind, maximizing energy capture.  

The turbine’s drive train consists of a low-speed shaft connecting the rotor to a 2- or 3-stage gearbox and a high-
speed shaft connecting the gearbox to the generator. Using a series of gears, the gearbox converts the low-
speed, high torque input from the rotation of the blades, into a high-speed, low torque rotational force that is 
transmitted to the generator through a high-speed shaft.  

The control scheme employed to operate the turbine to produce grid-quality electricity varies among turbine 
manufacturers.  While each has advantages and disadvantages, they all successfully deliver energy to utility 

9 
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Wind Energy Toolkit – Overview 

grids.  Essentially two types of control schemes can be employed in the design of a wind turbine, fixed- or 
variable-speed operation.  As the name implies, the fixed-speed systems are operated at a constant rotational 
speed when producing power/ !bove the turbine’s cut-in wind speed, the system makes a connection with the 
grid; using this connection, the generator is able to hold the turbine at a constant rotational speed.  Wind 
turbine generators are typically asynchronous and operate at 550-690 Volts (AC).  

Variable-speed turbines adjust the rotational speed of the rotor to account for changes in wind speed to achieve 
an optimum tip speed ratio, thereby improving energy capture.  These turbines are able to produce power at 
slightly higher efficiencies over a wider operational range of wind speeds than fixed-speed turbines.  The power 
electronics necessary in variable-speed turbines to produce grid-quality electricity typically consume slightly 
more energy than the capacitors used to condition the power from constant-speed turbines.  

Utility-scale turbines typically have the ability to rotate their blades axially, altering the angle at which the blade 
intercepts the wind.  This system, known as variable-pitch control, is used to optimize output power at low wind 
speeds and regulate output power during high winds, which prevents over-speeding by shedding excess energy.  
Some turbines, generally smaller in scale, have a simpler fixed-pitch configuration, meaning that the blade’s 
angle does not adjust to varying wind conditions.  To handle excessively high winds, the blades of fixed-pitch 
turbines are design to induce turbulence on the upwind side of the blade above a given wind speed.  This 
turbulence causes the turbine blades to stall instead of producing lift, so the rotation of the blades is slowed. 

Fixed-pitch turbines generally have fewer moving parts and are less complex than variable-pitch turbines, 
resulting in lower manufacturing costs.  Variable-pitch turbines are able to optimize blade pitch and adjust it for 
changes in air density or blade contamination.  For these and other reasons, the energy output from variable-
pitch turbines is somewhat higher than fixed-pitch turbines, thus offsetting the higher system costs. In locations 
with large variations in temperature, and thus air density, fixed-pitch turbines can experience difficulties with 
excessive power production during periods of high air density if the blades are pitched in a manner that 
optimizes production throughout the year. The specific wind and climate characteristics at a given site 
ultimately determine which type of control scheme generates power most cost effectively. 

Each turbine used in utility-scale applications is equipped with a transformer to increase the voltage from the 
generator voltage level to the on-site collection system voltage.  The on-site collection system typically operates 
at medium voltages of 25 to 35 kV/  The turbine’s major components are housed within the nacelle, which sit 
atop a tower that is typically around 80 m (262 ft) tall.  The vertical distance from the ground to the centerline of 
the rotor is often referred to as the turbine’s hub height/ 

4.2. Performance Specifications 

Rated Capacity and Rotor Size 

The rotor diameters and rated capacities of wind turbines have continually increased in the past 10 years, driven 
by technology improvements, refined design tools, and the need to improve energy capture and reduce the cost 
of energy.  For comparison, the average turbine rating for turbines installed in the U.S. in 2003 was 1,374 kW, 
while turbines installed in 2007 had an average capacity of 1,650 kW.  In 2008, turbines with rated capacities of 
1.5 MW to 2.0 MW constitute the vast majority of the turbines sizes installed in North America4. Figure 4 shows 
the evolution of wind turbine size. 

4 
2008 Wind Technologies Market Report, U.S. Department of Energy 
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Wind Energy Toolkit – Overview 

Figure 4   - Wind Turbine Height Comparisons  (Source: EWEA)  

Specific Rating 

The ratio of a turbine’s rotor swept area to the rating of the turbine is known as the specific rating/  No best 
relationship between rotor diameter and generator rating exists. Designers of modern turbines appear to have 
settled on a range of specific ratings from 0.32 – 0.47 kW/m2, as this range presents the best compromise 
between energy capture, component loading, and costs.  Turbines at sites with lower annual average wind 
speeds (such as below 16.5 mph (7.5 m/s) at hub height) tend to have larger rotors and lower specific ratings to 
improve energy capture.  Turbines at high-wind-speed sites (exceeding 20 mph (9.0 m/s)) tend to have smaller 
rotors and higher specific ratings.  The smaller rotor helps to reduce loads on components and thus improves 
reliability in these aggressive wind sites. 

Power Curve 

As shown in Figure 5 of a typical wind turbine power curve, power production from a wind turbine is a function 
of wind speed.  The relationship between wind speed and power is defined by a power curve, which is unique to 
each turbine model and, in some cases, unique to site-specific settings.  The wind speeds are listed on the 
horizontal axis, in miles per hour (mph) or meters per second (m/s), and the turbine’s power output is along the 
vertical axis in kilowatts (kW).  

The cut-in speed, at the lower end of the curve, is the threshold that the hub height wind speed must reach in 
order for the turbine to begin generating electricity.  In general, most wind turbines begin to produce power at 
wind speeds of about 9 mph (4 m/s).  A turbine will achieve its nominal, or rated power at approximately 29 
mph (13 m/s), this value is often used to describe the turbine’s generating capacity/  The turbine will reach its 
cut-out speed at approximately 56 mph (25 m/s); when the wind speeds exceed this upper limit, the turbine will 
stop power production in order to protect itself from potentially damaging high speeds.  Variability in the wind 
resource results in the turbine operating at continually changing power levels.  At good wind energy sites, this 
variability results in the turbine operating at approximately 35% of its total possible capacity when averaged 
over a year. 

11 



       

 
 

 

     

 
  

  
  

  
 

    
       

       
 

  
  

    
     

   

  
  

 
 

  

    

   

         

         

     

    
 

 

 

Wind Energy Toolkit – Overview 

Figure 5 - Relationship of Wind Speed to Power Production (Source: U.S. Department of Energy) 

Hub and Maximum Tip Heights 
As the rotor diameters and rated capacities have increased, so have the hub 
heights of the wind turbines.  However, no standard hub height or ratio of 
hub height to rotor diameter exists. Wind resource characteristics, terrain, 
the availability of turbine models and cranes, as well as visual impacts are 
but a few critical items that are used to determine the turbine size for a 
given project. Current utility-scale wind turbines can employ hub heights 
that range from 50 m (164 ft) to 160 m (525 ft).  Hub heights ranging from 
78 m (236 ft) to 100 m (328 ft) are most commonly utilized at contemporary 
wind farm installations.  

Maximum tip heights (the highest point of the rotor) depend on the hub 
height and rotor diameter.  As of 2009, the tallest wind turbine in the U.S. 
had a 100 m (328 ft) hub height and a 90 m (295 ft) rotor diameter with a 
resulting maximum tip height of approximately 145 m (623 ft).  The image in 
Figure 6 identifies these key physical features of a wind turbine. 

Optimum turbine size is heavily dependent on site-specific conditions.  In 
general, turbine hub heights are approximately 1 to 1.4 times the rotor 
diameter.  Project analysis conducted to identify the optimum turbine 
equipment typically results in a compromise between rotor size, hub height, Figure 6 - Wind Turbine Features 
energy production, component handling logistics, and cost.  Table 2 (Source: Modified image from 

provides an example of the turbine dimensions common in 2008.  Natural Resources Canada) 

Table 2 - Common Dimensions for Utility-Scale Wind Turbines 

Dimension Multi-Megawatt Turbines Sub-Megawatt Turbines 

Hub Height 80 m (230 ft) 65 m (213 ft) 

Rotor Diameter 90 m (295 ft) 47 m (154 ft) 

Maximum Tip Height 125 m (410 ft) 88.5 m (290 ft) 
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Wind Energy Toolkit – Overview 

4.3. Project Components 
The following sections provide a brief introduction and background to the different components and designs of 
a typical large scale wind farm. 

Turbine Layout 

Groups or rows of wind turbines are positioned for optimum exposure to the prevailing winds while accounting 
for terrain variations.  Inter-turbine spacing is selected to maximize production while minimizing exposure to 
damaging rotor turbulence.  Inter-turbine and inter-row spacing vary as a function of the rotor diameter and the 
wind resource characteristics.  Factors such as cost and constructability must be considered when designing the 
layout of a wind farm.  Wide spacing between wind turbines generally maximizes energy production but 
increases infrastructure costs (e.g., land, transmission, and road building).  A trade-off exists between optimizing 
the turbine location for energy production (through wider spacing) and maintaining reasonable turbine 
interconnection and road costs, which increase with wider spacing.  There is an additional tradeoff between the 
project’s total capacity and the capacity factor/ Experience, mathematical analysis, and cost considerations are 
employed to determine the optimum configuration given all of the existing site conditions and proposed turbine 
equipment.  For more information on turbine spacing and Section 12.3: Land Area Required. 

The majority of civil and electrical work required to design and construct a wind power plant is similar to the 
same activities for other power plants.  In addition to the wind turbines and towers, wind power plants contain 
other components that are necessary for proper operation: 

Electrical Power Collection System 

Energy produced from the turbines is generally collected in a medium-voltage (approximately 25-35 kV) power 
collection system consisting of underground cabling within the turbine rows and overhead power lines from the 
turbine rows to the main substation (see Figure 7). The point of interconnection (POI) with the utility line can be 
co-located in the substation or it can be physically separated and located adjacent to the utility line.  In general, 
wind energy projects are positioned within 10 miles of a high-voltage transmission line to minimize the costs 
associated with interconnection.  Greater distances may be economically feasible if the wind resource is 
sufficiently high.  With some turbines, a pad-mounted transformer, generally located immediately adjacent to 
the base of each tower, is used to transform the low-voltage power produced by the turbine to the medium-
voltage of the on-site electrical collection system.  Some turbine designs incorporate the transformer into the 
nacelle, rather than placing it at the base of the tower. 

Substation and Interconnection 

For most wind energy projects, electrical energy produced by the turbines passes through a substation where it 
is metered and the voltage is increased to match the voltage of the utility grid.  Plant isolation breakers, power 
quality monitors, and protective equipment are present in the substation to protect both the electrical grid and 
the wind turbines. A system of switches and overhead infrastructure is used to connect the substation to the 
utility’s power lines/ 

Foundations 

In general, the foundation design is based on the weight and configuration of the proposed turbine, the 
expected maximum wind speeds, and the soil characteristics at the site.  

13 



       

 
 

 

 

  
  

   

 

     
   

  

    
 

 

 

  
   

     
  

  

Wind Energy Toolkit – Overview 

Control and Communications System 

In addition to individual turbine control systems, a wind project typically includes a Supervisory Control and Data 
Acquisition System (SCADA).  SCADA systems consist of a central computer with management capabilities for 
individual turbines and the ability to collect, analyze, and archive time-series data.  Communication cables 
connecting the central computer with the individual turbine controllers are commonly buried in the same 
trenches as the electrical collection system. 

Access Roads 

Access roads to each turbine location are typically 6 m wide and consist of compacted crushed rock.  In hilly or 
complex terrain, access roads are constructed to manufacturer specified slopes and turning radii that are 
necessary to allow delivery of large components such as blades and tower sections.  During the construction 
phase of a project, crane pads (flat, well graded and compacted areas constructed of crushed rock) are installed 
along the access road and adjacent to the tower foundations.  During project operation, the crane pads remain 
in place in the event that a crane is required to replace large components that cannot be handled by the service 
crane in the turbine.  

Operation and Maintenance (O&M) Facility 

O&M facilities for wind power plants generally consist of an office and maintenance shop.  These spaces can be 
located on-site or off-site and in some cases may be in separate locations.  An office is necessary for plant 
management staff, control computers, and communication systems. The maintenance shop is used to store 
vehicles and spare parts, and provides a work space for the repair of turbine components. 

14 



       

 
 

  
   

  
   

 
  

   
     

    

    
  

   
    

   
   

  
 

  
  

  
  

   
  

   

    
   

 
    

      
  

   
    

   

Wind Energy Toolkit – Overview 

5. Power Grid and Electricity Delivery
 
The power grid, in its current form, was built through an assembly of much smaller utility systems.  Originally, 
the smaller utility systems were constructed and operated to serve local power needs and were rarely 
interconnected to other neighboring systems. These small systems were dominated by a large, central 
generating station that delivered power over a small radial network of high-voltage transmission lines and lower 
voltage distribution lines. Over time, operators and utilities recognized that reliability improved when systems 
were interconnected and generation sources diversified. This interconnection of neighboring power systems 
offered the ability to transfer power on a local or regional basis. However, the system was never designed to 
transmit large quantities of power over long distances, such as from the Midwest to the Northeast.  

Therefore, although vast quantities of wind energy are available in the Midwest and Western states, the existing 
power grid is incapable of delivering that power to the high load areas of the Northeast in a cost-effective 
manner.  Due to both the capacity on the grid, as well as the losses associated with long transmission distances, 
it is preferential to have wind farms located relatively close to the load centers they will serve. 

The electric transmission and distribution system connects generating stations with power users.  Figure 7 
shows a simplified view of the transmission and distribution systems and how a wind power facility 
interconnects with the system.  It consists of high-voltage transmission lines, which transmit large quantities of 
power; substations, which convert electricity from one voltage to another; lower voltage distribution lines, 
which serve neighborhoods and individual customers; and safety and control systems to keep the grid operating 
safely. 

Most of the power delivered to power grids comes from large central power stations, such as coal- and natural 
gas-burning plants, with capacities of roughly 50 to 2000 MW. Because they use fossil fuels, these power plants 
can control how much power they generate by increasing or decreasing how much fuel they burn. Wind power 
projects differ in that wind is an intermittent resource, which cannot be called on to increase generation from 
the current level. Individual wind turbine units within a project are much smaller than fossil fuel plants (roughly 
200 kW to 3 MW), and wind power projects use different types of electrical generator hardware. 

Regardless of their source, once electrons are pushed onto the transmission system, they follow the path of 
least resistance to ground, eventually moving through distribution lines to be delivered to industrial or 
residential users.  The path from the bulk transmission system to a home includes various step-down 
transformers that convert electricity from high-voltage transmission lines (100 kV to 765 kV) to lower, usable 
voltage levels.  Distribution substations decrease the voltage to distribution levels of 12.5 kV to 34.5 kV, which 
serve neighborhoods and large industrial users. Before entering a home, the electricity passes through another 
transformer that steps the voltage down to a level that appliances and electrical systems can use.  Within 
households and businesses, typical voltages are 120 or 240 volts.  Commercial and industrial customers typically 
use power at 120 to 600 volts (and greater). 

15 



       

 
 

 

    

    
  
   

 
  

   
  

 
 

    
       

  
  

 

Wind Energy Toolkit – Overview 

Figure 7 – Power Grid Schematic 

Utility-scale wind turbines typically generate power at 690 volts, and this voltage is typically stepped-up to 34.5 
kV for collection in underground wires within the wind farm, and potentially to a higher level at a substation 
located at or near the project for transmission to power users. 

Electrons generated by specific energy sources cannot be delivered to specific locations via the power grid.  It is 
impossible to know if the electrons delivered to a home were generated by coal, natural gas, nuclear, 
hydroelectric or wind power.  Instead, electricity from all these sources goes into one big pool, and users draw 
from this pool. When new wind farms are built, more renewable power flows into the pool, displacing older, 
dirtier generation sources/ More wind farms in a region mean a larger percentage of that region’s electricity is 
from renewable, non-polluting sources. Highly accurate on-site revenue meters used by the utilities and power 
station owners allow determination of the mix percentages and provide a way to account for all renewable 
power delivered. 

The only way to guarantee that a consumer receives electrons from a renewable energy source is to install that 
source on the consumer’s side of the utility meter/ This is known as a direct-delivery system. Figure 8 shows 
how energy produced by the small wind turbine first serves the load at the house, with any excess sold into the 
power grid.  Power from the grid can supplement energy produced by the wind turbine at times when the wind 
is not blowing.  

16 



       

 
 

 

    

   
  

   
  

 

  

    

   
  

 
     

  
    

 
    

   
    

 
 

   
     

   
   

                                                           
    

 

Wind Energy Toolkit – Overview 

Figure 8- Schematic of Direct Power Delivery to the Home (Source: www.windpoweringamerica.gov) 

Although the electric grid cannot selectively deliver renewable energy to a specific home, consumers can help 
promote the development of renewable energy by purchasing power from renewable sources—that is, through 
the electric grid, consumers can pay for the generation of electricity that has been certified as renewable under 
strict accounting practices.  Accounting of wind power generation is based on meter readings at the project and 
at the customer’s location/  �ertification programs such as Green-e (www.green-e.org) have been created to 
audit and verify that green product suppliers truly deliver the green energy purchased by customers. 

5.1. Intermittency 
One distinctive feature of electricity is that it cannot be stored5. At any time on a grid, an instantaneous balance 
between production and consumption must be met. When a customer turns on a light or appliance, a power 
station somewhere on the grid must slightly compensate to accommodate the increased load.  Relatively few 
power users schedule their consumption, so grid and power plant operators routinely (on a sub-hourly basis) 
vary power production to match the demand.  

Similar to the constant fluctuations in electricity demand, wind power production fluctuates. This is because 
wind projects only produce electricity during certain wind speeds, typically between 4-25 m/s (9-56 mph) at hub 
height. The variations in wind farm generation output affects the balance of production and consumption in 
much the same way that varying load consumption does. 

The amount of power an electrical generator is capable of providing is referred to as its power capacity. For a 
100 MW wind project, the instantaneous capacity could vary between 0 and 100 MW at any given time. This 
type of delivery is termed intermittent. Because the wind is always blowing somewhere, the more geographical 
distribution of wind farms there is in a region, the less intermittent the global power generation is likely to be. 

It is important to remember that intermittent power is not the same as unreliable power.  While wind turbines 
tend to be highly reliable, a wind power plant will have decreases in output due to seasonal and daily variations 
in the wind resource. Due to this variation, wind power plants may have a capacity factor of 30%-40%.  This 
represents the ratio of the actual production of the wind farm to the project’s rated capacity/  The capacity 
factor will vary depending on the time of year. These variations can be quantified and reasonably predicted 
based on the seasonal and daily patterns of wind speeds.  

5 
“Electricity storage” technologies do not store electricity itself- they always convert the electricity to other forms for 

storage (chemical reactions in batteries, gravity storage in the case of pumped storage, etc.). 
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Wind Energy Toolkit – Overview 

Figure 9 shows an example of daily capacity factor patterns in New York for three years. The plot is based on 
actual wind speed data and the modeled operation of 3,300 MW of wind capacity6. The Y-Axis shows average 
capacity factor. Higher capacity factors correlate to higher wind speeds.  Wind speeds between 6 p.m. and 
10 a.m. result in capacity factors that exceed 40%, while they are lower than 25% during the other hours. 

Figure 9 - Hourly Daily Capacity Factor Pattern Averaged over the Year 

At the levels of wind energy currently being generated in New York State, the intermittency of wind does not 
cause a problem for the electrical grid, and it is not necessary to build new thermal generation plants or increase 
thermal plant spinning reserves to back up wind farms/ It is estimated that at least 10% of the state’s peak load, 
or 3,300 MW of installed wind capacity, could be accommodated by the state’s power grid with little or no 
adjustment to existing planning, operating and reliability practices. 

NYISO Wind Resource Management System 

To reliably integrate wind into the New York electric grid, the New York Independent System Operator (NYISO) 
has implemented an enhanced Wind Management System7 . On May 1, 2009, the NYISO put into effect a set of 
rules that allow wind projects to bid into the system alongside more traditional resources. 

Each wind resource will send a day-ahead bid to the NYISO, which will indicate the price of energy the facility 
will accept.  Additionally, they will be allowed to submit real-time revised offers.  The NYISO is allowing a tiered 
bid from wind resources.  This bidding strategy is beneficial to wind, because the PTC allows them to bid full 
output at negative energy prices.  This helps to prioritize wind energy over fossil fuel-based energy sources and 
thereby reduces the number of curtailment orders wind projects will receive. For example, a 50 MW wind 
resource will send the NYISO a bid stating that if the market price of energy is above $-20 per MWh, the facility 
will produce at full output (i.e. a maximum of 50 MW); however, if the price is between $-30 and $-20 per MWh, 
the facility would like to reduce a maximum of 20% of output (i.e. a maximum of 10 MW).  If the price of energy 
falls below $-30 per MWh, the wind resource would like to be reduced to 0 MW. 

For some reliability concerns, price of energy will be ignored and the facility that alleviates the system constraint 
will be reduced or eliminated. Wind resources will be treated as dispatch-down, which means that the 
generator cannot be increased as needed, but can be reduced as needed. The new rules allow the NYISO to 
send output level information to the wind generators and set Wind Output Limits8 during times of reliability 

6 
Figure is from the NYSERDA study, The Effects of Integrating Wind Power on Transmission System Planning, Reliability, and
 

Operations, prepared by GE Wind Energy (2005), p.7.2.  The study is available on the NYSERDA website.
 
7 
Edelson, David/  “NYISO Wind Resource Management” Presentation.  NYISO Market Issues Working Group Meeting, 


November 3, 2008.
 
8 

NYISO Market Service Tariff and Tariff Attachment B.
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concern.  Thus, should the wind resource be generating too much power on the grid, the NYISO will send them a 
signal to reduce generation, which will maintain grid reliability. 

NYISO Collection of Meteorological Data from Wind Facilities 

The NYISO requires all wind facilities to submit to the forecast vendor on-site meteorological data every 5, 10 or 
15 minutes.  The most accurate forecasting will be available if the facilities submit data from at least one 
permanent hub height meteorological tower and turbine-mounted sensor data; however, in the absence of a 
met tower, turbine-mounted sensor data alone will fulfill the requirement.  Each set of data is required to 
include wind speed, wind direction, ambient air temperature, ambient air dew point, ambient air relative 
humidity, and barometric pressure.  The facility owner is responsible for the installation and maintenance cost 
for all data collection, as well as their allocated portion of the forecasting fees pursuant to the NYISO Service 
Tariff. 

Currently, the NYISO is undergoing the stakeholder procedure to change these data requirements.  The current 
stakeholder proposal9 would require each facility to submit data from on-site hub height met towers that are 
within 5 km of each turbine.  The frequency of submission will change to 30 second intervals transmitted to the 
NYISO, with submission from the NYISO to the vendor on 1 or 5 minute intervals, which would increase the 
forecast model accuracy and allow the NYISO to develop internal operator alert tools. 

5.2. Additional Resources 
 How Stuff Works Website:  How Power Grids Work.  This source provides a very simple explanation with 

pictures of power plants, generators, the transmission grid, the distribution grid, and interconnection 
with a home.  
(http://science.howstuffworks.com/power.htm) 

 Green-e: An independent consumer protection program created to audit and verify that green product 
suppliers truly deliver the green energy purchased by customers. 
(http://www.green-e.org) 

 Utility websites often provide an interactive section (usually geared towards teachers and children) that 
provides an explanation of how power is generated and delivered to the home. 

 Thomas P. Hughes, Networks of Power: Electrification in Western Society 1880-1930. John Hopkins 
University Press, Baltimore and London, (1983) 1993, 3rd Edition.  Chapters 2 and 8 focus on the 
historical development of the electric grid in the U.S. 

 Edelson, David/  “NYISO Wind Resource Management” Presentation/  NYISO Market Issues Working 
Group Meeting, November 3, 2008. 
http://www.nyiso.com/public/webdocs/committees/bic_miwg/meeting_materials/2008-11
03/WindResourceMgmt.pdf 

 NYISO Market Service Tariff and Tariff Attachment B.  

http://www.nyiso.com/public/webdocs/documents/tariffs/market_services/services_tariff.pdf; 

http://www.nyiso.com/public/webdocs/documents/tariffs/market_services/att_b.pdf
 

 Edelson, David/  “�ollection of Meteorological Data from Wind Resources” Presentation/  NYISO Market Issues 
Working Group Meeting, November 3, 2008.  
http://www.nyiso.com/public/webdocs/committees/bic_miwg/meeting_materials/2008-11-03/WindMetData.pdf 

9 
Edelson, David/  “�ollection of Meteorological Data from Wind Resources” Presentation/  NYISO Market Issues Working 

Group Meeting, November 3, 2008. 
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Wind Energy Toolkit – Overview 

6. Project Lifecycle
 
The major steps associated with the lifecycle of a utility-scale wind energy project can be summarized into the 
following broad tasks: 

 Wind Resource Assessment and Site Selection 
 Permitting 
 Financing 
 Construction 
 Operation 
 Decommissioning 

In general, it requires two to three years for project development to proceed from initial site prospecting to 
construction completion and operation.  The time frame may vary in a region or state that does not have a 
history of wind energy development or that has more restrictive permitting and environmental assessment 
requirements.  The construction activities are short when compared to those of a fossil fuel plant; a 50 MW wind 
project can be installed in less than a year.  The most time-consuming steps of the development process are the 
wind resource assessment and the permitting tasks. At least a full year of wind data is typically recommended 
to obtain an accurate representation of the wind resource.  

Figure 10 presents a graphical summary of project lifecycle for a utility wind energy project. 

Wind Resource Assessment 

•Prospecting 

•Validation 

•Micrositing 

Permitting 

•Location 

•Installed Capacity 

•Ownership 

Financing 

•Permits Obtained 

•Properly Designed Project 

•Correct Energy Estimates 

Construction 

•Site Preparation 

•Turbine Installation 

•Connection / Commission 

Operation & Decommissioning 

•Performance Testing 

•Electricity Generation 

•Project Removal/Repower 

Figure 10 – Graphical summary of a utility scale wind energy project lifecycle. 
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Wind Energy Toolkit – Overview 

To date, wind energy development has occurred in areas with favorable wind resources, market conditions or 
incentives for wind energy. With implementation of the Renewable Portfolio Standard (RPS) in New York State, 
the potential for wind energy development has increased significantly. States that utilize an RPS have a 
necessary market, which can increase the likelihood of selling energy at competitive prices.  Therefore, 
developers can benefit from identifying potential project sites within these states. A brief discussion of the 
activities and requirements for each step is provided in this document. For more information on New York 
State’s RPS, please refer to Section 2.1: Market Drivers. 

For a more in-depth walkthrough of the wind farm development process, consult !WE!’s Wind Energy Siting 
Handbook; a link is provided in the additional resource section at the end of the chapter. 

6.1. Wind Resource Assessment and Site Selection 
Before a wind energy facility can be constructed, developers need to determine the wind resource of the site in 
question with a high degree of certainty. Developers (and others interested in wind energy) use three basic 
steps to identify and characterize the wind resource: prospecting, validation, and micrositing.  The process of 
locating sites for wind energy development has many similarities to exploration for other resources such as 
minerals and petroleum.  

Prospecting 

Prospecting includes identifying potentially windy sites within a fairly large region—such as a state, county, or 
utility service area—and investigating the development potential and general suitability of these sites for wind 
energy projects.  

Wind prospectors generally rely on multiple sources of information such as terrain maps, wind atlases, local 
wind speed data, and other climatologic information to identify good wind sites.  Wind resource maps of New 
York are tools used by many developers to identify prospective project sites (see Section 2: Wind Energy in New 
York State). Wind maps provide site-specific estimates of wind speed and direction characteristics that can be 
used to predict the annual energy output of a proposed wind energy project. This information gives the 
developer more confidence when deciding whether or not to pursue more in-depth site evaluation and planning 
studies.  

Developers conduct site visits to assess local conditions such as vegetation height and growth patterns (an 
indicator of high winds), location of residential buildings, quantity and existing uses of land, proximity to 
transmission lines, identification of potentially sensitive environmental areas, and other factors. 

Validation 

If the decision is positive and the studies proceed, an essential next step for large project is the measurement of 
on-site wind and other meteorological conditions such as air temperature. Validation of the wind resource 
involves a more detailed level of investigation and analysis to reduce the uncertainty in energy production 
estimates. This involves the process of installing monitoring stations to verify the magnitude and characteristics 
of the wind resource at a promising site.  Site-specific wind speed data are critical because a small change in the 
annual average wind speed at a site can have a significant impact in determining whether or not a project is 
economically viable. A minimum of one year of data is typically recommended to accurately capture the 
seasonal variation in the wind resource. 

21 



       

 
 

 
    

    
  

  
  

      

 

 

  

  
  

   
  

       

  
    

    
 

 

   
   
   
   

    
     

  
   

   

  
  
  
   

    
 

 

Wind Energy Toolkit – Overview 

Upon identifying parcels of land with apparent development potential, developers generally approach the 
landowners to obtain permission to install monitoring stations and negotiate land lease options (see Section 13: 
Land Acquisition). The installation of monitoring stations often represents the first point of interaction between 
a developer and a local authority, assuming that approval is required to erect the meteorological tower.  If the 
met tower is located in an area that contains a height restriction on buildings or towers, the developer may be 
required to obtain a special use permit or an area variance. 

For more information on wind resource assessment, please refer to Section 12: Developer Site Identification. 

Micrositing 

If the wind data confirm the viability of a project at a site, developers pursue land rights for the entire project 
and begin micrositing.  Micrositing is the process of collecting additional wind data for the purposes of 
determining the most appropriate turbine for the site, identifying potential turbine locations, and optimizing the 
project layout.  Wind can be highly variable, being influenced by terrain features, vegetation, and local 
atmospheric conditions.  Experience has shown that limiting the number of met towers can result in erroneous 
energy production estimates.  Therefore, once developers have determined that a specific area has the right mix 
of wind (based on initial met tower data), land, local support, and energy market; it is common to deploy 
additional met towers.  The number of additional met towers is dependent on land characteristics, turbine size, 
potential turbine layouts, etc., but can vary from approximately one met tower for every 10 – 30 turbines. 

6.2. Permitting 
Most wind energy projects require some form of approval from government agencies.  As part of the project 
planning activities, developer’s will research town, county, state and, at times, federal rules and regulations. 
They must become familiar with local requirements and determine the jurisdiction of the various entities.  The 
number of agencies and levels of government involved depend on a number of factors such as: 

 The location of wind turbines, transmission lines, substation, O&M facilities, and access roads, 
 The installed capacity of the facility, 
 Ownership of the land, and 
 Ownership of the project or funding sources. 

Further discussion of the permitting that may be required in New York is discussed further in Section 14: 
Permitting and the Wind Energy Model Ordinance Options document in the Appendix. 

6.3. Financing 
Most wind energy projects require some form of financing to construct the project.  To secure financing, a 
developer is required to demonstrate that multiple facets of the project have been secured: 

 All necessary permits have been obtained 
 The project is properly designed 
 Energy projections are based on sound technical analysis 
 A good market for the energy exists, or a power purchase agreement is in place 

Local governments are not normally involved in the financing activities that projects perform since financing is 
typically received from large lending institutions or sources of equity.  During the financing process, it is very 
common for the lenders or equity partners to have an independent engineer review all aspects of the project 
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Wind Energy Toolkit – Overview 

and report on the project’s viability/ In this process, the developer may be required to make changes to the 
project to resolve potential issues of concern raised by the engineer.  If changes impact past local approvals 
and/or environmental assessments, then additional work with the local officials may be required.  This is not a 
very common outcome of project financing, but it is an example of how local governments may be affected. 

6.4. Construction 
Construction of wind energy projects generally requires five to 12 months, depending on the size of the project, 
terrain, and weather conditions.  Construction may be planned for low wind months for safety considerations 
and to minimize disruptions to crane related activities. The type of equipment used is similar to most 
construction sites with the exception of the large-capacity crane that is necessary to install the top tower 
sections, nacelle, and rotor.  During construction, the project schedule is often focused on minimizing the time 
required for the large-capacity crane due to their high operating costs.  Conventional earthmoving equipment 
such as excavators, bulldozers, graders, dump trucks, and cement trucks are the first pieces of equipment at the 
site and are used to construct the access roads, foundations, and install power cabling.  While the infrastructure 
is being installed, turbine and tower components are delivered to the site and staged near the foundations. 
Upon completing assembly of the turbines, electrical and communication connections are made and turbine 
testing begins.  Once the turbines are commissioned, energy production can begin. 

Table 3 - Estimated Construction Schedule of a 30 MW Wind Power Plant 

Task Subtask Duration 

Site Preparation 

Access Roads 

2 - 6 Months 

Foundations 

Power Collection System 

Substation/Grid Interconnection 

O&M Building 

Turbine Installation 

Receive Tower and Turbine Components 

1 - 1.5 Months 
Set Tower Base Sections 

Complete Tower Assembly 

Install Nacelle and Rotor 

Construction Completion 

Complete Internal Turbine Assembly/Connections 

1 - 2 Months Energize Project Site 

Commission and Test Turbine Functions 

Post Construction Performance Testing to Verify Proper Operation 1 - 3 Months 

Note:  Assuming twenty 1.5 MW wind turbines on 80 m towers 

It can take as many as seven trailers to transport the components for one turbine and as many as 60 trailers to 
transport the large-capacity crane.  Turbine and crane components are transported in compliance with Federal 
and various State Department of Transportation (DOT) requirements for both size and weight.  A common 
concern in rural communities is that the bearing capacity of local roads may be insufficient to accommodate 
multiple large loads.  Turn radii and clearances are also critical factors for consideration. A delivery route 
analysis can determine which portions of the existing infrastructure are to be avoided or modified. Payment of 
infrastructure modifications required for construction is negotiable, and wind developers often accept paying 
the improvement costs.  An increase in traffic during construction activities is noticeable in most rural 
communities.  
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Wind Energy Toolkit – Overview 

Project monitoring to ensure compliance with permit requirements is common during the construction phase.  
Monitoring may be performed to verify that site work is adequately protecting sensitive environmental areas (if 
any are present); that road conditions following construction have not degraded; and that the project is in 
compliance with structural, electrical, and other building codes.  The NYS Department of Agriculture and 
Markets has issued guidelines for protection of agricultural lands during and after wind construction. 

6.5. Operation and Decommissioning 
The turbines are designed to operate automatically and independently.  The control system manages all 
necessary adjustments in operation, monitors turbine performance, and initiates alarms when conditions 
warrant.  Much of the site operation is handled remotely from the O&M office via the use of computers and a 
high-speed communication network between the turbines. 

In general, projects are staffed with one operator for every 10 to 20 turbines, depending on the project and 
turbine size.  Operators are specially trained and apply both electrical and mechanical skills to address turbine 
faults, troubleshoot operation problems, and perform repairs. Much of the work is performed inside the 
turbines, which involves a significant amount of climbing. 

Repowering wind energy projects refers to the replacement of old, more costly and typically smaller wind 
turbines with new equipment.  As the turbines approach the end of their design life (usually 20 years) or if a 
significant improvement in technology occurs, a project owner may assess the costs associated with repowering 
a site.  An advantage of repowering is that the site conditions and wind resource are well known.  In addition, 
surrounding communities are familiar with the project’s presence/  To date, repowering has only occurred in 
California where wind turbines have been installed since the 1980s.  These early wind turbines are significantly 
smaller in size than the current generation of machines.  As a result, project owners can frequently replace 
numerous small turbines with one large model. 

The new wind energy projects in New York are expected to operate for 20 years or more but some lease 
agreements between landowners and the project owners may extend well beyond this period.  As a result, wind 
turbines may be present on the land at these sites for many more years if a reevaluation or repowering of the 
project is acceptable to the landowner and local approval is obtained. 

Decommissioning involves the removal of all evidence of a wind power project after it has reached the end of its 
design life.  Depending on permit requirements and terms of the land lease agreements, the project owner may 
be required to restore the land to original site conditions.  Often at the outset of a project, a reserve fund is set 
aside to ensure that sufficient resources exist for the eventual decommissioning of the project. 
Decommissioning includes removal of all turbines and towers, concrete foundations to some reasonable depth 
below grade, underground cabling, power poles, met towers, substation equipment, and O&M buildings.  Site 
restoration includes re-grading and replanting areas where foundations, roads, and buildings were located (see 
Section 10: Environmental Impacts). While all turbines may not be repowered, every turbine should be 
decommissioned at the end of its lifetime. 

6.6. Additional Resources 
 American Wind Energy Association – Wind Energy Siting Handbook (2008). This handbook provides a 

comprehensive walkthrough of the development process for utility-scale wind projects. 
(http://www.awea.org/sitinghandbook) 
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Wind Energy Toolkit – Overview 

 NYS Department of Agriculture and Markets – Guidelines for Agricultural Mitigation for Windpower 
Projects. Guidelines for protection of agricultural lands during and after wind construction. 
(http://www.agmkt.state.ny.us/AP/agservices/constructWind.html) 

 The NYS Department of Agriculture and Markets has issued guidelines for protection of agricultural 
lands during and after wind construction.  Readers can find these resources at: 
http://www.agmkt.state.ny.us/AP/agservices/constructWind.html. 
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Wind Energy Toolkit – Community Impacts 

7. Economic Impacts
 
Any business development will have both direct and indirect economic impacts on the local and regional 
economies, and wind energy projects are no different. A new wind project directly affects an area through the 
purchase of goods and services, generation of land use revenue, taxes or payments in lieu of taxes, and 
employment. Secondary or indirect economic effects may include increased spending power, economic 
diversification, changes in property values and the use of indigenous resources. 

In New York State, rural communities with good wind resources are being confronted with the question of 
whether to welcome or reject wind energy development.  Since wind development is new and not well 
understood in many communities, concerns about the potential economic impacts can contribute to 
apprehension about wind projects. 

In financially depressed areas, the prospect of wind development may be appealing, particularly to farmers who 
can use the revenue from land leases to augment their farming income.  In some cases, this may save their 
farms, and save the area from other development. Neighbors, too, might prefer wind turbines, which guarantee 
that the majority of the surrounding land will never be developed, over the alternatives (such as a housing 
development, the fate of many no-longer-profitable family farms).  

Typically, a proposed wind project will affect its host community in a number of ways, some positive, some 
negative. Whether any single impact is viewed as a benefit or a drawback depends a good deal on the 
perspective of the viewer. In considering whether to permit the development of a wind farm, it is up to the 
community to weigh all the impacts, and decide whether the positives outweigh the negatives. This section is 
designed to help communities understand the components of this process. 

7.1. Direct Economic Impacts 
Direct economic effects from the development of a wind project include land owner revenue, revenues to local 
governments from property or other taxes, the creation of jobs, and the use of local services. 

Land Owner Revenue 

The development of a wind project can increase the productivity of the land and provide an additional source of 
income to rural land owners from leasing and royalty agreements.  Wind turbines occupy 4% or less of the land 
area required for a wind power project. Since only a fraction of this land is utilized by physical plant structures 
and roads, the previous use of the land (e.g., ranching or farming) typically continues alongside the wind power 
facility. 

Depending on the placement of the turbines on one or more properties, the project may directly benefit one or 
more landowners through lease payments and production royalties. In addition to these direct benefits, the 
broader community may benefit. This is due to multiplier effects associated with the increased income of the 
host landowners, and to the increased long-term stability of those landowners, who have diversified their 
sources of income. 

For more information on land leasing, please refer to Section 13.2: Lease Agreements. 
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Wind Energy Toolkit – Community Impacts 

Property Taxes 

Property taxes or annual payments in lieu of taxes (PILOT) from a wind power project significantly impact the 
community.  In many locations, wind projects can be among the highest paying property tax entities.  Based on 
information from Madison County, New York, voluntary payments from the Madison Wind Power Project 
amount to approximately $30,000 per year each for both the town of Madison and the Madison Central School 
District, or approximately $5,200 per MW.  The Fenner Wind Power Project is providing the town of Fenner with 
approximately $150,000 per year for 15 years, or approximately $5,000 per MW.  The Maple Ridge Wind Project 
in Lewis County is expected to result in a substantial increase in annual tax revenue for the county.  Annual 
payments are anticipated to be over $8 million from the project. This large amount is due in part to the location 
of the project in an Empire Zone.10 Even without the Empire Zone benefits, the project would still pay more 
than $1million annually in PILOT payments.  The largest beneficiaries of the added revenue will be the towns 
and schools. 

Job Creation 

As with most business ventures, wind energy projects create jobs. In general, the employment opportunities 
associated with a wind power plant are in construction, operations and maintenance (O&M), and 
manufacturing. Various studies have shown that, compared to conventional generation options, wind 
development creates more jobs per dollar invested and per kWh generated. It should be noted that most wind 
energy jobs are in the manufacturing, construction and installation fields, with relatively few jobs in ongoing 
operations and maintenance. 

Construction Employment 

Construction-related employment for a wind power project usually involves short-term assignments during the 
construction of the project. Construction time for a large wind project depends on the size and location of the 
project, but averages between seven to ten months in duration. In the United States, a 50 MW wind project will 
create the equivalent of 40 full-time jobs during the construction period. Typically, an arrangement will be made 
for the developer to hire or turbine manufacturer to serve as a general contractor, which is beneficial as this 
ensures the contractors familiarity with building wind projects. As they are responsible for the overall project 
construction activities, the general contractor will hire subcontractors that are experienced in civil work 
(grading, excavation, and concrete), electrical work, and mechanical assembly. Typical personnel requirements 
include construction managers, electricians, heavy equipment operators, security personnel, and general 
laborers for assembly and civil work. The number of positions that might be filled by local personnel depends 
upon the skill base of the local population and the policies and location of the construction or contracting 
company. 

O&M Employment 

The number of people employed by a wind power project during commercial operation depends primarily on 
the project size and administrative structure. Small projects, usually less than 10 turbines, are generally 
remotely operated and only bring in maintenance personnel when required. Larger projects will have a full-time 
O&M staff, the size of which depends on the project size, turbine type, and local labor practices. Although some 
maintenance activities on the larger turbines may require more time or different equipment, many maintenance 
activities require approximately the same level of effort regardless of the turbine size, so a few large turbines 

10 
Under a New York State initiative, sales tax exemption, real property and business tax credits are available for qualified 

businesses locating and expanding in designated Empire Zones. 
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Wind Energy Toolkit – Community Impacts 

are cheaper to maintain than many small ones. A 50 MW wind project would be expected to require two full-
time technicians to carry out O&M activities. 

Wind turbines typically have regular maintenance scheduled every six months. In the U.S., each scheduled 
service of a 500 kW to 1,500 kW (1.5 MW) turbine typically requires two people for one 8-hour period. For six 
large projects in the U. S. (between 25 and 100 MW) with turbines of 750 kW or greater, approximately 1 full-
time maintenance job was created for every 5 to 8 MW of installed capacity. 

Wind projects are usually staffed with primarily local personnel, with an experienced supervisor or facility 
manager supporting the locally hired employees. The number of local employees hired will depend on available 
skills and training. Skills that project managers and operators must have include computer literacy, inventory 
management, job and equipment scheduling, performance record-keeping, statistical trend analysis, and data 
processing. Maintenance personnel generally need to be proficient mechanics or electrical/electronic 
technicians. With these skills they can readily be trained in wind power mechanical and electrical systems and 
maintenance equipment. Specialized turbine training is often provided by the turbine manufacturer. 

Skills in each of the following areas need to be available to successfully maintain a wind power project. 

 Hydraulics 
 Rotating machinery 
 Cranes and other heavy lifting equipment 
 Composites repair (e.g., fiberglass) 
 Electronic controls 
 Power electronics 
 Medium- and high-voltage electrical equipment 
 Safe climbing and maintenance procedures 

Once the project begins operation, the majority of the maintenance activities require climbing the tower and 
working within the confines of the nacelle and hub. This type of physical activity requires agility and strength, 
similar to the skills of an electric utility lineman. This is physically demanding work, and finding and retaining the 
proper combination of people who can both tolerate the physical demands and have the skills required to 
maintain modern turbines can be challenging. 

Manufacturing Employment 

The majority of commercial wind turbines sold in the U.S. are manufactured in Europe and the U.S. Although 
some turbine manufacturers build many of their own components, others are better described as assemblers 
because the major components of their turbines are produced by other companies and then assembled into 
their wind turbine model. The American Wind Energy Association (AWEA) estimates that wind turbine and 
component manufacturers directly contribute to the economies of 46 states. These companies manufacture and 
market towers, gearboxes, blades, monitoring equipment, and other wind energy-related equipment. 

Manufacturers sometimes source individual components locally, depending on the local skills and resources. 
Towers, for example, are difficult and expensive to transport. As a result, towers are frequently the first turbine 
component to be manufactured locally in a developing wind power market. Tower fabrication requires 
capabilities similar to that required for manufacturing large steel storage tanks and towers for other purposes, 
which increases the probability that local businesses can grow into tower manufacturing with minimal new 
investment in the plant, equipment, and training. Cabling, transformers, concrete, and other project 
components may be easily sourced locally. 
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The employment resulting from component manufacturing can be significant, although the total number of 
manufacturing jobs created will depend on the manufacturing capabilities of the area, the incentives provided, 
and the size of the market, among other factors. For example, a wind turbine blade manufacturing facility 
located in Quebec has a capacity of 240 MW, or approximately 400-500 blades annually, is estimated to create 
employment for 100-120 factory workers.  Gamesa, a wind energy company based in Spain, has located its U.S. 
headquarters and east coast development offices in Philadelphia and a blade manufacturing plant in Ebensburg, 
PA, creating approximately 235 manufacturing jobs.  

Development of Regional Cooperatives 

Under the right circumstances, cooperatives can provide a way for local communities to gain additional 
economic benefits from wind energy development by retaining the return on investment and energy sales 
profits that might otherwise go to a private developer located outside of the region. Locally-owned wind 
cooperatives develop wind power projects and sell the electricity to a utility. The cooperative development and 
ownership of wind power plants has proven successful in countries such as Denmark, where approximately two-
thirds of the turbines are owned by individuals or cooperatives, but has not been practiced widely in the U. S. 

7.2. Property Tax: Exemptions and PILOT 
Payments to local governments can take the form of property tax, sales tax on miscellaneous materials and 
supplies purchased locally, or alternative payment agreements negotiated between a local taxing jurisdiction 
and the project owner to compensate for the additional burden the project may place on local services.  These 
payments either incent or deter developers’ interests in an area/  Whatever approach or mechanism is used for 
establishing payments to governments, the magnitude of the payments should be comparable to the costs 
associated with additional services required by the project while providing a reasonable benefit to the larger 
community.  For many small towns, payments from wind energy projects result in a significant increase in 
revenue in comparison to other local revenue sources.  

Some areas have limited or exempted wind energy projects from paying certain or all local taxes to induce 
development and increase the economic diversity of small rural towns.  Other forms of stimulus include business 
or corporate incentives for establishing manufacturing or company headquarters in a region or state. 

Exemption 

Property values increase via appreciation, improvements to the property, and additions to the property.  If a 
property owner either installs a home-sized wind turbine or leases a portion of the property to a developer for 
installation of a utility-scale turbine, the assessed value of the property may increase.  If the property owner 
owns the wind turbine, the owner is responsible for any increase in property taxes or for filing for an exemption.  
If the turbine is owned by an entity other than the property owner, the turbine owner is responsible for any 
increase in property taxes due to the wind turbine, known as leasehold improvements, as negotiated in the land 
lease agreement. 

Payment of additional property taxes on improvements associated with wind turbines is exempt for a period of 
15 years under the New York State Real Property Tax Law (RPTL Section 487) unless disallowed by the local 
taxing jurisdiction.  This exemption applies to county, city, town, village, and school taxing jurisdictions but does 
not apply to special-use districts such as fire districts.  As of June, 2009, projects must be installed by January 1, 
2011, to be eligible. 
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Any county, city, town, village, or school district may actively retract this exemption by adopting a local law or 
school district resolution to disallow it.  However, the city school districts of New York, Buffalo, Rochester, 
Syracuse, and Yonkers cannot retract the exemption.  This tax exemption has become a significant negotiation 
issue between project developers and local taxing jurisdictions.  Taxing jurisdictions that have not disallowed the 
exemption can do so at any time prior to the turbines being constructed, thereby making the project pay its full 
tax burden. Local governments can use this provision as leverage to negotiate a voluntary payment with the 
developers. 

Payments-in-lieu-of-Taxes 

For county, city, town, village, and school district taxing jurisdictions that do not retract the exemption, they 
may enter into a contract for payments-in-lieu-of-taxes (PILOTs) with the property owner; in this case, the 
owner of the wind turbine equipment would be included in the PILOT agreement. PILOT agreements may be 
written by the county’s or local taxing jurisdiction’s tax counsel/  Several taxing jurisdictions can be parties to the 
same agreement; each taxing jurisdiction does not have to enter into its own PILOT with the project owner. If 
multiple jurisdictions are parties to the agreement, the PILOT agreement defines the amount the property 
owner pays each taxing jurisdiction.  This amount is paid in lieu of property taxes due on the equipment and 
improvements to the land.  PILOT amounts cannot exceed the amount that would be due if property taxes due 
to the improvement were not exempt, and the agreement cannot continue for more than 15 years.  PILOT 
agreements only cover the amount to be paid and how it is distributed among the different parties to the 
agreement.  PILOT agreements do not include language on how these funds will be used (see Sections 9 and 10). 

Common PILOT Payment Structure 

Specific guidelines for determining the magnitude of PILOTs do not exist except for the provision that payments 
may not exceed what would have been owed had the equipment been assessed under the ordinary tax 
provisions.  A common structure is a $/installed capacity amount.  One agency indicated that they are 
considering a payment of approximately $5,000 per MW per year with a contract term of 15 years. Information 
from Madison County, New York, shows that voluntary payments from the Madison Wind Power Project 
amounts to revenue for both the town of Madison and the Madison Central School District of approximately 
$30,000 per year each, or approximately $5,200 per installed MW.  The Fenner Wind Power Project is providing 
the town of Fenner with approximately $150,000 per year for 15 years, or approximately $5,000 per installed 
MW. 

Alternative PILOT Payment Structures 

Although basing payments to local taxing jurisdictions on the value of the project or the installed capacity is the 
most common method for structuring such payments, several alternatives have been explored.  For example, 
the use of actual turbine energy production (kWh) may be a more objective measurement for basing payments.  
Similar to the royalties or royalties with guaranteed minimum payment options in a land lease agreement, the 
project could pay the taxing district a percentage of gross revenue (see Section 13: Land Acquisition). When 
basing payments from wind energy projects on capacity, a 30 MW wind farm on a moderately windy site 
provides the same local revenue as a 30 MW wind farm on land with a high wind resource.  If payments were 
based on actual energy production, more revenue may be available from the project with a higher wind 
resource.  One downside to this approach is that tax revenues will vary from year to year due to variations in the 
wind resource, which may make budgeting difficult. 

As an example of how PILOT payments can be structured, the state of Minnesota uses a production-based PILOT 
model to calculate payments to local taxing jurisdictions based on energy production from wind turbines. The 
payments are based on project size: 
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 Large-Scale Wind Energy Conversion Systems:  Projects with installed capacities of 12 MW or greater will 
make payments of 0.12 cents per kWh. 

 Medium-Scale Wind Energy Conversion Systems: Projects with installed capacities between 2 and 12 
MW will make payments of 0.036 cents per kWh. 

 Small-Scale Wind Energy Conversion Systems:  Projects with installed capacities between 250 kW and 2 
MW will make payments of 0.012 cents per kWh. 

 Systems with installed capacities less than 250 kW are exempt from the production tax. 

Wind Farm Impact on Property Owner Tax Assessment 

Typically, utility-scale turbines, as part of a large wind energy project, are placed on the project owner’s tax 
assessment and treated as a leasehold improvement. The landowner should receive a separate notification and 
assessment for the land only.  In New York, the tax-exempt status for wind turbines and associated equipment 
expires after 15 years. As the wind turbines become fully taxable, the concern is to protect the landowner from 
the tax liability associated with wind turbines. 

Recently, a unique situation occurred at the Madison and Fenner wind power projects when the wind turbines 
were listed as improvements on the tax parcel owned by the landowner. Even though the wind turbines are 
currently exempt from real property tax, the presence of the turbines on the landowner’s tax assessment 
caused considerable concern for the landowner/  Listing the turbines on the landowner’s parcel means that, 
theoretically, the landowner has the tax liability of the wind farm improvements in the event that the project 
owner defaults or files bankruptcy pursuant to any clauses in the land lease agreement. 

!n alternative to placing the turbines on the landowner’s parcel is for the turbines to be placed on a separate 
suffix or leasehold parcel that is associated with the wind project owner.  This would ensure that all tax liabilities 
for this leasehold would reside with the project owner and not the landowner. This appears to be a relatively 
simple method for addressing an issue that is extremely important to landowners. At the Maple Ridge wind 
project in the Tug Hill area, Lewis County has taken this approach to protect the underlying landowner. A new 
tax ID is created for each tower location and the wind project owner of the tower and associated equipment is 
exclusively responsible for the taxes associated with the equipment.  However, assessors cannot be obligated to 
separately assess the turbines to their owners instead of assessing them to the landowner.  

Wind Farm Impact on Local School Taxing District 

New York State law exempting eligible wind energy systems from property taxes will have an impact on the 
financial resources available to local taxing districts, including school districts, within which the project resides.  
To help quantify this impact, NYSERDA contracted the Pace Energy Project to evaluate the fiscal impact of 
property tax exemptions for wind energy development on state school aid.11 While there are competing 
tendencies, it is expected that, under most circumstances, the wind energy exemption will have a favorable 
fiscal impact. This conclusion is supported by the following considerations: 

 Over half of all financial resources available to school districts derive from revenues raised locally.  The 
exemption of wind energy system equipment from the calculation of “assessed value” means that the 
school district will collect a lesser amount of property tax than if the equipment had been fully taxable. 

 The tax loss associated with the wind energy exemption will be partially offset by any Payments in Lieu 
of Taxes the school district negotiates with wind developers.  It is anticipated that PILOTS will be more 
germane to large, utility-scale systems than to smaller customer-sited wind projects. 

11 
Fiscal Implications of Property Tax Exemption for Wind Projects, (2005) NYSERDA and Pace Energy Project 
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 A further compensating factor is the positive influence of the wind energy exemption on the formula for 
calculating state school aid. While there are many state aid formulas, as a general rule, the lower the 
assessed value of District property per pupil, the greater the state aid; conversely, the greater the 
assessed value, the lower the state aid.  However, because wind energy systems are not considered in 
the quantification of assessed value, the statutory exemption increases economic activity within the 
district while maintaining the status quo with respect to the school district’s expected state aid/ 

 As a prominent example, nearly half of all state aid consists of Operating Aid, which is based on 
weighted attendance and wealth of school districts.  The statutory exemption for wind energy systems 
means that the school district’s wealth remains constant for purpose of the formula, and will receive the 
same level of school aid. 

 At the time the wind-related property becomes part of the taxable property base, an increase in the 
assessed value of District property per pupil, results in lower state aid. Therefore, the impact of property 
tax incentives for wind development occurs, if at all, after the 15-year period.12 

 When the statutory exemption expires, the wind farm will come on the rolls based on its depreciated 
value as a 15-year old asset.  Thus, the financial impacts of the expiration of the tax exemption – both 
positive and negative – will attenuate over time. 

Disclaimer 

AWS Truewind, LLC, disclaims all warrantees, express or implied, regarding the effectiveness, accuracy, currency 
or completeness of any tax levy system or PILOT program or other specific process or service referenced. The 
data presented herein is solely representative of options currently known, by AWS Truewind, LLC, to be available 
to property owners or anyone using this information and is not a recommendation of any one process or 
program.  AWS Truewind, LLC, shall not be liable for the use of this information. 
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 Fiscal Implications of Property Tax Exemption for Wind Project, NYSERDA and Pace Energy Project 

7.3. Indirect Economic Impacts 
The construction and operation of a wind project results in the purchase of local goods and services such as 
construction materials and equipment, maintenance tools, supplies, and equipment and manpower essentials 
such as food, clothing, safety equipment, and other articles. As previously mentioned, support services such as 
accounting, banking, and legal assistance are required. The rental of local equipment for maintenance is 
common. The Kern County Wind Energy Association, based in California, estimates that approximately $11 
million is paid annually to local businesses for goods and services as a result of wind power projects in 
Tehachapi, California.13 This equates to $22,000 per MW or $3,667 per wind turbine. 

While a wind power plant can have a substantial regional economic impact, it has a minimal impact on the local 
and state infrastructure because of the high capital-to-labor ratio of the plant’s operation/ !dditional 
employment and property taxes add value to the local economy without creating a substantial burden on the 
existing water and sewer system, transportation network, or on emergency, education, and other public 
services. 

Because businesses within a local economy are closely linked by business and personal purchasing patterns, 
direct benefits have an indirect effect on the economy. The direct effects spur rounds of spending in the local 
and state economy, increasing the overall benefit to the area. Increased taxes from a wind power project may 
result in additional government spending on local, state, and federal services, or in decreased tax burdens on 
other property owners. Another secondary impact, referred to as the induced effect, comes from additional 
household earnings from employment growth that results in increased household spending on goods and 
services. 

Additional value to local economies results from increased diversification of the county and state economic 
bases. Economic diversification ensures greater stability to the economy by minimizing financial high and low 
cycles associated with a specific industry. This effect is particularly important in rural areas that tend to have a 
one-dimensional economy. Single dimension economies result in limited local business interaction; therefore, 
more goods and services are imported and more dollars leave the region. 

Individuals can gain indirect benefits through a municipal government that owns a wind power project. For 
example, a municipally-owned project located on a harbor in northern Europe uses the project revenues for 
harbor improvements. A number of wind projects are owned by public utilities in the U.S. and most of these 
enjoy strong public support. 

Certain indirect economic impacts may be viewed negatively. For example, those in local recreation and eco
tourism industries may fear that siting wind turbines on a highly-visible ridgeline could negatively impact their 
business. Adjacent property owners may be concerned about possible devaluation of their properties due to the 

13 
Tehachapi, CA, is one of the three main wind development areas in the state of California. The first wind turbines in the 

area were installed in the mid-1980s- however, new wind projects and “re-powered” projects continue to be installed 
today.  (Re-powering refers to the replacement of older, smaller wind turbines with newer, larger models).  Wind 
development in Tehachapi includes approximately 500 MW of wind capacity and more than 3,000 wind turbines, ranging in 
size from approximately 100 kW to more than 1 MW. Tehachapi is also the location of the company headquarters and/or 
the central O&M facilities for several developers. 
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proximity of turbines. Although some studies have associated wind farms with enhanced tourism and increased 
property values, more studies will be required before these concerns can be definitively addressed. 

7.4. Economic Case Study 
The original economic study that has been summarized in this section can be found in the Major Economic 
Impacts section of the Appendix. The Maple Ridge project sponsors provided NYSERDA with the construction 
costs and expenditures of phase I and phase IA of the project (231 MW) along with Payment in Lieu of Taxes 
(PILOT) figures, generalized landowner lease payment structures, and project-specific labor composition 
statistics. The Maple Ridge project was a two-phase project; phase I included 120 turbines (198 MW) that were 
installed in 2005 and 20 turbines (32 MW) installed in 2006, while phase II included 55 turbines (90 MW) 
installed in 2006. The second phase of the project brought the total number of turbines to 195. The initial 140 
turbines involved leases with 61 landowners. 

Since the economic details were only given for the phase I and IA, the total impact that likely accrues for New 
York State and the affected locales were extrapolated to the full project size (330 MW) and categorized to each 
major economic impact. A summary of the major categories can be found below: 

 Wind data acquisition & analysis, project permitting and engineering 
 Land acquisition activities 
 Community outreach and marketing 
 Local spending on food, services, fuel, lodging, etc. by non-NY workers 
 Regional/In-state construction wages 
 Regional/In-state spending on construction materials 
 Increased commerce activity 
 Operations and Maintenance employment (O&M) 
 Property tax-related payments to municipalities 
 Landowner revenue 

A wind project will create and sustain many positive economic impacts, commencing during the development 
phase and continuing throughout the viable economic life of the project. In New York State, the major economic 
impacts of such projects are likely to be in the range of $9.71 to $10.66 per MWh (nominal dollars)14. The 
resulting local and state benefits from a NY based wind farm appear higher when compared to wind farms in 
western parts of the country for several reasons: 

 Higher land values in NYS result in higher land lease payments, 
 Smaller parcel size means greater number of landowner negotiations, 
 Higher property taxes, 
 More complex permitting requirements, 
 More dense population often results in land-use conflicts and project opposition, 
 Stricter labor requirements for construction activity in NYS, and 
 Engineering and construction considerations that are unique to building a wind farm in the Northeast 

topographical environment. 

14 
This range does not include energy price suppression or economic activity associated with increased personal spending 

power of those affected by a project (multiplier effect). Preliminary figures indicate that the multiplier for direct spending in 
rural New York counties can approach 1.3 
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The potential for New York State to capitalize on the economic effects associated with wind generation is 
considerable. As of May, 2009, the NYISO generation interconnection queue has more than 70 wind projects 
vying for interconnection rights; these projects represent more than 8000 MW of potential generation capacity, 
which results in about 70,700,000 MWh/yr.15 Assuming 30% of those projects are successful; NYS could stand to 
be the recipient of more than $1.24 billion in economic benefits.16 

The above estimates were updated from a previous economic study with more recent data.  The original study is 
included in the Appendix. 

15 
Data calculated from the NYISO queue as of October 12, 2005 adjusted for an annual capacity rating of 30% 

16 
Assumes the minimum economic life of a project (20 years) and $9.71 per MWh in impacts 
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8. Socioeconomic Impacts
 
Development of a local wind power industry or construction of a wind power project can have socioeconomic 
impacts on a region or community. These impacts are more difficult to quantify, but may include impacts to local 
culture and customs, land use, scenic, recreational and ecological resources, infrastructure (e.g., water, sewage, 
waste removal, roads, housing), emergency personnel and systems, and education. The extent of the potential 
impacts depends on the scope of the industry and the project(s). 

Wind energy projects tend to be located in rural areas, which may be more significantly impacted than urban 
areas. Rural areas tend to be more culturally homogenous than urban areas. For projects or industry in rural 
areas, the addition of skilled labor from outside the area may put pressure on the local community due to 
cultural differences. Non-local workers relocating to the project area potentially bring different social attitudes, 
norms, and practices. In areas where the size of the development is small and limited to wind power projects, 
these cultural stressors are usually minimized since wind power project construction only lasts an average of six 
months and ongoing O&M jobs can frequently be filled by local personnel. 

The amount of non-local labor will also impact short-term housing availability. For projects located in remote 
areas, the project developer may need to provide temporary or permanent housing. Typically, long-term 
housing for permanent employees is not a problem. Usually the facility manager and possibly one other staff 
member would be hired from outside the local community because of their expertise in operating wind power 
projects. All other staff positions would be filled, if possible, with skilled local labor. 

As is the case for any significant construction activity, a wind power project has the potential to increase the 
work load for police, fire, medical, and other similar services. Although major events such as fires are rare in the 
construction and operation of a wind project, industrial accidents do happen and must be planned for. Typically, 
the construction general contractor and O&M manager will work with the local and surrounding communities to 
determine the ability of local services to handle potential events, and to put mitigation measures in place as 
necessary. 

The need for construction vehicles and equipment can create impacts on local communities, with a greater 
effect in rural areas than in urban areas. Any road development or widening and paving would result in 
permanent infrastructure changes to the local community, which are generally, but not always, viewed as 
positive. Paving a dirt road would allow for future development and widening a road may make general travel 
along the road safer. Some people living along an access road may not want the road paved and widened, 
fearing a general increase in traffic and traffic speed. These concerns regarding traffic are usually addressed in a 
traffic study, completed as a part of the project development process, with the developer offering mitigation 
measures if necessary. 

Wind power projects, particularly in rural areas, can also change the visual character of an area by introducing 
large-scale structures and machinery into previously undeveloped areas. This includes the wind turbines 
themselves, as well as electrical transmission equipment and construction vehicles such as cranes and service 
trucks. 

8.1. Property Value 
Limited documentation exists regarding the impact of wind turbines on property values because it is difficult to 
properly relate changes in property values to the presence of wind turbines.  Since property values fluctuate due 
to a variety of factors, principally the subjective opinions of the buyers and sellers, it is difficult to isolate 
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changes related to the presence of wind turbines.  Furthermore, a multitude of additional local, regional, and 
national economic factors influence property values. 

Concern over decreased property values is most often expressed by neighboring property owners that are not 
participating in a wind power project.  More specifically, these neighbors are not receiving annual payments for 
land leases or easements and feel that the close proximity of a commercial wind energy project to their property 
will reduce the number of potentially interested buyers, resulting in lower selling prices.  While this belief should 
not be discounted, some potential buyers may enjoy the presence of a renewable energy source and the ‘high 
tech’ appearance of the turbines/  Property owners that are participants in the project have the revenue 
generated from the turbines as an additional factor that can increase the value of their land.  

On a larger scale, tax revenue from commercial wind energy projects is greater than the financial burdens the 
projects place on local services.  Experience has shown that the net increase in funds available to local 
governments and schools has had beneficial impacts.  More income from wind energy projects can allow 
increased local services or decreased the local tax burdens; either of which has a positive influence on the local 
economy.  Over time, improved services or reduced residential tax burdens may have the effect of making the 
community or region more desirable and possibly increasing property values. 

The Renewable Energy Policy Project (REPP) published a study of property values in 200317. REPP evaluated 
residential property values at 10 wind power projects (10 MW and larger) throughout the U.S. built between 
1998 and 2001.  While many more projects were initially evaluated, these 10 projects had a statistically 
significant number of data points for the analysis.  The Madison and Fenner, New York, projects are both 
included in this list of projects.  

Property values in a viewshed radius of five miles were compared with property values in nearby communities.  
In 87 percent of the 30 individual analyses conducted, sale prices increased within the viewshed faster than in 
the comparable areas.  In general, property values rose, but when the property values decreased, the values 
decreased slower in the viewshed than in the comparable community. The results of each case should be 
understood within the context of the correlation between the presence of the wind energy project and property 
values.  In some cases, the correlation was weak, which indicates that any impact the wind turbines may have 
had on the property values was overshadowed by other factors not investigated in the REPP report. 

Another study, conducted in 2006 by the Bard Center for Environmental Policy, examined the impacts on local 
property values of the Fenner wind farm18. The researcher visited each home within five miles of a turbine to 
ascertain to what degree the wind farm was visible.  When the transaction values were examine from home 
sales pre- and post-construction, the study found that property values were unaffected by the 20 turbine wind 
farm installation. 

8.2. Public Health and Safety 
Public health and safety issues associated with wind energy projects are different from other forms of energy 
generation since a combustible fuel source, fuel storage, and generation of toxic or hazardous materials are not 
present.  Wind energy projects do share similar electrical infrastructure requirements with conventional power 
generation facilities such as medium to high-voltage power lines and substation equipment.  Unique concerns 
for wind turbines relate to the configuration of the equipment: blade throws, ice shedding, fire, tower collapses, 
and vandalism.  While most of these are extremely unusual events, public agencies generally address these 

17 
The Effect of Wind Development on Local Property Values (2003).  Renewable Energy Policy Project 

18 
Hoen, B. (2006). Impact of Windmill Visibility on Property Values in Madison County, New York 
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potential occurrences by establishing reasonable setbacks from residences and public corridors based on the 
size of the turbine and blades.  

Noise/Infrasound 

The sound emissions from wind turbines are an often cited concern about wind projects. When in operation, 
wind turbines can emit mechanical (from gearbox or yaw drive) and aerodynamic (blade movement) sound.  
Since the perception of noise is a subjective matter, it is difficult to define objectionable noise. One person may 
regard a wind turbine as noisy and disruptive while another person may not under the same conditions. 

The term infrasound is used to describe low frequency sounds (below 20Hz). In some cases, people have 
attributed health problems to infrasound generated by wind turbines. While wind turbines do produce 
infrasound, it is below the audible threshold and is not believed to have adverse affect on a person’s health19. 

Sound emission studies can be conducted by determining how the sound from the wind farm will propagate to 
surrounding receptors, thereby providing a sound emission constraint in the project design process. The noise 
emitted from wind turbines is discussed in greater detail in Section 10.2: Sound Emissions. 

Shadow Flicker 

Shadow flicker can occur when the blades of the wind turbine cast a rapidly moving shadow on a residence or 
other structure.  The pulsating light effect caused by the frequent movement of the shadows across a window 
can be unpleasant for the occupants.  Shadow flicker is most likely to occur at sunrise or sunset, when shadows 
are cast over the longest distance. 

The occurrence of shadow flicker is easily calculated; computer models can be utilized to determine the 
appropriate setbacks necessary to minimize shadow flicker. When proper planning and migration strategies are 
implemented during the project design process, the occurrence of shadow flicker can be greatly minimized if not 
avoided entirely.  Shadow flicker mitigation strategies are discussed in Section 10.1: Aesthetics and Viewshed 
Analysis. 

Blade Throw 

A turbine blade can break due to improper design, improper manufacturing, improper installation, wind gusts 
that exceed the maximum design load of the turbine structure, impact with cranes or towers, or lightning.  The 
distance a blade piece can be thrown from a turbine depends on its mass, shape, speed at the time it breaks 
from the machine, the orientation of the blade at the time of the throw, and the prevailing wind speed.  

Although a few instances of blade throws were reported during the early years of the wind industry, these 
occurrences are now rare, due in large part to better testing, design, and engineering of commercial wind 
turbines.  In October 2008, a Suzlon wind turbine located near Wyanet, IL suffered a blade failure.  The cracked 
blade fell approximately 100 to 150 ft from the base of the turbine in an adjacent cornfield.  To address the 
blade crack problem, the manufacturer has announced a retrofit program to fix all affected blades. 

Fire 

Wind turbines have rarely caught fire.  Typically, a turbine fire is allowed to burn itself out while staff personnel 
and fire personnel maintain a safety area around the turbine and protect against the potential for spot ground 
fires that might start due to sparks or falling material. Power to the section of the project with the turbine fire is 

19 
Leventhall, G. (2006). Infrasound from wind turbines – Fact, fiction or deception. Canadian Acoustics 
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disconnected to protect the remaining array turbines, the substation, and the power grid itself.  An effective 
method for extinguishing a turbine fire from the ground does not yet exist, and the events do not last long 
enough to warrant aerial attempts to extinguish the fire.  However, since the public typically does not have 
access to the private land on which the turbines are positioned, the public’s well-being should not be at risk. 

Tower Collapse 

Although turbine tower collapses are rare, a few instances of tower collapse have been reported due to various 
circumstances.  The reasons for collapses vary depending on conditions and tower type, but have included blade 
strikes, rotor overspeeding, mechanical brake failure, cyclonic winds, and poor or improper maintenance 
(torque bolts).  In cases where information is available, the majority of the major components (rotor, tower, and 
nacelle) have fallen to within 1 to 2 hub-height distances from the base.  As with turbine fires, members of the 
public do not typically have access to the private lands on which wind farms are located. In March of 2009, a 
wind turbine collapsed at a wind farm in Northern New York State; no one was injured in this incident. The 
manufacturer attributed the collapse to improper wiring during installation which allowed the turbine to over-
speed during high wind speed conditions.  As of May 2009, no known member of the public has been killed or 
injured by a failure of a wind turbine. 

Ice Shedding 

Ice can accumulate on the blades, nacelle, and tower during certain extreme cold-weather conditions.  Many 
times turbines will shut down in icing conditions because the ice accumulation on the blades causes the rotor to 
become unbalanced, resulting in an increase in vibration that prompts the control system to trigger a shutdown.  
Ice formation can also reduce power production, which is sensed by the control system that subsequently halts 
turbine operation.  As the ice melts it will fall to the ground in the vicinity of the turbine.  

During operable wind speeds and when the turbine has not yet been shut down automatically or manually, ice 
can break off the blades and be thrown from the turbine, instead of dropping straight down.  The distance 
traveled by a piece of ice depends on the position of the blade when the ice breaks off, the location of the ice on 
the blade when it breaks off, the rotational rate of the blade when the ice breaks from the blade, the mass of 
the ice, the shape of the ice (e.g., spherical, flat, smooth), and the prevailing wind speed.  

Manufacturers and blade designers continue to research materials and methods that could be employed to 
reduce the possibility of ice accumulation and subsequent throws.  Design features such as the use of black 
blades and the applications of special coatings have been used at some cold-weather sites. The best practices to 
reduce the possibility of ice throws include establishment of setback safety zones around the turbines and 
modifications to the turbine operation during periods of icing, as listed below: 

 Turbine Controls – In addition to accumulating on the blades, icing affects the wind speed and direction 
sensors on the nacelle that provide information to the control system of the turbine.  If the sensors 
become iced up, the control computer may detect no wind speed and/or no change in the wind 
direction and can stop turbine operation automatically.  When ice melts from the sensor, the control 
computer automatically returns the turbine to operation.  Icing on the blades results in reduced 
performance, unusual loads, or vibrations that are detected by the control system and trigger an 
automatic stop.  In these cases, the turbine remains off-line until an operator inspects and manually 
restarts the turbine.  If the turbine is not operating, ice from the blades, nacelle, and tower falls to the 
ground in the immediate vicinity of the machine. 

 Operator Intervention – Project operators can halt operation of certain turbines or the entire project 
during icing events to prevent ice throws and equipment damage.  Provided some wind is available, site 
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operators can manually ‘bump’ the rotor for a few slow rotations to make the blades flex and relieve 
some of the ice build-up.  Under these conditions, the slow rotor speed will again result in ice falling to 
the ground in the immediate vicinity of the machine. 

 Safety Zones – Establishing adequate setback areas from inhabited buildings, roads, and power lines 
significantly reduces the risk of injury or damage in the event of ice throws.  Research into quantifying 
ice throws is limited, which is relative to the limited reporting. The most complete study to date has 
been performed in the UK by C. Morgan, et al.  The study quantified the risk of possible strikes from ice 
throws, in terms of distance from the turbine.  The study does not propose specific setback distances 
but provides information to help establish setbacks that are comparable to other levels of risk. 

Another factor to consider when assessing the risk of ice throws from wind turbines is that the power grid is 
impacted by ice formation and power to the project may be interrupted by the utility due to repair work or 
actual outages.  Turbine operations stop immediately when grid power is lost, thereby reducing ice throw risks.  

The people most at risk from falling ice are the site personnel, as most ice falls from the blades, nacelle, and 
rotor near the base of the tower.  Most project developers have strict rules established for personnel and 
operations during icing events to prevent worker injury and to protect the public. 

Vandalism 

Though not unique to wind turbine installations, the potential for vandalism or trespassing can cause safety 
concerns. Wind turbines may attract more attention than other structures.  Project developers report 
incidences of unauthorized access on their sites ranging from curiosity seekers to bullet holes in blades.  Permits 
may require fencing and postings at project entrances to prevent unauthorized access.  Other requirements 
intended to reduce personal injury and public hazards include locked access to towers and electrical equipment, 
warning signs with postings of 24-hour emergency numbers, and fenced storage yards for equipment and spare 
parts.  Fencing requirements will depend on existing land uses such as grazing.  Some communities have 
established information kiosks along roadsides to channel curious sightseers out of road traffic and into an area 
that is a safe distance from the turbines. 

Working with Local Emergency Response Teams 

Project developers commonly work with local emergency response teams to provide information or training on 
tower rescues and other wind-specific concerns. Falls, injuries from heavy or rotating equipment, and injuries 
from electricity represent examples of the types of events that can occur at a wind energy facility. The height of 
the nacelle as well as the confined working space can provide additional challenges for medical responders.  The 
national Occupational Safety and Health Administration (OSHA) regulations, in addition to state worker safety 
regulations, cover all of the worker safety issues associated with electricity, structural climbing, and other 
hazards present in a wind farm.  

Mitigation through Setbacks 

Many concerns associated with safety, noise, and aesthetics can be addressed by placing distance between the 
wind turbines and people, property lines, roads, and scenic areas.  Although no consensus on appropriate 
distances or types of setbacks exists, several common themes appear in a number of wind energy regulations 
put into place prior to May 2005. 

Most local government requirements include setback specifications for the distance between the wind turbine 
and structures (residences and other buildings), property lines, and roads.  A few agencies have defined setbacks 
from railroads and overhead transmission lines.  The most common way to define a setback distance is in terms 
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of a multiple of the turbine structure height (i.e. 1.5 times the turbine structure height).  Other options are to 
specify a fixed distance or a combination of a fixed distance and a multiple of the turbine height.  When 
specifying the structure height, it is important to define whether the height is the top of the nacelle or the 
highest point reached by the rotor blade (maximum tip height, or MTH).  

With regard to setbacks from structures and residences, some 
Examples  
Wind turbine setbacks from residences  

  Fenner/Stockbridge, NY  1.5 x MTH  

  Martinsburg, NY  1500 ft  

  Contra Costa County, CA  2 x MTH  

  Palm Springs, CA  1200 ft 

permitting agencies differentiate between houses and 
buildings on the property leased for the project, and houses 
and buildings on adjacent parcels.  The implication is that a 
greater distance is appropriate from structures on adjacent 
parcels since those properties have less control over the 
development than the landowner. A waiver of such 
requirements is typically granted if written permission is provided from the neighboring landowner. 

Setbacks from property lines may vary for side and rear lot lines but are generally specified in the same way as 
setbacks from residences.  Setbacks from property 

Examples  
Wind turbine setbacks from property lines  

  Fenner/Stockbridge, NY  1.5 x MTH  

  Martinsburg, NY  300 ft (rear and side lot lines)  

  Contra Costa County, CA  3 x MTH or 500 ft, whichever is  

greater (from all boundaries)  

  Cook County, MN   tower height  

  Wasco County, OR   at least 5 rotor diameters  

lines can pose a challenge for small wind turbines 
since these installations tend to occur on smaller land 
parcels.  To address this issue, some agencies define 
setbacks for commercial wind turbines only.  Small 
turbines are either exempt or evaluated on a case-by
case basis. The community may wish to exempt 
turbines from property line setbacks if the adjacent 
property contains a wind turbine from the same plant, 
or the adjacent property is a participant in the project through a land lease and/or wind easement.  This is an 
important consideration particularly in New York, since turbine layouts and plant infrastructure can result in 
many parcels of land being utilized for one project. 

Setbacks from roads are typically greater for major highways than for local roads. In some cases, scenic setbacks 
have been required from particular state highways, local roadways, and trails in close proximity to designated 
wind development areas. 

When establishing setbacks, the intended effect must be balanced with economic considerations for the project 
and overall permitting objectives.  For example, a setback decision made by a Town Board in Addison, 
Wisconsin, had the effect of reducing the number of proposed turbines by more than two-thirds for a wind 
project in their jurisdiction.  The project developer proposed a setback of 650 ft around each turbine 
(approximately 2.5 x MTH) to address concerns raised about noise, safety and visual impacts. The Town Board 
decided to expand the setback to a minimum of 1000 ft from any residences, road rights-of-way, or property 
boundaries.  The developer had a limited ability to re-position the turbines on the remaining leased property 
while still maintaining an acceptable energy output from the project.  As a result, the number of proposed 
turbine sites was reduced from 28 to approximately 8. Ultimately, the developer elected to suspend the project 
because they were unable to satisfy the setbacks and maintain the project’s economic viability. This example 
demonstrates the importance of establishing setback policies that are consistent with the community’s 
sentiment, even if this could potentially preclude wind development. 

Safety in Design, Construction, and Operation 

Wind turbines and wind power projects often use qualified third-party inspectors to verify grid and system 
safety prior to being energized and during operation.  In the design phase, state and local laws require that 

42 



       

 
 

   
 

  
  

  
   

   
 

  
 

       
  

   
 

  
  

  

 

 
  

  
   

   
    

    
   

      
  

 

 
      

  
 

 

  
      

 
    

Wind Energy Toolkit – Community Impacts 

licensed professional engineers review and stamp the drawings for structural elements (tower, foundation, 
roads, building, etc.) and the electrical collection and interconnection facilities.  Depending on the local 
requirements and permits, building inspectors can inspect the project.  Finally, OSHA has the authority to 
inspect working conditions. 

Wind turbines and wind energy project installations are designed to meet numerous applicable standards.  
Many of these standards are common to a wide range of industrial equipment and electrical and structural 
installations.  All engineered structures and power generating equipment in the United States must meet a 
number of codes and standards as dictated, typically, by the local municipalities and the interconnecting 
utilities.  At the top level of these are the National Building Code and the National Electrical Code.  All, or part, of 
these codes are typically included in municipal permitting regulations.  These codes include standards for 
earthquakes, structural integrity, electrical specifications, and power quality.  Local municipalities may have 
noise, environmental, and safety codes as well. The interconnecting utility may have its own set of design 
requirements that pertain to power factor (leading and lagging), voltage, frequency, dynamic reactive power 
support, etc.  The requirements are often based on applicable Institute of Electrical and Electronic Engineers 
(IEEE) standards. 

Others pertain to wind-turbine-specific design standards, including the International Electrotechnical 
Commission (IEC) standards for design and safety.  These IEC standards are contained in Sections 61400 and can 
be found at http://www.awea.org/standards/iec_stds.html. Some of the areas addressed in the wind-turbine
specific design standards include, but are not limited to, wind regime definitions, load cases, and safety factors.  
The overall certification requirements are codified in individual standards, as are the detailed methodologies for 
testing power performance, acoustic noise emissions, power quality, and blade structure. 

For example, the IEC 61400 group of wind turbine standards includes blade testing guidelines.  Testing to these 
standards is conducted by both independent agents and by the blade and turbine vendors themselves.  The test 
standards include procedures for both fatigue and maximum-strength tests.  The fatigue testing typically 
includes long-duration testing (one to three months) by continuously cycling the load on the blade.  The 
maximum strength test is designed to mimic an extreme load event.  In each case the blade is either proof 
tested to a predetermined load or tested to failure, depending on the goals of the test. Blade tests are carried 
out at the NREL/NWTC facility in Boulder, Colorado, in the U.S., at the Risø National Laboratory in Denmark, the 
Technical University at Delft in the Netherlands, and CRES in Greece or other similar facility. In addition, LM 
Glasfiber in Denmark, a blade manufacturer, maintains its own blade test facilities, as do turbine manufacturers 
such as Vestas. As of May 2009, the United States Federal Government has allocated $25 Million for the 
establishment of a Wind Technology Testing Center in Massachusetts.  The facility is scheduled to be operational 
in 2010. 

Three certifying bodies have established procedures for reviewing manufacturer’s designs and confirming 
compliance with the IEC standards: Underwriters Laboratory, Germanischer Lloyd, and Det Norske Veritas. All 
wind turbines must meet the design and safety requirements in order to be certified by one of these bodies.  
Certification to these standards is a nearly universal requirement for a wind power project to be built or 
financed. 

8.3. Additional Resources 
 The Effect of Wind Development on Local Property Values (2003).  Renewable Energy Policy Project. 

(http://www.repp.org/articles/static/1/binaries/wind_online_final.pdf) 
 Hoen, B. (2006). Impact of Windmill Visibility on Property Values in Madison County, New York 
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 NWCC Siting Subcommittee (1998) Permitting of Wind Energy Facilities: A Handbook. Washington, 
National Wind Coordinating Committee 

 Morgan, C., E.  Bossanyi, et. al. (1998) Assessment of Safety Risks Arising From Wind Turbine Icing.  
BOREAS IV Conference Paper, Finland. 
http://www.renewwisconsin.org/wind/Toolbox
Fact%20Sheets/Assessment%20of%20risk%20due%20to%20ice.pdf 

 Conover, K. Planning Your First Wind Power Project, A Primer for Utilities. Electric Power Research 
Institute, TR-104398. 1994. 

 LM Glasfibre. LM Glasfibre Signs Contract to Supply Blades for 2,400 MW capacity for GE Energy in 
Canada. Press release. March 10, 2005.  

 Northwest Economic Associates. Assessing the Economic Development Impacts of Wind Power, February 
2002. Report to the National Wind Coordinating Committee.  

(www.nationalwind.org) 
 The Effect of Wind Energy Development on State and Local Economies, in Wind Energy Series, N.W.C. 

Council, Editor. 1997, NWCC. 
 Community Wind Financing, A Handbook by the Environmental Law & Policy Center, Charles Kubert, 

Howard Learner, Jill Geiger, Rebecca Stamey-White.  
(www.elpc.org) 

 The Germanischer Lloyd, Det Norske Veritas, and Underwriter’s Laboratory standards are available from 
these entities.  For information about these certifying bodies, see the following web sites: 

o	 http://www.gl-group.com/start.htm 
o	 http://www.dnv.com 
o	 http://www.ul.com 

44 

http://www.renewwisconsin.org/wind/Toolbox-Fact%20Sheets/Assessment%20of%20risk%20due%20to%20ice.pdf
http://www.renewwisconsin.org/wind/Toolbox-Fact%20Sheets/Assessment%20of%20risk%20due%20to%20ice.pdf
http://www.nationalwind.org/
http://www.elpc.org/
http://www.gl-group.com/start.htm
http://www.dnv.com/
http://www.ul.com/


Wind Energy Toolkit  

  

 

 

 

 

 
 

  

 Environmental Impacts
 



        

 
 

   
 

    
 

 

     
 

  
  

    
 

    
   

    
  

   
  

  
    

      
       

       
 

  
       

   
 

 

    
 

      
 

  

                                                           
  

 

Wind Energy Toolkit – Environmental Impacts 

9. Bird and Bats: Impacts and Surveys
 
This section reviews the potential impacts from utility-scale wind energy development on birds and bats, how 
impacts can be studied, and how impacts may be mitigated.  The potential impacts from wind energy 
development were placed in context with potential impacts of other power generating technologies with which 
the reader may be more familiar.   

Heavy construction work, common to development of all power generating facilities, will affect the ecological 
resources in the vicinity of the project both during the construction activities and operation of the project. 
Some of the major concerns include loss or change of habitat for foraging and nesting birds, change in 
vegetative cover types, and death of birds and bats due to collisions with the wind turbine/tower structures. 
Since the potential for bird and bat mortality is a topic that receives significant attention for wind energy 
projects, this section focuses on birds and bats.  Potential impacts to other biotic resources would be evaluated 
within an environmental impact review, as appropriate.  

Town officials and others involved in the permitting process may receive materials from a wide range of 
organizations. As much of the material will be biased pro or con, it is important to review the material for facts 
rather than opinion.  Many of the studies will give insight into what has occurred at operational facilities. Keep 
in mind that while knowing general trends gathered from wind energy projects across the U.S. and the impacts 
from wind energy projects located in similar terrain and ecological areas may be helpful, this knowledge is 
typically not a substitute for knowledge gained from conducting a site-specific environmental assessment. 

9.1. Historical Bird Impacts 
Bird deaths associated with wind turbines have received attention primarily due to the loss of raptors at wind 
farms in the Altamont Pass area in California. From 1983-1986, a large number of turbines with approximately 
1,000 MW of installed capacity were constructed in California, approximately one-third of which were installed 
in Altamont Pass.  The turbines ranged in size from 25 kW to 100 kW and utilized lattice towers that attracted 
roosting birds.  In response to the high number of avian strikes, the wind farms implemented seasonal 
shutdowns, removal/relocation of high risk turbines, as well as other mitigation measures.  Since the 1990s, 
utility-scale projects have been constructed utilizing turbines ranging in size from 500 kW to 3,000 kW, which 
have incorporated design changes, such as the use of tubular towers, to reduce the potential for avian perching 
and collisions.  In addition, the newer turbines are much larger in capacity requiring fewer turbines at a project 
to achieve a desired overall capacity. 

For comparison, Figure 11 presents historic bird mortality rates at several projects across the U.S.20. The 
estimates are based on year long studies and include extrapolation for scavenger and searcher efficiency.  At 
California projects, bird mortality was estimated to be approximately 9 birds per MW per year for all species; 
whereas the average estimated mortality at projects located outside California (and using newer turbine 
technology) was 3.1 birds per MW per year. 

20 
Based on information from Erickson, W. (2005) Wildlife Impact and Risk Assessment Methods for Wind Energy Projects. 

Presented at AWEA Wind Power Conference: Denver. 
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Figure 11 - Estimated Bird Fatalities 

Figure 12 presents raptor specific fatalities at wind energy projects across the U.S.21 Raptor fatalities have 
dropped significantly since the experiences at Altamont Pass, in part due to better siting, pre-construction bird 
studies, and deployment of improved turbine technology.  In addition, the projects with very low-to-no raptor 
mortality have been located in areas with lower raptor populations than at Altamont Pass. 

Figure 12 – Estimated Raptor Fatalities 

Since the Altamont Pass experience, the wind industry, scientists and state and federal agencies have been 
working together to understand the relationship of birds with wind turbines and how to better site turbines 
while still receiving an adequate wind resource.  Lessons learned from that time are being applied to today’s 
proposed projects. 

21 
Based on information from Erickson, W. (2005) Wildlife Impact and Risk Assessment Methods for Wind Energy Projects. 

Presented at AWEA Wind Power Conference: Denver. 
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Bird mortality is not limited to wind turbines.  Studies show that wind turbines, on average, are less harmful 
than more common human structures, as shown in Figure 13. It is not the intent of this graphic to diminish the 
impact wind turbines have on local bird populations; however, it does put the impact in perspective with the 
impact other human activities have on birds. 

Figure 13 - Source of Bird Fatalities per 10,000 Fatalities
22 

Pre- and Historical Bat Impacts 

As wind turbine installations expanded to the eastern states, a new issue developed – the potential for bat 
fatalities associated with wind turbines. Bat deaths are usually assumed to be from collisions; however, new 
evidence suggests that rapid changes in air pressure, known as barotraumas, near the rotating blades may be 
responsible for most bat deaths.  Birds have a more robust respiratory system and are not susceptible to this 
problem. Bats have collided with other man-made structures such as lighthouses, television towers, 
communication towers, large windows, tall buildings, power lines, and barbed-wire fences.  The numbers of bats 
killed from specific incidents at these types of structures appear to be small.  Similar mortality rates were 
experienced with wind turbine projects in the Western and mid-Western States.  However, higher mortality 
rates are being experienced at wind power projects built in the east/mid-Atlantic regions. Although these 
documented kills were at wind power projects associated with long treed ridgelines, the higher rate of bat 
mortality in the east may in part be attributed to other factors. 

The bat mortality information provided in 

Table 4 is a compilation of data from 21 post-construction studies at 19 wind energy facilities in the U.S. and 
Canada. 23 The values are estimated based on the count of carcasses found and corrected for estimated 
scavenger uptake rates and estimated searcher efficiency. Since this is a collection of several independent 
studies, the researcher noted that the bat fatality estimates are conditioned by factors such as study length and 
search interval, and the estimates can potentially be biased by different methodologies used to account for 
search efficiency, scavenger removal, and differences in habitat.  

22 
Erickson, W. et al. (2005) A Summary and Comparison of Bird Mortality from Anthropogenic Causes with an Emphasis on 

Collision 
23 

Arnett, E. (2008) Patterns of Bat Fatalities at Wind Energy Facilities in North America. Journal of Wildlife Management 
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Table 4 – Results of Bat Mortality Studies in the US and Canada from 1996-2006 

Study Area Estimated Fatalities Wind Turbines Reference 

/Turbine /MW Number Capacity 

Canada 

Castle River, AB 0.5 0.8 60 0.66-MW Brown and Hamilton 2002 

McBride Lake, AB 0.5 0.7 144 0.66-MW Brown and Hamilton 2006a 

Summerview, AB 18.5 10.6 39 1.8-MW Brown and Hamilton 2006b 

Eastern United States 

Buffalo Mountain, TN (phase 1) 20.8 31.5 3 0.66-MW Nicholson 2003, Fiedler 2004 

Buffalo Mountain, TN (phase 2) 35.2 53.3 3 0.66-MW Fiedler et al. 2007 

69.6 38.7 15 1.8-MW Fiedler et al. 2007 

Maple Ridge, NY (phase 1) 24.5 14.9 120 1.65-MW Jain et al. 2007 

Meyersdale, PA 23 15.3 20 1.5-MW Kerns et al. 2005 

Mountaineer, WV (2003) 48 32 44 1.5-MW Kerns and Kerlinger 2004 

Mountaineer, WV (2004) 38 25.3 44 1.5-MW Kerns et al. 2005 

Rocky Mountains, USA 

Foote Creek Rim, WY 1.3 2 69 0.66-MW Young et al. 2003 

Pacific Northwest, USA 

High Winds, CA 3.4 1.9 90 1.8-MW Kerlinger et al. 2006 

Klondike, OR 1.2 0.8 16 1.5-MW Johnson et al. 2003b 

Nine Canyon, WA 3.2 2.5 454 0.66-MW Erickson et al. 2003a 

Stateline, OR/WA 1.1 1.7 38 0.66-MW Erickson et al. 2003b 

Vansycle, OR 0.7 1.1 37 1.3-MW Erickson et al. 2000 

Midwestern United States 

Buffalo Ridge, MN (phase 1) 0.1 0.2 73 0.33-MW Johnson et al. 2003a 

Buffalo Ridge, MN (phase 2) 2 2.7 143 0.75-MW Johnson et al. 2003a, 2004 

Buffalo Ridge, MN (phase 3) 2.1 2.7 138 0.75-MW Johnson et al. 2003a, 2004 

Lincoln, WI 4.3 6.5 31 0.66-MW Howe et al. 2002 

Top of Iowa, IA 7.8 8.7 89 0.9-MW Jain 2005 

South-central United States 

Woodward, OK 1.2 0.8 68 1.5-MW Piorkowski 2006 

Adapted from Arnett et al. 2008 

The findings of these studies have identified several patterns associated with the bat fatalities, but researchers 
have not yet been able to definitively attribute the collisions to any one factor. The fatalities were found to be 
skewed towards migratory bats and consistently peak in midsummer through fall. The studies found that the 
fatalities were not concentrated at any one turbine location (they were distributed across the facility), and FAA 
lighting (red strobe lights) did not seem to have any influence on the collisions.  Higher fatality frequencies were 
related to the passage of weather fronts and low wind speed conditions (<6.0m/s). 

The amount of bat fatalities at wind facilities the eastern US are noticeably higher than in the rest of the 
country. The eastern farms are primarily located in deciduous forested ridges. Researchers have speculated 
that the bats may be more attracted to ridge top sites due to the availability of insect prey.24 

24 
Horn, J. (2008) Behavioral Responses of Bats to Operating Wind Turbines. Journal of Wildlife Management 
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Studies have been performed in New York to study the effects that wind turbines have on bat populations. In 
2006, a post-construction avian and bat study was conducted at the Maple Ridge Wind Power Project located in 
Lewis County, New York25. The study consisted of 120 turbines and found a total of 125 avian and 326 bat 
fatalities during the study period, representing 30 and 5 species respectively.  The conclusions from the study 
estimated 5.81 incidents/MW/season for avian fatalities and 14.87 incidents/MW/season for bat fatalities. 

The information in Table 4 indicates the potential variability of bat mortality in different regions and among 
projects in the east.  Therefore, it is important to understand the potential impacts at each specific proposed 
wind energy project location. 

9.2. Pre- and Post-Construction Monitoring 
Environmental assessments of wind energy projects now commonly require pre-construction and post-
construction monitoring of the project area to determine the project’s impact. Surveys include researching the 
biological resources within the project area, migration patterns of birds/bats passing through the project area, 
and the protective status of migratory and nesting/resident species in an area where turbines are being 
considered.  Bird and bat surveys are often conducted during the spring and fall seasons to identify the 
migratory patterns of birds and/or bats as they pass through the project area.  Important bird areas across the 
State have been identified by Audubon New York and digital mapping of these areas has been provided to many 
counties. 

In early 2009, the New York State Department of Environmental Conservation released the Guidelines for 
Conducting Bird and Bat Studies at Commercial Wind Energy Projects in New York State, which was sponsored 
by NYSERDA. The guidelines outline the recommendations proposed by the DEC for commercial wind 
developers, which include characterizing bird and bat populations at site locations, documenting bird and bat 
mortality rates, and identifying other indirect effects. This document will help standardize the processes and 
methodologies used during pre- and post-construction monitoring throughout New York State.  Additionally, it 
will create meaningful data that can be compared across wind farm locations and from differing time periods.  

The following is directly quoted from the guidelines discussed above.  The full text of the guidelines can be 
found at the NYS Department of Environmental Conservation website. 26 

The overall goal of the recommended studies is to determine the potential for a specific wind 
energy project to have an adverse impact on bird and bat resources by characterizing the use of 
the site and surrounding area by bird and bat species under a variety of environmental 
conditions throughout the year, and by estimating the mortality rate of birds and bats due to 
collisions and other effects associated with turbines. The effects of construction and operation on 
habitat and changes in wildlife use of the site will also be studied to determine any displacement 
or loss of species related to project operation. Data collected prior to construction can be 
compared to information collected in a similar manner after construction to determine what 
impact, if any, the project has on migrating and resident breeding and wintering birds and bats/ 
Ultimately, information gained from pre- and post-construction studies will be used to identify 

25 
Jain, A. Annual Report for the Maple Ridge Wind Power Project Post-construction Bird and Bat Fatality Study. 2006. Curry 

and Kerlinger, LLC 
26 

Guideline for Conducting Bird and Bat Studies at Commercial Wind Energy Projects. January 2009. New York State 
Department of Environmental Conservation. 
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mitigative measures that may be used to minimize direct and indirect impacts from project 
operation. 

 Pre-Construction Studies 
o	 The objectives of the pre-construction studies are to determine: 

 To what extent the area of the proposed project is used by migrating, breeding, 
and wintering birds and bats and how the physical and biological features of the 
proposed site may influence such use; and, 

 The expected and potential impact to birds and bats as a result of using the site 
during operation of the project. 

 Post-Construction Studies 
o	 The objectives of the post-construction studies are: 

 To estimate direct impacts of the operating project in terms of mortality rates of 
birds and bats caused by collisions or other effects of the turbines; and, 

 To document any indirect impacts of construction and operation in the form of 
habituation/avoidance behavior of birds and bats in the area. 

 Bird Studies 
o	 Migrating birds, particularly neo-tropical migrants, are sensitive to changes occurring 

across the landscape that alter the amount and quality of habitat available to them 
during migration. Many aspects of the biology, population structure, and ecology of 
these birds are poorly understood. In a general sense, the following is known: 
 Most songbirds and many shorebirds and waterfowl migrate at night, while 

raptors move during the day; 
 The exact spatial and temporal distribution of this migration is affected by 

weather patterns, food availability, and geographic features; 
 Concentrations of species and individual birds vary with the habitat, season, and 

year; 
 Birds are much more physiologically vulnerable during migration than at other 

times of the year; and, 
 The effects of human-caused habitat and landscape alterations are persistent 

over time. 
o	 Study methods for bird surveys include reconnaissance surveys, habitat surveys for 

sensitive/listed species, and radar. The radar surveys provide information on target 
passage rate, flight altitude, and flight direction. Acoustical monitoring of migratory 
birds can also be used to identify some species that vocalize in flight, and provide an 
estimate of flight height for these species. DEC will recommend a combination of some 
or all of these methods based on the specifics of the site, as each provides a different 
type and scope of information about the bird species utilizing the area. 

 Bat Studies 
o	 At this time, the greatest concern is for the Indiana bat (Myotis sodalis), and the species 

that typically migrate--eastern red (Lasiurus borealis), hoary (Lasiurus cinereus), and 
silverhaired bats (Lasionycteris noctivagans). These species are likely to be exposed to 
multiple wind projects across much of their migration routes, and thus face the largest 
potential mortality. Studies in eastern North America and in Canada have shown that 
these three migratory species comprise the majority of turbine-related bat mortalities. 
There is some evidence to suggest that pipistrelles are migratory as well. Migratory bats 
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potentially occupy the landscape from April until the end of October, with the peak of 
movements occurring from mid-April until June, and from mid-July until early October. 

o	 It is not currently known if these bats migrate across a broad front, if they use migratory 
corridors, what the typical flight height is, or if their migration is affected by geographic 
features. If bats are reluctant to cross large bodies of water, then the shores of the Great 
Lakes are more likely to have concentrations of migrating bats at lower altitudes than 
other regions of the state. Methods used to determine passage rates of bats and to 
estimate the likelihood of collisions with turbines include mist netting, radar, thermal 
and/or light amplification imaging and acoustical monitoring. None of these methods 
provides definitive information and all have some drawbacks, although acoustical 
monitoring is the most widely used because of the relatively low cost, low commitment 
of staff time, the ability to distinguish between birds and bats, and the ability to identify 
most individual calls to species or species guild. A limitation of this method, however, is 
that it records only the number of calls detected, and does not give an estimated number 
of individuals of any bat species in the project area. Nevertheless, DEC recommendations 
include acoustical sampling, in conjunction with mist-netting and radio tracking where 
appropriate to gather information on bat presence and movements at a wind energy 
project. 

9.3. Bird and Bat Survey Techniques 
Since most birds and bats in North America migrate at night, nocturnal surveys are conducted to estimate the 
number and kinds of birds and bats migrating.  Survey techniques for nocturnal wildlife studies include radar, 
visual, acoustic/ultrasonic, and mist netting.  Each approach has pros and cons, as outlined in Table 5.  Though 
several techniques are available, the X-band radar appears to be the best method since it allows the numbers of 
bats and/or birds, their flight altitude and direction, and passage rates to be determined.  The significant 
drawback is the inability to identify the target as a bat or bird; therefore, it may be necessary to use this method 
in conjunction with either visual or acoustic methods for species identification.   

When working with wind developers, the NYS DEC has supported the use of raptor and diurnal migration 
surveys, marine radar surveys, breeding bird/resident bird surveys, and acoustical/ultrasonic bird and bat 
surveys. 
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Table 5 – Survey techniques for birds and bats 

Technique/Tool Purpose Pros Cons 

Radar 

X-band Radar / 
Marine Radar 

Document and quantify 
nocturnal bird/bat 
migration – surveillance 
(horizontal) and vertical 
modes 

Portable; detect individual birds or 
bats within ~1 mile radius; flight 
directions and altitudes; passage 
rates; effective in fog; data can be 
displayed in topographic terrain 
models 

Cannot differentiate between 
birds and bats; insects can 
confound data; ineffective in 
rain 

NEXRAD Once weather data is 
filtered out, can quantify 
broad, regional migrations 
of bio-targets (birds, bats & 
insects) 

Landscape view of migration; predict 
major migration nights; potentially 
can identify major stopover habitats 

Low resolution; limited low 
altitude coverage; insects 
confound data 

Visual 

Spotlights 
(Ceilometers) 

Count targets observed, 
estimate overall passage 
rates, direction of flight 

Inexpensive; can differentiate 
between birds and bats 

Small sampling area and range; 
attraction/ repulsion bias 

Moon watching Same as spotlights Excellent during full moon Limited good sampling nights 

Night vision 
optics 

Same as spotlight Goggles effective with spotlights; 
spotlights need red or infrared lens 
to reduce or eliminate attraction 
bias 

Effective to only 100-150 m; 
costly (~$2,500); not effective in 
fog or rain 

Thermal imaging 
devices 

Count the number of bats 
flying in the project site 

No attraction/repulsion bias Similar detectability as night 
vision optics; poor in heavy fog; 
very costly (~$60,000-$100,000) 

Mist Nets Species identification Species ID; determine resident 
species 

Limited to low (~10m) altitudes; 
probably not suitable for 
migratory species 

Recorders 

Acoustic 
recorders (birds) 

Species identification Single microphone: species ID and 
call rates; Microphone array = 
species ID, call rates, and altitudes; 
Detects warbles to ~1000ft, thrushes 
to ~2000ft 

Background noise (e.g. insects) 
can be problematic; unknown 
and variable proportion of birds 
calling; not all bird species calls 
are known. 

Ultrasonic 
recorders / 
echolocation 
detectors (bats) 

Species identification Flexible (e.g. locate at ground or 
altitude); collect data in remote 
locations 

Limited species identification 
(only some of those vocalizing); 
detection limit ~<25m 

Sources: Mabee, Todd. (2004) Nocturnal Wildlife Study Techniques at Wind Power Sites. AWEA Wind Power Project Siting 
Workshop.  Woodlot Alternatives, Inc. (2004) Birds Don͛t Have to be Wind Park ͚Show Stoppers.͛ North American 
Windpower 
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The bird and bat studies at these sites not only serve to estimate abundance and fatalities but also seek to 
answer questions on what specific characteristics seem to promote or deter bird and/or bat fatalities.  With this 
data, better impact avoidance, minimization, and mitigation can occur.27 

For example, some hypothesized that certain lights may attract nocturnal migrants.  After researchers reviewed 
mortality data gathered from several studies conducted at multiple wind projects, the results show no 
difference in bat and nocturnal migrant mortality at lit and unlit turbines. With this information, researchers can 
focus on other questions and potential issues.  As another example, scientists are trying to discover the 
mechanisms bats use to navigate.  Initial hypotheses believed bats used echolocation, like they use to hunt food, 
but some recent research indicates that, at least for one bat species, echolocation may not be used for 
navigation.  While mortality count surveys are regularly conducted, additional research is on-going to determine 
navigation mechanisms, along with migration patterns, and breeding habits of various species.  Researchers 
hope that as studies continue at existing projects and studies start at projects being developed and constructed, 
the larger pool of data will provide the necessary information to answer the on-going questions.  Once these 
types of mechanisms are understood, scientists can study how those mechanisms interact with wind turbines, 
and ultimately, propose appropriate mitigation measures.  

If proposed projects are located in similar type terrain with similar species and/or usage patterns, the data 
collected at wind power projects in New York may be useful for extrapolation to other proposed sites, which will 
give a preliminary understanding of any potential impacts.  However, site specific studies will still be needed for 
each proposed project. 

9.4. Species Listings 
United States Fish and Wildlife Service (USF&WS) maintains a list of all threatened species, endangered species, 
and critical habitats by state in which they occur. As of January 2009, 23 animals and 10 plants found in New 
York are listed as either threatened or endangered by the USF&WS. New York State maintains its own list of 
endangered and threatened species that may contain different species than the USF&WS.  An environmental 
consultant can determine if any of the species listed on either list exist at a proposed development site and the 
extent of the habitat supporting the species. 

The New York State Natural Heritage Program maintains a database on the locations of rare plants, rare animals, 
and significant natural communities found within New York State.  Proposed development sites should be 
screened against the database.  The screening focuses on identifying rare species and significant natural 
communities at or in the vicinity of the proposed project site, and on identifying rare species of birds and bats 
within a larger area around the proposed project site.  The DEC staff can also provide useful insight as to the 
occurrence of listed species or species of concern in a proposed development area.  Local birding groups may 
also provide information on migrant and resident bird species in a local area. 

9.5. Habitat 
Loss of habitat and vegetation can occur during the construction process as a result of increased human 
presence, noise, motion, and alteration of the terrain for roads, buildings, foundations or other site 
infrastructure elements. Although developers generally try to select sites with minimal tree cover, tree removal 

27 
The review hierarchy for environmental assessments is first to avoid potential impacts if possible, then minimize 

potential impacts, then mitigate potential impacts. 
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does occur at some projects for construction needs and access roads. Selective tree removal to improve 
exposure to the wind can also result in a loss of forested habitat. 

Site topography and project layout have the largest impact on loss of habitat issues.  Construction in steep areas 
can produce more disturbances due to the need for more cut and fill excavation work. Loss of habitat can be 
mitigated through re-vegetation actions or through setting aside other sections of land from development.  
Plans for site work should be reviewed to ensure sufficient soil and water quality control measures, similar to 
those required for other construction projects, are in place. For more information on these types of potential 
impacts, see Section 10: Other Environmental Impacts. 

Surveys of habitat and vegetation often focus on the condition of the habitat, if any vegetation listed as 
threatened or endangered exists in the proposed development area, if the area is already fragmented28, and 
what species are thought or known to require that habitat or vegetation for survival (critical habitat). 

9.6. Mitigation Strategies 
Depending on the level and type of impact estimated during the pre-construction monitoring, appropriate 
avoidance, minimization, or mitigation strategies can be developed. Some strategies include the following: 

 Turbine relocation (depending on topography, wind resource, and access to land) or removal from the 
proposed project layout if suitable alternative locations cannot be found.  

 Electrical lines: several methods have been developed at power projects for minimizing the impact to 
birds from electrical wires.  Methods include burying cable when practical and installing bird diverters 
on overhead lines. 

 Minimal lighting at operation and maintenance buildings, substation, and interconnection facilities. 
 Bird diverters: bird diverters are devices used on guy-wires that prevent birds from flying into guy wires, 

which may be present if the project uses a guyed meteorological tower (these are not applicable for 
turbine towers.) 

 Operational alterations during bird and/or bat migration season in an effort to reduce turbine strikes. 

9.7. Additional Resources 
 Guidelines for Conducting Bird and Bat Studies at Commercial Wind Energy Projects.  


(http://www.dec.ny.gov/docs/wildlife_pdf/windguidelines.pdf)
 
 Bat and Wind Energy Cooperative.  The Bat Conservation International has teamed up with government 

agencies, industry organizations, and academic organizations study the interaction of bats with wind 
turbines and help develop siting practices that will minimize bat deaths resulting from collision with 
wind turbines.  
(http://www.batsandwind.org) 

 The California Energy Commission report Effects of Wind Energy Development: An Annotated
 
Bibliography contains a good listing of sources for further review.  


28 
Wind turbines, access roads, transmission lines, and operation and maintenance building(s) occupy a fraction of the land 
that’s leased for the project due to spacing requirements between the turbines for wind exposure purposes/  �y contrast, 
much more contiguous land is occupied by golf courses, housing developments, business centers, or shopping malls.  If an 
area is already fragmented, a wind energy project may help preserve the remaining sensitive areas by including them within 
the project area, but not building on or near those areas. 

55 

http://www.dec.ny.gov/docs/wildlife_pdf/windguidelines.pdf
http://www.batcon.org/wind
http://www.batcon.org/wind


        

 
 

  
  

  
    

 
    

 
  

  
 

  
 

  
 

 
 

    
    
   

   
  

    
   

 
   

 
 

  

Wind Energy Toolkit – Environmental Impacts 

 Erickson, Wallace P. et. al. (2001) Avian Collisions with Wind Turbines:  A Summary of Existing Studies 
and Comparisons to Other Sources of Avian Collision Mortality in the United States. National Wind 
Coordinating Committee resource document. 

 Johnson, G. A Review of Bat Collision Mortality at Wind Farms. Presentation at the 2005 AWEA Wind 
Power Conference. Denver, CO. May 2005. 

 Mabee, Todd. (2004) Nocturnal Wildlife Study Techniques at Wind Power Sites. AWEA Wind Power 
Project Siting Workshop, Oregon. 

 National Wind �oordinating �ouncil’s National !vian-Wind Power Planning Meetings.  This site lists 
several presentations on survey techniques, research questions, and monitoring survey results.  
(http://www.nationalwind.org/publications/default.htm) 

 New York Department of Environmental Conservation. 
(http://www.dec.ny.gov) 

 New York Natural Heritage Program.  To request a screening, submit a letter with a brief description of 
the project and the location, along with a map of the location to New York Heritage Program, 
Information Services, 625 Broadway Albany, NY 12233-4757. 
(http://www.dec.ny.gov/animals/29338.html) 

 United States Fish and Wildlife Service. 
o	 Main website: http://www.fws.gov 
o	 Threatened and Endangered Species: http://www.fws.gov/endangered/wildlife.html#Species 

 New York Field Office’s List. http://nyfo.fws.gov/es/list.htm. 
 Interim Guidelines on Avoiding and Minimizing Wildlife Impacts from Wind Turbines.  These voluntary, 

interim guidelines provide guidance to regional field offices when they participate in evaluating a wind 
energy project.  Projects are evaluated on a case-by-case basis. Each field office has wide flexibility in 
following the suggestions in the guidelines based on the specific merits of each case.  
(http://www.fws.gov/habitatconservation/Service%20Interim%20Guidelines.pdf) 

 Woodlot !lternatives, Inc/ (2004) �irds Don’t Have to be Wind Park ‘Show Stoppers/’ Published in North 
American Windpower, August 2004 
(http://www.woodlotalt.com/publications/NorthAmericanWindpowerArticle2004.pdf) 
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10. Other Environmental Impacts
 
The installation and continued presence of any structure (building, mall, bridge, or power plant) will impact the 
environment, and wind turbines are no different.  Typically, those impacts are evaluated and quantified, 
mitigated when possible, and weighed against the public good when mitigation is not possible. Wind turbines 
are relatively low-impact compared with coal, natural gas, and nuclear power plants—they do not generally 
cause air, water or ground pollution, produce toxic chemicals or radioactive waste, or require mining or drilling 
for fuel—but some potential environmental impacts need to be considered when wind energy projects are sited.  
Generally, developers and lead agencies29 will investigate any areas of concern as part of the State 
Environmental Quality Review (SEQR) process, which requires the lead agency to take a hard look at potential 
environmental impacts. 

This section discusses environmental impacts in the following areas: 

 Aesthetics of the viewshed 
 Sound emissions 
 Cultural and archeological 
 Telecommunications 
 Site Conditions and Construction 

10.1. Aesthetics and Viewshed Analysis 
For many wind energy projects, visual impact is the most significant issue that local communities must address. 
Concerns surrounding wind development should not be underestimated nor dismissed as insignificant.  Many 
people choose to live in rural areas because they enjoy the openness, remoteness and tranquility.  Introducing 
wind turbines to these areas, which frequently enjoy scenic resources, presents a change to the environment 
that people may not enjoy. 

Therefore, it is particularly important that the visual impact assessment conducted for each project accurately 
predict the visual impacts. This impact can be significant because of the height of the turbines, the large area 
occupied by the projects, the location of projects in exposed (hilltop) areas, and the movement of the rotor.  
This impact is subjective, and the degree to which it is an issue is a function of the value placed on the landscape 
and viewshed by the local community. 

Some of the controversy can be mitigated by: good communication and planning ahead (see Section 11: 
Comprehensive Plan); community outreach to educate and involve the community early in the process; 
continued outreach keeping the public involved and informed in every step of the process; and cooperating with 
the wind developer to obtain the most beneficial arrangement for the community, both in terms of financial 
compensation and in details such as turbine location, spacing, and setbacks. 

Typically, developers perform the following steps to quantify the potential visual impact of a project: 

 Determine turbine locations and heights 
 Determine the viewshed 
 Identify key viewpoints 

29 
A lead agency is the government agency responsible for reviewing the potential environmental impacts on a project. The 

lead agency may use resources from other agencies to help conduct the review and evaluation. 
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 Assess existing conditions 
 Document project changes 
 Analyze changes 
 Develop mitigation where needed 

The zone of visual influence, or viewshed, is determined based on the existing environment and land uses. Key 
points within this viewshed are then determined by field inspection and discussions with local officials or 
stakeholders.  These points may include historic monuments or markers, high traffic routes, dwellings in or 
adjacent to the project, schools, sports fields, or business districts.  As a part of the mitigation process, the 
potential changes to the viewshed at these key points are documented through visualization modeling and then 
analyzed.  During the analysis the following types of questions are asked and answered: 

 To what extent is the project or specific turbines visible? 
 When is the project or turbine visible (season or time of day)? 
 Who sees the project or turbines and under what circumstances (season, light conditions, or during 

what activities)? 
 To what extent does the visibility of the project alter the character and quality of the viewshed? 
 What is the relationship of visual impacts to the policies and values in that location? 

Questions like these attempt to quantify what often is a qualitative problem.  For example, the project may be 
visible along a stretch of road, but the impact of that visibility depends on the surrounding environment and 
land uses (e.g., is the road a scenic byway or is the view already dotted with homes, business, or other 
structures). It also depends on the length of time the project is visible (e.g., as the person travels in the car), and 
at what time is the project visible (e.g., only visible on sunny to partly cloudy days but not at night, or the 
turbines are visible all day and the FAA lights at night).  Understanding impacts at this level helps quantify the 
impact on the community and helps developers create a project layout that is both sensitive to these issues and 
optimizes energy production. 

Influences on Visual Impact 

Visual impacts vary from different viewpoints surrounding a project site.  In areas with hilly terrain, the 
surrounding topography can hide turbine views from many locations.  Turbines may also be more visible during 
different types of lighting conditions and during winter seasons when many surrounding trees are bare.  

Turbine spacing can also have an impact on the aesthetics of a wind project.  Spacing between turbines is 
primarily determined to optimize the energy output, but topography can dictate turbine spacing.  Sufficient 
space between turbines is necessary for the turbines to experience the best winds and to reduce turbine-to
turbine turbulence (which could affect long-term turbine life).  The use of larger turbines has improved the 
visual impact of projects because fewer turbines are used and the space between them is greater (for more 
information on land requirements, see Section 13: Land Acquisition).  

The color of the turbines can influence the magnitude of visual impacts.  Most local agencies require that non
reflective, unobtrusive colors be used to paint the tower and blades.  Most wind turbines are painted either a 
light gray or off-white to blend in with the sky when viewed from the ground, yet remain visible to pilots when 
viewed from the air.  

It is important to consider the lighting of wind turbines when evaluating the visual impact. FAA requirements 
could include strobe, red flashing, or steady red lights (for more information of FAA lighting requirements, see 
Section 14: Permitting).  Depending on the lighting requirements, the nighttime visual impact may be greater 
than the daytime impact. 
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Uniformity of color, structure types, and surface finishes can also improve the visual impact.  Local authorities 
sometimes specify uniformity requirements in their permits. 

Visualization Modeling 

Modern visual simulation software can digitally simulate the view of a wind energy project from a variety of 
locations and in different light conditions.  This tool helps communities understand the visual impact and helps 
developers identify areas that might need a mitigation plan.  In New York, it could be valuable to obtain 
proposed turbine location area photos during summer and winter since the vegetation and lighting during these 
two seasons are very different.  In addition, topographic maps can be incorporated into the software to develop 
a map overlay that estimates the number of turbines visible from any location within a region.  Local 
communities can request submittal of visualization maps and simulated project views to help assess the impacts. 

Visualization modeling is a tool for understanding how a turbine or turbines would look to the unaided eye in a 
landscape.  Programs use a digital elevation model to create a contour map and wire frame of the topography of 
the area. Aerial photos and/or topological maps provide the background map.  Photos taken from various 
locations around the viewshed are overlaid on the map to produce the visualization.  To most closely mimic the 
human eye, photos are taken with a 50mm focal length on a 35mm camera or a 50mm equivalent focal length 
with a digital camera.  The location of the camera, height of the camera off the ground, as well as the location of 
identifiable objects in the pictures are taken using a GPS system to ensure a correct fit to the digital (or digitized) 
pictures onto the modeling wire frame.  

Photos are taken from populated spots, such as a shop, residence or school.  Additional photos may be taken 
from locations that have been identified by concerned citizens or project opponents.  To model the maximum 
impact, pictures are taken on a clear day.  The time is recorded so the shading of the turbines and surrounding 
landscapes can be modeled accurately.  

Pictures may also be taken at night, but these light conditions remove our perception of light intensity. 
Therefore, it is very difficult to accurately model FAA beacon lights on the turbine(s) compared to any lights in 
the surrounding viewshed. 

Once the pictures are overlaid onto the wire frame, the turbines can be placed into the model.  The visualization 
programs contain digital pictures of most major manufacturer’s turbines, and the user inputs tower dimensions, 
blade dimensions, nacelle shape, and blade shape, among other parameters to accurately picture the turbine(s) 
planned for the particular site. An example wind farm visual simulation is provided in Figure 14 below. 
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Figure 14 – Wind farm simulation (upper) and photograph (lower). (Source: EDR) 

Several other methods of evaluating the visual impact of a project can be used. For example, a developer may 
float a weather balloon to help assess visibility at the proposed tower height and location. Once the visual 
impact has been quantified, numerous mitigation techniques are available. 

Shadow Flicker 

Visualization models can also calculate the shadow zones or flicker zones around wind turbines during different 
times of the day and during different seasons to calculate the affected areas.  The location of the receptor (such 
as windows in a structure, or a public park) is input and the chance of a shadow being cast or shadow flicker 
occurring from moving blades can be determined.  These calculations provide a worst case analysis since the 
models do not account for the blocking effects of trees and structures, only the topography.  The distances 
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calculated in the models, along with an understanding of any potential blocking effects, can be used in 
determining appropriate setbacks or other mitigation measures. 

10.2. Sound Emission 
Formerly, noise from operating turbines was a very serious problem for the wind energy industry. Some early 
types of turbines, built in the early 1980s, were loud enough to be audible from as much as a mile away.  The 
industry quickly realized that this problem needed to be addressed, and manufacturers began to work on 
making their machines quieter through improved engineering. Today, an operating wind energy project at a 
distance of 750 to 1,000 feet emits sounds at a level comparable to a kitchen refrigerator or a moderately quiet 
room. With appropriate setbacks, wind turbine sound emissions should not affect neighboring residents.  

Measurement 

Sound is typically quantified using the decibel (dBA) scale.  This scale is logarithmic and quantifies sound from 
the entire range of audible frequencies, taking human sensitivities to certain frequencies into account. Error! 
eference source not found. presents a list of common sources of sound, and their relative decibel levels: 

Table 6 - Relative Decibel Levels of Common Sounds 

Source or Activity Indicative Noise Level (dBA) 
Threshold of hearing 
Rural night-time background 
Quiet bedroom 
Wind energy project at 1,150 ft (350 m) 
Car at 40 mph at 328 ft (100 m) 
Busy general office 
Truck at 30 mph at 328 ft (100m) 
Pneumatic drill at 23 ft (7 m) 
Jet aircraft at 820 ft (250 m) 
Threshold of pain 

0 
20-40 
35 
35-45 
55 
60 
65 
95 
105 
140 

Source: The Scottish Office, Environment Department, Planning Advice Note, PAN 45, Annex A: Wind 
Power, A.27. Renewable Energy Technologies, August 1994. Cited in "Noise from Wind Turbines," 
British Wind Energy Association, http://www.bwea.com/ref/noise.html 

The perceived loudness of a sound decreases by the inverse square law; if the distance between a sound source 
and an observer is doubled, the perceived sound is decreased by a factor of four. Furthermore, if two identical 
sources are located at equal distances from an observer (i.e. wind turbines), the noise level (dB) will double.  
However, since humans perceive sound in terms of the logarithm of the sound pressure, the number of sources 
would need to increase by a factor of ten to double the perceived sound level.30 

Source 

The sources of the sounds are either mechanical or aerodynamic.  Mechanical sounds are produced by 
components in the nacelle, while aerodynamic sounds are produced by the flow of air over the blades.  Sound 
emission levels vary by turbine size.  For example, smaller turbines (<30 kW) rotate at much faster speeds than 
large, utility-scale turbines, and thus, tend to emit more sound. The component housing for a small turbine may 

30 
Sound from Turbines, Danish Wind Industry Association 
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not be insulated as well as a nacelle on a larger turbine.  Therefore, sound/noise regulations need to separately 
address small, residential-scale turbines and large, utility-scale turbines. 

Depending on the size and configuration, both upwind and downwind turbines can emit up to four types of 
sounds during operation: tonal, broadband, low frequency, and impulsive. 

 Tonal sounds emanate at discrete frequencies (e.g., meshing gears)31 

 Broadband sounds are characterized by a continuous distribution of sound pressure with frequencies 
over 100 Hz (e.g., whooshing sound) 

 Low frequency sounds range from 20 to 100 Hz 
 Impulsive sounds are short acoustic impulses32 

A fifth type of sound generated by wind turbines is infrasound. The term infrasound is used to describe low 
frequency sounds (below 20Hz).  In some cases, people have attributed health problems to infrasound 
generated by wind turbines.  While wind turbines do produce infrasound, it is below the audible threshold and is 
not believed to have an adverse affect on a person’s health33. There have been several other studies 
investigating wind turbine infrasound generation and possibly associated health risks.  HGC Engineering 
concluded that infrasonic levels created by wind turbines are comparable to the ambient levels created in the 
natural environment by the wind.34 They further conclude that there is no evidence of adverse health effects 
caused by this infrasound. 

Measuring 

Sound is measured as a sound power level or sound pressure level.  Sound power refers to the acoustic power 
emitted by the source while sound pressure is measured by the observer at a location.  A sound level meter 
senses the pressure emulating from the source, and converts this to a decibel reading. There is a difference, 
however, between the sound level and the perceived noise from a wind turbine. The term noise, in this case, 
refers to sound that is perceived as annoying by the observer. So while sound pressure levels can be measured, 
the perception of that sound pressure level cannot.  Thus, determination of the sounds as noise becomes a 
subjective matter that can make control and mitigation of concerns difficult.  Most sound/noise studies that test 
the sound pressure levels produced by turbines are not publicly available, which leaves anecdotal evidence or 
qualitative studies.  Since sound can be described in many different, but equally valid ways, comparing 
anecdotal evidence can be difficult. 

Additionally, many environmental conditions can have a significant effect on the type of sounds emitted from a 
turbine as well as the distance sounds travel from the turbine.  Wind direction, atmospheric conditions, wind 
speed, vegetation cover, topography, and local background sounds all affect the reception of sounds from 
turbines.  Sounds from turbines are typically more perceptible in low to moderate wind conditions since the 
natural background sound of the wind masks turbine sounds in high wind speed conditions. Therefore, most 
public authorities rely on sound calculations instead of sound measurements to assess a project’s potential 
impact.  Calculating potential sound emission from a future wind farm is an important step in assessing the 
project’s environmental impact and acquiring required permits and permissions/ 

31 
Large-scale wind turbines are designed with the rotor (blades and hub) upwind of the tower (upwind).  The majority of 

small-scale turbines also utilize an upwind design. 
32 

Rogers, Anthony A. et. al. Wind Turbine Noise Issues. Renewable Energy Research Laboratory, Center for Energy 
Efficiency and Renewable Energy, Department of Mechanical and Industrial Engineering, University of Massachusetts at 
Amherst. June 2002, amended March 2004. 
33 

Leventhall, G. (2006). Infrasound from wind turbines – Fact, fiction or deception. Canadian Acoustics 
34 

HGC Engineering (2006), Wind Turbines and Infrasound. Prepared for CanWEA. 
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Wind Energy Toolkit – Environmental Impacts 

Most turbine manufacturers provide turbine sound data, determined in accordance with IEC international 
standards. These standards are referenced to an 8 m/s wind speed at 10 meters above the ground.  The 
measurements are usually taken at ground level using a microphone and then normalized to IEC standards. The 
levels given by wind turbine manufacturers allow a direct comparison between turbines and facilitate sound 
studies. 

Assessing and Mitigating 

Aerodynamic sound from turbines has been reduced in 
recent years by changing the thickness of the blades’ 
trailing edges and by making the blades face upwind 
rather than downwind. On downwind designs, when 
the wind hits the tower before the blades, the tower’s 
shadow can cause a thumping sound each time a blade 
passes behind the tower; on upwind designs, the wind 
hits the blades first, then the tower, minimizing noise. 
Improved insulation has reduced the sound emitted by 
mechanical components, such as the gearbox. 

Strategies for assessing or mitigating sound from wind 
farms usually consider the different tonal frequency of 
the sounds emanating from wind turbines, not just 
overall decibel level. Therefore, background sounds 
must be considered.  Most local requirements use some 
form of exceedance over measured background levels 
as a threshold. The exceedance level can vary from 5 to 
8 decibels.  

Distance is the most effective mitigating measure for 
addressing sound from wind turbines; thus, utilizing 
setbacks that specify a certain sound level at a certain 
distance from the turbine is an effective mitigation 
option. 

Examples of  Sound  Regulations:  

Town of Fenner, Madison County 

 Sound from individual turbines  shall not exceed 50 

dBA as  measured at the boundaries of all the  

closest parcels  that are owned by non-site  owners  

and abut the site parcels (includes background 

sounds)  

Ontario, Canada  

 Setbacks are  instituted to prevent sound from  

exceeding 40 dBA at the  receptor  

 The  applicable setback  increases with the number 

of turbines  and the   sound level rating  

Riverside County, California  

 50 to 55  dBA depending  on the  size of the project 

and the location  

 Certain conditions may trigger an acoustic study  

 Low frequency  noise  (between 5 to 100  Hz) is  

limited to 67 to 75  dBA  

Sound emission modeling software programs may be utilized to simulate the built wind farm and potential 
sound emissions.  These models may take the type of turbine, turbine layout, and site characteristics into 
account to help estimate the project’s potential impact. These models may also be useful in determining the 
impact a project will have on multiple towns and communities in the vicinity of the project. 

As part of a State Environmental Quality Review, all relevant environmental issues must be assessed, including 
the potential sound emission impacts.  During an environmental review, site characteristics that may be 
analyzed include, but are not limited to, the following35: 

 Evaluation of sound characteristics
 
- Ambient noise level
 
- Future noise level
 
- Increase in sound pressure level
 
- Sharp and startling noise
 

35 
Assessing and Mitigating Noise Impacts, New York State Department of Environmental Conservation (2001) 
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Wind Energy Toolkit – Environmental Impacts 

- Frequency and tone
 
- Percentile of sound levels
 

 Receptor locations
 
- Property lines
 
- Homes and businesses
 

 Thresholds for significant sound pressure level increase
 
- 0-3 dBA increase should have no effect on receptors
 
- 3-6 dBA has potential for adverse impacts when sensitive receptors are present
 
- 6-10 dBA may require a closer analysis, including land use and receptors
 
- >10 dBA deserves consideration of avoidance or mitigation
 

10.3. Cultural and Archeological 
Historic, cultural, and archeological surveys are typically conducted as part of the environmental assessment for 
a proposed project.  Because wind projects include vegetation clearance, disturbance of ground surface, 
excavation below the ground surface, and aesthetic impacts, they have the potential to affect archaeological 
and historic resources that may be present in the area.  Negatively impacting a historic site does not necessarily 
automatically halt a project; instead mitigation or offset measures may be created and reviewed before 
determining whether a project goes forward. 

Federal and New York State preservation legislation includes the following: 

 National Historic Preservation Act 1966, Section 106.  If a project uses federal funds or requires federal 
approval or permitting, then the involved federal agencies consult with the State Historic Preservation 
Office (SHPO), which is housed within the state Office of Parks, Recreation and Historic Preservation, 
regarding efforts to identify and manage historic and cultural resources within the area of potential 
impact. Sometimes the recipient of federal funds will be required to consult with the SHPO on behalf of 
the federal agency, although this does not remove the federal agency from ultimate Section 106 
compliance responsibility. 

 New York State Historic Preservation Act of 1980, Section 14.09.  State agencies are required to consult 
with the state Office of Parks, Recreation and Historic Preservation for undertakings that could impact 
historical and archeological resources that are listed or eligible for listing on the state Register of Historic 
Places. Undertakings by a state agency include funding, approval, and/or physical activity conducted by 
the state agency. 

 State Environmental Quality Review Act (SEQR), Article 8. This establishes a set of uniform procedures 
by which all state, county, and local governmental agencies incorporate consideration of environmental 
impacts into their planning, review, and decision-making processes.  Historic and archeological 
resources are components of the environment and must be assessed during the SEQR process. 

Cultural and Archeological Surveys 

Archeological surveys, which contain cultural surveys, are often needed when a project involves ground 
disturbance in areas that are known to contain archeological sites or have conditions favorable to finding such 
sites.  Many wind energy project developers conduct cultural, historic, and archeological resource surveys as 
part of their environmental assessment. Surveys in New York are conducted in accordance with the federal and 
state legislation listed above.  If historic or archeological resources are found in the survey area, mitigation plans 
will be developed to preserve those areas. 
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Wind Energy Toolkit – Environmental Impacts 

The New York State Museum hosts a Cultural Resource Survey Program, which assists state agencies with 
cultural and archeological surveys/  Their website contains a link to the New York !rcheological �ouncil’s �ultural 
Resource Standards Handbook: Guidance for Understanding and Applying the New York State Standards for 
Cultural Resource Investigations (2000).  The handbook assists non-archeologists in understanding the 
professional standards for cultural resource investigations.  

The SHPO does not maintain a list of archeological consultants, but has developed guidelines to help select a 
consultant to do the survey. 

10.4. Telecommunications 
Several companies have studied how construction of wind turbines and other structures impact various modes 
of telecommunication.  The modes include the following: 

 Microwave communications, point-to-point 
 Off-air television reception 
 RADAR 
 Land Mobile Radio (LMR) 
 Cellular and PCS telephones 
 AM radio coverage 
 Amateur radio operations 

The potential impacts on these devices can be studied during development of a project and mitigated, when 
necessary. 

Microwave 

Interference of microwaves can be predicted by using a database of microwave licensing and calculating Fresnel 
zone blockage.  Microwaves are transmitted via line-of-sight; if a structure is placed in the line-of-sight, 
interference occurs.  Therefore, it is relatively straightforward to calculate potential interference by turbines at a 
project based on the Fresnel zones of microwave paths in the area, the turbine dimensions, and the turbine 
locations.  Conducting this analysis in the development stage allows for mitigation measures such as turbine 
relocation or relocation/re-engineering of the microwave facility. 

Over-the-Air Television 

The probable interference of over-the-air television signals can be determined using a database of TV stations 
within a 100 mile radius of the project, the position of the TV station antennas relative to the wind energy 
project and communities or clusters of homes near the project, and the signal attenuation and multipath. If 
reception could be a problem, a developer may offer to provide alternative service preemptively or may conduct 
a pre-construction baseline study and post-construction follow-up study to determine if any of the structures 
are causing interference, and to what level. Depending on the level of interference, if any, the developer may 
offer alternative services such as cable or wireless service. 

One pre- and post-construction study determined that signal noise could be generated at low VHF channels 
within 0.5 miles of the turbines studied.  The flicker seen correlated to propeller motion and was more 
noticeable in older TV sets, and ghosting could be produced due to multipath reflection off of the turbines. 
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Potential Impacts on Other Technologies 

RADAR signal blockage could occur in the sector of the wind turbines. A reduction in target detection capability 
and degradation of range and target tracking can occur, as well as potential false positives. 

Wind facilities have minor effects on LMR, cellular, and PCS systems. Since effects are so minor, turbines and 
utility towers can serve dual purposes by hosting repeater antennas for LMR and base station antennas for 
cellular and PCS. 

Wind turbine towers will alter AM radio coverage by affecting the emitting AM antenna pattern.  The 
recommended separation is >1 km for omni-directional antennas and >3 km for directional antennas.  Wind 
turbines only affect amateur radio operations when the turbines are in close proximity to the antenna, <1,000 ft.  

10.5. Site Condition and Construction Impacts 
When one thinks of a wind farm project, one immediately thinks of the environmental benefits of a green 
energy project. However, like any other major construction effort, building a wind farm moves a lot of dirt, 
which in and of itself could have a negative environmental impact when not managed properly. Construction of 
a wind farm involves a lot more than erecting turbines. Such a project will include a number of components: 

 Construction trailer, lay-down yard, and equipment staging; 
 Access roads to the turbines (temporary access may be wider than the permanent road that remains 

after construction); 
 Public road improvements (allowing local roads to accommodate heavy construction equipment); 
 Wind turbines (foundations, towers, and turbines, plus a temporary construction staging area); 
 Interconnection between turbines (temporary clearing prior to the installation of, typically buried, 

electrical collection system lines); 
 Disposal areas for cleared vegetation, rock, and excess subsoil; 
 Substation; 
 Transmission line and associated access; 
 Permanent operations and maintenance facilities. In order to ensure that construction is undertaken 

responsibly, project proponents have created very successful environmental construction compliance 
programs that meet federal, state and local environmental permit requirements. 

Some of the most common construction related concerns are listed below. An environmental construction 
compliance program should address all of these concerns. 

 Are all construction activities properly approved by the appropriate agencies prior to the start of 

construction?
 

 Are construction activities and access occurring only in approved areas and along approved routes? 
 Has the work area been properly defined, staked, and/or fenced prior to construction? 
 Is regular notice of road closures or other traffic inconveniences being adequately communicated to 

police and emergency services, local residents, and others? 
 Have all underground utilities been identified prior to ground disturbing activities? 
 Are agricultural protection measures being appropriately implemented? 
 Have wetland resources been properly staked prior to construction? Do construction crews know to 

avoid access through or disposal of debris in wetlands? 
 Have sediment and erosion control measures been installed? Are they properly maintained, especially 

after storm events? 
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Wind Energy Toolkit – Environmental Impacts 

 If there is to be blasting on site, have all appropriate landowner notifications been made? 
 Is dust being properly controlled? 

An environmental construction compliance program typically consists of several components, which have 
successfully enabled projects to be built in compliance with environmental and land use permits: 

 Planning -- Prior to the start of construction, the project proponent should thoroughly read its 
environmental permits and extract all environmental requirements that would apply during 
construction. These requirements should be compiled into a construction environmental management 
implementation tool. This tool often includes: Roles and Responsibilities, Project Contact List, 
Preconstruction Coordination, Construction Operations, Post Construction Activities, Safety, Human and 
Industrial Sanitation, Environmental Compliance Program (including monitoring criteria, compliance 
approach, compliance levels, training, communication, reporting, corrective action, variance process), 
and Appendices including copies of documents that must be at the project site (e.g. permits, 
authorizations, plans, and any other documents that create or describe environmental requirements for 
construction and restoration). 

 Training -- Before construction begins, project proponents typically require that all contractors and 
subcontractors attend an environmental training program during which the environmental construction 
compliance program is explained in detail. In addition, throughout construction, before new crews work 
at a project site, they must receive Environmental Training. If compliance issues arise during 
construction, retraining in certain aspects of the plan occurs. 

 Preconstruction Coordination -- Project proponents often hire Environmental Inspectors to assist the 
construction team with environmental compliance. Prior to the start of construction at any given site 
the Environmental Inspector, Contractor and any Subcontractors conduct a site walkover of areas to be 
affected by construction activities. During the walkover, this group identifies landowner restrictions, 
sensitive resources (biological, geological, and cultural), limits of clearing, proposed stream crossings, 
location of drainage features, and layout of sediment and erosion control features. Specific construction 
procedures are determined. Landowners and agencies are consulted or included, as needed. A pre-
construction checklist is typically completed during the walkover so that nothing is missed. In addition, 
wetland and any other sensitive resource features are flagged in the field prior to construction. The 
limits of work areas, especially in agricultural areas, are defined prior to construction. 

 Inspection During Construction Operations -- If an Environmental Inspector is retained, the 
Environmental Inspector typically visits each construction work site at least once per day and is present 
during construction at environmentally sensitive areas. Environmental Inspectors have a significant role 
to play in suggesting methods to bring construction activity into compliance and can temporarily halt 
certain activities that may cause damage to sensitive environmental resources. Environmental 
Inspectors keep a log of all of the project sites they visit and record whether the construction activities 
they observed were in compliance. Environmental Inspectors meet with construction management 
every morning in order to be kept abreast of all construction issues. Environmental Inspectors conduct 
training on various aspects of the environmental compliance program as new crews come to the project 
site or as refresher training becomes necessary. Regulatory agencies sometimes employ Environmental 
Monitors to keep an eye on compliance activities, too. 

 Weekly Reporting and Agency Audits/Inspections -- Depending upon reporting requirements associated 
with the permits, the Environmental Inspectors' daily logs are converted into weekly, monthly, or 
quarterly reports for the federal, state, and local agencies that monitor compliance on this project. 
Some regulatory agencies conduct a regular weekly, monthly, or quarterly compliance audit at project 
sites. In addition, compliance tours can be periodically arranged for local, state, and federal officials. 
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 Restoration -- The Environmental Inspectors or other project proponent designees will create an 
environmental punch list based upon the restoration requirements in the permits. As construction 
activities wind down, the Environmental Inspectors will conduct a restoration walk over with the 
construction contractors to ensure that restoration activities occur as required. Permits and bond-
release provisions often require project proponents to conduct a multi-year post construction 
monitoring program of restoration efforts. 

Agricultural Impacts 

Generally, wind energy projects are compatible with agricultural land uses and may help farmers who lease land 
to wind developers preserve their farms by providing them a supplemental income. Because wind turbines 
physically occupy only a small fraction of the land, most of the leased land remains available for planting and 
grazing. However, impacts to the agricultural resources can occur as the result of wind projects.  

Two types of agricultural impacts can result from the construction of wind energy projects on agricultural land.  
One is the permanent loss of productive land as a result of the installation of the access roads and turbine 
towers, as well as the facilities needed for the interconnection between the wind energy project and an existing 
electric transmission line.  The other is the damage to soil resources and a loss of crops in areas disturbed during 
construction.  Both of these impacts can be minimized with proper planning and communication.  

The proper siting of access roads and towers can significantly reduce the amount of land permanently lost from 
production as a result of this type of project.  Constructing a permanent access road through the center of the 
field can reduce the efficiency of the farm tillage and harvest operations by significantly altering cropping 
patterns.  Disruption to center-pivoting irrigation systems should be avoided whenever possible. Generally, 
locating the roads and tower sites along the edge of fields results in the least amount of productive land being 
lost.  

Loss of productive farmland can occur at the point of connection between the wind energy project and the 
electric transmission line. Good communication is needed between the state Department of Agriculture and 
Markets (DAM), the project sponsor, the landowner, and the utility company concerning the transmission line 
interconnection.  All parties need to fully understand the type and location of all facilities required for the 
interconnection. It should be noted that, although rare, it is possible to increase productive farmland in some 
areas, such as western New York, where access roads for turbines can allow access to fields that were previously 
inaccessible by farming equipment. 

Another concern is the potential for permanent damage to the soil in areas disturbed during construction.  Since 
the depth of the topsoil layer is generally quite shallow in New York, it is critical to protect this layer in order to 
achieve maximum crop production.  Topsoil should be stripped from any areas disturbed by construction, 
including along access roads, around tower sites, and any other areas where excavation is necessary, and 
stockpiled.  Following construction, the topsoil must be graded to the original depth. It is important for the 
project sponsor to negotiate adequate work space with the landowner in order to allow for proper protection of 
the topsoil resource.  When properly coordinated, farmers can successfully plant crops in close proximity to 
access roads and towers. 

Projects of this nature may cause compaction to the topsoil and subsoil layers.  If not properly mitigated, the 
compaction can reduce crop production for a number of years.  Deep soil tillage in agricultural areas is 
recommended during restoration.  On average, approximately 1 acre/MW is disturbed during construction.  Of 
that amount, about half is used permanently by the project during operation and less than a tenth is compacted 
and leveled for the crane pad.  The remaining amount is used for staging, temporary placement of the rotor and 
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tower sections, and the assembly work area.  These are light duty areas that may require some leveling, but no 
compaction. 

Many of the soils in the areas where wind energy projects have been constructed or are proposed are shallow to 
bedrock and/or have a high concentration of rock in the subsoil.  Extensive excavation in these types of soils can 
result in a higher than normal concentration of rock in the upper subsoil and topsoil layer.  If not properly 
removed or used as appropriate for other project needs (e.g. foundation backfill, access road cover), this rock 
concentration can create difficulties for the farm operator. 

Changes in the natural surface and subsurface drainage patterns have been observed at existing wind energy 
projects.  These changes can occur as a result of the construction of the access roads, as well as from other 
excavation.  Drainage impacts need to be considered during the planning and construction phases and need to 
be properly mitigated during the restoration phase. 

Proper implementation of the D!M͛s Guidelines for !gricultural Mitigation for Windpower Projects will help to 
minimize the impacts to the agricultural resources.  

Traffic and Road Conditions 

The construction phase of a wind project results in a short-term increase in the number and size of tractor 
trailers present on rural roadways.  For example, during construction each turbine may require 10 to 20 
concrete trucks to provide sufficient material for the foundation, depending on the type of foundation.  
Transportation of the tower sections, nacelles, and blades will require multiple deliveries using specialized 
transport vehicles.  Large-capacity conventional crawler cranes required for turbine assembly are transported to 
the site in pieces by as many as 60 tractor-trailers.  Other tractor-trailers are required to deliver supplies, tools, 
and materials for construction. 

The increased truck traffic combined with the increased loading on the roads is a concern for transportation 
departments responsible for road maintenance and repair. Wind energy project developers recognize that the 
increased traffic may cause damage to roadways and usually include provisions for the turbine supplier and 
associated contractors to be responsible for any road repairs that may be necessary upon construction 
completion. 

Town governments, in conjunction with the project developer, should document local road conditions in the 
vicinity of the project prior to construction.  Project approval should stipulate that the developer restore any 
road damage to the documented pre-construction conditions.  

Sometimes roads must be reinforced or widened to accommodate the trailers and trucks that deliver 
components.  These changes are permanent.  While some residents welcome the upgrades, others may object, 
fearing an increase in traffic or traffic speeds after construction is completed. 

During and after construction, local roads may experience increased traffic due to local residents or tourists 
observing project progress and turbine operation.  Residents on small rural roads may object to the unexpected 
increase in people visiting their area.  Others may seize the opportunity to create small businesses selling tours 
or souvenirs.  As the novelty of the project decreases over time, traffic concerns will decrease. Installation of 
roadside information kiosks can help channel tourist traffic to an area or areas acceptable to local residents. 

Soil Erosion 

Road, building, and foundation construction are the principal wind-project construction activities that can cause 
erosion concerns. The potential for soil erosion at a wind project is examined during the SEQR process.  For 
almost all types of project development, local agencies have established sediment and soil erosion requirements 
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that take into account local conditions.  Selection of erosion and sediment control measures is guided by the 
local soil conditions, weather environment, project needs, and local or state regulations. 

Most local agencies require developers to submit grading, erosion, and/or sedimentation plans prior to issuance 
of building permits.  Approaches to minimize or prevent soil erosion for wind energy projects are very similar to 
requirements for other forms of construction.  The following lists the types of prevention and mitigation 
measures typically employed during construction of a wind energy project. 

 Use natural terrain features as much as possible to minimize the amount of grading required.  
 Limit the amount of time that disturbed soil is exposed. 
 Keep existing vegetation in place and undisturbed to the extent possible. 
 If local conditions warrant, minimize soil transport by employing sediment ponds, hay bales, silt fences, 

or other measures. 
 Prohibit vehicle travel off of access roads.  

Stormwater Runoff 

Stormwater runoff during construction can be a potentially significant issue, and both the State government and 
local governments have codes for addressing this issue.  During heavy construction, as soils are disturbed, 
stormwater runoff may carry away sediment and pollutants from any spills or drips.  Stormwater runoff from 
concrete work areas is a concern due to elevated acidic content.  Stormwater pollution prevention plans are 
filed with the DEC for approval. 

Wetlands and Stream Crossings 

During the SEQR process, it will be determined if a part of the project (e.g., access road, transmission line, or 
turbine) is located in a wetland or crosses a stream.  Projects that fall in this category require the developer to 
apply for wetland and stream crossing permits.  Depending on the type of wetland, the agency issuing the 
permit varies.  The DEC issues permits related to tidal wetlands.  These areas, according to the DEC, occur along 
the salt water shoreline, bays, inlets, canals, and estuaries of Long Island, New York City, and Westchester 
County, as well as along the Hudson River in Westchester and Rockland Counties upstream of the salt line.  The 
DEC maintains a Tidal Wetlands Permit Program on their website.  The DEC maintains a Freshwater Wetlands 
Permit Program on their website.  According to this site the following agencies are involved in protecting 
freshwater wetland resources and one or more can be involved in issuing freshwater wetland permits: 

 US Army Corps of Engineers 
 NYS Department of State 
 NYS Office of General Services 
 Adirondack Park Agency 
 Local governments 

These permits will define the allowed work in a particular location, as well as any required mitigation measures.  
Wetlands are typically identified early in the project development process and developers make significant 
efforts to avoid disturbing these areas.  Wetland concerns are most likely to arise during the construction 
process when activity at the project site is greatest. Long term operations are not likely to encounter wetland 
concerns since permanent project features would not be placed in wetland areas. 

Solid and Hazardous Waste 

As a part of the SEQR, any solid or hazardous waste from construction or operation of the wind energy project 
must be addressed. Waste from wind energy projects primarily consists of general solid waste associated with 
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the shop office, packaging material from equipment and supply shipments, spent lubricants, and small 
components that have failed, but also includes hazardous wastes such as solvents used for cleaning turbine 
parts.  Project operations and maintenance (O&M) buildings have conditions typically found within automobile 
or boat repair facilities.  Leaks of hydraulic fluids or lubrication oils from components within the nacelles or shop 
handling of lubricants represent the most common places for accidental releases of hazardous material into the 
environment.  All projects are required to handle and store lubricants in accordance with local, state, and 
federal requirements.  When minor equipment leaks are identified, project operators investigate the reason for 
the condition and implement corrective actions with the turbine manufacturer. Releases are almost always 
contained within the nacelle and/or tower.  Failures in the hydraulic blade pitch systems located in the hub can 
result in the release of oil along the outside of the tower, which poses an environmental risk and results in 
immediate attention.  Manufacturers are more frequently using electric motors for blade control, which is 
eliminating this potential release pathway.  Depending on the fluid types used, the DEC may require a project to 
have a hazardous material handling plan. 

The use of hazardous materials is typically minimal during the operation of a wind energy facility, which makes 
complying with solid and hazardous waste permit requirements relatively straightforward.  Solid waste is 
typically managed through a solid waste removal service contract.  Lubricant suppliers have established 
programs for collecting waste lubricants and oils generated during routine maintenance activities, such as 
gearbox or hydraulic station oil changes, and large components that are replaced can be returned to the 
manufacturer for refurbishment. These programs allow developers to comply with requirements and maintain 
the health of the environment. 

Repowering 

Repowering wind energy projects refers to the replacement of old and typically smaller wind turbines with new 
equipment.  As the turbines approach the end of their design life (typically 20 years) or if a significant 
improvement in technology occurs, a project owner may assess the costs associated with repowering a site. 
Although this type of activity is not expected to occur in New York in the near term, government authorities 
should recognize the potential for repowering and address any concerns in their permits. 

Decommissioning 

Decommissioning involves the removal of all evidence of a wind energy project after it has reached the end of its 
design life.  Depending on permit requirements and terms of the land lease agreements, the project owner may 
be required to restore the land to original site conditions.  While the State of New York does not have 
decommissioning requirements for wind energy projects, local governments can include such requirements in 
their zoning or site plan laws.  

Figure 15 presents examples of the types of requirements others have developed or proposed regarding 
decommissioning.  This information may be useful in determining how best to handle decommissioning in the 
town or village. 

71 



        

 
 

 
    

 
 

  
  

  
  

  
 

 
 

 
  

   
 

   
  

 
 

  
    

  
  

Wind Energy Toolkit – Environmental Impacts 

State of Minnesota  Siting  Permit Application Requirement  
Decommissioning and Restoration.  

The  applicant shall  include the following information regarding decommissioning of the project and restoring the  

site:  

 The  anticipated life  of the project;  

 The  estimated decommissioning costs in current dollars;  

 The  method and schedule for updating the costs  of decommissioning and restoration;  

 The  method of ensuring that funds will be  available  for decommissioning and restoration; and  

 The  anticipated manner in which the project will be decommissioned and the site restored.  

or a 53 MW Wind Plant  

Developer proposed to remove all project items to a depth of 36 inches  

 20-year project life  

 $1 million is budgeted for decommissioning  

 Decommissioning funds will be  set aside in an independent management account  

 Independent account management will  report status  of available funds to the project annually  

Figure 15 - Sample Decommissioning Requirements 

Local agencies have attempted to address decommissioning concerns in several ways.  Some agencies have 
required that turbines be removed from the site if they are not operational for a specified period of time (i.e., 
multiple years).  Others require the permittee to maintain a fund for removal or post a bond.  The most common 
approach is to require the submission of a decommissioning plan. In the worst-case scenario, salvage value for 
the scrap metal may be sufficient to cover the dismantling costs/  !ccording to the NYS DOS �ounsel’s office, 
municipalities may not require a removal bond as part of a land use approval. They suggest including a removal 
clause for non-operation for a specified time in a local zoning law.  Non-removal would then become a zoning 
enforcement matter. 

A key consideration in decommissioning requirements is determining the need for complete removal of the 
turbine foundations. While typically extending 3-5 feet below ground surface for slab type foundations, they 
can, depending upon the design and soil conditions, extend as much as 30 feet below ground surface.  A 
common decommissioning standard is removal of all below-ground project elements to a depth of 36 inches. 
This is considered to be adequate for agriculture or future construction.  Disconnected cables buried 36 inches 
or deeper can sometimes remain in place if their presence does not adversely impact land use and they do not 
pose a safety hazard. 

Site restoration is generally a component handled within the land lease agreement between the developer and 
landowner. Local governments may want to establish some minimum requirements that provide a consistent 
standard for landowners within a common topographical area that is compatible with other land uses in that 
area. 

10.6. Construction Impact Examples 
The construction of a wind farm can have an adverse impact on the agricultural resources of the surrounding 
area. The Department of Agriculture and Markets has observed the construction of wind farms in New York and 
has identified several impacts to agricultural resources that can occur as the result of such projects. They have 
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provided information regarding the agricultural impacts during and after construction to landowners who are 
considering participating in future wind farm projects. 

The amount of land disturbed during construction depends on the size and number of turbines, existing 
infrastructure (e.g., roads and transmission), and topography.  Temporary construction disturbance averages 1 
acre/MW to accommodate a construction lay-down area at each turbine location, access roads, underground 
transmission line, substation, and construction vehicle parking.  Permanent disturbance averages 0.5 acres/MW.  
It is recommended that the landowner be involved in the siting process to minimize interference with farming 
operations.  

The following is a summary of general guidelines that should be considered during wind farm siting and 
construction to minimize agricultural impacts: 

 Access roads should be built along fence lines or other natural boundaries to minimize the disturbance 
to fields and cropping patterns. 

 The agricultural topsoil should be stripped from the area adjacent to access roads to prevent damage 
from vehicle traffic and parking, and replaced after construction. 

 When the soil is disturbed, the topsoil should be carefully separated from the subsoil below.  This will 
help to facilitate a successful restoration of the project area. 

Examples of impacts that wind farm construction can have on agricultural land are provided below, as well as a 
discussion of the appropriate actions to help mitigate the impact. 

Note: All photographs in this section were provided by Matthew Brower of the NYS Department of Agriculture and Markets 

Figure 16 - Photograph of an access road to a wind farm 

Figure 16 offers an example of an access road that was installed along a tree line at the edge of a farm field.  The 
practice of constructing access roads along fence lines or natural boundaries helps to minimize the disturbance 
to the field and the farmer’s cropping pattern/ 
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Figure 17 - Photograph of a trench dug for a collection system 

Trenches similar to the one shown in Figure 17 are dug out for the wind farm’s underground electrical collection 
and communication systems.  To protect the integrity of the agricultural topsoil and to ensure the success of the 
restoration process, the topsoil needs to be carefully separated from the subsoil when the trenches are dug.  On 
agriculturally developed lands, the collection and communication systems are positioned below plow depth so 
that the land can be fully utilized once it is restored following construction. 

Figure 18 - The topsoil is separated from the rocky subsoil removed for the foundation 

Figure 18 shows a significant volume of rock that was excavated from the hole for the turbine foundation.  In 
this instance, the topsoil (mounded on the left) was properly separated from the rocky subsoil.  This will help to 
ensure that the restoration of the project area is successful. 
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Figure 19 - Seeding failed due to inadequate restoration 

In Figure 19 above, attempts to seed the area around the tower failed due to a lack of topsoil material on the 
surface; this photo was taken one year after the site had been restored and seeded. Imported topsoil was 
required to establish seeding. 

Figure 20 - Topsoil along access road which was damaged due to compaction 
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Figure 21 - Seeding failed along access road due to a lack of topsoil 

In Figure 20, the topsoil had been damaged due to compaction from vehicle traffic and parking; subsoil 
decompaction and imported topsoil are required during restoration.  As shown in Figure 21, a lack of good-
quality topsoil makes it challenging to seed the land.  The proper technique to mitigate the effects of soil 
compaction is illustrated in Figure 22; the topsoil bordering the access road has been stripped to allow room for 
vehicles and equipment.  After construction is completed, the restoration process involves simply placing the 
topsoil back over the exposed subsoil. 

Figure 22 - Topsoil was stripped along access road to prevent damaged from traffic 

The connection from the substation to the transmission line can result in a loss of productive farmland.  The 
supporting cables of a guyed tower extend out from the tower and anchor into the ground, occupying a sizable 
amount of land area, as shown in Figure 23. 

76
 



        

 
 

 

     

 

    

    
   

    
 

Wind Energy Toolkit – Environmental Impacts 

Figure 23 - Overhead electrical lines supported by guyed towers 

Figure 24 - Crushed stone mistakenly placed in an agricultural field 

Crushed stone is used in the construction of access roads; the pile shown in Figure 24 should not have been left 
in an agricultural field after restoration.  An example of a soil saturation problem can be seen on the left hand 
side of the access road in Figure 25. This type of drainage problem needs to be addressed to prevent damage to 
the field. 
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Figure 25 - Drainage problem found near an access road 

10.7. Additional Resources 
To learn more about how these issues tie into the SEQR process, step-by-step instructions on the SEQR process 
may be obtained from the state Department of Environmental Conservation (DEC), or online at 
http://www.dec.ny.gov/permits/357.html. 

Visual Impact 

 The state Department of Environmental Conservation has published a program policy titled Assessing 
and Mitigating Visual Impacts. This document offers a full range of assessment and mitigation 
procedures, discussed within the context of SEQR. It is available online at 
http://www.dec.ny.gov/docs/permits_ej_operations_pdf/visual2000.pdf. 

 Pasqualetti, M. et. al. (2002) Wind Power in View: Energy Landscapes in a Crowded World. Academic 
Press: California (234 p.). 

 Thayer, Robert and Carla Freeman.  (1987) Altamont: Public Perception of a Wind Energy Landscape. 
Center for Design Research, Department of Environmental Design, University of California-Davis. 

 USDA and USFS (1995) Landscape Aesthetics: A Handbook for Scenery Management. Agricultural 
Handbook Number 701. 

Sound Emission 

 For test results on small wind turbines, see Migliore, P. et. al. (2003) Acoustic Tests of Small Wind 
Turbines. National Renewable Energy Laboratory, NREL/CP-500-34662.  Preprints of the paper were 
presented at the 2004 Wind Energy Symposium.  This document reports the results of acoustic tests 
(based on international standards) conducted on eight turbines ranging in size from 400 W to 100 kW. 
Turbines in this size range would be used in residential or commercial applications.  

 For more detail on sound power and sound pressure as well as measuring sound, see Rogers, Anthony A. 
et. al. Wind Turbine Noise Issues. Renewable Energy Research Laboratory, Center for Energy Efficiency 
and Renewable Energy, Department of Mechanical and Industrial Engineering, University of 
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Massachusetts at Amherst, June 2002, amended March 2004.  This white paper provides a solid 
overview of the basics of sound emissions and reception, sound versus noise, and sound power level 
versus sound pressure level. It also includes more complete discussions on the types of sound emitted 
by wind turbines and the ability to hear the wind turbine sounds given background sounds.  The paper 
also includes a separate, but brief, discussion on sounds from small wind turbines. 

 The state DEC has published a policy paper titled Assessing and Mitigating Noise Impacts. It is available 
online at www.dec.state.ny.us/website/dcs/policy/noise2000.pdf. 

Cultural and Archeological 

 SPHINX (State Preservation Historical Information Network Exchange) is a database maintained by the 
state Office of Parks, Recreation and Historic Preservation. It contains information on national and state 
register properties (standing historic and archeological sites). A password is required to access the 
exchange and can be requested through the SHPO. 

 Geographic Information System (GIS) for Archeological and National Register is an interactive, state
wide map that shows boundaries of registered properties and an overlay of general archeological areas. 
The user can zoom in to the location of a listed property.  The map is located at 
http://www.oprhp.state.ny.us/nr/main.asp. An explanation of the data is located on the SHPO website 
at http://nysparks.state.ny.us/shpo/resources/index.htm.  

The Preservation League of New York State is compiling 18 GIS layers of environmental, scenic, and historic data.  
These GIS layers will be valuable for local communities in understanding the resources within their area.  
Audubon New York, the state program of the National Audubon Society, has an Important Bird Areas GIS layer 
that communities may request for use in planning.  

Additional information can be found through the following agencies and organizations: 

 New York State Department of Environmental Conservation (www.dec.state.ny.us) 
 Society for American Archeology (www.saa.org) 
 National Trust for Historic Preservation (www.nationaltrust.org) 
 Advisory Council on Historic Preservation (www.achp.gov) 
 New York Archeological Council (www.nyarchaeology.org) 
 New York State Museum (www.nysm.nysed.gov/crsp) 

Telecommunications 

 Oliver, Kurt.  Telecommunications Issues for Wind Turbine Facilities.  Presentation at AWEA Conference, 
Oregon, 2004. 

 BBC et. al. The Impact of Large Buildings and Structures (including Wind Farms) on Terrestrial Television 
Reception.  United Kingdom.  No date. 

Construction 

Proper implementation of the D!M͛s Guidelines for !gricultural Mitigation for Windpower Projects will help to 
minimize the impacts to the agricultural resources.  This document is available online at 
www.agmkt.state.ny.us/AP/agservices/constructWind.html. 

 Stormwater management guidelines for new development are available at 
http://www.dec.state.ny.us/website/dow/appndixd.htm 

 Stormwater Management and Erosion Control Plan (Structure and Content) is available at 
http://www.dec.state.ny.us/website/dow/appndixf.htm 
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 The NYS Department of State (DOS) maintains the Stormwater Management Guidance Manual for Local 
Officials. This 75-page document is intended to help regulated communities and local officials in New 
York manage stormwater. The manual is available at 
http://www.dos.state.ny.us/lgss/stormwaterpub/pdfs/stormwater11.pdf 
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11. Comprehensive Planning
 
Comprehensive planning is essential to ensure that regional wind development is consistent with a community’s 
values and objectives. Ultimately, the community may or may not decide to pursue wind development, 
nevertheless, either approach will benefit from implementing a comprehensive plan.  

A considerable number of New York municipalities have adopted comprehensive plans to guide their 
communities’ future growth and development/ Comprehensive plans allow municipalities to envision the kind 
of future they want and put together a strategy to achieve it. That strategy is then carried out through a 
community’s zoning ordinance and other implementing measures. New York communities that use zoning must 
base that zoning on an adopted comprehensive plan. When local zoning is challenged, courts will look to a 
community’s comprehensive plan for guidance on the rationale for and intent behind local regulations. All of 
this lends real weight to the critical role of the comprehensive plan in outlining wind energy development policy. 

Community planning is a proactive tool because it anticipates and prepares for, rather than reacts to, potential 
future opportunities. It works in any community’s favor because it can be used to manage development in 
growing areas, attract development to slow-growth areas, and preserve open spaces. One of the important 
roles of the comprehensive plan is to identify natural resources that can be managed in ways that will benefit 
the community as a whole. Communities that lack comprehensive plans are less prepared to address potential 
wind development in their area, and may miss critical opportunities to direct decisions according to a larger 
community vision. 

A comprehensive plan should have four parts: 1) inventory, 2) analysis, 3) goals and objectives and 4) an action 
strategy. The comprehensive plan may include a generic environmental impact statement (GEIS). 

11.1. Inventory 
The inventory is the primary building block of the plan because it can identify unique natural resource 
capabilities and constraints that are helpful in guiding local development, management and protection efforts. 
Most rural comprehensive plans identify farm land, forest land, wildlife habitats and water resources as key 
natural resources. These resources usually represent a mix of working landscapes with economic utility and 
natural landscapes that provide environmental, cultural or scenic benefits to the community. Communities with 
high wind energy potential may want to identify such sites in their comprehensive plans because they represent 
an important natural resource and opportunity to create a new kind of working landscape. These sites should 
be inventoried and mapped and a text provided that describes the resource and its level of wind energy 
potential. GIS mapping and information on wind energy potential for particular sites can be obtained from 
NYSERDA. 

11.2. Analysis 
The next step should involve looking at the potential wind development sites in the context of other natural and 
cultural resources, existing and adjacent land uses and other relevant factors. Because planning involves 
balancing a variety of needs and priorities, proposed future land uses and activities must be analyzed and 
evaluated for their respective advantages and drawbacks. That way, decisions that benefit the community as a 
whole can be reached. 
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In comparison to other forms of power generation facilities, wind energy projects are land intensive. Wind 
projects require large tracks of land to obtain good wind exposure while minimizing inefficiencies. Acreage for a 
wind energy facility can vary from 30 to 80 acres per MW of installed capacity, depending on many factors such 
as topography, existing land use and vegetation cover. However, the specific footprint of the turbines is very 
small – only approximately 3% to 5% of the total acreage is used by the facility. 

Wind energy facilities are compatible with agricultural and livestock grazing land uses, usually with little 
significant impact. In fact, wind projects can provide an important supplemental form of income to farmers that 
can encourage them to continue farming rather than convert their land to residential uses. 

Already-developed or highly-parcelized areas that are likely to be developed for residential uses are less 
compatible scenarios for wind energy development because of potential conflicts. Some communities will find 
windy sites close to developing areas that they would like to protect for future wind energy uses. Other 
communities will decide that protecting scenic vistas is a higher priority. These decisions may require local 
officials to rethink underlying zoning, permitted uses and plans for extending infrastructure to minimize the 
potential for future conflicts. 

Keep in mind that the windiest spots aren’t always the only ones of interest to wind developers/ Buildings or 
large structures placed upwind of wind farms may adversely impact energy production from the turbines. Wind 
developers often obtain land lease options on crucial upwind land parcels. If a community has decided to 
encourage wind development in their area, they may wish to include a provision in their comprehensive plan 
that designates upwind lands for low-density uses only. 

Wind projects can sometimes have impacts on nearby recreational land use, historic and scenic landscapes and 
avian and bat populations. The location of any inventoried wetland or water areas that are home to birds or any 
rare or endangered species within or adjacent to identified wind sites should be a factor for consideration in 
evaluating the potential for these sites, as there can in some cases be conflicts between these uses. Audubon 
New York has identified Important Bird Areas across the State and provided digital mapping of these areas to 
many counties (For more information on bird and bat impacts, see Section 9: Birds and Bats). 

Similarly, the location of any inventoried scenic viewshed or historic district within or adjacent to identified 
wind sites should also be a factor for consideration. The Preservation League of New York State is producing a 
series of 18 GIS layers that show the locations of state- and federally-identified significant natural, scenic and 
historic resources as overlaid with high-priority wind sites across the State. These maps will likely be available to 
communities for a small fee and could be useful to local officials in the comprehensive planning process. 

The location of prime bird habitat, scenic vistas or historic sites within identified wind resource areas may 
persuade local officials to designate only part of the identified wind area for the development of this use. 

11.3. Goals and Objectives 
Goals and objectives set forth the broad values and specific intentions of the community. They are often drawn 
from public input as part of a citizen participation process, from community surveys and from the input of a local 
planning advisory group. Wind energy goals and objectives should meld public opinion with the factual 
information derived from data and analysis to guide the plan’s final recommendations for action/ 

! sample goal might be “To protect high-priority wind energy sites for wind energy development/” A sample 
objective intended to follow through with this goal might be “Revise the zoning ordinance to permit wind energy 
facilities/” Alternatively, if a community wishes to prevent wind development in their area, their goal might be 
“To preserve the natural habitat by preventing the development of energy projects that are inconsistent with 
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community’s values/” An example objective associated with this goal could be to “�reate a wind ordinance, or 
revising an existing one, to preclude the development of future wind projects/” The adoption of a wind 
ordinance that reflects the community’s sentiment towards wind development will help to avoid future 
conflicts. 

11.4. An Action Strategy 
!n action strategy identifies the comprehensive plan’s specific recommendations/ This should include a Future 
Land Use Map. If the community wishes to promote wind energy development, the map would identify those 
areas local officials believe have the greatest potential for wind energy development with the lowest potential 
for adverse environmental or other impacts. This might consist of one large area or a few smaller areas, but 
should not consist of many very small areas, as this limits the ability for development. The map should be the 
basis for applying consistent zoning standards that will facilitate and promote the use of these sites for wind 
energy. The action strategy should include a series of specific recommendations for implementing the 
objectives of the plan with respect to developing wind energy resources. 

New York State’s Environmental Quality Review Act (SEQRA) provides municipalities the opportunity to 
anticipate potential adverse environmental impacts of proposed development and land use actions and avoid 
these through mitigating measures. Towns with significant wind energy resources, which are in favor of future 
development, could consider preparing a generic environmental impact statement (GEIS) for wind energy 
development as part of a comprehensive plan. A GEIS would include the identification of mitigating measures 
that would then be implemented through zoning standards, such as setbacks or noise controls. This would 
eliminate the need for SEQRA review of individual proposed wind projects if local officials choose, thereby 
streamlining the review process for all parties down the road. 
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12. Developer Site Identification
 
In order to help landowners and community leaders better understand the development process, this section 
discusses how project developers identify potential project sites. This section provides detail on the type and 
amount of land required for wind power projects, as well as information on how wind power developers identify 
land they may want to utilize through option or leasing agreements.  The land requirements to be addressed 
encompass all components of a conventional wind power project, including the wind turbines, service roads, 
crane pads, and the electrical interconnection to the grid. 

In general, land requirements for wind power projects vary considerably and mostly depend on two sets of 
factors. The first set pertains to the developer’s goals in terms of preferred windy locales and desired project 
size or power capacity (i.e., number of turbines).  Although larger projects require more land area, they tend to 
yield lower costs of energy due to economies of scale.  Therefore, most developers desire generally contiguous 
land areas that can accept enough wind turbines to achieve a project capacity of at least 30 megawatts, and 
preferably more. 

The second set of factors pertains to local landform characteristics and existing patterns of land use and land 
ownership.  Various New York landforms—coastal plains, valley floors, hills, ridges, plateaus, and mountains— 
have differing exposures to prevailing wind conditions. The areas offer differing wind power project siting 
opportunities.  Accordingly, land requirements for a wind power project will vary depending on the landform 
type.  Even after a given landform is identified, other factors such as land ownership patterns and land use/land 
cover patterns will influence how a wind project is designed and how much land is required.  

The following sections provide further insight into the leading factors that influence the location of projects, as 
well as determine the land requirements of various sized wind power projects for different landform settings. 

Before entering into agreements to acquire the use of lands, developers first need to determine where to focus 
their siting efforts, with an aim on finding areas possessing at least five qualities: 

 Attractive wind conditions, 
 Reasonable access to electrical transmission, 
 Terrain favorable to construction, 
 Land use and environmental compatibility, and 
 Sufficient land area with the foregoing qualities to achieve an economical project size. 

The process of comparing proposed project sites based upon a balance of these five parameters is referred to as 
site screening.  The process of screening for potential project sites can be automated by summarizing costs 
associated with road creation, proximity to transmission, etc., to arrive at an estimated cost of energy for each 
proposed site. Site selection based upon a preliminary cost of energy assessment usually involves a site visit to 
confirm the validity of assumptions that were made in the screening process, as well as a fatal flaw analysis to 
identify any potential problems. 

12.1. Wind Resource Assessment 
! wind project’s energy production and life-cycle economics depend more on the strength of the wind resource 
than any other factor. Therefore, developers must seek windy locations when prospecting for potential 
development sites.  A rule-of-thumb is that a site’s annual average wind speed should be 14/5 mph (6/5 m/s) or 
stronger at the wind turbines’ hub height to be considered at least marginally attractive for project 
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development. Other project cost variables may require stronger average winds in order to realize economic 
viability. 

The most common tools used by developers to find windy sites are topographic maps, wind maps, and the 
expertise of meteorological consultants.  In addition to terrain contours, topographic maps provide detailed 
information on the location of political boundaries, populated areas, roads, parks, transmission lines, and other 
relevant siting features. Wind maps are similar in nature but show predicted wind speeds and prevailing 
directions based on sophisticated numerical weather model predictions that also take into account local terrain 
and land cover influences. 

Online Tools 

Several wind resource assessment companies offer online tools to estimate the wind resource at a specific 
project site, including !WS Truewind and 3TIER/  !WS Truewind’s WindNavigator36 provides wind resource 
information for the entire continental United States at a resolution of 1.6 miles (2.5 km).  Additionally, NYSERDA 
has supported the development of a statewide wind map tailored specifically for the use of small-scale wind 
turbines, Small windExplorer.37 This wind map application provides wind resource information at small wind 
turbine hub heights, as well as other land use information at a spatial resolution of 200 m.  Screenshots of these 
programs are presented in Figure 26 and Figure 27. 

Figure 26 – Screenshot of a New York State wind map generated by windNavigator 

36 
http://navigator.awstruewind.com 

37 
http://windexplorer.awstruewind.com 
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Figure 27 – Screenshot of the New York State Small windExplorer 

Meteorological expertise can supplement map information with local knowledge of wind conditions and 
recommendations for an on-site wind measurement program. While wind maps are useful in providing wind 
resource information for large areas, onsite measurements of the wind resource, using tall meteorological 
towers, are required to confirm the wind conditions, including the diurnal and seasonal variability, within the 
area of interest. 

Installing meteorological towers and remote sensing equipment allows the developer to record weather 
information (e.g., wind speed, wind direction, gusts, temperature) that can be used, together with regional 
climatic reference station data, to characterize the long-term wind resource at the site. Onsite measurements 
are necessary to greatly reduce the uncertainty in predicting a project’s eventual energy production/  Developers 
are interested in reducing a project’s energy uncertainty because most wind projects are financed by third-party 
investors.  By reducing the uncertainty in the energy estimates they are reducing the risk perceived by the 
investor, thereby increasing the likelihood for investment or simply providing for more favorable investment 
terms. 

Meteorological Towers 

Developers have several choices in the type of structure they use for pre-development monitoring of the wind 
resource. The structures most generally used are guyed masts and guyed-lattice towers, as shown in Figure 28 
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and Figure 29, respectively. The faint lines extending down and out from the mast and lattice tower are the guy 
wires. 

Figure 28 – Guyed tubular meteorological tower 

Figure 29 – Guyed lattice meteorological tower 

Meteorological (met) towers are typically 60 or 80 meters and have monitoring equipment on multiple heights.  
These towers use anemometers, wind vanes, and temperature sensors to measure the wind speed, wind 
direction, and temperature, respectively.  The data is collected at the base of tower and either stored or 
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transmitted for analysis. Figure 30 shows a collapsed view of the measurement equipment used on a met 
tower.  

As shown in Figure 30, each monitoring level should have at least two anemometers for data quality and 
redundancy purposes.  Each level will have a wind vane below the anemometer level.  The top of the tower 
features a lightning brush and the base has a temperature probe and data acquisition system. 

Figure 30 – Example of measurement equipment on a meteorological tower 

Remote Sensing 

The wind resource can be quantified using remote sensing equipment, which can be used as a complement or as 
a replacement to met towers.  Both SODAR (sonic detection and ranging) and LIDAR (light detection and ranging) 
remote sensing equipment are used during the wind resource assessment process.  SODAR and LIDAR are similar 
to RADAR technology, except they use sound and light instead of radio waves.  
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SODAR monitoring stations will typically be placed at ground level and will emit sound pulses, or chirps, 
vertically into the atmosphere. The equipment analyzes the sound waves reflected from different levels of the 
atmosphere to calculate a vertical profile of the wind speed and direction. 

LIDAR monitoring stations are very similar to the SODAR stations and use lasers instead of sound pulses to 
measure the wind resource.  LIDARs will either emit a continuous beam or laser pulse that scans a cone of the 
atmosphere above the equipment.  The reflected light from the atmosphere is then analyzed to determine the 
wind speed and direction at multiple heights above the ground.  Since LIDAR uses light instead of sound, the 
stations are silent to nearby observers. 

While there are ongoing efforts to increase the acceptance of remote sensing as a stand-alone source for 
financing, the technology has not yet matured to this point.  As such, the use of remote sensing alone in a wind 
assessment resource campaign would serve to increase the uncertainty in the resulting energy production 
estimates. Until remote sensing gains further acceptance within the industry, it is recommended that it be 
utilized in a complimentary capacity within a wind resource assessment program.  

12.2. Site Requirements 

Proximity to Transmission 

To minimize land use impacts and control costs, developers desire project sites that are in close proximity to the 
existing electric transmission grid.  The power from a wind project needs to be delivered to the grid at an 
approved interconnection point, which is typically a new or existing substation. Acquiring a route for the 
interconnection circuits will involve the negotiation of rights-of-way from one or more landowners, plus 
permitting and construction costs.  New interconnection circuits are expensive, with costs depending on the 
voltage level, the types of terrain and associated land uses along the interconnection route, and whether or not 
a portion of the installation is underground.  Consequently, relatively small wind projects are normally built near 
existing transmission facilities, while larger wind projects can justify the costs of interconnection at greater 
distances from existing transmission system.  

Terrain Favorable for Construction 

The delivery and construction of wind power project equipment requires that the terrain be accessible by heavy-
duty vehicles (e.g., tractor trailers, cement trucks) and cranes.  Areas with excessively steep slopes or deep 
gullies can be difficult to access and may impose unacceptable safety risks.  Existing roads may need to be 
widened or redesigned to provide larger turning radii so that vehicles carrying oversized components (blades, 
tower sections) can negotiate them.  Soil conditions must be favorable for road construction and for installing 
underground facilities such as wind turbine foundations, fiber-optic communication lines, and electrical 
conductors.  All of these factors have cost and land use implications and are therefore an important 
consideration when evaluating prospective project sites. 

Land Use and Environmental Compatibility 

When initially evaluating prospective land areas, developers make a preliminary assessment of known land uses 
and local environmental sensitivities in terms of their likely compatibility with wind development.  
Considerations are given to the availability of open spaces and cultivated or inactive lands, the number of 
residences and the spacing between them, the number of landowners, the proximity to parks and recognized 
wildlife habitats, and other factors.  All factors are then weighed together to determine if a wind project has a 
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reasonable chance of receiving approvals of all permits.  These factors will influence how a wind project can be 
physically arranged on the landscape to minimize land use conflicts.  Land requirements of a wind power project 
will be a function of local land use patterns.  For example, a given wind project in an agriculturally active area 
with scattered homes, may require more land area than a remote, uninhabited ridge top. 

12.3. Land Area Required 
Once a site is selected to develop a wind project, land area requirements are determined in greater detail.  The 
primary objective of a wind project design is to site the wind turbines such that the cost of energy is minimized, 
therefore maximizing profit or increasing the viability of the project in case of a price-based Request for 
Proposals.  The developer uses tailored design tools and software to optimally place wind turbines at eligible 
sites. 

Wind turbines are typically arranged in single or multiple rows, depending on the size and shape of the 
landform.  A single row is most often found on ridgelines and hilltops where the amount of well-exposed land is 
very limited.  Broader and flatter land features can accommodate multiple rows of turbines.  In both cases, rows 
are laid out to be roughly perpendicular to the prevailing wind direction(s). 

The distance between wind turbine rows and between turbines within each row is commonly described in terms 
of rotor diameters. For example, if a project design is described as having a 3 by 10 spacing, it means that the 
turbines are generally spaced 3 rotor diameters apart within rows, and the rows are spaced 10 rotor diameters 
apart (see Figure 31).  For a project using wind turbines with a 230 ft (70 m) rotor diameter, this would mean 
spacing the turbines 690 ft (210 m) apart within a row, and 2,300 ft (700 m) apart between rows. Figure 31 
provides an illustration of this particular turbine layout. 

Figure 31 - Illustration of Turbine Spacing (example: 3 x 10 spacing) 

The interference of one wind turbine on the airflow experienced by a downwind turbine is called the wake 
effect.  The wake generated by a wind turbine reduces the velocity of the downwind airflow, and causes it to be 
much more turbulent. Turbines that are closely spaced will experience higher wake-induced energy losses, and 
will be subjected to increased loading due to the turbulent air flow, which can reduce a turbine’s operational 
life.  Wide spacing between wind turbines generally maximizes energy production but increases land and 
infrastructure requirements (e.g., cabling, roads). Cost considerations must be analyzed before finalizing turbine 
locations. 
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The distance between rows in complex terrain is typically dictated by the terrain characteristics (i.e., turbines 
will be placed on ridgelines in hilly terrain to take advantage of the better wind exposure, and the layout will be 
dictated by the orientation of the ridgelines).  On relatively flat terrain, turbine rows are ideally spaced 
depending on the in-row spacing between turbines. The objective is to optimize the balance between the higher 
wake effects and lower costs associated with tighter spacing. 

The spacing within the array is dictated by wind direction.  In unidirectional environments, where most of the 
energy-producing winds come from the same direction, turbines can be placed closer together within rows, 
typically 3 to 4 rotor diameters apart. The rows need to be spaced at least 8 rotor diameters apart to avoid 
adversely impacting energy production of the turbines located deeper in the array due to wake-induced losses. 

Depending on the project site, the wind rose may be uni- or omni-direction, as shown in Figure 32.  Omni
directional wind resources, where the prevailing directions are from multiple directions, necessitate greater 
spacing.  Due to the variability in wind direction, a site with this type of wind resource would typical have a 
spacing of 5 to 7 rotor diameters between turbines and 7 to 8 rotor diameters between rows.  The acceptance of 
the final layout, as well as warranty coverage, is typically contingent upon the results of a suitability analysis 
performed by the turbine manufacturer. This analysis takes into consideration the fatigue loading and extreme 
condition loading the turbine is expected to experience during its operational life.  A turbine manufacturer may 
require or allow tighter or looser spacing depending on the characteristics of their turbine and the wind 
characteristics at the site. 

Figure 32 - Example wind roses for an omni-directional (left) and uni-directional (right) wind resource. 

Table 7 illustrates the actual turbine spacing for five of the wind power projects in the northeastern United 

States.  New York projects show a range of turbine spacing and related spacing factors such as landform type.  

As more projects are built in New York in the future, there will be more examples of turbine spacing to illustrate 

the host of variables that influence project design and land requirements.  In addition to those already 

described, the variables also include: setback distances of turbines from residences, property lines, and roads; 
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preferential placement of turbines near the edges of cultivated fields and wooded lots; and consideration of 

landowner preferences for turbine number and placement. 

Table 7 - Example Turbine Spacing 

Project Location Land Use and Type Turbine Layout 
Turbine Spacing 
(rotor diameters) 

Madison, NY farmed hilltop circular row of 7 turbines 
along hill rim 

4 diameters between 
turbines 

Wethersfield, NY open farmland, 
north-south 
ridgeline 

single north-south row of 
10 turbines perpendicular 
to prevailing wind direction 

3 diameters between 
turbines 

Fenner, NY mixed farmland and 
woodlots on broad 
hill 

variable layout of 20 
turbines 

generally 5 to 7 
diameters between 
turbines 

Meyersdale, PA Ridge top, farmland single northeast-southwest 
row of 20 turbines 

3 diameters between 
turbines 

Searsburg, VT forested ridgeline single northeast-southwest 
row of 11 turbines on ridge 

variable (1.5 to 3.5 
diameters) between 
turbines 

Sources: Turbine Verification Program by the U.S. Department of Energy and the Electric Power 
Research Institute; AWS Truewind, LLC. 

The acreage required for a wind power project can be defined two ways. The first is the overall area containing 
the entire project, including the open spaces between turbines.  In Figure 31, for example, 39 wind turbines are 
arranged in three rows of 13 turbines each. The turbines are spaced three rotor diameters apart within rows, 
and 10 diameters apart between rows.  Assuming a rotor diameter of 230 ft (70 m), the total area occupied by 
the turbines including a small setback perimeter surrounding the rectangular project area is approximately 1,040 
acres. In other words, an average of 26.7 acres is required for every turbine.  If each turbine has a generating 
capacity of 1.5 megawatts (for a project total of 58.5 MW), which would be consistent with the 230 ft (70 m) 
rotor diameter, the land requirement would be 17.8 acres per megawatt of generating capacity. 

The above example layout illustrates a relatively flat site experiencing a single prevailing wind direction with no 
other constraints.  If a site were to have two prevailing wind directions 90° apart, wider turbine spacing within 
rows would require a larger per turbine project area.  Assuming a 50-turbine array consisting of 5 rows of 
turbines with 10 turbines per row, with 7-rotor diameter spacing both between rows and between turbines 
within rows, the total project acreage would be approximately 2,956 acres.  This translates to 59 acres per 
turbine or 39 acres per megawatt, which is more than twice the area than the previous example.  In reality, even 
more acreage per unit turbine or capacity may be required by a project when accounting for terrain undulations, 
setbacks from local homes, and other site-specific considerations, including substations, roads, and an O&M 
facility. 

Another way to describe the land requirements of a project is to define only the area actually occupied by the 
project’s facilities/  ! project’s facility consists of the turbines and their foundations, service roads, crane pads, 
electrical equipment, and any associated buildings.   Figure 33 is an aerial view of a small wind project in 
Madison, NY, with these facilities labeled/ In general, a project’s facilities occupy only about 5 percent of the 
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total project area.  This means that the large majority of the space within a project area can be used for 
traditional purposes, such as agriculture. 

Figure 33 - Aerial View of a Wind Power Project in Madison, NY (photo by Chris Milian) 

12.4. Visual Impact Analysis 
Frequently, visual impacts are among the most contentious issues raised about proposed wind farms. Because 
wind resources in the Northeast tend to be best at high elevations and near large bodies of water, turbines can 
be visible for long distances and may significantly alter scenic vistas. Although some people enjoy the sight of 
wind turbines, others consider them unsightly. Unfortunately, it is usually not possible to locate wind turbines 
with no visible impact. Therefore, it is important that consideration and mitigation or offsetting of adverse visual 
impacts be included in the pre-construction permitting process. 

The process of assessing and mitigating visual impacts for wind turbines is the same as for other highly visible 
structures, such as cell phone, radio and television transmission towers. The following list outlines the 
responsibilities of the applicant and permitting parties as defined by the DEC, as well as the tools available when 
considering visual impacts. A more complete discussion may be found in the New York State Department of 
Environmental Conservation Program Policy Assessing and Mitigating Visual Impacts (DEP-00-2 July 31, 2000). 
Numbers in parenthesis indicate referenced pages in the DEC document. 

Responsibilities of the Developer 

It is the responsibility of the developer to provide all the information necessary for the town to understand what 
is being proposed, where it is being proposed and what is being done to avoid and or mitigate project impacts: 

 Inventory (reveal, describe and fully characterize), using clear language and with understandable 
graphics, all the State and Nationally designated scenic and aesthetic resources within the project-
affected area. These include such places as State parks and forestlands (3). 
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 Inventory (reveal, describe and fully characterize), using clear language and with understandable 
graphics, all significant locally designated scenic and aesthetic resources within the project-affected 
area. These include such places as county and town parks and other designated places considered 
important to the host community. 

 Graphically show boundary lines of all inventoried aesthetic resources on a viewshed map. 
 Describe visitor usage and aesthetic values and attributes of all inventoried resources. 
 Reveal and characterize visual and aesthetic impacts of all project components. 
 Using the mitigation strategies of the NYSDEC Visual Assessment Policy employ all strategies that 

minimize adverse visual and aesthetic impacts as much as practicable (5). 

Responsibilities of the Town 

It is the responsibility of the town to review the information provided by the Project Sponsor and certify that 
project impacts have been minimized to the maximum extent possible consistent with social, economic and 
other essential considerations (for more information about jurisdictions and lead agencies, see Section 14: 
Permitting): 

 Verify that the project sponsor has inventoried all significant aesthetic resources, even those within 
other jurisdictions having a view of the wind farm (3). 

 Certify that all impacts have been minimized to the maximum extent practicable consistent with social, 
economic and other essential considerations (3). 

 Require that project sponsors will employ all applicable and practicable mitigation strategies (6). 

Tools to describe and characterize visual impacts 

A viewshed map shows all of the places from which the project can be seen (5,14). The viewshed map should 
depict the boundaries of all local, state and nationally significant aesthetic resources. 

Visual simulations illustrate what the project will look like from particular places of aesthetic significance or 
places of concern or of interest to the community (5). 

A line-of-sight profile provides a simplified and measurable way to show how much of a particular tower will be 
seen from selected places of concern. (5,15). An example of a line-of-site profile is provided in Figure 34. 

Figure 34 – Example of a line-of-site profile for turbine visualization 
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Mitigation Strategies 

The following list of mitigation strategies is generally applicable to wind energy facilities: 

Downsizing. Downsizing or eliminating certain turbines may significantly reduce visual impacts (7). During the 
course of project review, it may become apparent to the town that one or two of the proposed turbine site 
locations may cause most of the perceived adverse visual impact. A project sponsor may then be encouraged to 
eliminate these offending turbines. However, the town should be aware that, at times, these offending tower 
sites may be the most economically productive and therefore project sponsors may be most reluctant to 
eliminate these turbines. Thus, downsizing mitigation strategies should only be used in key circumstances where 
benefits are substantial and far outweigh the costs (reduced income) to project sponsors. 

Relocation. Instead of eliminating a few of the most impacting towers a project sponsor may be encouraged to 
relocate these project components to other locations of less impact (e.g., locations where the screening effects 
of topography and vegetation may be taken advantage of) (7). However, like downsizing, project sponsors may 
be reluctant to relocate turbines from economically superior generating sites to considerably inferior ones. 

Lighting. Minimize off-site lighting, glare, and light pollution (7). FAA lighting criteria that may include strobe 
lighting, red flashing, or steady red lights must be met. 

Non-specular materials. For overhead electric transmission facilities project sponsors should commit to using 
cables that do not shine (7). 

Screening. Visual barriers, for example trees, and/or earthen grassy berms (with or without trees and or shrubs), 
or at times even fences may serve a useful purpose, but only in suitable locations (6). 

Camouflage. Usually utility substations are screened using landscape architectural treatments such as coniferous 
shrubs and trees, but at times disguise is used when appropriate (7). 

Decommissioning. Removing all or part of the project after its useful life reduces the duration of the project’s 
impacts. Project sponsors should commit to a detailed decommissioning plan, which includes a clearly defined 
way to pay for it. (7,9) 

Offsets. If negative impacts cannot be acceptably minimized, then offsets can be employed (for example 
removing a chronic eyesore within the project viewshed). (8,9) 

12.5. Additional Resources 
For more information on wind resource assessment and remote sensing technology, please refer to the Wind 
Resource Assessment Handbook located at the following link: http://www.nrel.gov/wind/pdfs/22223.pdf. 
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13. Land Acquisition
 
In order to tap a wind resource, a developer must enter into a legal arrangement with the landowner, unless the 
developer already owns the land, which is usually the case with industrial or municipality projects. In New York, 
this arrangement is usually a lease, although the developer may also employ easements to secure certain rights. 
Additionally, the lease/easement may include, or be preceded by, an Option Agreement, by which the developer 
obtains the exclusive right to conduct further site characterization, and ultimately, to develop the site if tests 
and expected market conditions validate the project. 

Broadly speaking, developers have two alternatives for acquiring the right to install wind turbines on land: 
leasing or purchasing. Sometimes developers purchase land outright for wind projects, but this is not very 
common. Most land purchases occur for electric utility project ownership or for a research project (i.e., not in a 
competitive, commercial environment). Land purchase is uncommon because it results in an expense that must 
be added to an already capital-intensive project. Furthermore, because the wind turbines occupy a small portion 
of the land, and are compatible with most existing land uses on the property, the developer does not need to 
acquire all of the land for the wind power project. 

Land ownership does have the advantage of providing a wind power developer with long-term control of the 
project site, which would allow for new projects to be constructed after the useful life of the original project 
without the need to negotiate a new lease. Though not common, in the United States, electric utilities and 
municipalities that own their wind power projects are the most likely to own the underlying land. Land 
ownership gives the utility the benefits of long-term control of the power-generating asset, and the land 
purchase can often be included in the utility's rate base (investments and expenses the utility is allowed to 
recover from customers). 

Leasing the land or obtaining easements from the landowner is the most common type of arrangement made by 
wind power project developers for three key reasons. First, for non-utility independent power producers (IPPs), 
a leasing agreement is more beneficial to the cash flow of the project because land lease payments are usually 
spread out over the life of the project and therefore do not have a disproportionate impact on the project's 
financial returns at the beginning of the project. For wind projects that are only marginally profitable, the land 
payment arrangement can make a meaningful difference in the project cash flow and economic viability. 

Second, wind turbines occupy only a small portion of the overall land used for a project and wind developers 
have no use for the remaining land. Leasing the land for wind energy development provides the landowner with 
additional revenue without significantly interrupting existing operations. Wind project developers—whether 
utilities or IPPs—generally are not interested in expanding their business to take over agricultural pursuits; and, 
therefore, a leasing agreement may make more economic sense. 

Third, land purchase is uncommon because many farmers or ranchers are reluctant to sell land that may have 
been in their families for generations. Supplementing their income with lease payments from wind developers 
allows them to retain their property, continue with their long-established activities, and maintain a lifestyle with 
which they are comfortable. 

As described below, leases and easements are legally distinct instruments, and are usually used to secure 
different kinds of rights. Depending upon local custom, the terms lease and easement may be used 
interchangeably or in combination/  In fact, they are sometimes confused, and a document that’s labeled as a 
lease may actually be an easement.  Because leases and easements can have very different legal and tax 
implications, landowners should have their attorney carefully review the agreement to ensure that the 
document and implications are properly defined and understood.  With that caution in mind, this guide uses the 
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term lease to describe the agreements developers use to secure access to wind resources, unless the context 
requires otherwise. 

AWS Truewind, LLC, and NYSERDA disclaim all warrantees, express or implied, regarding the effectiveness, 
accuracy, currency or completeness of any easement or lease agreement or other specific process or service 
referenced. The data presented herein is solely representative of options currently known, by AWS Truewind, 
LLC. And NYSERDA, to be available to property owners or anyone using this information and is not a 
recommendation of any one process or program.  AWS Truewind, LLC, shall not be liable for the use of this 
information. 

13.1. Easements 
There are several other important aspects of the wind project that the developer can usually secure from the 
landowners by means other than taking full physical possession of the land. These include: 

 The right to lay cables connecting the wind turbines to substations and ultimately to the power grid 
 The right to cross non-leased land for construction, operation, and maintenance of the turbines and 

related equipment 
 The right to prevent obstacles (buildings, trees) which might interfere with the free flow of wind across 

the turbines 
 The right to produce noise, shadows or other minor nuisances 

Easements are commonly used for these purposes.  An easement is non-possessory property interest that gives 
the holder—in this case, the developer—a right of use over the property or that of the landowner’s neighbor- or 
that prevents landowners from doing something that is otherwise lawful, but that would be detrimental to the 
wind project. For instance, an easement might prohibit landowners from putting up a grain silo directly upwind 
of a turbine. Because easements convey property rights, they must be in writing and they must be filed with the 
proper municipality or county recorder. The easement will run in perpetuity (forever) unless the instrument 
granting the easement provides for a term of years. Developers usually offer a one-time, lump-sum payment for 
the easement.  

13.2. Lease Agreements 
Under a lease arrangement, the developer rents a portion of the property for a term of years. The lease will take 
the form of a written contract between the landowner and the developer. It will spell out the landowner’s rights 
and obligations, and similarly, the rights and duties of the developer. This document will govern the relationship 
between the landowner and developer over the life of the wind project.  From the standpoint of the developer, 
the most important aspect of the lease is that it secures the exclusive right to use defined sections of the 
property for development, installation, operation and maintenance of wind turbines and related equipment. 
From the standpoint of most landowners, the critical elements of the lease include provisions dealing with 
payments (how much, when and under what conditions) and their ability to continue to use the property for 
farming, hunting or other purposes. 

A well-crafted lease will deal with all other facets of the wind operation from its inception to its 
decommissioning. It will address matters such as the duration of the agreement; the total acreage affected; 
ownership of the wind farm equipment- responsibility for taxes and utilities- liability insurance- the developer’s 
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right to install signs and give tours of the facility; and every other aspect of the relationship between the 
landowner and developer. Several of these issues are covered in more detail below. 

When developing, constructing, and operating a wind power plant, the developer needs access to land with a 
viable wind resource. Potential project areas usually extend over many properties, requiring the developer to 
secure lease agreements with multiple land owners. Wind power developers typically obtain long-term leases on 
land for use by the project. Often, this is done in two steps: an option phase and a long-term lease phase. To 
determine whether a parcel of land has a strong wind resource, the developer must first gain access to the land 
to install wind monitoring equipment. This short-term access is gained through a mutual agreement, usually 
referred to an Options Agreement. If testing reveals a good wind resource and other factors indicate the project 
is feasible, the developer would normally exercise the option, and the long-term lease would be completed. If 
not, the option can expire. It is possible for the short-term option phase and longer-term lease agreement to be 
included in a single agreement. 

When preparing a wind power project land lease or Option Agreement, a number of elements should be 
considered. These include payment structures, pricing, terms, and land use issues. The perspectives and interest 
of landowners and project developers are discussed in this section as well as the typical ways in which the needs 
of the participants are met by the agreements. 

Reasons for a Landowner to Participate 

Often, land suitable for wind power projects is owned by rural landowners or by communal or government 
(federal, state, or county) entities. Landowners may be interested in leasing their land to wind power projects 
for one or more of the following: 

 Increased Income – Leasing the wind rights to a wind power developer can provide valuable additional 
income. At the same time, most of the leased land remains available for farming or ranching around the 
turbines and facilities, which as discussed earlier, occupies less than 5% of the land on which the project 
is located. 

 Income Diversification – Whether a farmer's fields lay fallow or are in production, a farmer can receive 
payments from a wind power lease. 

 Economic Development for the Local Community – Wind energy development can bring a boost to the 
local economy through the creation of skilled jobs, including manufacturing turbines or building and 
operating wind power projects, and through increased taxes to the local government. 

Option Agreements 

Once potential sites are identified, the developer will enter into an Option Agreement with the landowners to 
gain access to the land for testing and to secure the rights to the land if the project goes forward. The developer 
normally needs to obtain at least six months to two years worth of hourly wind data at a specific location to 
evaluate the wind resource. For more information on wind resource assessment, please refer to Section 12.1: 
Wind Resource Assessment. 

The option period typically lasts three to five years to allow sufficient time to procure testing equipment and 
test the resource. The term may be extendable. Before the term is over, the developer can either exercise the 
option to lease the land, request an extension, or let the option expire. This way, both the landowner and 
developer are protected during that option period if it is decided that the wind project development will not be 
carried out. If the project does not go forward, the expiration of the option means the developer is not tied to 
unwanted property and payments, and the landowner can put the land to other use. 
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During the option period, the developer often pays modest fees to landowners for the right to place the wind 
resource measurement equipment (i.e., meteorological towers with anemometers to measure wind speed and 
other instruments to measure wind direction and temperature) on the site, and sometimes pays fees to 
compensate for construction-related disruptions. In the United States, these compensation packages can vary 
widely, and can depend upon the wind resource and the desirability of the land. 

Major Issues to be addressed in a Lease 

Leases should be carefully developed so they clearly address issues important to the project developer and 
landowner at the time the lease starts, as well as years later during project operations. In many cases, the 
people who originally negotiate a lease will not be involved later in the operating period of the project, so it is 
important that any understanding between the parties be properly addressed in the written lease to prevent 
future misunderstandings. 

A well-executed lease is an important part of the project development process. Before allowing wind turbines to 
be purchased and installed, investors will want to be sure the lease provides clear, unimpeded rights to access 
and use of the land over the long term. 

The most important portions of the land lease are generally the length of the agreement (term), what other uses 
are acceptable on the land surrounding the wind turbines, the payment structure, and decommissioning. These 
and other major land lease provisions are described below. 

Term 

Wind power leases generally have terms of 20 to 50 years, often with an option for extending the lease. A 
typical wind power project has a useful life of 15 to 25 years. A term of 20 years allows one project to be 
developed and operate for its useful life, while a term of 40 or 50 years would likely cover two project cycles 
(one project, and then a second project on the same site at the end of the useful life of the first project). Some 
contracts include clauses specifying the conditions under which either party has the right to terminate the 
contract. These termination clauses need to be reasonable so that the risk of installing the wind turbine 
equipment and having the lease terminated is low and manageable. 

Area Leased 

The lease should clearly state where wind turbines, roads, construction storage areas, and operations and 
maintenance areas can be located. Any desired setbacks from residences and property lines should be stated. 
Because construction and major repairs require more activity on the land than routine operations, the lease 
should include a provision for temporary land use during such periods for equipment storage, cranes, and other 
construction, operations, and maintenance activities. 

The developer will want the right to install wind turbines and infrastructure anywhere on the property (taking 
into account required and desired setbacks) and may find it difficult when the lease is written to be specific 
about where turbines will be located, and what size they will be. The location and size of individual turbines will 
depend upon detailed wind studies throughout the project site, which typically includes many landowners for 
one project. 

A typical lease would state that the developer shall determine the size, type, manufacturer and exact location of 
wind turbines at its sole discretion, but developer will not locate, position, or place any wind turbines within a 
given distance of an occupied residence that exists on the effective date of the lease without the landowner's 
prior written consent. The landowner often provides input regarding the placement of the wind turbines on 
their property. 
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Wind Energy Toolkit – Community Resources 

Approved Uses 

The lease should clarify what land uses the landowner reserves for the land around the turbines. The landowner 
typically reserves the right to continue to grow crops, raise cattle, or otherwise use the land. Most rural land 
uses are compatible with wind power projects; however, there can be some restrictions. For example, a 
developer may ask that hunting be restricted in the area around the turbines, for fear that bullets would damage 
expensive equipment. In these cases, it is possible that the income a landowner can earn from leasing his or her 
land for wind power project development can more than offset any income that might be lost by switching to 
another land use. Developers also will be concerned with any uses that could affect the wind in the area of the 
turbines. For example, tree crops or large structures could be restricted. 

Access 

The wind power facility needs to be accessible both by road and via electrical cabling. As discussed in the 
previous section, easements are frequently used for this purpose 

Upwind Blockage 

Developers have an interest in protecting the project site from any future upwind development that could 
adversely impact the wind resource on the project site. If the same landowner owns the upwind land, the lease 
may include provisions addressing this issue. The developer may want an easement that prohibits any 
development within the upwind property that might impact the wind at the turbine sites. The extent of this 
potential problem depends on the topography of the land and the wind characteristics. The extent to which 
upwind development affects a project depends on the distance to the project. While properties more than 2 km 
away usually are not of concern, the appropriate distance of concern depends on the size of the upwind project 
and atmospheric conditions. 

Noise and Other Disturbances 

Landowners may want to include sound standards for construction activities, including reasonable construction 
hours, or sound standards for the wind turbines measured at the turbines themselves or at nearby homes. Noise 
and other disturbances can be difficult and expensive to measure. If such provisions are included, care must be 
taken in writing them so that they can be interpreted unambiguously and not used unfairly by one party against 
the other. 

Access Control 

Wind power projects often involve the construction and use of new roads to access the wind turbines. 
Provisions for signs, gates, locks, and security patrols should be included in leases as appropriate. 

Crop Protection 

Normally wind turbines can operate in productive fields with minimal interference. However, crop damage may 
occur in some situations, and the lease should address how this will be handled. Typical lease provisions require 
developers to use best efforts to minimize damage, but allow for the possibility that damage may occur, and 
subject the party causing the damage to paying appropriate compensation. For example, if a wind turbine 
suffers damage to a blade from lightning, it may be necessary to bring a crane in to remove the blade, place it on 
the ground, and install a new blade. During the growing season this activity might require some crop areas near 
the turbine to be flattened so the blades could be placed on the ground. Typically a landowner would receive 
payment from the wind power project for such crop damage calculated as the lost amount of product multiplied 
by the market price for such crops in the season in which the crop was damaged or destroyed. If this example 
incident occurred when the field was fallow or not producing, no crop damage payments would be made.  The 
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exact formula and conditions must be spelled out in the lease to protect the property owner. Some leases might 
require that the access roads be removed or minimized and the farm land restored to its original state after 
construction.  Subsoil decompaction and the addition of imported topsoil may be required during restoration. 

Road Maintenance 

The lease should identify responsibilities for maintenance of existing and new access roads. Generally the wind 
power developer is responsible for such maintenance.  The provisions should provide protection to the property 
owner by allowing for penalties if maintenance is not performed after a reasonable request and time passage. 

Decommissioning 

Leases should include provisions for decommissioning the project at the end of its useful life. This includes 
removing wind turbines, transformers, wiring which penetrates above-ground, and the top part of foundations, 
and returning the land as nearly as is practical to its original condition. The lease should also address the timely 
removal or disposal of damaged equipment. 

In practice, this typically means that: 

 Turbines, blades, towers, transformers, and transformer foundations are removed from the site. 
 Turbine foundation hardware and protrusions such as anchor bolts and tower levelers will be removed, 

but foundations will remain completely in place, or be removed to a specified depth (for example, 1 
meter) below ground level. 

 The project substation generally becomes the property of the utility purchasing the power and, 

therefore, is not removed by the developer.
 

 Underground electrical wiring remains in place because removing it after the project’s life will create 
more disturbance than leaving it in place. 

 Access roads may be left in place if the terms of the lease do not require their removal. 

Taxes 

Responsibility for payment of property taxes should be clearly specified in the lease. The wind power project 
developer generally assumes responsibility for any increases in property taxes associated with the wind power 
project.38 

Compensation 

A key reason for allowing wind power development on one's land is the payment received. Leases should clearly 
identify how payments are calculated, and when payment needs to be made. Payment structures and typical 
payment amounts are described later in this paper. 

Other Common Terms 

In addition to the issues described above, there are standard terms that are needed for the lease to be binding. 
These terms include, but are not limited to: 

 Liens and Tenants – in which the lessor warrants that there are no liens, encumbrances, leases, 
mortgages, deeds of trust, fractured interests, mineral or oil and gas rights, or other exceptions to the 
title of ownership except as disclosed in a title report or other writing delivered to the project developer 

38 
Some landowners are concerned about the impact of wind turbines on property values. This issue is not commonly 

addressed in lease agreements.  For more information please see Section 8.1: Property Values. 
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 Encumbrances: Required Notices to Mortgagees – including the right to encumber and covenants for the 
project lender's benefit 

 Assignment – granting the developer the right to sell, assign, encumber, transfer, or grant easements 
under the lease without the landowner's consent 

 Termination – granting either party the right to terminate the lease for non-performance and defining 
the events of non-performance which constitute default 

 Force Majeure – excusing either party from fault to perform under the agreement due to acts of God or 
other uncontrollable circumstances 

 Ownership of Installed Property – defining the installed property as owned by the project developer 
 Memorandum – assuring that the lease will be legally executed and recorded. 

Typical Payment Structures and Rates 

It is important to understand that a property’s location within a proposed project area doesn’t necessarily 
guarantee that a turbine will be placed on the property.  There are many factors that contribute to the design of 
a project layout and the distribution of turbines across the project area is not determined until the later phases 
of project development. However, some developers do compensate landowners who are adjacent to turbine 
installations; this amount is usually less than a full lease, but generally more than an Option Agreement. 

Royalties 

The most common compensation structure is the royalty payment. In royalty arrangements, the developer pays 
the landowner a percentage of the revenue received from the electricity produced by the turbines. This 
percentage is negotiated between the landowner and the developer. Royalties ensure an ongoing economic 
relationship between the developer and the landowner and guarantee benefits for the landowner, provided the 
turbines generate the expected power. Royalties fluctuate with production, which varies with the seasonal and 
yearly wind resource, and can fluctuate if the price at which the electricity is sold by the wind power project is 
variable. Revenue can be measured by gross receipts or metered production multiplied by the price of power 
paid to the project. One well-accepted option is for the developer and wind power project operator to provide a 
summary of gross receipts along with each payment (quarterly, annually, or other payment period agreed to in 
the contract), with developers allowing owners access to the data upon request.  The landowner does not have 
a say in the price of the electricity that is sold. 

Today in the United States, wind power project land leasing royalties tend to be within the range of 1% to 4% of 
gross revenue, with the majority being between 2% and 3% of gross revenue39. This royalty payment can be 
expressed in terms of a percent of production (MWh).  In most cases, the percentage is a fixed number 
throughout the term of the lease. 

In some cases, the royalty percentage escalates over time. In California, for example, an escalating payment was 
common in early wind projects because some of the contracts had escalating prices for power, allowing the 
inclusion of escalating clauses in the lease contracts. For most leases with escalating payments, the percentage 
tends to be fixed at a lower rate in the initial years of operation, escalating to a higher fixed rate in later years as 
the loan on the equipment is repaid.   

Royalties are paid on a per turbine production basis or based on the average turbine production across the 
project (overall project generation divided by the number of turbines in the project). The latter is easier for the 
developer to determine and account for, and is more advantageous to the landowner because it reduces risk 
and it is easier to verify. The advantage of this arrangement versus payment on output of a specific turbine is 

39 
See Windustry study in Table 9 
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that the pooling arrangement takes into account the production of the entire project and reduces the effects of 
variability of individual turbine production or the possibility that one turbine could suffer from operations 
problems. 

In addition to land on which the wind turbines are physically located, land typically is needed for other project 
facilities such as meteorological towers, wiring, and the electrical substation, and landowners must be 
compensated for those uses as well. Sometimes separate leases are created for the other project facilities, and 
sometimes they are included in the same leases used for the wind turbines. 

Royalty and Guaranteed Minimum Payment Combination 

Often, lease payments based on a percentage of gross revenue are supplemented by a guaranteed minimum 
payment. Minimum payments essentially serve as a floor price and guarantee that landowners receive some 
revenue, even if the wind turbines experience more than typical maintenance outages or if winds are lower than 
expected in any given year, producing less energy and generating less revenue than expected. 

Flat- or Fixed-Fee 

In a flat- or fixed-fee arrangement, the developer and landowner(s) agree on a fixed fee—per turbine or per unit 
of land or per MW of installed capacity—to be paid by the developer on a monthly or yearly basis, reflecting the 
total amount of land made available by the landowner(s) for meteorological towers, turbines, turbine spacing 
requirements, access roads, and control and maintenance buildings. This type of payment arrangement ensures 
transparency and clarity of understanding, and provides both the landowner and project developer with 
certainty regarding future income or payment streams. 

Based on a survey of compensation packages from published sources, Windustry has summarized the payment 
structures and prices paid for several projects40. The average of the fixed payment lease agreements reviewed 
by Windustry was $2,820 per MW, with values ranging from $1,515 to $5,387per MW. The average rate equates 
to a fixed payment of approximately $4,230 for a 1.5 MW wind turbine per year. 

One-Time, Lump-Sum Payment 

This type of contract is the least common arrangement, but may be satisfactory to both parties if the landowner 
is in need of immediate cash and is willing to forego the prospect of a steady income stream, and the developer 
has the ability to release a large amount of cash up front. This arrangement removes the ongoing economic 
agreement between the landowner/developer and could result in potential problems if ownership of the land is 
transferred without economic benefits flowing to the new landowner. 

The principal advantages and disadvantages of each lease payment structure are summarized in Table 8 and the 
summary from the Windustry study is provided in Table 9. 

40 
Wind Energy Easements and Leases: Compensation Packages, Windustry, June 2009 
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Table 8 - Advantages and Disadvantages of Different Payment Structures 

Arrangement Advantages Disadvantages 

Royalties General: 

Take into account varying productivity 

Give landowner incentive to work with 
developer to place the turbines on the 
most productive locations 

Give landowners and developers 
incentives to ensure continuous power 
generation 

Easy to verify if based on gross revenue 

Landowner: 

Difficult to verify electricity and revenue 

generated by each turbine:* 

Individual turbine generation information is 
hard to obtain 

Individual monitors on turbines do not 
reflect the energy sold because they do not 
account for energy losses in the electrical 
system 

Developers generally do not like to share 
turbine productivity data 

Royalty/Minimum 
Guarantee 
Combination 

Same as above, with additional benefits 
from an up-front fee or a minimum 
guarantee 

Same as above 

Flat or Fixed Fee (per Landowner: Landowner: 

turbine or per acre or Provides steady, predictable income Forgoes potentially higher, if fluctuating, 
per MW installed) stream 

Protected in years of low power 
generation and/or revenue 

Developer: 

Does well in high-production/revenue 
years 

General: 

Can be used to compensate a landowner 
for use of land for an access road 
crossing the property, even if turbine is 
not installed on the land 

Clarity and transparency: Easy to verify 

level of income associated with royalty 
payments 

Developer: 

Expenses are harder to bear in years of low 
power generation and/or revenue 

General: 

Payments do not mirror actual revenue 
generated 

Eliminates the economic incentive 
for the landowner to cooperate with the 
developer to ensure maximum power 
generation 

Lump Sum Landowner: 

Source of immediate cash 

Developer: 

Does not have to provide payments in 
subsequent years 

Landowner: 

Does not provide steady income stream 

Value of the project does not stay tied to 
the land 

Developer: 

Must provide lump sum up front 

Landowner has no stake in the long-term 
success of the project 

Both: Bad fit to have financial transaction 
complete but physical use ongoing over 
many years 

* In the United States, information about the amount of power generated by a facility is often publicly available 
from grid operating managers or the utility purchasing the power. Even so, such information does not indicate 
how much is generated by individual wind turbines within a project. 
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Table 9 – Wind Energy Lease/Easement Compensation 

Project Information Landowner Payment Information 

Project State Date Project 
Size 
(MW) 

Turbine 
Size 
(MW) 

Per 
Turbine 
Per Year 

Per MW 
Per Year 

Notes 

Iowa Distributed 
Wind Energy Project 

IA 1998 2.25 0.75 $1,800 $2,400 Plus a $2,500 up front payment 

Lake Benton I MN 1998 107.25 0.75 $1,500 $2,000 Estimated payments for 15 of 143 turbines 

Deleware Mountain 
Wind Farm 

TX 1999 30 0.75 $1,500 $2,000 

Lake Benton II MN 1999 103.5 0.75 - - $450/acre for wind rights; $1,200/acre for 
easement on land needed for roads and 
towers; $5,000 for each tower constructed 

Storm Lake I and II IA 1999 192.75 0.75 $2,000 $2,667 $750/turbine + 2% revenue = $2,000 per 
turbine 

Vancyle Ridge OR 1999 25 0.66 $1,500
$2000 

$2,272
$2,667 

Waverly II IA 1999 1.5 0.75 $1,740 $2,320 Plus a $2,500 up front payment 

Madison Windpower NY 2000 11.55 1.65 $2,000
$4000 

$1,212
$2,424 

Farmer Project MN 2001 1.5 0.75 $2,000 $2,667 Landowner owns the project, has 
additional revenue streams 

Indian Mesa TX 2001 82.5 0.66 - - Royalty rate of 4% yrs 1-10, 6% yrs 11-20, 
8% yrs 21-30. Signing bonus of 
$2,000/MW. 

Woodward Mountain TX 2001 159.7 0.66 - - Royalty rate of 4% yrs 1-10, 6% yrs 11-20. 
Signing bonus of $2,000/MW. 

Nine Canyon Wind 
Farm 

WA 2002 48 1.30 - - !nnual “rent” of the greater of 
$1,000/turbine or 3.5% of gross revenues. 
Compensation for increase in property 
taxes. 

Top of Iowa IA 2002 80.1 0.90 $2,400 $2,667 

Colorado Green CO 2003 162 1.50 $3,000
$6000 

$2,000
$4,000 

98 of 108 turbines hosted by one 
landowner 

High Winds Energy 
Center 

CA 2003 162 1.80 $9,500 $5,185 Estimated $21.5 million in lease payments 
over 25 years. Average payment of 
$9,555/turbine/year. 

Mendota Hills Wind 
Farm 

IL 2003 50.4 0.80 $1,800
$2,000 

$2,250
$2,500 

New Mexico Wind 
Energy Center 

NM 2003 204 1.50 $4,000 $2,700 Estimated based on $550,000 in total lease 
payments 

Woodward OK 2003 102 1.50 $4,000 $2,667 “Up to $4,000” /turbine/year 
Ainsworth Wind 
Energy Facility 

NE 2005 59.4 1.65 $2,500 $1,515 

Crescent Ridge Wind 
Farm 

IL 2005 54.5 1.65 $5,000 $3,030 Greater of either flat rate of 
$5,000/turbine/year or a percentage of 
revenue estimated at $6,200/turbine/year 

Trimont Area Wind 
Farm 

MN 2005 100.5 1.50 $3,500
$4500 

$2,500
$3,000 

Based on estimates of $250,000-$300,000 
total payments. 

Weatherford Wind 
Energy Center 

OK 2005 147 1.50 $3,061 $2,040 

Big Horn Wind Power 
Project 

WA 2006 200 1.50 $3,450 $2,300 

Maple Ridge NY 2006 321.75 1.65 $5,128
$6600 

$3,108 
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Oliver Wind Energy 
Center (I & II) 

ND 2006
2007 

98.6 2.30 & 
1.50 

$5,555 $3,061 

Peetz Table Wind 
Energy Center 

CO 2007 400.5 1.50 $5,617
$7,490 

$3,750
$4,993 

Langdon Wind Energy 
Center 

ND 2007
2008 

159 1.50 $4,717 $3,144 

Forward Wind Energy 
Center 

WI 2008 129 1.50 - - $4,200 annual landowner easement 
payments (and $500 annual payments to 
landowners within 1 mile of turbine) 

Ashtabula Wing 
Energy Center 

ND 2008 148.5 1.50 8,080 $5,387 

Crystal Lake IA 2008 150 1.50 $6,000 $4,000 

Smokey Hills Wind 
Farm 

KS 2008 100.8 1.80 $3,000 $1,667 

Source: Wind Energy Easements and Leases: Compensation Packages, Windustry, June 2009 

Other sources of data support the figures presented above. For example, the Wind Powering America (WPA) 
program of the United States Department of Energy (DOE) provides materials on rural economic development of 
wind, citing annual revenue to farmers of $1,500 per turbine. Although a turbine size is not mentioned in the 
WPA documents, the most commonly deployed turbine size in the Midwest region of the United States during 
the preparation of the WPA documents is in the 600-750 kW range. Normalizing the WPA's data to a per-MW 
price suggests that payments range from $2,000 to $2,500, which is consistent with Windustry’s findings above/  
However, more recent projects that feature turbines over 1.50 MW may pay more, as shown in the results of 
the Windustry study. 

Another source of comparable data for the numbers cited above is the Turbine Verification Program (TVP), a 
U.S. DOE and Electric Power Research Institute (EPRI) program, in which cost-share or risk-share funds were 
provided to several utilities to develop and operate wind projects. While the data generated by the TVP program 
are not directly comparable to that of wind power projects developed without government aid, they help 
corroborate the data presented above. 

Table 10 summarizes data for several TVP wind power projects comprising a wide range of effective payment per 
MW values. Three projects (Fort Davis, Glenmore, and Algona) are within or near the above-mentioned range. 
However, some of the projects are outside the norm. The Kotzebue project, for example, has an unusually high 
per MW payment because it is based on a per-turbine amount and small turbines are used in the project (10 
turbines at 50 kW each). The Springview project's payment per MW is exceptionally low because the project was 
promoted as a small-scale demonstration project. In addition, the land was not being used for any other 
purpose and a significant amount of similar land in the region with comparable wind resources was available. 
Finally, several of these projects required no spacing between rows because they required only a single row of 
turbines. 
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Table 10 - Land Requirements and Payments for TVP Projects 

Project 
Location 

Land Use/ 
Type 

Total Land 
Area Leased 
(acre) 

Acres Leased 
per Turbine 
(per MW)* 

Leased Land 
Occupied by 
the Turbines 

Annual Land 
Cost/ 
Acre Leased 

Approximate 
Payment 
per MW ($/year) 

Fort Davis, 
Texas 

Ridge tops/ 
ranch land 

75.1 6.4 (11.4) 5.0% $266 $3,022 

Searsburg, 
Vermont 

Heavily 
forested 
ridgeline 

35.1 6.4 (5.7) 9.8% $114 $648 

Kotzebue, 
Alaska 

Treeless 
coastal tundra 

148.3 14.8 (296.5) 0.3% $27 $8,000 

Glenmore, 
Wisconsin 

Agricultural 
plains 

2.5 1.2 (2.0) 34.2% $1,058 $2,090 

Algona, Iowa Cropland 52.1 17.3 (23.2) 2.8% $96 $2,228 

Springview, 
Nebraska 

High plain/ 
ranch land 

33.1 16.6 (49.4) 2.9% $15 $740 

Big Spring, 
Texas 

Ranch land/ 
mesa tops 

7,131 154.9 (209) 0.3% Unknown Unknown 

* In some cases, the acre/MW figure appears low. This is likely because land for turbine spacing between rows was not 
needed and leased because several of these small projects had only one row of turbines. 

Other Pricing Considerations 

In addition to the base lease amounts, an up-front or initial payment is fairly common but not universal. Up-
front payments generally are in the range of $1,000 to $3,000 per turbine. A lump-sum payment may be made 
during the construction period, particularly in cases where the landowner is inconvenienced or loses other 
short-term revenues due to the construction activities. For example, during construction, additional land may 
need to be removed from crop cultivation and used for equipment storage areas. 

In cases where land is leased from multiple landowners for one project, developers typically take one of two 
approaches: 1) they make payments based on the electricity output of the specific turbines located on each 
individual land parcel; or 2) they make payment based on the average output of all turbines in the project 
multiplied by the number of turbines located on each individual land parcel. The second approach is easier to 
document and verify, and poses less risk to landowners, who will receive payment as long as the project 
generates electricity, regardless of whether the turbines produce electricity on their individual parcels. 

Lease payment terms also depend on alternative uses for the land, the local market for wind energy, and the 
availability of similar land with comparable development potential, as shown by these two U.S. examples. In the 
Altamont Pass area of California, leases were negotiated to escalate to fairly high rates because the land was 
being sought for residential development in a rapidly growing area near San Francisco. In the Midwest, lease 
rates generally are fixed at lower rates over the lease period because of the remoteness and/or the low land 
values of the areas being considered for wind development. In addition, many locations possess an abundance 
of equally good wind areas, and the ability of a developer to move on to another landowner can drive down the 
lease price. 

Alternatively, a number of examples exist where lease rates were escalated because of an action that 
established a short-term market for wind. For example, the Bonneville Power Administration, a federal power 
agency in the northwest United States, announced an intention to buy a significant amount of wind energy and 
issued a request for proposals (RFP) in 2001. Developers attempting to sign leases with landowners and prepare 
proposals in response to the RFP created a land rush. In such cases, property owners with known wind 
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resources and documented wind resource information are in a position to negotiate with multiple developers 
and shop for the highest rate. 

There are many examples of landowners who have signed leases with developers or companies that do not 
submit competitive bids. As a result, the landowner does not receive any revenue because the project is not 
developed. To avoid this situation, it is advisable for landowners to insist that the Option Agreement include a 
provision that permits them to withdraw from the agreement if the developers do not begin constructing a 
project within a certain number of years. 

When considering royalty payment amounts, it is important to consider what they are based on, and the extent 
to which project owners financially benefit by means which are not included in the calculation of the royalty 
payment. For example, the gross revenues used as the basis for the royalty payment typically are based on the 
power sales revenues, but they may or may not include revenues from other sources, such as green premium 
revenues or government incentives. In particular, tax credits (such as the federal performance tax credit (PTC) in 
the United States) generally are not included in any calculation of royalties. Because the PTC effectively allows 
project developers to offer lower power purchase prices, which the royalty is typically based upon, they can 
offer landowners a higher percentage of revenue since energy sales prices represent only a portion of their 
financial benefit from the project. 

Consider these two examples of 20 MW projects generating 60,000 MWh per year. One project sells power at 
$35/MWh, for gross power sales revenues of $2.1 million per year. A 2% royalty on this amount would provide 
the landowners with $42,000 per year, or $2,100 per MW installed per year. For a different 20 MW project that 
sells power at $70/MWh, a 1% royalty would result in about the same annual project royalty payment and 
payment per MW installed. A per MW installed payment of around $2,000-$2,500 is approximately the current 
industry standard. This is lower than for projects that were built ten years ago, as a result of increased 
competition, industry consolidation, and technological advances which have lowered the cost of energy 
production. 

Regardless of industry norms or market conditions, actual land lease payment amounts will have to be 
negotiated between the developer and landowner, and many unique possibilities exist as to both the methods 
of calculating payments, and the payment amounts. 

13.3. Additional Resources 
 Land, N. and Grant, W. Landowner's Guide to Wind Energy in the Upper Midwest. Izaak Walton League, 

2001. 
 National Wind Coordinating Committee. Permitting of Wind Energy Facilities, A Handbook. 2001. 

Available at www.nationalwind.org. 
 Guidelines for Agricultural Mitigation for Wind Power Projects - New York State Department of 


Agriculture and Markets
 
(http://www.agmkt.state.ny.us/AP/agservices/constructWind.html) 


 New York Energy Research and Development Authority – NYSERDA administers the New York Energy 
$mart(SM) program, which is designed to support certain public benefit programs during the transition 
to a more competitive electricity market/ NYSERD!’s Wind Power Naturally website offers a variety of 
useful information on New York’s wind resource, siting and permitting information, case studies and 
available incentives. 

(http://www.powernaturally.org) 
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 American Wind Energy Association (AWEA) – National trade organization. Includes contact information 
for developers, consultants, equipment suppliers, and other members. Provides details on large and 
small wind technology, policy initiatives, locations of installed wind projects, and links to other 
information. 
(http://www.awea.org) 

 National Wind Coordinating Committee – Consensus-based group made up of wind developers, utility 
personal, government representatives, environmental groups, economic development organizations, 
and others. Investigates and discusses issues associated with wind energy, in particular avian issues, 
siting, transmission, and economic development. Includes numerous web links to other wind energy 
sites. 
(http://www.nationalwind.org) 

 National Renewable Energy Laboratory/National Wind Technology Center – US DOE. Laboratory focused 
on wind energy research and development. Includes extensive information on the technology and 
associated research activities, publications, photos, and links. 
(http://www.nrel.gov/wind) 

 U.S. Department of Energy Wind Program – Includes information on DOE's wind program, the 
technology, publications, and links. 
(http://www.eere.energy.gov/windandhydro/) 

 Windpowering America – US DOE program with specific focus on the use of wind power generation as a 
source of income for American farmers, Native Americans, and rural landowners. 
(http://www.windpoweringamerica.gov) 

 Windustry – Non-profit organization that promotes wind energy through outreach, educational 
materials, and technical assistance to rural landowners, local communities and utilities, and state, 
regional, and nonprofit collaborations. 
(http://www.windustry.org) 

 Wind Energy Easements and Leases: Compensation Packages, Windustry, June 2009 
(http://www.windustry.org/sites/windustry.org/files/Compensation-2009-07-06.pdf) 
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14. Permitting
 
Planning ahead for the siting of wind energy facilities will help municipalities anticipate and effectively evaluate 
applications for these uses. By determining, in advance, where and under what conditions municipalities would 
prefer wind projects to be located, and then amending or adopting land use regulations and maps to reflect 
these preferences, a time-consuming and potentially controversial review process may be avoided. 

As New York State continues to expand the use of renewable energy, wind energy project developers will 
continue to approach municipalities across the state with proposed wind projects that warrant local review. 

At the same time, in some communities, residents are organizing and hiring legal representation to oppose new 
wind projects. Local officials are increasingly finding themselves caught in the middle, and without access to 
dependable, accurate information that will help them make informed decisions that are consistent with the 
community’s values/ This section is intended to describe project review options and local land use evaluation 
methods, and provide local officials with the information and tools needed to create a meaningful review 
process for wind energy facilities.  

14.1. Local Ordinance Options and Examples 
Effective wind ordinance standards should address several objectives, including: ensuring public safety, 
expressing local preferences, identifying and minimizing on- and off-site impacts, promoting good land use 
practice, informing and involving the public and providing legal defensibility. Predictable and clear standards 
and a reasonable timeframe for review provide fairness for towns, wind developers and the public, and help to 
streamline the review process.  Some flexibility is also needed in ordinance language to enable municipalities to 
respond to unique situations. 

Local Review Options 

A town does not have to employ zoning to develop and adopt a wind energy ordinance, although it is preferable 
as it better assures that the town will get the type of development it wants.  If a municipality wishes to allow 
wind development, there are a variety of ways in which towns can review and allow for wind energy facilities: 

 As an outright permitted use 
 With a special use permit 
 Subject to site plan review 
 As an accessory use 
 Based on a use variance 

In most cases, towns will probably want to use a combination of the special use permit and/or site plan review, 
especially for large, commercial wind energy facilities. 

Zoning for Wind 

A town that uses zoning and has an up-to-date comprehensive plan that addresses the wind energy resource is 
in an excellent position to proactively identify key wind energy areas that could be developed. The existing 
zoning for these areas could then be amended to allow wind energy facilities, subject to the town’s chosen 
review process.  The areas suitable for wind energy facilities are sometimes located within parts of multiple 
zones rather than primarily in one or two zones.  In these cases, it might make sense to create a wind energy 
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overlay zone for application to these areas. An overlay would apply special wind energy review standards to 
proposed wind energy uses in addition to the standards that apply to the underlying zone.  Careful attention to 
potential visual, avian, and heritage/visual impacts in defining the overlay area can greatly mitigate or even 
eliminate these issues when wind energy facilities are proposed. The overlay zone should be shown on the 
town’s zoning map and could be an incentive to attract wind developers to the town/ Zoning can play a critical 
role in keeping wind development in areas with compatible uses. 

For more information on comprehensive plans, please refer to Section 11: Comprehensive Planning. 

Setbacks and Other Zoning Considerations 

Many concerns associated with safety, noise and aesthetics can be addressed by placing distance between wind 
turbines and people, property lines, roads and certain environmental areas or scenic or historic landscapes. 
Although there is no consensus on appropriate distances or types of setbacks, there are several common themes 
that appear in a number of wind energy regulations that various communities have adopted. 

Most local government requirements include setbacks for the distance between the wind turbine and 
residences/other buildings, property lines and roads.  Property lines should always be part of the setback 
formula in order to provide consistency and not endanger future uses on adjacent parcels. A few communities 
have also defined setbacks from railroads, above-ground transmission lines and other specific uses. The most 
common way to define a setback distance is in terms of a multiple of the turbine height.  Other options are to 
specify a fixed distance or a combination of a fixed distance and a multiple of the turbine height.  Setbacks 
should be at least as great as the height of the turbine.  When specifying the structure height, it is important to 
define whether the height is considered the top of the tower or the highest point reached by the rotor blade. 
More information regarding setbacks, including example setbacks used in operational projects, is provided in 
Section 8.2: Public Health and Safety. 

Some communities provide that setbacks may be reduced when doing so would enhance aesthetic, noise or 
safety considerations.  Turbines are often exempt from property line setbacks if the adjacent property contains a 
wind turbine from the same plant or the adjacent property is a participant in the project through a land lease 
and/or wind access agreement.  This is an important consideration since turbine layouts and plant infrastructure 
can result in many parcels of land being utilized for one project. 

Communities may adopt noise regulations that apply to wind facilities.  These can also involve the use of 
setbacks. Noise impacts may be measured at the property line or at the location of the affected uses – 
residences and certain other public uses.  Use of property lines in determining setbacks assures that future uses 
of unbuilt adjacent parcels will not be exposed to unreasonable noise impacts. 

When establishing setbacks, the intended protective effect must be balanced with economic considerations for 
wind projects.  For instance, sizeable setbacks could be viewed as providing maximum mitigation of adverse 
noise, visual and environmental impacts. However, sizeable setbacks could render a large portion of a proposed 
site unusable for wind turbines, thereby reducing the overall number of turbines that could be accommodated, 
thus sacrificing the feasibility of the project. 

Height restrictions are a part of most zoning ordinances and can also have an adverse, though unintended, 
impact on wind turbine installations.  Many local height restrictions do make exceptions for church spires, silos, 
cell towers and similar uses.  Since the wind resource generally improves with height, in areas where wind 
energy facilities are to be permitted, height exceptions should similarly include wind turbines. 

Some communities specify a minimum height for the blade tips above ground level.  Minimum limits are driven 
by safety concerns and typically range from 15 to 30 feet/  �ecause today’s commercial wind turbines are 
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typically installed on towers of at least 200 feet, minimum levels above ground are unlikely to be an issue. 
Although small turbines are installed on lower towers, their rotors are smaller and these limits should also not 
be an issue. 

For a discussion of appropriate review standards for environmental and cultural impacts, see Section 10: Other 
Environmental Impacts. 

14.2. Role of Government Agencies 
Most wind energy projects in New York are subject to permitting by municipal authorities, who may review 
project proposals under various regulatory frameworks, including local zoning ordinances and the SEQR. Yet 
those involved in land use decisions at the local level sometimes feel unprepared to conduct such a review. 
Many municipalities lack planning staff and most municipal planning and zoning boards have had relatively little 
exposure to wind energy technology. This discussion is intended to help fill this information gap and assist local 
governments in their decision-making. Finally, this section summarizes the areas where interaction with other 
state and federal agencies may occur. 

Local Review Options 

In general, land use regulations are intended to guide future growth and development by ensuring that 
sufficient land is available for a variety of uses, adjacent uses are compatible, and a reasonable transition area 
exists between areas of different usage. As such, they can be an important element in addressing what, if any, 
wind energy development will be allowed in a municipality. 

Municipalities wishing to allow or promote wind development must carefully consider what land areas would be 
best suited for wind energy development and make sure that this use is allowed in those areas. Municipalities 
must try to strike a balance between developing a responsible review process and imposing undue burdens on 
the developer. While it is important to be thorough and comprehensive, it is equally important to conduct a 
process within a reasonable time frame.  

Local government review standards and timelines have an impact on the economic viability of a wind project in 
today’s competitive markets/ 

Local regulations that may apply to proposed wind energy facilities include building permits, special use permits, 
site plan review, and zoning. The use of any one or more of these regulations varies widely across the state. 
About 78% of New York municipalities use zoning. Many of the more remote, rural parts of the state, where 
good wind energy potential may exist, do not use zoning. Wind energy projects located on land that is not 
subject to zoning may only require a building permit and, possibly, site plan review. This simplified approach, 
while perhaps adequate for small wind projects, may not be adequate to ensure compatibility with surrounding 
uses, especially for larger projects.  The action also will trigger review under the State Environmental Quality 
Review Act (SEQRA). 

Where zoning is in use, one of the biggest impediment to the siting of wind energy facilities is the ordinance that 
fails to identify wind energy facilities as allowed uses. Because wind projects are so new, many municipalities 
have not yet added this use to their ordinances. In most zoning ordinances, non-listed uses are considered 
prohibited uses and may only be permitted through utilizing the use variance process. Because the statutory use 
variance criteria are difficult to meet and the process is cumbersome, this is a less-than-ideal approach to 
evaluating and allowing wind energy facilities. 
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Updating Land Use Regulations 

Land use regulations, including zoning, should be periodically updated to allow municipalities to address new 
uses, such as wind energy facilities. Local land use regulations must be in accordance with an adopted 
comprehensive plan. For this reason, many communities update their comprehensive plan and zoning 
ordinance in a parallel process. 

As municipalities evaluate and update their land use regulations with respect to wind projects, they should 
consider what type of review should be used. There are a variety of review options, as follows: 

 Permitted use 
 Special use permit 
 Site plan review 
 Accessory use 
 Use variance 
 Overlay Zone 

Depending on the process that municipalities use, the reviewing body may be the local enforcement officer, the 
planning board, the zoning board of appeals, the local legislative body, or some combination of these. It is useful 
here to review the purpose of each of these options. 

Permitted Use 

Permitted uses in a zoning ordinance law are those that the municipality feels should be allowed in a particular 
zone under all circumstances, though they may be made subject to specific conditions that would be reviewed 
as part of a ministerial decision by the municipality’s enforcement officer. Municipalities may, for instance, 
choose to make small wind energy facilities permitted uses in remote, rural areas where there is little potential 
of adverse impacts to nearby properties. 

Special Use Permit 

Special use permits are employed when the use is believed to be generally appropriate for a particular zone, 
though perhaps not in all circumstances or as proposed, and are subject to either general or specific conditions 
to ensure compatibility with and/or minimal impacts on nearby uses. Special use permits are normally issued by 
the planning board or zoning board of appeals as part of a discretionary review process involving a public 
hearing. Special use permits can be issued only where zoning is used. Special use permits are an effective tool 
for municipalities evaluating large, commercial wind projects with potential adverse impacts for nearby 
properties. 

Site Plan Review 

Site plan review is a process that is used to ensure that the permitted use is designed, constructed, and laid out 
in an appropriate way. Site plan review can be used with or without zoning because the proposed use of the 
property is not an issue. This is a good supplementary tool to use in the evaluation of wind projects. Site plan 
review is normally performed by the planning board or zoning board of appeals. Where site plan review and 
special use permits are both used, it is preferable for wind projects to be evaluated by a single reviewing body. 

Accessory Use 

Accessory uses are secondary to a principal use on the same property. A single wind turbine that is primarily 
used to supply electricity to a residence or a farm, for instance, might be considered an accessory use. 
Municipalities can amend the definition of accessory use in their zoning to include small wind projects. 
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Use Variance 

Use variances can permit uses that are not listed as allowed in a particular zone. Use variances may be issued by 
the zoning board of appeals as part of a quasi-judicial review process involving a public hearing. This process 
exists to handle the unanticipated exception to the rule.  Use variance may only be issued if the applicant meets 
strict statutory tests. The burden of proof of the appropriateness of the use rests on the applicant. It is 
preferable to allow the use in appropriate zones and to establish a meaningful but not overly cumbersome 
review process than to rely on the use variance process to allow wind energy facilities. 

Overlay Zone 

Part of any update of land use regulations should include an update of the zoning map. Such an update presents 
municipalities with the opportunity to create a wind energy overlay zone that can be used as a way to attract 
wind energy developers to the community, if desired. Wind energy facilities can also simply be added as an 
allowed use in various existing zones in the municipality. The different options in this area are discussed further 
in the Wind Energy Model Ordinance Options section of the Appendix. 

Meaningful and Fair Review 

Once municipalities choose an approach to reviewing and permitting wind energy facilities, they should consider 
what the substance of that review will be. A different set of review standards may be appropriate for large 
commercial wind energy facilities as opposed to a single small turbine. Nevertheless, permitting considerations 
will likely include most or all of the following issues: 

 Public health and safety 
 Siting and installation 
 Setbacks from residences, roads, and property lines 
 Nuisance impacts: sound, electromagnetic/microwave interference 
 Environmental impacts: avian, soil erosion 
 Visual impacts 

The level of detail required to address these issues in a permitting strategy will vary depending on project 
location, existing land uses, community concerns, local environmental issues, and other factors. 

Municipalities should encourage wind developers to schedule a pre-application conference to meet with 
municipality staff to discuss the proposed project in general terms and to clarify the application requirements. 
The conference should be informal. However, the applicant should be encouraged to bring preliminary materials 
to the conference to inform staff (and/or a review board member) of siting information. The general purpose of 
the pre-application conference is: 

 To find out, on an informal basis, what the applicant has in mind 
 To explain the municipality’s standards and procedures 
 To provide the applicant with the application form and list of items to be submitted. 

Straight-forward discussion early on can help reduce the time and expense involved in the approval process. 

Coordinating the Review with Others 

Any proposed special use permit or site plan for a proposed wind project (or any other use) that is within 500 
feet of a municipal boundary, a county or state park, road, stream, public building, or a farm operation located 
in an agricultural district, may need to be referred to the county planning agency (or regional planning agency if 
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there is no county agency) for its input (Section 239-m of the General Municipal Law). County referral is also 
usually required of any comprehensive plan or zoning ordinance amendments to accommodate wind projects. 

Building Codes 

Recent experience from New York wind projects has identified some concerns that local building inspectors may 
lack sufficient knowledge and understanding of wind projects and technology. Local inspectors in rural areas 
tend to be more familiar with residential, agricultural, and commercial construction as opposed to civil works or 
power plant construction. Although wind energy projects utilize turbines that are unique in comparison to other 
forms of energy-generating equipment, the issues associated with building and electrical code compliance are 
the same as any other power-generating plant. Road construction and operations and maintenance building 
construction are no different from other construction projects. The local utility receiving energy from the wind 
plant is responsible for inspection and acceptance of the turbine equipment, collection system, substation, and 
interconnection.  

Local governments can also have their own building code, which may address issues not addressed by the state 
building code. 

A link to the Administration and Enforcement of the Uniform Fire Prevention and Building Code and the Energy 
Conservation Construction Code (Uniform Code) is provided in the additional resources section. Local 
governments may also have their own building code. 

Interactions with State and Federal Agencies 

Local jurisdictions may also interact with state and federal agencies when conducting the environmental review 
for a wind energy project. Some of the state and federal agencies that may become involved in the review of a 
wind energy project include those listed in Table 11. This sample information is provided from the large-scale, 
commercial wind energy project located near Prattsburgh, New York. 

An involved agency typically has some form of discretionary authority relating to a specific aspect of a proposed 
action (e.g., the granting of a required permit). An interested agency lacks this discretionary authority but still 
chooses to participate in the review process because of specific expertise and/or concerns. 

116 



Table 11 - Agency Involvement in the Prattsburgh Wind Farm  

Agency 
Involvement in WindFarm Prattsburgh 

environmental review process 

NYS Department of  

Environmental Conservation 

Interested agency; may be Involved agency if NYSDEC permits are 

required (e.g., state regulated wetlands or stream permits); has broad 

responsibilities to consider impact of projects on natural resources, 

including birds, bats and their habitats. 

NYS Department of Agriculture  

and Markets 

NYS Public Service Commission 

Interested agency; focus on ensuring that soils and farming operations 

are not adversely affected by construction activities 

Interested agency; oversees issues relating to energy interconnection 

and transmission 

NYS Office of Parks, Recreation and 

Historic Preservation 

U.S. Fish and Wildlife Service 

Interested agency; state administrators of National Historic 

Preservation Act 

Interested agency; focus on ensuring that no adverse impacts occur to 

sensitive wildlife habitat or species; has responsibilities under 

Migratory Bird Act and Threatened and Endangered Species Act. 

USDA Animal Plant Health 

Inspection Service 

U.S. Army Corps of Engineers 

Federal Aviation Administration 

Interested agency; responsible for plant protection and quarantine 

program 

Interested agency; likely to issue permits in compliance with Section 

404 of the Federal Clean Water Act 

Interested agency; provides obstruction lighting recommendations to 

minimize aviation risks 

Source: http://www.prattsburghwind.com  

  Wind Energy Toolkit – Community Resources 

NYS Department of Environmental Conservation (DEC) 

The NYSDEC may become involved in project approval if land that will be affected by the project falls into its 
jurisdiction under the federal Clean Air and Clean Water Acts. Issues related to streams or wetlands represent 
one of the most common ways in which the NYSDEC could become involved. 

The DEC does not issue a specific permit for wind projects.  Rather, permits may be required for specific actions 
taken in the construction of the wind project.   

For example, a permit would be required if the project involved filling of a section of a state regulated wetland 
or disturbance to the bed or banks of a state regulated stream. For a typical wind project, the following permits 
may be required: 
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Freshwater Wetlands Permit (Part 663)41 

This permit program was created in light of the legislature’s intent to preserve, protect, and conserve freshwater 
wetlands and to regulate development so as to preserve their beneficial qualities. A permit would be required 
for regulated activities involving freshwater wetlands that appear on the New York State wetlands maps.  
Generally, the permits are limited to wetlands 12.4 acres or greater in size, though smaller wetlands of unusual 
significance may be included.  Regulated activities include the following: 

 filling, draining or excavating, grading, and dredging; 
 constructing buildings, roadways, septic systems, bulkheads, dikes, dams, and docks; 
 clear–cutting timber and other vegetation in a wetland or its 100 foot adjacent area.  

While it is not likely that a turbine itself would be located in a wetland, it is possible that an access road or 
electrical interconnections between turbines, the substation, and the electrical grid may involve disturbances to 
a wetland.  

The applicant’s plans are required to show the freshwater wetlands boundary (if any) and the source of 
information providing that boundary.  


In determining whether to issue a permit, the following factors must be considered: 


 wetland class 
 effect of the project on wetland functions and benefits 
 possible alternatives outside of the wetland or adjacent area and, 
 loss or degradation to the wetland cannot be more than insubstantial 

Use and Protection of Waters Permit (Part 608)42 

This permit program was created in view of the legislature’s intent to minimize the disturbance of streams and 
water bodies and so prevent unreasonable erosion of soil, increased turbidity, loss of fish and aquatic wildlife or 
habitat destruction. This permit may be required if construction of access roads or electrical interconnections 
(turbine construction more rarely) involve disturbance to a stream (classified c(t) or above) or if excavation or 
placement of fill occurs in any of the “navigable waters of the state or in wetlands that are adjacent to and 
contiguous at any point to any of the navigable waters of the state, and that are inundated at mean high water 
level or tide/” 

The applicant must show that the proposal: 1) is reasonable and necessary 2) will not endanger the health, 
safety and welfare of the people of the State of New York 3) will not cause unreasonable, uncontrolled, or 
unnecessary damage to the natural resources of the state including soil, forests, water, fish, and aquatic and 
related environment. 

Federal Clean Water Act (Section 401) Certificate43 

This certificate program was created consistent with the legislative intent to ensure that federal agencies issue 
permits without violating the state’s water quality standards or impairing designated uses/ 

41 
Statutory Authority provided by NYS Environmental Conservation Law (ECL), Article 24. Applicable regulations found in
 

6NYCRR Parts 663.
 
42 

Statutory Authority provided by NYS Environmental Conservation Law (ECL), Article 15, Title 5.  Applicable regulations are
 
found in 6NYCRR Part 608.
 
43 

Statutory Authority provided by NYS Federal Clean Water Act, Section 401.  Applicable regulations are found in 6NYCRR 

Part 608.
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The Section 404 federal permit process, and corresponding state certification under Section 401, regulates the 
discharge of dredged or fill materials to the waters of the United States (to include wetlands).  The State must 
issue a Section 401 water quality certificate before a Federal agency can approve a Section 404 permit. 

The certificate verifies that the federally approved action is in compliance with State water quality standards or 
designated use of the water body. 

The burden of proof is on the applicant.  

Unlike the Freshwater Wetland permit, this permit and corresponding certificate are necessary for the discharge 
of dredged or fill material to wetlands smaller than 12.4 acres in size. 

Stormwater Discharge Permit 

For a wind energy project, the amount of land disturbed during construction depends on the size and number of 
turbines, existing infrastructure (e.g., roads and transmission), and topography.  

Temporary disturbances caused by construction are approximately one acre per megawatt (MW); this estimate 
accommodates a construction lay-down area at each turbine location, access roads, underground transmission 
line, substation, and construction vehicle parking.  Permanent disturbances caused by construction activities 
average 0.5 acres/MW. 

Under Phase II of EP!’s stormwater rules, construction activities that commenced on or after March 10, 2003 
and that disturb one or more acres of land must be authorized by a stormwater discharge permit. 

On January 8, 2003, the NYSDEC issued one of the most progressive discharge permits in the nation for such 
authorizations. 

The permit NYSDEC issued is the SPDES General Permit For Stormwater Discharges from Construction Activity 
(GP-02-01).To obtain coverage under the general permit, the operator of a construction activity must file a 
completed Notice of Intent (NOI) with the DEC. Submitting an NOI is an affirmation that a stormwater pollution 
prevention plan (SWPPP) has been prepared for the site and will be implemented prior to the commencement 
of construction commences. Coverage under the general permit can begin either five (5) or sixty (60) business 
days after receipt of the NOI to by the DEC. 

All stormwater pollution prevention plans include provisions for erosion and sediment controls. For construction 
activities that meet either Condition A, B or C described below, the operator shall develop a full SWPPP which 
includes water quantity and water quality controls (post-construction stormwater control practices), in addition 
to the erosion and sediment controls. 

Condition A - Construction site or post construction runoff discharging a pollutant of concern to either impaired 
water identified on NYSDE�’s 303(d) list or a TMDL watershed for which pollutants in stormwater have been 
identified as a source of the impairment.
 

Condition B - Construction site runoff from Phase 1 construction activities (construction activities disturbing five 

(5) or more acres). 

Condition C - Construction site runoff from construction activity disturbing between one (1) and five (5) acres of 
land during the course of the project, exclusive of the construction of single family residences and construction 
activities at agricultural properties. 

The detailed components of a stormwater pollution prevention plan are set forth in the New York State 
Stormwater Management Design Manual. Please note that many SWPPPS have unnecessarily included model 
runs that increase the volume but not the value of the SWPPP. 
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Possible Roles of the DEC in the SEQR Process 

An agency can participate in a SEQR review as either an Involved Agency or as an Interested Agency.  An 
Involved Agency is an agency that has or will have a discretionary decision to make regarding some aspect of the 
action.  A discretionary decision would include reviewing a permit application or a certification request.  An 
Interested Agency lacks a discretionary authority but still wishes to participate in the review process because of 
its specific expertise or concerns about the activity.  Being an Involved Agency, particularly if designated the 
Lead Agency (the agency principally responsible for carrying out, funding or approving an action), gives an 
agency greater legal leverage in directing the conduct of the SEQR process than if it is an Interested Agency. 

Even if the DEC is not an Involved Agency, it will fully participate in the environmental review of the proposal to 
ensure that resource issues of statewide concern are identified and assessed in the environmental review 
process conducted under SEQR.  The DEC's interests would include assessing the projects possible impact to 
state wildlife such as bats, raptors (hawks and eagles, for example), migratory waterfowl, and migratory 
songbirds and their habitats.  If impacts were disclosed, the DEC would also identify ways that the impacts could 
be avoided or reduced.  

NYS Department of Agriculture and Markets (Ag & Markets) 

Villages, municipalities, and cities in New York State have broad ability to enact land use rules and regulations; 
however, these powers must be in accordance with the policy and goals of Article AA-25 of the Agricultural and 
Markets Law. This law prevents unreasonable restrictions by local government rules on land use within 
agricultural districts unless it can be demonstrated that public health or safety is threatened. The purpose of the 
law is to encourage development and improvement of agricultural land for production of food and other 
agricultural products. DAM has created a document specifically focused on wind energy to facilitate the review 
process. A link to the Guidelines for Agricultural Mitigation for Windpower Projects is available in Additional 
Resources. 

NYS Public Service Commission 

The Public Service Commission is responsible for overseeing issues related to energy interconnection and 
transmission, including the siting of facilities under Article VII of the Public Service Law (PSL).  It must also 
approve the construction of wind energy facilities with generating capacity over 80 megawatts, pursuant to PSL 
Section 68. 

New York State Office of Parks, Recreation, and Historic Preservation may require consultation if there are visual 
impacts involving historic structures or locations. For more information on this Office and the tools it has 
available to developers and municipality decision-makers please see the Other Potential Environmental Impacts 
section of this Toolkit. 

US Fish & Wildlife Service 

If a proposed project site includes or is adjacent to sensitive plant or wildlife habitat, the USF&WS can perform a 
threatened and endangered species review. The review identifies any threatened or endangered species located 
in or near the proposed project area and determines the likely level of impact. A positive species finding would 
trigger the National Environmental Policy !ct’s requirement for an assessment of the need for an Environmental 
Impact Statement; this process could be coordinated with the SEQR process.
 

Adirondack Park Agency (APA)
 

If a proposed project site is within the Adirondack Park, the project may need to meet additional APA
 
requirements.  The APA administers the Adirondack Park Agency Act (Executive Law, article 27), the Freshwater 
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Wetlands Act (Environmental Conservation Law, article 24) on state lands within the park and the Wind Scenic 
and Recreational Rivers System Act (Environmental Conservation Lax, article 15, title 27) for private lands within 
the park borders. 

USDA – Animal Plant Health Inspection Service 

The Animal Plant Health Inspection Service of the USDA may be called upon to help assess the vulnerability of 
the project area’s ecosystem to invasive pests and pathogens/  

Army Corps of Engineers 

The Army Corps of Engineers (COE) may become involved in a project, if any portion of the project (e.g., access 
road, distribution line) crosses a water body subject to COE jurisdiction such as streams flowing into navigable 
waters. The COE may also become involved in offshore wind energy projects in the Great Lakes and the Atlantic 
Ocean.  Its level of involvement could range from expert review to mitigation plan suggestions to permit 
issuance. 

Minerals Management Service 

The Minerals Management Service (MMS) of the Department of the Interior manages the natural gas, oil, and 
other mineral resources in Federal waters on the Outer Continental Shelf. The MMS will grant leases, 
easements, and rights-of-way for offshore wind farms located in this region. 

Federal Aviation Administration (FAA) 

Given the height of today’s commercial wind turbines, the majority of wind energy facilities are subject to the 
F!!’s review for safety lighting/ The F!! requires lighting on any structure taller than 200 feet/ Projects located 
near airports or military facilities or in aviation corridors may require additional review, even if they fall below 
the 200 foot threshold.  

FAA lighting varies significantly from project to project because the FAA only recently adopted a national 
standard for lighting utility-scale wind turbines. Some lighting scenarios include lighting every other turbine or 
bracketing the project (i.e., lighting the turbines at just the corners of the project, the outermost ring of 
turbines, or the turbines at the end of rows). 

To create a national standard, the FAA along with the national Department of Energy (DOE), the American Wind 
Energy Association (AWEA), and participating projects, started a study in 1999 to determine the most effective 
and efficient technique for lighting wind turbine projects. This study combined airborne evaluations of select 
project sites as well as model simulation to test the recommended guidelines. Some of the proposed 
recommendations tested at the Blue Canyon Wind project in Oklahoma included the following: 

 Half mile separation unless bracketing used, 
 Red strobe (L864) required, 
 White strobe (L865) depending on location, 
 Synchronize all lights, 
 Omit daylight illumination, 
 Light must extend above highest point of the nacelle, and 
 White/off-white towers preferred. 

The final report was issued in February of 2007. The final standards issued by the FAA include, but are not 
limited to, the following guidelines: 

 Not all wind turbine units need to be lighted.  Definition of the periphery of the installation is essential 
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Wind Energy Toolkit – Community Resources 

 Obstruction lights within a group of wind turbines should have unlighted separations or gaps of no more 
than ½ mile 

 All flashing lighting should be synchronized 
 Nighttime wind turbine obstruction lighting should consist of the preferred FAA L-864 aviation flashing 

red lights 
 Daytime lighting of wind turbine farms is not required, as long as the turbine structures are painted in a 

bright white color or light off-white color most often found on wind turbines. 

Table 12 lists the types of aviation lighting installed for some of New York’s existing wind projects/ 

Table 12 - Examples of Aviation Lighting at New York Wind Power Projects 

Madison Fenner Wethersfield Maple Ridge 

Flash Pattern 
FPM – Flashes per 
Minute 

40 FPM - Day 
20-40 FPM - Night 

40 FPM - Day 
20-40 FPM - Night 

40 FPM - Day 
20-40 FPM - Night 

20-40 FPM 
Day and Night 

Turbines Lit 7 of 7 (100%) 20 of 20 (100%) 10 of 10 (100%) 55 of 195 (28%) 

Brightness 

Medium intensity 
(white) 
Obstruction light 
(red) 

Medium intensity 
(white) Obstruction 
light (red) 

Medium intensity 
(white) Obstruction 
light (red) 

Obstruction light 
(red,flashing) 

Lights per Turbine 

1 white (all 
turbines, day) 2 
red (all turbines, 
night) 

1 white (7 turbines, 
day) 
2 red (all turbines, 

night) 

1 white (3 turbines, 
day) 
2 red (all turbines, 
night) 

1 red 
(55 turbines, day 
& night) 

FAA Light Type 
L-865 (day) 
L-864 (night) 

L-865\L-864 (7 
turbines) 
L-864 (13 turbines) 

L-865\L-864 (3 
turbines) 
L-864 (7 turbines) 

L-864 (55 
turbines) 

Source:  AWS Truewind, LLC 

!lthough the F!!’s determination of how to light a wind power project is not an open process like an 
environmental review, municipalities might be able to offer their lighting preference for a wind project in their 
local area. However, aviation safety will be a priority. 

14.3. Overview of the SEQR Process 
New York’s State Environmental Quality Review !ct (SEQR) requires the consideration of environmental factors 
early in the planning stages of any actions that are directly undertaken, funded or approved by local, regional, 
and state agencies. SEQR is both a procedural and substantive law.  The law requires certain procedures or 
steps to be followed in the environmental review.  It also requires that agencies base decisions or conclusions on 
substantive information developed in the environmental review of a project.  The review process may result in 
an agency requiring project modifications or even project denial if the potential adverse impacts cannot be 
mitigated or avoided. Another component of SEQR is the requirement to consider alternatives in the review 
process. 
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Classify the Action: Type I, Type II, Unlisted 

Actions under SEQR are listed as Type I, Type II, or Unlisted.  The classification of an action is important in 
determining the procedures to be followed.  Type I actions are those projects that are more likely to require the 
preparation of an Environmental Impact Statement (EIS) than unlisted actions.  The criteria for classifying actions 
as Type I can be found in DE�’s regulations at Title 6 of the Compilation of Codes, Rules and Regulations of the 
state of New York (6 NYCRR) § 617.4.  Type II actions are those actions that have been determined not to have a 
significant impact or are otherwise precluded from environmental review under the Environmental Conservation 
Law (ECL) Article 8. Type II actions are not subject to review under SEQR, and a list of these actions can be found 
in 6 NYCRR 617.5.  All actions that are not Type I or Type II are considered Unlisted actions. However, an 
involved agency has the discretion to treat an Unlisted action as a Type I action.  

Examples of Type I actions include any project over 100 feet above ground level in a locality without zoning 
regulations pertaining to height, as well as any project that involves the physical alteration of 10 acres.  This 
would include not only alteration from turbine construction but also lay down areas, access roads, transmission 
lines, and any electrical substation improvements. If a project is in an agricultural district, the threshold for 
physical alteration is only 2.5 acres. To date, most of the commercial wind projects have exceeded these 
thresholds and have been classified as Type I actions.  As described below, Type I actions require certain 
procedures to be followed, but do not always require the preparation of an Environmental Impact Statement.  

For Type I actions, SEQR requires that a project sponsor complete the Full Environmental Assessment Form (Full 
EAF).  The Full EAF requires the project sponsor to provide more information regarding a project than the Short 
Environmental Assessment Form.  If a wind developer submits an application to a local municipality for a 
commercial wind project and a state or local agency determines that a project is a Type I action, then the Full 
EAF should be included with the application or a request should be made to have one submitted.  The project 
sponsor may also choose to supplement the Full EAF with any studies or analyses related to the particular 
project.  SEQR also requires that a coordinated environmental review be conducted. This means that all involved 
agencies (agencies with discretion to approve, fund, or undertake an action) cooperate to produce one 
integrated environmental review. It also allows interested agencies (agencies with concerns but without 
jurisdiction) to participate in the review. 

Lead Agency 

SEQR requires that one of the involved agencies lead the environmental review. This agency is referred to as the 
Lead Agency and has numerous responsibilities in the coordinated environmental review. Typically, the lead 
agency is selected based on whether the anticipated impacts are primarily of statewide, regional or local 
significance.  If impacts are generally local in nature, then either an agency at the town or county level should 
assume the role of lead agency.  For this reason, the local municipalities have assumed the role of lead agency.  
In some cases, municipalities have assumed lead agency by default because no other agency had jurisdiction. 
The Commissioner of the New York State Department of Environmental Conservation (DEC) resolves any 
disputes regarding who serves as lead agency. 

Determination of Significance 

Once a lead agency has been established, a determination of significance must be made. For Type I actions, the 
determination of significance is a declaration made by the lead agency regarding the potential for a project to 
have significant impacts on the environment.  A negative declaration indicates the project will have minimal 
impacts, while a positive declaration indicates the potential for significant adverse environmental impacts.  A 
negative declaration ends the SEQR process.  A positive declaration requires the preparation of an EIS. 
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A lead agency needs to understand the term “significance.” Although a subjective term, significance is 
measured by the magnitude (severity) and importance (relation to its setting) of the impacts.  The bigger or 
more severe the impact, the more a detailed analysis is required. The importance of the impact will depend on 
the setting and the local community values.  A lead agency should consider whether the impacts are short or 
long term.  A lead agency should note that a determination of significance is not the point at which to weigh the 
social and economic impacts of a project.  A threshold determination should only be based on whether the 
project is likely to have significant impacts.  

For commercial wind projects the potential environmental impacts can include, but may not be limited to, 
visual, sound, avian (birds and bats), water quality (wetlands, stream, stormwater runoff), historic preservation, 
agricultural, and community character. Some of these may be related to construction and will be short term 
impacts.  Others will be related to the operation of the wind energy project and can be long term impacts.  In 
either case, these potential impacts need to be carefully considered.  

The threshold for requiring an EIS is not based on the number of turbines but on the potential for significant 
adverse impacts.  Therefore, projects utilizing a small number of turbines are not exempt from performing an EIS 
unless a negative declaration is made. 

If a lead agency decides to complete a negative declaration, it must consider all relevant impacts, not just those 
impacts within its jurisdiction/  The lead agency’s decision must document, in writing, the reasons for the 
decision.  The negative declaration must contain a reasoned elaboration of why the project will not have 
significant impacts on the environment.  The negative declaration must also be based on information obtained 
before the lead agency at the time of the decision.  It may not be based on future studies or conditions to be 
imposed by the lead agency. 

Even for wind projects involving a small number of turbines, the potential impacts make it difficult to write a 
negative declaration based on the information provided in the Full EAF and application alone.  In most cases 
where a lead agency has issued a negative declaration for a wind project the project sponsor has supplemented 
the Full EAF with studies and analyses.  This additional information is what allows the lead agency to make a 
reasoned elaboration regarding the project impacts and why they are not significant.  

EIS Process 

If the lead agency believes significant potential impacts may occur due to the proposed project, SEQR requires 
the lead agency to issue a positive declaration and require the preparation of an EIS.  Procedurally, the EIS 
process adds additional steps to the process, but the results are a more thorough environmental analysis. 

The EIS process also provides formal opportunities for public participation throughout the process. They include 
scoping of the Draft EIS and a 30 day public comment period on the Draft EIS.  These provide opportunities for 
the public and other agencies to provide input into the review process, resulting in a review with a broader 
perspective.  It also increases the likelihood that the project will be consistent with community values.  Although 
not required, a SEQR hearing also provides another opportunity for public participation in the process. 

Another important component of the EIS process is the requirement to look at alternatives.  For the wind 
projects that have been the subject of an EIS thus far, the range of alternatives that were reviewed include 
different turbine locations, a reduction in the number of turbines, and the no action alternative. (SEQR requires 
the review of the no action alternative in an EIS.) 

It must be noted that an EIS does not have to address every possible impact.  The process is set up for the lead 
agency to identify those potentially significant adverse impacts.   The EIS should focus on those impacts.  
Through the scoping process the lead agency can limit the issues to be addressed in the EIS. 
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The preparation of a findings statement concludes the EIS process.  A findings statement indicates that all 
requirements of SEQR have been met. Similar to the negative declaration, SEQR requires that the findings 
statement provide a reasoned elaboration why a project should be approved or denied. The findings statement 
is the time for an involved agency to weigh the potential adverse environmental impacts against the needs and 
benefits of the project.  All involved agencies must issue their own findings statement. 

SEQR Fees 

Local communities that consider becoming a lead agency should be aware of the option of SEQR fees.  In short, 
the SEQR fee provision allows a lead agency to require the project sponsor to provide money to assist in the 
SEQR review of the project. Many lead agencies have been reluctant to explore this option due to possible 
resistance they might receive from project sponsors.  In fact, some project sponsors are willing to explore the 
option because it will, in most cases, expedite the review process. The other misconception is that the project 
sponsor provides for the consulting services; therefore, biasing the review.  To avoid this scenario, the project 
sponsors have the option to establish a fund to allow the lead agency to hire their own consultants.  The 
consultant would then report directly to the lead agency and not the project sponsor. 

14.4. Additional Resources 
 NYS Department of Environmental Conservation - Stormwater
 

(www.dec.state.ny.us/water/stormwater) 

 Environmental Protection Agency – Stormwater
 

(www.epa.gov/npdes/stormwater) 

 Administration and Enforcement of the Uniform Fire Prevention and Building Code and the Energy 

Conservation Construction Code (Uniform Code). 
(http://www.dos.state.ny.us/CODE/LS-CODES.HTML) 

 New York Department of Environmental Conservation – Freshwater Wetlands Permits
 
(http://www.dec.ny.gov/permits/6058.html)
 

 New York Department of Environmental Conservation – Use of Protected Waters Permits
 
(http://www.dec.ny.gov/permits/6042.html)
 

 New York State Stormwater Management Design Manual
 
(http://www.dec.ny.gov/chemical/29072.html) 


 New York Standards and Specifications for Erosion and Sediment Control (Blue Book)
 
(http://www.dec.state.ny.us/website/dow/toolbox/bluebook/bluebook.html) 


 New York Department of Environmental Conservation – SEQR Permits
 
(http://www.dec.ny.gov/permits/357.html) 


 NYS DAM - Guidelines for Agricultural Mitigation for Windpower Projects
 
(http://www.agmkt.state.ny.us/AP/agservices/constructWind.html) 


 FAA Advisory Circular – Obstruction Marking and Lighting 
(http://rgl.faa.gov/Regulatory_and_Guidance_Library/rgAdvisoryCircular.nsf/0/b993dcdfc37fcdc486257 
251005c4e21) 
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15. Interconnection
 

15.1. New York Interconnection Procedure 
The New York Independent System Operator (NYISO) requires that the wind farm developer follows several 
steps and requirements in order to connect to the grid. In order to give stakeholders an increased knowledge of 
the interconnection process, the following bullets detail the procedure. 

 For each Point of Interconnection (POI) to be studied, the developer of a wind farm will be required to 
submit to NYISO: a request for interconnection, a $10,000 deposit, a demonstration of site control or 
another $10,000 deposit in lieu of site control, and at least a minimum set of technical data.  Each POI is 
considered a separate request, even if the POI is the same site but at a different voltage level, and is 
required to submit a separate set of deposit(s) and data.  

 Upon receipt of a valid interconnection request, NYISO staff will assign the project a queue position and 
initiate the Interconnection Study process.  Initially, a Scoping Meeting will be set between NYISO, the 
developer and the connecting Transmission Owner(s) (TO) to determine alternative interconnection 
options and to exchange information.  After the Scoping Meeting has occurred the developer will make 
an informed and definitive selection of which POIs will be studied by NYISO. 

 NYISO will tender a Feasibility Study Agreement, which must be executed and returned to NYISO with a 
$10,000 study deposit.  Upon the receipt of executed agreement, NYISO will begin the feasibility study.  
The study will consist of a power flow and short-circuit analysis of the base case with the addition of any 
facilities that have become in-service, have a signed Interconnection Agreement, or hold a higher 
pending queue position.  Should a modification occur, such as a higher queued project dropping out of 
the queue, a re-study may be needed.  After the completion of the Feasibility Study, NYISO will provide 
the customer with a report including a good faith estimate of (i) system upgrades required to effect full 
transfer of the new generation (ii) cost responsibility for necessary system upgrades, and (iii) time to 
construct.  

 Along with the Feasibility Study Report, the developer will receive a System Reliability Impact Study 
(SRIS) Agreement, to be executed and delivered to NYISO, including demonstration of site control and a 
$50,000 deposit.  The SRIS will study the effects of the proposed project to the reliability of the New 
York Transmission system.  This study will consist of a short-circuit analysis, power flow, and stability 
analysis of the base case with the addition of any facilities that have become in-service, have a signed 
Interconnection Agreement, or hold a higher pending queue position, as well as all transmission 
upgrades for the queue projects added.  Should a modification occur, such as a higher queued project 
dropping out of the queue, a re-study may be needed. After the completion of the SRIS, NYISO will 
provide the customer with a report including a (i) good faith estimate of non-binding upgrade costs, (ii) 
good faith estimate of a non-binding upgrade timeline, and (iii) a list of required upgrade facilities. 

 Along with the SRIS Report, the developer will receive an Interconnection Facilities Study Agreement.  
For this study, the project will be placed into a cluster called a class year for the study.  The developer 
will execute and deliver the Facilities Study Agreement to NYISO, including demonstration of site control 
and a deposit equaling the greater of $100,000 or the facilities portion of the estimated monthly study 
cost.  The clustered approach to the Interconnection Facilities Study will include all class year projects in 
one combined study.  The study will specify and estimate the cost of the equipment, engineering and 
design work, permitting, site acquisition, procurement and construction work and commissioning 
needed for the class year at each substation or feeder.  Along with the estimated cost, a good faith 
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schedule for upgrades will be established, which will contain major milestones to facilitate the tracking 
of the progress of each Large Facility interconnection project. 

 After the Facilities Study has been completed, the developer will have the option to enter into an 
Optional Interconnection Study, which will utilize further data to support the previous studies.  Upon the 
completion of the Optional Interconnection Study and/or the Facilities Study, a Large Generator 
Interconnection Application (LGIA) will be tendered by NYISO.  The LGIA will be signed by the developer 
and filed with FERC along with a non-refundable $250,000 security to the Transmission Owner to begin 
construction of the necessary facility upgrades.  The facility will have no more than 3 years to become 
commissioned after the signing of the LGIA. 

The information is subject to the current large generator interconnection procedure (LGIP) for the NYISO, which 
became effective on 4 August 2008.  However, NYISO is currently in a transitional phase with respect to the 
Federal Energy Regulatory Commission (FERC) issued (December 2007) interconnection queue reform.  NYISO 
and its stakeholders have begun to undertake a comprehensive review of the interconnection procedure and 
queue process.  No public status reports have been issued as of May, 2009. 

15.2. Additional Resources 
 NYISO Interconnection Study Process
 

(http://www.nyiso.com/public/services/planning/interconnection_studies_process.jsp) 
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16. Frequently Asked Questions
 

16.1. Technology 
How large are today’s wind turbines? 

Most wind turbines in New York today are about 300 ft (91 m) to 400 ft (122 m) to the maximum tip height of 
the blade. Tower heights range from 213 ft (65 m) to 262 ft (80 m). As a size comparison, the above maximum 
tip heights of the blade are approximately equivalent to a 25 to 33 story building. For more information on wind 
turbine technology, please refer to Section 4: Utility-Scale Wind. 

How much electricity does a wind turbine produce? 

Most wind turbines in New York are rated at about 1.5 megawatts (MW). Each turbine of 1.5 MW produces 
enough electricity to serve about 740 homes.  Commercially available turbines range from 1 to 3 MW. For more 
information on wind turbine performance specifications, please refer to Section 4: Utility-Scale Wind. 

Given the current wind energy technology, how reliable is their operation? 

Reliability of wind turbines is typically defined as the quantity of time they are on-line and ready to produce 
electricity divided by the total time in the year. Whether or not they produce electricity is a function of the wind. 
Ignoring external influences on turbine availability such as grid outages or forced curtailments by the utilities, 
wind turbines have demonstrated very high reliability, meaning they are available to produce energy 
approximately 97% of the time. However, due to intermittency of the wind resource, the turbines do not always 
produce the maximum power output possible. When averaged over a year, wind projects typically operate at 
levels equivalent to 30 to 40% of their full capacity (capacity factor). For more information on wind energy 
reliability, please refer to Section 5.1: Intermittency. 

Can energy production by the wind project be reasonably predicted in advance? 

While the wind doesn’t blow all the time, reliable patterns exist on a daily and seasonal basis. These patterns are 
used to project long-term energy production from wind projects, as well as to forecast short-term energy 
production. 

As part of project development, long-term wind measurements are compiled from nearby monitoring stations 
(such as airports and government environmental monitoring stations). These long-term data are correlated to 
the on-site wind measurements, which are then adjusted up or down depending on the correlation to reflect the 
long-term resource. Although it is expected that the wind resource will vary from this estimate in any given year, 
the intention is to predict the long-term average output from a wind project over its estimated design life. 

While wind is variable, it is generally predictable.  Forecasting mitigates some of the impact of its intermittency.  
Utilities use short-term forecasts (i.e., up to 48 hours in advance) to plan the dispatch of their generation 
resources. In the past few years, sophisticated wind prediction computer models have been developed to 
predict the hourly output from a wind project for several days into the future. Continued improvement in these 
models is expected to result in increasingly accurate forecasts. The New York Independent System Operator 
currently uses these forecasting techniques for the wind farms installed in the State.  

For more information on wind energy reliability, please refer to Section 5.1: Intermittency. 
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16.2. Socioeconomic Impacts 
How does the local town, county, or municipality benefit from wind energy development? 

Wind energy development benefits the local community in several ways. First, wind projects help to increase the 
tax base or revenue in cases where payments-in-lieu of taxes are used. Wind power projects place very low 
demands on the existing town and county public services (such as water, sewer, fire, and road maintenance) in 
comparison to other forms of residential and commercial development activities. This low demand on services 
means that money from the wind projects are applied directly to existing community needs. For example, the 30 
MW wind energy project in Fenner, New York, is providing the town of Fenner approximately $150,000 per year 
from payments-in-lieu-of-taxes and the 11.6 MW Madison wind energy project is providing approximately 
$30,000 per year for both the Town of Madison and the Madison Central School District. 

Other direct economic impacts include the creation of new jobs for construction and ongoing operation and 
maintenance. Multiplier effects include new, or increased, business to support the operation of the wind project 
or to support the general growth of the wind industry in that area. For example, a part supplier may expand 
operations to that locale, keeping dollars in the local community as well as bringing in non-local dollars for 
projects outside the locale. Hotels, restaurants, and other service industries can also see increases in business 
primarily during the construction phase. This can extend into the operation phase at reduced levels. Tourism is 
another area that can experience increases in activity. 

For more information on wind energy’s impact on local communities, please refer to Section 7: Economic 
Impacts and Section 8: Socioeconomic Impacts. 

How many jobs are typically created by a new wind power project during construction and during 
operation? What types of jobs are created? Can local labor be used? 

During Construction: Employment during construction varies by project size and by specific construction 
activities. Generally wind energy project construction work is performed over a 6- to 9-month period. All forms 
of conventional construction labor are employed to build wind energy projects. The wind turbine supplier is 
typically responsible for transport, delivery and installation of the tower sections, nacelle and rotor. Existing 
teams of personnel trained by the manufacturers and local labor are utilized for these tasks. Local or regional 
construction companies are commonly retained for balance-of-plant construction work (roads, foundations, 
electrical collection system, O&M building, etc). As an example, about 78 jobs were created during the 
construction of the Fenner, NY wind plant (30 MW in size with 20 turbines.) 

During Operation: Project staffing levels can vary depending on the project size, location, equipment type, and 
O&M approach. Maintenance personnel generally need to be proficient mechanics or electrical/electronic 
technicians. With these skills, they can be readily trained in wind power mechanical and electrical systems and 
maintenance equipment. Approximately one O&M job is created for every 10 to 20 turbines. 

For more information on wind energy’s economic impact, please refer to Section 7. Economic Impacts/ 

How does the landowner benefit? 

The landowners benefit directly from annual lease payments throughout the project’s operating life while being 
able to maintain existing land uses over approximately 95% of the land. For land that is already in production 
(e.g., farming or ranching), the landowner receives two revenue streams – one from the existing use and one 
from the wind project. 
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For more information on land owner benefits, please refer to Section 7: Economic Impacts and Section 8: 
Socioeconomic Impacts. 

How does a wind power project affect property values? 

A study was recently completed to evaluate the impact of wind projects of at least 10 MW on nearby property 
values. The study evaluated approximately 25,000 land transactions within 5 miles (the view shed) of 10 wind 
projects. Of all the wind projects built in the U.S. between 1998 and 2001, 27 projects fit the criteria of having 3 
years of land transaction data before and after the wind project. Of those 27, only 10 had statistically good data. 
The report concludes “statistical evidence does not support the contention that property values within the 
viewshed of wind developments suffer or perform poorer than in a comparable region/” The report is available 
on-line at http://www.crest.org/articles/static/1/binaries/wind_online_final.pdf. 

For more information on property values, please refer to Section 8.1: Property Value. 

Do wind power projects affect TV, radio, or cell phone reception? 

Utility-scale wind power projects do not affect cell phone reception. In fact cell phones are often the main 
means of communication used on wind energy projects. Turbines could potentially interfere with radio or TV 
signals if the turbine is in the line of sight between a receiver and the signal source. This problem can usually be 
handled by improving the receiver’s antenna, installing relays to transmit the signal around the wind energy 
project, or making slight adjustments to particular turbine locations. Use of satellite or cable television is also an 
option as wind projects will not affect these systems. 

For more information on wind energy’s effect on telecommunications, please refer to Section 10/4. 
Telecommunications 

For communities and people in close proximity to a wind power project, what were the reactions 
before the wind power project was built? How did reactions change after construction? 

Based on polling conducted in several states (Texas, Vermont) and countries (Canada, the United Kingdom), 
support for wind projects generally increases after installation. Many people are still relatively unfamiliar with 
wind energy and its actual visual and sound impacts before a project, and discover after the project is built that 
the impacts are not as significant as first believed. In areas where pre-construction support was high, it 
remained high after construction. In areas where pre-construction support was low or medium, it increased 
following project completion. Some examples demonstrating the magnitude of opinion changes and additional 
references are included in an article prepared by the American Wind Energy Association 
(http://www.awea.org/faq/survpub.html). 

Given the current wind energy technology, how much sound, measured in decibels (dBA) can be heard 
at various distances from the base of a turbine? At what frequency(s) do wind turbines emit sound? 

Sound from wind power projects varies by specific site depending on wind direction, speed, and atmospheric 
conditions. Wind projects typically emit two types of sounds: a swooshing sound from the blades and a 
mechanical sound from the gearbox and generator. During periods of high winds, the natural sound of the wind 
itself often drowns out any sound from the wind turbines. Sounds from wind turbines are most noticeable under 
low wind conditions. 

Wind turbine manufacturers have implemented a number of modifications to reduce turbine sounds to their 
current low levels. Modifications include limiting rotor tip speeds, modifying the airfoil shape, and utilizing 
helical mesh gears within the gearbox. Sound levels from turbines are approximately 43-45 decibels as 
measured at 820-1,150 ft (250-350 m) from the turbine. Putting this sound level in perspective, the threshold of 
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hearing is 0-10 decibels, a soft whisper is 30 decibels, ambient sounds in a quiet suburban residential area are 
48-52 decibels; ambient sounds in an urban residential area are 58-62 decibels. Additional information on sound 
from wind turbines can be found in the following documents: 

 Wind Energy and Noise, http://www.awea.org/pubs/factsheets/WE_Noise.pdf 
 Noise from Wind Turbines: The Facts, http://www.bwea.com/ref/noise.html 

For more information on wind energy sound emissions, please refer to Section 10.2: Sound Emission. 

Can setbacks be effective in insulating the public from turbine/project sounds and visual impacts? 

Distance is a very effective tool for sound attenuation. For this reason, wind turbines are generally located 
approximately 1,000 ft (305 m) or more away from residences. 

Although wind turbines can be visible from great distances, the local topography and vegetation can block them 
from view. Visual aesthetics is a subjective topic; some people like the turbines, others feel they ruin the natural 
scenery. Most wind developers try to be sensitive to these issues while ensuring that projects are developed in a 
manner that is economically viable in the long term. 

For more information on sound and visual impacts and mitigation strategies, please refer to Section 10: Other 
Environmental Impacts. 

Are setbacks sufficient to minimize the chance that turbines will cast shadows on nearby dwellings? 

Yes. As part of project layout analysis, computer models can calculate the shadow zones around wind turbines 
during different times of the day and during different seasons to calculate the affected areas. The position and 
direction of windows in a structure are input and the chance of a cast shadow or shadow flicker from moving 
blades can be determined. These calculations provide a worst case analysis since the models do not account for 
the blocking effects of trees and structures. The distances calculated in the models, along with an understanding 
of any potential blocking effects, can be used in determining appropriate setbacks. 

For more information on shadow flicker, please refer to Section 8.2: Public Health and Safety. 

Are turbines required to have lights? 

Yes. The Federal Aviation Administration (FAA) requires any structure over 200 ft (61 m) to have aviation 
warning beacons. Rules for structures near airports are more stringent. The local or regional FAA office decides 
the light color, number of lights per project, flash pattern, etc. For wind turbines, the beacon is typically placed 
on top of the nacelle. The blades are not lit. 

For more information on turbine lighting, please refer to Section 10.1: Aesthetics and Viewshed Analysis. 

16.3. Environmental Impacts 
Have birds been killed by wind turbine blades? How are flight paths of migratory birds affected? 

Birds have been killed by flying into wind turbine blades and the support structure. The most publicized 
examples are in Altamont Pass, California. Since that time, equipment designs have changed (horizontal-bar 
lattice towers have been replaced by tubular towers or angled-bar lattice towers which reduces perching and 
nesting space), blade speeds have been reduced, and environmental considerations during the siting process 
have become much more rigorous. The wind industry is working with environmental groups, federal regulators, 
and other interested parties to develop methods of measuring and mitigating wind energy’s effect on birds/ 
Migratory birds are less of a concern than raptors, but flight paths of migratory birds should also be considered 
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in a site assessment. The wind energy industry has taken significant steps toward quantifying and supporting 
research on avian mortality. 

For more information on possible bird and bat impacts, please refer to Section 9: Bird and Bats: Impacts and 
Surveys. 

How does mortality of birds at wind power projects compare to mortality associated with other 
commonly accepted human activities? 

Even at Altamont Pass, only 1-2 birds per turbine are killed each year in the U.S. With approximately 26,600 
turbine towers (both large- and small-scale), the total avian mortality equates to approximately 26,600-53,200 
deaths per year. Tall communication towers kill approximately 4 million birds a year. Approximately 60 million 
die in collisions with vehicles, another 98 million with buildings and windows, and another 100+ million due to 
housecats and feral cats. 

Additional information is available in the following reports: 

 Comparative Impacts of Wind and Other Energy Sources on Wildlife,
 
http://www.awea.org/pubs/factsheets/wildlife.pdf
 

 Avian Collisions with Wind Turbines: A Summary of Existing Studies and Comparisons to Other Sources 
of Avian Collision Mortality in the United States, http://www.nationalwind.org/pubs/default.htm 

For more information on possible bird and bat impacts, please refer to Section 9: Bird and Bats: Impacts and 
Surveys. 

How do wind power projects affect the habitat of ground animals? 

Increased traffic and noise, particularly during construction, can temporarily disrupt wildlife use of the 
immediate area. During operation, the increased presence of human activity may alter animal behavior; 
however, these effects would be minor compared to other forms of development. A detailed study at a wind 
project in Vermont indicated that the installation of a wind project did not affect the bear populations in the 
area. Another study of elk conducted at a project in Wyoming did not discover displacement effects and noted 
that use of the area had not declined. 

For more information on environmental impacts, please refer to Section 9 and Section 10. 

Do the turbines produce hazardous wastes? 

Turbines require lubricating oils, grease, and hydraulic and insulating fluids (within electrical transformers). 
When spent, these materials are handled and managed in accordance with state and federal hazardous 
materials and solid waste regulations. 

Lubrication oils are returned to the suppliers for recycling. Otherwise, properly maintained wind projects do not 
produce hazardous waste nor emit radiation, particulate matter, or greenhouse gases. 

How much pollution is displaced by the operation of a 1,000 kW (1 MW) wind turbine over a typical 
turbine life span of 20 years? 

Assuming that a 1 MW turbine operates at a 30% capacity factor over its 20-year life span, the turbine would 
produce 3,066 MWh/year or a total of 61,320,000 kWh in 20 years. Using the average fuel mix in New York State 
for coal, natural gas, and oil for the year ending 2002 to quantify emissions, 0.892 pounds of CO2, 0.003 pounds 
of SO2, and 0.0012 pounds of NOx were produced for 1 kWh of electricity. 

Therefore, in one year a 1 MW turbine displaces: 
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 2,344,176 pounds of CO2, 
 7,884 pounds of SO2, and 
 3,154 pounds of NOx 

Over the 20-year life of the turbine, the amount of pollution displaced is: 

 46.9 million pounds of CO2, 
 157,680 pounds of SO2, and 
 63,072 pounds of NOx. 

16.4. Health and Safety 
Are there industry standards for setbacks from housing, roads, property lines, and power lines? 

In general, setbacks used in wind power projects vary from 500 to 1,350 ft from homes, structures, sensitive 
environmental areas, etc. Setbacks from roads and non-participating property lines differ, depending on the 
ordinance or conditional use permit, but are often equal to the maximum tip height, maximum tip height plus 
some extra distance such as 100 ft, or a multiple of maximum tip height. 

For more information on wind farm design, please refer to Section 8.2: Public Health and Safety. 

Are such setback distances sufficient to minimize the chance of public injury and loss of private and 
public property value? 

Yes, long-term operation experience in California has demonstrated that properly sited projects that employ 
adequate setbacks have a low risk of public injury and loss of private and public property. No member of the 
public has been injured or killed from an operating wind energy project. Other forms of energy generation pose 
higher levels of risk, particularly when factoring in exposure to air pollution. 

For more information on wind farm design, please refer to Section 8.2: Public Health and Safety. 

Can turbine blades become coated with ice? If the potential for icing and ice throws exists, are there 
ways to protect the public or reduce the risk of injury to the public from ice being thrown from turbine 
blades? 

Icing conditions can occur in areas of New York and these conditions are typically evaluated as part of the 
project development process. The distance ice may travel from a blade is difficult to document since icing events 
are rare (in comparison to the total time in a year), it is difficult to document/witness a true ice throw, and the 
size of the ice will influence the distance. Project operators note that large pieces of ice (that are considered 
potentially hazardous) tend to fall within the 1-2 rotor diameters of the turbines (approximately 250 to 500 
feet). Risk of injury from potential ice throws is managed in several ways including the following practices: 

 Blade Design – Manufacturers and blade designers continue to research materials and methods that 
could be employed to reduce the possibility of ice accumulation and subsequent throws. Design features 
such as the use of black blades and the applications of special coatings have been used at some cold 
weather sites. Some turbine designs feature a vibration sensor to detect rotor imbalance caused by 
unsymmetrical ice accumulation. 

 Turbine Controls – If ice accumulates on turbine blades, it also affects the wind speed and direction 
sensors. If the sensors become iced up, the control computer stops turbine operation automatically. 
Icing on the blades results in reduced performance, unusual loads, or vibrations that are detected by the 
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control system and trigger an automatic stop. If the turbine is not operating, ice from the blades, 
nacelle, and tower falls to the ground in the immediate vicinity of the machine. 

 Operator Intervention – Project operators can halt operation of certain turbines (or the entire project) 
during icing events/ Provided there is some wind available, site operators can manually ‘bump’ the rotor 
for a few slow rotations to make the blades flex and relieve some of the ice build-up. 

 Safety Zones – Establishing adequate setback areas from inhabited buildings, roads, and power lines 
significantly reduces the risk of injury or damage in the event of ice throws. There is a limited body of 
research into quantifying ice throws probably due to the fact that there have been no reported injuries 
associated with these events. 

The people most at risk from falling ice are the site personnel, as most ice falls from the blades, nacelle, and 
rotor near the base of the tower. Most project developers have strict rules established for personnel and 
operations during an icing event to prevent worker injury and to protect the public. 

For more information on health and safety, please refer to Section 8.2: Public Health and Safety. 

Have blades or other components ever broken off? 

Although there are a few reported instances of blade throws during the early years of the wind industry with old 
technology, these occurrences are now rare, due in large part to better testing, design, and engineering of 
commercial wind turbines.  In October 2008, a Suzlon wind turbine located near Wyanet, IL suffered a blade 
failure.  The cracked blade fell approximately 100 to 150 ft from the base of the turbine in an adjacent cornfield. 
To address the blade crack problem, the manufacturer has announced a retrofit program to fix all affected 
blades. 

For more information on health and safety, please refer to Section 8.2: Public Health and Safety. 

Have turbine towers ever collapsed and if so, how have they failed and how far have they fallen? 

Although turbine tower collapses are rare, there are reported instances of tower collapse due to a number of 
unique circumstances. The reasons for collapses vary depending on conditions and tower type, but have 
included blade strikes, rotor overspeed, manufacturer defects, cyclonic winds, and poor or improper installation 
or maintenance (torque bolts). In cases where information is available, the majority of the rotor, tower and 
nacelle have fallen to within 1 to 2 hub height distances from the base.  In March 2009, a GE wind turbine at the 
Noble Altona Wind Park in upstate New York collapsed.  A subsequent investigation revealed the collapse was 
caused by faulty wiring that prevented the turbine from shutting down.  Other turbines on the farm were not 
affected by the same wiring anomaly. 

For more information on health and safety, please refer to Section 8.2: Public Health and Safety. 

What safety provisions are used to keep the public safe? 

Wind turbines have locked doors at the tower base and on all transformers precluding the ability of a non-
authorized person to access the operating equipment. Substations and interconnection points are always 
fenced. A fence may be used around the O&M building, depending on its location. 

Some communities have established information kiosks along roadsides to channel curious sightseers out of 
road traffic and into an area that is a safe distance from the turbines. 

For more information on health and safety, please refer to Section 8.2: Public Health and Safety. 
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Have any wind turbines ever caught fire? If so, what is the typical response protocol? How is public 
safety maintained? 

In extremely rare circumstances, wind turbines have caught fire. Since the public typically does not have access 
to the private land on which the turbines are positioned, the safety of the general public is not compromised. If 
a wind turbine catches fire, staff personnel and fire personnel maintain a safety area around the turbine and 
protect against the potential for spot ground fires until the fire is out. Power to the section of the project with 
the turbine fire is also disconnected. 

For more information on health and safety, please refer to Section 8.2: Public Health and Safety. 

16.5. Site Exploration 
What criteria are used in determining the location of a wind power project? 

The key criteria include an adequate wind resource, sufficient quantity of land, appropriate terrain features and 
orientation to prevailing winds, close proximity to transmission lines (with capacity to receive the power), 
limited or manageable environmental issues (e.g., sensitive habitats or species), manageable historic and 
cultural issues (e.g., preservation areas or artifacts), the presence of an energy purchaser, conducive state or 
federal policies to encourage development, and a supportive community and landowners. 

For more information on site identifcation, please refer to Section 12: Developer Site Identification. 

What is the first task the developer performs when scouting out or exploring a location for a wind 
energy project? 

There are a number of first tasks that developers and prospectors conduct when considering new areas for a 
wind energy project. The key activities include a review of existing wind resource information (existing 
measurements, wind atlases, meteorological knowledge, etc.); an evaluation of land, elevation and topographic 
features on maps; and an assessment of energy market conditions, rules, and policies. Site surveys are then 
performed to identify properties of interest, determine the proximity to transmission lines, inspect existing wind 
measurement equipment, evaluate area vegetation and land forms for signs of wind-influenced growth patterns 
or erosion, and assess compatibility with existing land uses. 

If the information indicates the site is promising for wind development, developers, then begin talking to 
landowners about their interest in hosting wind turbines and pursue installing wind monitoring equipment. 
Other tasks include discussions with the local utilities and/or transmission line owners to determine if there is 
capacity on the transmission lines in the vicinity and to identify where wind generation could be added to the 
system. 

For more information on site identifcation, please refer to Section 12: Developer Site Identification. 

Can wind power projects be built in stands of trees? 

Yes; however, tree removal will be required for the access roads, turbine assembly areas and final locations, the 
power collection system, and the substation. Wind projects in wooded areas exist in Vermont, West Virginia, 
Pennsylvania, and Tennessee. The wind resource will be impacted by the trees. Project developers might use 
taller towers to reduce the impact of the trees on the wind speeds experienced by the turbines. Tree removal 
for the express purpose of improving the wind resource is not a common practice. 

For more information on site identifcation, please refer to Section 12: Developer Site Identification. 
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16.6. Land Control and Landowner Information 
It is often said that wind project development can coexist with pre-project land uses, thereby 
preserving the multiple uses of the land by the landowner (i.e., farming and ranching). How much 
space does a typical wind energy project utilize during construction and during operation? If a project 
were sited on forested land, how much land would be cleared for construction work areas? How much 
could be reclaimed? 

In open, flat terrain, utility-scale plants require approximately 30-80 acres/MW for spacing, setbacks, etc., but 
only about 5% of the land is used for construction and 2-3% of the land is used for the turbine structures, 
facilities, and access roads during operation. A wind project located on a ridgeline in hilly terrain may require 
less space, approximately 20 to 40 acres/MW depending on the terrain features. Upon project 
decommissioning, the entire area can be reclaimed. 

Other than loss of land for construction work areas and long-term operation and maintenance, does a 
wind power project have any other affect on crop yield? 

No. Any land not directly used for turbine structures, facilities, and access roads is available for other uses, as 

long as it does not significantly decrease the wind resource at the project.
 

For more information on wind energy construction impact, please refer to Section 10.5: Site Condition and
 
Construction Impacts.
 

What information resources are available for landowners considering leasing their land to a wind 
power project? 

On-line resources include the following: 

 U/S/ DOE’s Wind Powering America web site contains a detailed compilation of reference materials for 
landowners to become better educated about the development process. 
http://www.eere.energy.gov/windandhydro/windpoweringamerica/. 

 Green Energy Ohio has assembled a “Tool Kit for Wind Energy” document on wind energy development. 
Specifically Section 10: Wind Power for Farms contains a collection of FAQs and links to other 
information about land leases written specifically for the landowner either wanting to bring wind to 
their property or facing negotiations with a wind developer. 
http://www.greenenergyohio.org/page.cfm?pageId=100 

 Windustry, a non-profit organization, provides landowner testimonials discussing all aspects of wind 
energy project impacts at www.windustry.com. A specific section under easements includes a bullet list 
of questions for landowners to ask developers and an explanation of easement agreement clauses. 
Another document, Harvest the Wind: A Wind Energy Handbook for Illinois, produced by Windustry is 
available at http://www.iira.org/pubsnew/publications/IVARDC_Reports_614.pdf. This document 
contains both generic and Illinois-specific information on wind energy development. Chapter 3 focuses 
on the land acquisition process. 

How does the landowner ensure that the land can be returned to farming or other uses? 

Decommissioning clauses in lease agreements typically require all visible traces to be removed, and concrete 
removed to a depth of 3 ft or covered with like soil material to a height of 3 ft. Provisions for returning the land 
to its original state may also be included and defined in the land lease agreement. Complete foundation removal 
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is not viable since some foundations can extend 30 ft into the ground. As long at the top working layer of soil is 
returned, farming or other uses can be restored. 

For more information on wind energy construction impact, please refer to Section 10.5: Site Condition and 
Construction Impacts. 

How do landowners protect themselves from a wind project that becomes abandoned by the 
developer or owner/operator? 

Due to sizable investments, outstanding loans, contractual energy delivery requirements, and public policy, wind 
energy projects are not facilities that can easily become abandoned. The value of the known wind resource, 
equipment, a power sale contract, and an interconnect agreement would attract new owners. At a minimum, 
the lending banks would be highly motivated to see the project continue operation if for no other reason than to 
receive repayment of their loan. 

! landowner’s main form of protection against an abandoned project is the decommissioning clauses and 
requirements in the land lease agreement. In areas where local permitting authorities establish 
decommissioning requirements, landowners are additionally protected since the government has a legal 
obligation to intervene. 

Additionally, local governments or lending banks often require projects to establish decommissioning escrow 
accounts or post a letter of credit or bond to pay for decommissioning. At a minimum the equipment will have 
scrap value that (depending on the cost paid for scrap steel) could be sufficient to pay for the entire 
decommissioning process. 

For more information on turbine decommissioning, please refer to Section 6.5: Operation and Decommissioning. 

What obligations does a wind power project developer have in advising landowners to seek their own 
counsel? 

The developer has no specific obligation to advise landowners to seek their own counsel. As with any contract 
negotiation, it makes good sense to have a lawyer knowledgeable in the particular field review the contract. 
Legal costs may seem prohibitive and some project developers may be willing to help offset some of the legal 
costs; however, the landowner should select counsel that can provide independent, objective advice. 

What is the relationship between the wind power project developer, project owner, and landowner? 

The relationship between the developer/owner and landowner is contractually defined through legal 
agreements including documents such as a met tower agreement, Option Agreement, or Land Lease Agreement. 
The wind resource above a property is treated similarly to minerals or gas resources in the ground and lease 
agreements define the legal rules, rights and compensation associated with the resource and land to which both 
parties agree. Local governments are not a party in these agreements and have no oversight jurisdiction on the 
agreement per se. The first two agreements noted above define the relationship during the initial wind 
testing/assessment phase and may have a shorter duration (in the range of 2 to 5 years). These are typically 
exclusive agreements (i.e., preventing the landowner from leasing land to more than one developer) and can 
place limits on the type of information the landowner is allowed to transfer to others. The Land Lease defines 
the relationship during construction, operation, and decommissioning of the actual project and typically has a 
term of 20 years with options for extensions. The Met Tower and Option agreements are usually between the 
developer and the landowner while the lease may be between the project owner and landowner. 

Land leases may also be necessary for other project components such as access roads, power lines, met towers, 
and operations and maintenance (O&M) facilities. The costs developers/owners are willing different than for the 
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wind turbines. Finally, project developers/owners may be interested in leasing neighboring land to help control 
the types of tall structures that can be built on land surrounding the wind project. This type of wind easement 
lease helps ensure that the project is adequately exposed to a good wind resource for the project’s operating 
life. 

16.7. Lease Agreements 
Clean and renewable, utility-scale wind power is more than just the fastest growing sector of the energy 
industry/  For many farmers with windy land, it’s also the latest cash crop/  Thanks to the strong, steady winds 
that blow across large portions of New York, many residents may have a valuable wind resource associated with 
their property. 

Although residents can try to develop this resource independently, building a utility-scale wind farm is a 
complex, expensive undertaking.  Many landowners have found it preferable instead to enter into agreements 
with wind developers who have the experience and financial backing necessary to install and operate a wind 
farm. Wind developers have land liaisons that may approach landowners for the purpose of initiating leasing or 
Option Agreements.  Typically, a number of questions arise about how such an agreement would affect the 
property. 

This section answers the most common questions landowners have about wind development and gives guidance 
as to how the issues that concern them should be addressed in an agreement between the landowner and a 
developer.  These are only general guidelines.  A wind agreement is a legally binding contract that may impact 
the landowner’s property for years to come/ As such, an attorney should review any proposed legal document. 
For additional information regarding leasing, please refer to Section 13: Land Acquisition. 

How long will the agreement last? 

There are four primary stages in the life of a utility-scale wind farm: pre-development, construction, operation 
and maintenance, and de-commissioning.  The developer will need access to the property throughout the life-
cycle of the project, but the kind of access—the nature of the rights required—will be different at each stage. 
Thus the type of agreement and its terms—from duration of the contract to payment structure—will depend on 
which stage of development the wind farm is in.  Error! Reference source not found. provides a visual 
epresentation of these stages and the required agreements. 

Pre develoment 

•Term: 2-5 Years 

•Agreement: Option 

Construction 

•Term: 1 Year 

•Agreement: Lease / 
Construction 
Easement 

Operation and 
Maintenance 

•Term: 20-50 Years 

•Agreement: Lease / 
Non-obstruction 
Easement 

Decommissioning 
and Remediation 

•Term: 1-2 Years 

•Agreement: Lease 

Figure 35 –Four primary stages of wind project development and required agreements. 

Pre-Development Phase 

During this phase the developer lays the groundwork for the proposed wind farm and begins to approach 
landowners about leasing property for the wind farm.  In the short-term, the developer will need to exercise site 
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control in order to establish the technical and economic viability of the project.  Overall, this phase can last from 
two to three years or longer. Key aspects of the pre-development process include: 

Gathering wind data. The developer will need permission to erect a met tower with anemometers and wind 
vanes to test the strength and direction of wind that blows across the potential project land.  At least one years’ 
worth of wind data will generally be needed. The developer will be unable to get financial backing for the 
project unless it is able to show that it has access to good, windy land. 

Negotiate power purchase agreements.  Once a good wind resource is established, the developer attempts to 
negotiate a long-term contract, called a power purchase agreement or PPA, with a buyer (usually a utility or 
power marketer) for the power the proposed wind farm will produce.  Although the PPA is between the 
developer and the power purchaser, it will also have an impact on landowners, as it can help determine whether 
the project will be constructed.  While the PPA is important to financers, some projects enter the system as 
merchant projects. These projects bid power into the day-ahead power market and are secured with hedge 
funds. 

Environmental permitting. The developer may need to obtain permits from various local, state and federal 
agencies before construction begins on the project.  The developer will need access to the site to conduct 
necessary environmental reviews and monitoring programs, and may seek certain assurances that the 
landowner will assist in this effort. 

In order to assure that these pre-development steps can be carried out, the developer will enter into a signed 
options agreement.  Under this contract, the landowner agrees to give the developer the exclusive right to enter 
into a long-term lease agreement for the property if the wind farm moves forward.  A copy of this future long-
term agreement is typically included in the options agreement as an exhibit.  Landowners should compare it 
with any other offers they might receive; once they sign an options agreement with one developer, the 
landowner won’t be able to lease the wind rights to another developer until and unless the first one decides not 
to exercise its option or the options period expires. 

The options agreement should remain in effect long enough to give the developer reasonable time to conduct 
the necessary studies to determine the project’s feasibility, but shouldn’t tie up the land for more than a few 
years.  Terms of two to five years are typical, and landowners should negotiate a provision that will allow for 
withdraw from the agreement if the developer does not begin construction within a certain number of years.  If 
the options period is extendable, landowners should make sure that the extension isn’t automatic/ 

Contract tip: Landowners should consider negotiating for a copy of the wind and meteorological 
data the developer will be collecting from the land during the options period and/or short-term 
lease agreement/ If the developer doesn’t exercise its option, this information can be shown to 
future developers as a demonstration of the property’s wind resource potential/ 

Development and Construction Phase 

If the wind farm moves forward, the developer will exercise its option and the long-term lease agreement will 
come into effect.  Most wind leases are for terms of 20 to 50 years, with a 20- to 25-year term allowing for the 
lifecycle of one project, and a 50-year term allowing for two, successive projects. If the lease is extendable, the 
landowner should make sure that the extension isn’t automatic- they may want to negotiate new financial terms 
after the first term expires. 

Many wind agreements contain a clause that specifies that the developer will pay the landowner a fixed fee 
during the construction phase.  The contract should specify what constitutes the beginning of construction. 
Additionally, because there may be a lag between when the developer commits to the project and the start of 
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construction—and thus, the start of rental payments—some developers pay landowners a commitment bonus 
of a few hundred to a few thousand dollars. 

Depending on the size of the project, construction itself may take from six to nine months and possibly longer. 
This will probably be the most active and visible phase of the project: Construction crews will be on the property 
on a daily basis, excavating roads and turbine foundations, digging trenches to lay cable, and operating the 
heavy equipment to install the large turbine components.  The payment terms for this period should be 
sufficient to compensate for any loss of income the landowner may incur as the result of an inability to farm 
portions of the property.  The lease agreement should also provide for compensation in the event any crops are 
damaged or destroyed as a result of the construction process. 

Contract tip: The large cables that will carry the power generated by the turbines should be 
buried at least three feet below the ground͛s surface to accommodate farming needs. Be sure 
the agreement specifies the depth to which the cables should be buried on the property. 

The New York State Department of Agriculture and Markets has developed a comprehensive set of Guidelines 
for Agricultural Mitigation for Wind Power Projects. These guidelines set forth best practices in the siting, 
construction and remediation of wind farms in County adopted, State certified agricultural districts. Although 
these guidelines do not have the force of law, the landowner may wish to refer to them before entering into 
negotiations with the wind developer. A link to agricultural mitigation guidelines are provided in the additional 
resources section at the end of this Chapter. 

Operations and Maintenance Phase 

After the wind turbines and other wind farm infrastructure are installed, the project begins its useful life, 
generating energy.  Most wind turbines have an operational life of 15 to 25 years. During this period, the farm 
operation and the wind power project will co-exist; this will typically be the least disruptive phase of the project 
from the landowner’s perspective/  The developer will, periodically need to access the land to maintain the 
project’s equipment and to make any necessary repairs. 

Depending on the payment structure in each particular contract, the way in which landowner payments are 
calculated in this period may differ from how they were calculated during the construction phase.  If so, the 
landowner should make sure that the agreement specifies what constitutes the commencement of operations. 

Decommissioning and/or Contract Renewal 

!t the end of the wind farm’s life the developer should remove and dispose of all the project’s structures/ The 
lease should contain a provision specifying the developer’s duties during this decommissioning period/  These 
duties are discussed in more detail below. 

If the developer has an option to renew its lease, it may choose to do so at this time and build a new project on 
the property using the latest technology.  The landowner should be sure that the original agreement gives the 
right to renegotiate the financial terms for the new project. 

How much land will the developer need? Will I still be able to farm my land? 

Large wind projects require 30-80 acres of land per MW to ensure adequate exposure to the wind and proper 
setbacks from homes and roadways.  Thus, a single wind farm may extend over hundreds—even thousands—of 
acres. However, the wind turbines and other structures that comprise the wind farm will actually occupy only a 
small portion of that area, usually 5% or less. A typical rule of thumb is that a 750 kW turbine will take up about 
a quarter acre and a 1.5 MW turbine about a half acre. 
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Dirt or gravel access roads account for most of the area needed for a wind farm.  These roads should be built at 
the same level as the surrounding farm land to allow easy cross-access for farm equipment.  During 
construction, the roads may need to be as wide as 50 feet to accommodate the turbine and tower components 
and the large cranes necessary for installation.  After construction, the roads will need to remain wide enough 
for the developer’s service vehicles, usually pickup trucks or vans/ 

Contract tip: The agreement should specify that the developer is responsible for maintaining 
these roads. It should also give landowners the right to use them. 

In addition to the land occupied by the access roads, space will be needed around each turbine for a 10x12-foot 
concrete pad for an electrical transformer and a 30–60-foot-diameter excavation for the turbine’s foundation/ 
Additionally, a substation will be needed to collect the power and step up voltage levels for export to the 
transmission grid. For a more detailed discussion of land use requirements, please refer Section 12.3: Land Area 
Requirements. 

The property that’s not actually occupied by the wind farm’s equipment should be as suitable for agriculture as 
always.  In fact, many landowners are able to farm and graze livestock right up to the turbine pads and other 
physical structures of the wind farm.  Agreement should specify which uses the landowner intends to reserve for 
their property. 

Contract tip: The lease agreement should explicitly provide for all interests reserved by the 
landowner. Common reservations include: farming, grazing, mineral extraction, and hunting. 
Note, however, that hunting may be an issue for the wind developer concerned about damage to 
turbine blades or other system components. 

Although only a small portion of the leased property will actually be used for the wind farm, the developer will 
probably want the right to develop all of it. This is because at the time the agreement is being crafted, the 
developer will not yet know specifically where the best winds are, and thus the optimal location for each wind 
turbine.  Wind speeds can vary dramatically, even over just a few acres.  And because the power a wind turbine 
produces is a cubic function of wind speed, even a slight increase in wind speed will result in a large increase in 
power—and revenue.  Thus developers want to tie up as much land as possible at the outset to make sure 
they’ll have access to the best wind sites on it/ 

Nevertheless, care should be taken to limit the land subject to the agreement to just the area that is reasonably 
necessary for the wind farm.  The agreement should define the plot(s) that will be needed for the wind farm 
with as much precision as possible.  It should specify any special site features, such as farm structures or certain 
fields that are off limits; and it should take into account buffer zones that may be necessary to prevent noise and 
visual impacts from the wind farm from interfering with the landowner’s enjoyment of their property and that 
of their neighbors.  Additionally, if the land is used for agricultural purposes, the landowner may want roads and 
structures to be constructed to minimize crop disruption. Then, within these general constraints, the developer 
will have discretion in placing the turbines to maximize the wind farm’s production/ 

Contract tip: Request permission to review and approve the final project plan. Some developers 
will grant landowners this right, on the condition that approval will not be unreasonably 
withheld. 

How much money can I expect to receive? 

The amount of money a landowner can expect for leasing wind rights will depend on the location of the 
property, the wind resource, the value of the electricity, the value of the land for alternative uses, and the 
availability of other windy sites in the area.  Similarly, the amount and structure of payments offered to the 
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landowner will vary widely from developer to developer.  The following discussion highlights the terms 
landowners are likely to encounter, along with advantages and disadvantages.  It is important to bear in mind 
that all of these terms are negotiable; as with any negotiation, the landowner should not feel bound by the terms 
being offered. 

Option Payments 

Under an Option Agreement landowners can typically expect a modest one-time payment, which may be 
calculated as a base amount, and/or a fee of several dollars per each acre subject to the option. 

As previously discussed, during the option period the developer will need to take detailed measurements of the 
wind on the property.  Whether this right is granted in the option agreement or in a separate short-term 
licensing or lease agreement, the landowner can expect an additional fee per year. 

Payments Under the Lease 

If the wind farm moves forward and the developer decides to exercise the option on the land, the long-term 
lease or easement agreement will come into effect. Depending on factors ranging from the phase the project is 
in to the number and capacity of the wind turbines or other structures on the property, annual payments could 
range from $300 to $3,000 per megawatt.  The payment and rate structure in the particular agreement will 
determine precisely how much the payments will be and when they will occur. 

A number of possible structures can be utilized, each with advantages and drawbacks. 

Royalty Payments: Royalty payments are the most common payment arrangement. The developer pays 
landowners a percentage (usually 1–4%) of the revenue received from the electricity generated by the turbines 
on the land.  Thus, the payments will vary depending on, among other factors, seasonal fluctuations in the wind, 
the turbines’ operating availability, and how much the developer is being paid for the energy produced/  This 
variability can work to as either an advantage or disadvantage, depending on how much power the turbines 
actually produce in a given period and how much the developer is paid for that power. 

Contract tip: The lease agreement should specify how often payments will be made and how 
revenue is to be measured:  Negotiate for the right to periodically review the data on which the 
revenue calculations are based and to have the payments due certified by an auditor. 

Royalties Plus a Guaranteed Minimum Payment: Here, in addition to a percentage of the revenues, landowners 
will also receive a guaranteed minimum payment. Thus, even if the turbines experience operating difficulties or 
if the winds are lower than expected, there is a guarantee of some revenue.  This arrangement allows 
landowners to share in the wind farm’s prosperity, while offering some protection against possible problems in 
its operations. 

The text box below illustrates the royalties that might be generated from a 5 megawatt wind farm: 

How much can  I expect in  royalty payments from leasing my land?  

Capacity  = 5 MW  
Capacity Factor =  25%  
Market price =  5 cents/kWh  
Gross revenues  =  $547,000  
Royalty  = 2% of gross  
Total annual royalties =  $10,950 or $2,190/MW installed  
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Note: The example above is provided to demonstrate the calculations involved in estimating royalty payments, the actual 
compensation amount will be dependent upon the specific terms of the lease agreement. 

Fixed Fee: In this type of agreement, the developer pays a flat, fixed fee on a monthly or yearly basis. The fee can 
be per turbine, per unit of land, or per MW of installed capacity.  Although potentially less lucrative than royalty-
based arrangements, fixed-fee payments have the advantage of simplicity (no complicated review of receipts or 
auditing is required), and payment stability, as a certain amount of money will be received each period.  From a 
national perspective, typical annual fixed-fee payments have ranged from $1,200–$3,800 per MW. 

One-Time, Lump-Sum Payment: In this arrangement, the developer would give one large payment up front as 
compensation for use of the property over the lifetime of the wind project.  This has the advantage of putting a 
substantial sum of money in landowner hands immediately.  However, this arrangement generally results in a 
smaller lifetime payment than would be the case under an annual royalty associated with a successful wind farm 
because it shifts additional risk to the developer, and because of discounting for the time value of money.  
Additionally, if the property is sold later, the new owner would acquire the burden of hosting a wind farm 
without the on-going economic benefits of royalty or fixed-fee payments, making the property less valuable to 
future buyers. 

Contract tip: Carefully review the terms of the royalty payment amount to make sure that the 
percentage is calculated on a base amount of revenues that includes any revenue derived from 
the sale of the non-energy related output of the wind farm.  Renewable energy certificates (also 
called renewable energy credits or renewable attributes) represent the environmental attributes 
of electricity produced from renewable energy sources, and are often sold separately from 
commodity electricity. 

Regardless of the type of agreement and payment structure, the amount received should represent a fair price 
for the property rights being granting.  One way to ensure that  a fair deal is being granted is by negotiating a 
clause within the lease that requires the developer to grant  treat each landowner executing a similar agreement 
with the same favorability.  Also, the landowner can request that an inflationary factor be built into the payment 
agreement. 

Are there legal liabilities from construction or operation of the wind farm? 

Disclaimer: These guidelines are provided in an effort to assist landowners in understanding the provisions that 
would be expected in a typical lease agreement. It is strongly recommended that landowners seek legal counsel 
when negotiation the terms of their lease agreement. 

Just as on traditional farms, accidents can happen on wind farms, too. The agreement should contain provisions 
to protect landowners from any legal liability arising out such accidents. 

First, the agreement should explicitly place responsibility on the developer for any damages it might cause to the 
landowner, the property, or a third party/  For instance, if one of the developer’s service vehicles were to crash 
into a section of the fencing, the developer would be required to pay the reasonable cost of replacing the fence. 

Next, both landowner and the wind developer will want to be protected from any liability arising from the 
other’s actions/  To accomplish this, the agreement should include a mutual indemnification clause.  Under this 
clause, the landowner and the developer agree to absolve one another from any responsibility for damage or 
other liability resulting from the separate operations on the property. 

Finally, the agreement should shield the landowner from liability for any damage or harm the developer’s 
activities may cause to a third party.  For instance, the developer might give people, such as potential investors, 
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tours of its operations on the property.  If one of these people were to trip over a cable or other piece of wind 
farm equipment and break a wrist, he or she might try to sue not only the developer, but the landowner as well. 
The agreement should indemnify the landowner against such a suit. 

To give effect to all of these provisions, the agreement should require the developer to carry a general liability 
insurance policy of at least $5 million, on which the landowner is named as an additional insured. As an 
additional insured, landowners will be covered by the developer’s insurance policy/  !s an additional insured, 
the landowner will want to check the insurer's rating, a grade which assesses the company’s financial strength 
and ability to meet ongoing obligations to policyholders.  The insurance company ratings can be found through 
resources such as A.M. Best Ratings and Analysis (www.ambest.com). While a rating of A- or higher is 
preferable, only a few insurance companies provide coverage for wind developers- thus, a developer’s choices in 
insurers are somewhat limited. 

Contract Tip: The agreement should provide that the developer͛s insurance policy cannot be 
cancelled by the developer without prior written notice to the landowner. 

Even if the landowner is named as an additional insured on the developer’s policy, landowners will need to 
maintain their own comprehensive farm liability policy just as held prior to leasing the wind rights.  An insurance 
agent should review the existing policy and the wind rights agreements to determine whether additional 
coverage is needed. Landowners should consider requesting the developer to assume responsibility for any 
increase in the insurance premiums as a result of the wind farm operations. 

What about damages to my crops? 

In general, wind farms are unobtrusive tenants, causing little interference with agricultural uses of the 
underlying land.  There are situations where damage to the crops may occur, particularly during construction or 
repairs. If a turbine needs to have a blade replaced, for instance, the old blade may have to be removed and set 
down in one of the fields, flattening crops.  The agreement should require the developer to use best efforts to 
minimize any such harm and to compensate landowners for any damage that does occur. 

The agreement should include a crop-damage formulation for determining what would constitute sufficient 
compensation.  For instance, a typical provision would require the developer to pay damages as calculated by 
multiplying the amount of lost product by the market price for the particular crop in the season in which the 
crop was damaged or destroyed. 

What obligations and duties might the developer have and what happens if the developer fails to live 
up to them? 

The developer’s primary duties to the landowner will be to make payments according to the agreement and to 
avoid interfering unduly with the use of the property.  Additional developer obligations may include the 
following: 

 Duty to keep the land free from liens, and to indemnify landowners against any costs, expenses or 
damages that might incur as the result of a lien. 

 Duty to comply with all state, federal, and local laws. 
 Duty to obtain and comply with all necessary permits, at no cost to the landowner. 
 Duty not to use, store, dispose or release hazardous substances on the land. 

If the developer fails to live up to one of its obligations under the contract, it may be in breach of the agreement. 
The agreement should give landowners the right to sue the developer or pursue any other legal means available 
to enforce the obligation.  Even if the developer breaches one of its obligations, however, the contract will 
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remain in effect and landowners will be required to continue to live up to the duties under it (see below), unless 
the developer is in material breach. 

A material breach is one that excuses the non-breaching party from performing its contract obligations. The 
agreement should specify what events would constitute a material breach/ For instance, the developer’s failure 
to make a payment to the landowner when it’s due might be a material breach, if such failure continues for a 
specified period of time after written notice of the infraction has been given by the landowner.  Most 
agreements give the party that’s in breach a chance to cure any defects before a breach is considered material/ 

What duties and obligations might I have as a landowner? 

The primary duty will be to allow the developer to construct, operate and maintain a wind energy facility under 
the agreement without unduly interfering with those rights. Additionally, the duties and obligations will 
probably also include the following: 

 Duty not to engage in activities that would impede the wind, cause wind turbulence, or otherwise 
interfere with the wind turbines’ energy production/  For instance, the agreement may limit the ability 
to construct buildings above a certain height, within a certain distance of any turbine. 

 Duty to assist and cooperate with the developer in obtaining any permits necessary for the construction 
or financing of the wind project.  This duty should be at no cost to the landowner. 

 Duty to cooperate with the developer in obtaining any necessary subordination agreements or 

approvals from existing lien holders.
 

What rights and duties might others have in the lease? 

Wind farms require considerable up-front capital.  Oftentimes a bank or other third-party lender will finance 
these projects under a mortgage with the developer. The bank will want to take certain steps to protect its 
investment, including ensuring that it has the right: 

 to cure any default of the developer’s obligations-
 to foreclose on its lien; or 
 to sell and assign the lease to another wind energy operator. 

These and other provisions, such as a requirement that the bank be given adequate notice of any default, will be 
included in the lease to enable the bank to take prompt action and to provide reasonable assurance that the 
wind farm will continue to operate.  

How do I protect my interests when the wind farm ceases operation? 

Even at the end of the project’s life, much of the wind farm’s equipment will still be valuable, and for this 
reason, the project developer or its successor is unlikely to leave it sitting idle on the land.  Nevertheless, the 
lease should stipulate what duties developers will have when the agreement comes to an end.  Usually, these 
duties will include removing the turbines, towers, transformers, and all other structures that protrude above 
ground.  The developer should also be responsible for removing the tops of the turbine foundations to a certain 
depth below the surface; the bulk of the foundations, however, will remain in place, as will all the underground 
cable.  Removing these underground structures would be more disruptive than leaving them in place. Unless 
otherwise stipulated, the roads, too, will remain. 

Contract Tip: Some developers may provide a bond or letter of credit or otherwise place money in 
escrow at the beginning of the project to ensure that funds will be available to pay for 
decommissioning. If the agreement presented to the landowner does not already require the 
developer to take similar steps, negotiation of such a requirement should be considered. 

145 



       

 
 

       
 

   
 

    

 

   

 

  

  
   

     
 

   

 
    

  
  

  
  

   
   

 
 

 
 

   
 

   
    
  
  

  
     

                                                           
  

 
 

  

Wind Energy Toolkit – Community Resources 

Will leasing my wind rights affect my participation in government farm subsidy or conservation 
programs? 

!llowing wind development on the property may void or otherwise impact landowner’s participation in 
government farm subsidy or conservation programs.  Landowners who participate in such a program can 
contact the program’s local administrator to determine the impact before entering into an agreement with a 
wind developer. If the wind agreement would violate any restrictions under the program, the landowner should 
consider negotiating a clause that would require the developer to add compensation for any lost government 
payments or the imposition of any penalties. 

What about property taxes? 

Under existing New York State law44, the assessment of additional property taxes resulting from an increase in 
the value of the property as a result of the wind energy development may be exempt for a period of 15 years. 
There are three important limitations that should be considered during negotiation of the lease agreement. 

 The exemption is at the discretion of the local taxing jurisdiction; although local taxing districts have 
generally granted the exemption this has not always been the case. 

 The current exemption is set to expire on December 31, 2010. Landowners negotiating lease
 
agreements should carefully evaluate the risk of this tax exemption not being renewed.
 

 The operating life of the wind turbine may exceed the tax exemption period. 

The agreement should specify who would be responsible for any such increase. Generally, the wind developer 
takes responsibility; however, developers in New York have been hesitant to do this. If property taxes 
associated with the value of the wind farm remain with the landowner, this should be considered in negotiating 
the terms of payment. 

Similarly, the New York State agricultural district law45 allows owners of eligible land to file for Agricultural Value 
Assessment on their property. This designation may be advantageous from a tax perspective, because the value 
of the land is based on its soil quality and agricultural value rather than on its market value or other local 
criteria. A penalty of 5 times the tax savings for the last year of participation (plus an interest charge) is imposed 
when the land is converted to non-agricultural use.  Placement of wind turbines on the subject property will 
probably constitute a conversion from agricultural to commercial use and trigger the penalty provision. 
Landowners are urged to consider the potential impact of this rollback on the economic value of leasing their 
wind rights. 

Landowners may currently be taking advantage of one of the many other tax credits, exemptions and reduced 
assessments that could be affected by wind development. These include: 

 Reduced assessment for Woodlots over 50 acres (Form 480-a) 
 Farm Property School Tax Credit (Form IT-217) 
 New York State Investment Tax Credit (NYIC Form IT-212) 
 Real Property Tax Credit (Form IT-214) 

Again, before entering into a lease agreement, landowners should consult with an attorney and possibly an 
accountant. Other good sources of information on these tax benefits and actions which may negate them 

44 
New York State Real Property Tax Law, ¶487.  For a summary of the property tax exemption afforded by this law and its 

fiscal impact on state school aid please refer to Pace Energy Project, “Fiscal Implications of Property Tax Exemption for 
Wind Projects on State School !id Formula” (June 2004), available at  < www/powernaturally/org =/ 
45 

New York State Agriculture and Markets Law, ¶300. 
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include the county Department of Real Property Services or the local Cornell Cooperative Extension.  Several 
helpful publications are also available on the New York State Office of Real Property Services website at 
http://www.orps.state.ny.us/. 

16.8. Permitting 
What types of studies are typically required by permitting authorities during their review of wind 
power project development? 

The types of studies required by permitting authorities vary depending on the local land use regulations, state 
regulations, type of land impacted (state, federal, etc.), and sources of project funding. Depending on the 
specific conditions, permitting approval and study requirements can range from a building permit to a detailed 
Environmental Impact Statement. Typically, project developers prepare project documentation or assessments 
that examine the potential impacts on air, water, visual resources, wildlife, land use, sound levels, and health. 
Other studies may be required as indicated by the regulating authority and specific site conditions. Based on the 
content and completeness of the project documentation, local authorities may decide that they have sufficient 
information to make a ruling on the project. 

For more information on wind energy permitting, please refer to Section 14: Permitting. 

16.9. Construction 
Vehicles from heavy construction operations, such as a wind power project, could potentially damage 
local and county roads. Have wind power projects ever helped the locality maintain roads during 
construction? 

If road damage is a potential problem, the owner/developer works with the locality to address those concerns 
and mitigate impacts. Wind power projects have been required to make road upgrades where the existing 
infrastructure has not been adequate for the truck transport requirements. Payment of the costs is negotiated 
with the local governments. 

For more information on wind energy project construction impacts, please refer to Section 10.5: Site Condition 
and Construction Impacts. 

Once construction is complete, will the construction areas, including construction roads, be restored to 
their original condition? 

Those portions of lay down areas not needed for plant operation are usually restored to the original condition. 
Roads built for construction are typically left in place and used as access roads to the project site and turbine 
locations. The balance-of-plant construction contractor is responsible for this work. Typically this activity is 
included in the scope of work in the construction contract, and is incorporated as a part of the construction loan. 
Some locations require removal of temporary roads and soil decompaction and restoration. 

For more information on wind energy project construction impacts, please refer to Section 10.5: Site Condition 
and Construction Impacts. 
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16.10. Electricity 
If I purchase wind power, do the electrons actually flow to me? If not, where do they flow to and how 
can I claim that I am getting the environmental benefits that I paid for? 

Electrons flow along the path of least resistance, which means they will flow to the closest load. Electrons 
created by wind power that are delivered onto a local transmission line will be drawn to high loads such as cities 
and large manufacturing facilities. But a portion of the electrons are also drawn into the local distribution 
system to serve smaller loads like street lights, homes, and shopping centers. There is no physical way to force 
electrons generated by a certain energy source to be delivered to specific locations via the power grid. The only 
way to guarantee that consumers receive electrons from a renewable energy source is to have a system 
installed on their side of the utility meter. 

!ccounting of wind power generation is based on meter readings at the project and at the customer’s location/ 
Certification programs such as Green-e (www.green-e.org) and the Green Pricing Accreditation Initiative 
(www.resourcesolutions.org/greenpricing.htm) have been created to audit and verify that accounting practices 
of green product suppliers truly deliver the green energy purchased by customers. 

What are the real markets for electricity generated from wind energy? 

Markets for wind energy are driven by a number of different factors including the following: 

 Natural increases in electricity consumption – Electricity consumption increases continually as 
population increases and the use of electrical consumer goods expands. In general, the rate of electricity 
demand slows when economic activity slows and increases when economic conditions improve. The 
retirement of older generation plants also results in an increased need for new electricity sources. 
Utilities must meet this growing demand by adding new generation or by energy conservation. Wind 
energy competes for these additions with conventional generating technologies such as coal, 
hydroelectric, and natural gas. Adding wind and other renewables to the generation mix has value 
because it diversifies the generating technology utilized (thereby reducing risk), reduces the impact of 
fuel price volatility, does not add to air pollution or have waste disposal concerns, helps improve public 
perceptions, and can be installed relatively quickly to meet unexpected needs. 

 Response to public policy – Policy initiatives in over 20 states across the country and within the Federal 
government have created new markets for wind energy by requiring utilities, and other electricity 
suppliers, to include renewable energy in their generation portfolios. These changes have primarily 
occurred as part of the utility deregulation process as policy makers have recognized that renewable 
energy sources have system benefits and that existing market rules are biased toward conventional 
generating options. New market rules are helping to expand the existing market for wind power. 
Additional information on state renewable energy incentives can be found at www.dsireusa.org. 

 Customer demand for green power – Customer polls repeatedly show a preference for green power. As 
a result, many utilities are offering green energy products to build customer loyalty, increase their 
expertise with new generation sources, and expand their business lines. Wind power provides one 
response to a growing market for green energy products. Green pricing is an optional utility service that 
allows customers to support a utility company’s investment in renewable energy technologies/ 
Customers typically pay a premium on their electric bill to cover the extra cost of the renewable energy. 
More than 300 utilities are now offering a green pricing option. Green power can also be purchased 
from organizations other than utilities. 
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A number of large companies have chosen to purchase green power in the U.S. for reasons such as expanding an 
existing policy of environmental stewardship and obtaining power at long-term, fixed prices. Some of the large 
corporations that have started to purchase energy from wind farms include !lcoa, Toyota, Lowe’s, Kinko’s, 
Pitney Bowes, Lockheed Martin, and Staples. Additional information can be found at 
http://www.eere.energy.gov/greenpower. 

16.11. Economics 
Aside from the benefits of reduced pollution, does wind power have other benefits (economic or 
otherwise)? 

Wind power projects reduce pollution through the reduction of fuel consumption necessary for electricity 
production from other generating options. Expansion of wind energy will reduce our dependence on foreign 
sources of fuel, as well as reduce the consumption of native, finite sources of fuel such as coal and natural gas. 
In hydroelectric dominated utility systems, wind energy helps conserve water or can make up for water 
deliberately released to improve water quality for fish and other water dependent species. 

Other benefits include: 

 Adding wind energy to the generation mix reduces the impact of rising fuel prices, which in turn lessens 
the potential for increases to consumer’s electric bills. 

 Wind projects, through land lease agreements, increase the financial security of local landowners 
through lease and royalty payments. In many cases, wind turbines on working farms and ranches have 
helped to provide a stable source of income allowing maintenance of existing operations or expansion 
into new areas. 

 Wind projects expand the local tax base and keep dollars in the community. Payments to local 
governments (in lieu of taxes) can be hundreds of thousands of dollars or more per year depending on 
the project size, wind resource, and other factors. For small communities and towns, this can represent 
a significant increase to funds available for schools, civil works, maintenance of existing services, or 
addition of new services. 

For more information on wind energy project economics, please refer to Section 7: Economic Impacts. 

How much capital do current wind projects typically require and what are the sources? 

Capital investment varies based on turbine size and project size. Large turbines (like those used in utility-scale 
projects) can cost between $1,700/kW and $2,300/kW installed, while small-scale turbines cost approximately 
$6,000/kW installed. A 100 MW project using 67 1.5 MW turbines could cost from $170 to $230 million. Sources 
of funding include bank loans, bonds, and equity investors. The split between debt and equity can range from 
70% debt/30% equity to 50% debt/50% equity. 

For more information on wind energy project economics, please refer to Section 7: Economic Impacts. 

Can we help to pay for the development and maintenance of wind generated electricity in ways other than 
through government funding and tax incentives? 

Alternative methods for the public to support and pay for wind energy include: 

 Purchasing green energy from local utilities or other suppliers. 
 Investment into stock of wind industry companies that are publicly traded. 
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 Formation of cooperatives that are whole or part owners in a wind energy project (a common economic 
model in Germany and Denmark). 

 Support of companies that purchase sizeable quantities of renewable energy. 

For more information on wind energy project economics, please refer to Section 7: Economic Impacts. 

16.12. Incentives 
Are utility-scale wind power projects eligible for tax incentives? 

At the federal level, wind projects may be eligible for a Federal production tax credit (PTC). This credit has 
expired and been reinstated several times over the past decade. The availability of the PTC is expected to remain 
critical to the development of wind power. The owners of utility-scale wind projects are eligible to receive the 
federal PTC, assuming that they have a large enough tax base to be able to utilize the credit. 

The American Recovery and Reinvestment Act passed in February, 2009 provides an additional 3 year extension 
of the Production Tax Credit (PTC) through December 31, 2012 and introduced additional incentive options 
including an Investment Tax Credit (ITC) and grant program. 

Where can I find information on state and federal incentives for wind-generated power? 

The Database of State Incentives for Renewable Energy (DSIRE) maintains a comprehensive website, 
www.dsireusa.org, which contains detailed information on renewable energy incentives. Other information is 
available through the U.S. Department of Energy, state energy offices, and local government agencies. NYSERDA 
maintains information on incentives available in New York. 

How do these types of incentives affect the cost of energy? 

Most economic incentives are designed to impact either the capital investment (dollars or financing terms) or 
tax basis. These incentives can lower the principal and interest payment or lower taxes paid by the project, 
which directly lowers the cost of energy. Most legislative incentives do not directly impact the cost of energy. 
Their goal is to help establish and/or strengthen the market for renewable energy. 

How do the tax incentives for wind energy compare to incentives for other forms of energy 
generation? 

All energy technologies receive some form of support from the federal and/or state government but the type of 
incentive and its impact on the cost of energy from generation technologies varies widely. Subsidies come in 
various forms, including payment for production, tax deductions, guarantees, and leasing of public lands at 
below-market prices. Incentives can also be provided indirectly, for example, through federal research and 
development programs, or provisions in federal legislation and regulations. The Renewable Energy Policy Project 
has written several papers on federal energy policy, including a paper that compares incentives for wind, solar, 
and nuclear power. Links to these documents can be found at www.repp.org. 

16.13. Additional Resources 
 American Wind Energy Association – Frequently Asked Questions 

http://www.awea.org/faq/index.html 
 Grassroots Campaign for Wind power – Wind Energy FAQ 

http://www.cogreenpower.org/landowner.htm 
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Green-e – Renewable Electricity Certification Program 
http://www.green-e.org 

Green Energy Ohio – “Section 10. Wind Power for Farms” – Tool Kit for Wind Energy 
http://www.greenenergyohio.org/page.cfm?pageId=100 

International Electrotechnical Commission – IEC Wind Turbine Standards 
http://www.awea.org/standards/iec_stds.html 

Windustry 
http://www.windustry.com 

National Wind Coordinating Committee 
www.nationalwind.org 

New York State Public Service Commission 
http://www.dps.state.ny.us/articlex.htm 

NYSERDA 
www.powernaturally.org 

Renewable Energy Policy Project 
http://www.crest.org/articles/static/1/binaries/wind_online_final.pdf 

The British Wind Energy Association – Wind Energy FAQs 
http://www.bwea.com/ref/faq.html 

U.S. Department of Energy – Energy Efficiency and Renewable Energy Website 
http://www.eere.energy.gov/greenpower 

U.S. Department of Energy – Wind Powering America web site 
www.eere.energy.gov/windandhydro/windpoweringamerica/pdfs/wpa/34600_landowners_faq.pdf 
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17. Community Wind Energy Development
 
While the majority of large wind energy projects in the U.S. are owned by strategic investors who have 
developed or acquired wind farms as part of an investment portfolio, the concept of community-owned wind 
energy is growing in popularity.  The term community wind refers to locally-owned, utility-scale wind projects 
that are connected to the grid.  This approach to wind energy development allows one or more members of the 
local community to have a significant financial investment in the project other than through land leases, tax 
revenue, or other payments in lieu of taxes.  The community-owned wind strategy has been used for many years 
throughout Europe and is the foundation of the Danish wind industry.  This cooperative approach to wind 
development, fostered by incentives offered by the Danish government, is responsible for an immense amount 
of wind energy development within Denmark. Common examples include installing one large turbine to offset 
electric purchases at a school, or a municipality or electric cooperative may wish to install a few large wind 
turbines to offset electric needs at municipal buildings or to supplement the bulk energy purchases of a 
cooperative on behalf of its customer-owners. 

17.1. Development Steps 
Developing a community wind project can be a very complex process with various steps and parallel paths.  In 
order to understand the many development steps, www.Windustry.org has compiled a Community Wind 
Toolbox that details the important steps and critical paths. Windustry states that the time required to complete 
development of a community wind project depends on several critical path milestones: 

Securing land with a demonstrated bankable wind resource; 
Securing permits and development financing; 
Completing negotiation of a power purchase agreement (PPA) with a utility or other off-taker; 
Completing interconnection and transmission agreements; 
Arranging capital financing; 
Procuring wind turbines, transformers, and other components, and contracting for construction; and 
Building and commissioning the project. 

The community wind development steps presented above are not in sequential order; certain steps will take 
longer than others and need to be started at different times to ensure continuous progress and success.  For 
more detailed information on the project development steps, please refer to the Windustry Community Wind 
Toolbox (http://windustry.com/CommunityWindToolbox). 

Traditionally, large utility-scale wind energy projects are connected to the grid and sell electricity on the 
wholesale market through a Power Purchase Agreement (PPA). Aside from entering into a PPA with a utility, 
community wind projects in New York State have the opportunity to take advantage of the state’s net metering 
program.  The net metering program allows utility customers to build a wind energy project that can meet up to 
100% of their electricity needs and receive credit, on an annual basis, for any excess power produced. 

New York State’s current net metering policy limits the size of non-residential wind energy systems to 2 MW or 
the peak load. If the property’s consumption is large enough, this would allow at least one utility-scale turbine 
to be operated under the net metering program.  Keeping a project under the 2 MW limit will allow increased 
benefit from the net metering program, but the project would not benefit from the economies of scale of a 
project with multiple turbines. 
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17.2. Wind Project Development Checklist 
The following wind project development checklist was developed by Windustry and is presented in the 
Windustry Community Wind Toolbox. 

The checklist below is intended to give you an idea of the steps involved in developing wholesale community wind 
energy projects and to help you organize your development process. It is important to understand that many of 
the steps in the list below will happen simultaneously or may be dependent upon the completion of other steps 
and that the path to development is not linear. This checklist is meant to provide a framework, not a hard-and-
fast rulebook for the exact steps you must take or a set order for the process. Each community wind project is 
unique and distinct from others, and your project may require additional steps or it may be less involved. 

Development Phase 

Project Management & Planning 

 Identify your project goals and areas where you will need to hire an expert 
 Make preliminary contacts with consultants 
 Select your business structure, project manager and CEO 
 Raise seed capital to hire experts and perform feasibility studies 
 Identify risk factors and how to mitigate them 
Develop your project plan and timeline 

Wind Resource Assessment 

 Preliminary wind assessment 
 Review your site on state/county wind maps 
 Collect information from nearby monitoring sites 
 Estimate annual electricity production 
 Estimate economic feasibility 

 Detailed site characterization 
 Research feasibility study grants and anemometer loan programs 
 Set up anemometers and other instruments 
 Consult with a wind modeling company (optional) 
 Collect, validate, and analyze data 
 Develop detailed production estimates and cash flow projections 

Siting 

 Site Assessment 
 Inspect site: How much open space is available? Are there substantial wind obstacles? What is 

the topography like? 
 How close are distribution and transmission lines? 
 Gain control of site for installation of anemometer through easement or land purchase 
 Investigate interconnection opportunities 
 Investigate site access 
 Design and initiate wildlife surveys 
 Discuss project with your neighbors 

 Qualify your land͛s potential for wind energy 
 Create a wind rose 
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 Calculate wind shear 
 Review setback and spacing requirements 
 Determine turbine layout 

Permitting and Zoning 

 Investigate which Federal, State, and Local permits are required for your project 
 Meet with permitting authorities to process pre-applications 
 Conduct community informational meetings 
 Prepare and submit permit applications 
Permit review and determination 

Land Control 

 Determine existing right-of-way easements 
 Negotiate easements and royalties for landowner(s) 
Establish control of land and secure easements 

Financing 

 Research loan and grant options 
 Identify tax incentives and eligibility requirements 
 Develop cash flow, balance sheet, and income statements 
 Complete applications for loans and grants 
 Conduct equity drive 
 Negotiate and execute agreements with equity investors 
 Negotiate and execute Power Purchase Agreement 
Negotiate and execute contract to sell renewable energy credits 

Business Model 

 Establish legal entity 
 Determine ownership rights, capital contributions, distributions and allocations 
Execute contracts 

Cost Estimates 

 Define insurance requirements and solicit estimates 
Execute insurance and other agreements 

Interconnection 

 Meet with utility and agree on interconnection studies 
 Perform interconnection studies 
 Complete interconnection application 
Negotiate and execute transmission agreement (if needed) 

Turbine Selection and Purchase 

 Review turbine spec sheets and determine which turbine is best for your project based on capacity rating, 
size, price, and availability 

 Negotiate and execute turbine purchase agreement and warranty 
 Place turbine order with deposit 
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Next Steps 

Construction Preparation 

Investigate potential construction companies and solicit estimates 
Execute construction contract 

Construction Phase 

Site Preparation 

Grading and road improvements/construction 
Trenching, cable-laying, and transformer installation 
Foundation and crane pad construction 
Fencing and erosion projects 
Substation construction/improvements and testing 

Turbine Installation 

Turbine and tower transportation 
Turbine and tower installation 
Interconnection 
Testing and Commissioning 

Site Restoration 

Inspections Completion 

Operations and Maintenance Phase 

Establish maintenance contract 

Perform routine maintenance checks and repairs 

Decommissioning and site restoration 
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17.3. Community Wind Case Studies 
There are a number of community wind projects in operation throughout the nation; the following project 
summaries provide a brief overview of existing community-owned wind energy projects: 

Hull Wind, MA 

A utility-scale wind turbine project in the town of Hull, Massachusetts, referred to as Hull Wind One, was 
brought online in December of 2001. The project consisted of one 660kW turbine, with a rotor diameter of 47m 
and a hub height of 50m. The turbine is owned and operated by the Hull Municipal Light Plant; all electricity 
generated by the project is delivered onto the municipally owned grid.  The municipality was able to offset their 
entire usage for the town’s street lighting, and the excess energy was sold to the community/ 

Figure 36 - Hull Wind One project site. (Source: www.ceere.org/rerl) 

Supported by the success of the Hull Wind One project, a second turbine was commissioned in Hull in May of 
2006.  The Hull Wind Two project consisted of a much larger 1800kW turbine, which was installed on top of a 
capped landfill. Together, the two turbines are able to supply more than 10% of the community’s energy needs/  
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MinWind, MN 

A group of farmers in Minnesota developed a community wind project with the goal of diversifying and 
developing the local economy, and maximizing the return on their investment.  In the fall of 2002, two 
community-owned wind energy projects, MinWind I & II were brought online in Luverne, Minnesota. Each 
project site consists of two 950kW wind turbines.  The projects are owned under a cooperative structure, having 
sixty-six shareholders who are comprised of farmers and residents of the local community.  The farmers formed 
two limited liability companies (LL�) to maximize their use of tax credit and Minnesota’s renewable production 
incentive, $0.015/kWh. The farmers were able to negotiate a power purchase agreement with a local utility, 
whereby the utility agrees to buy the electricity produced by the wind farm at a wholesale rate. 

Figure 37 - MinWind project site. (Source: www.windfarmersnetwork.org) 

Spurred by the success of the first two MinWind projects, local interest in wind energy grew rapidly; the 
community started planning for additional wind projects began shortly after the completion of MinWind I & II. 
Using the same cooperative ownership structure as for MinWind I & II, seven more community wind projects 
were developed. MinWind III-IX consists of seven 1.65 MW wind turbines, owned by approximately 200 local 
investors.  
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Spirit Lake Elementary School, IA 

An elementary school in the Spirit Lake School District, located in central Iowa, was a community wind pioneer in 
U.S.  In 1993, with the assistance of a low-interest loan from the Energy Council of the Iowa Department of 
Natural Resources and a grant from the Department of Energy, the school district was able to install a 250kW 
wind turbine, with a rotor diameter of 26.5 m and a hub height of 43 m. The school installed a 750kW turbine in 
2001, with rotor diameter of 48 m and a hub height of 50 m. The school expects that the combined capacity of 
the two turbines will be able to completely satisfy the electrical needs of the middle school and high school, as 
well as a number of ancillary facilities.  

Figure 38 - Spirit Lake Elementary School project site. (source: www.spirit-lake.k12.ia.us) 

The turbines are operated under a net metering arrangement with the local utility. The district purchases 
electricity from the local utility for $.08/kWh in times of peak demand or low-wind, and sells electricity back to 
the utility at a rate of $.06/kWh when the power generated by the turbines exceeds the school's demand.  This 
system allows the school to build up a surplus of energy credit during periods of low-usage, such as overnight or 
during the summer, which can be used to offset the increased load that the school experiences when in session.   

17.4. Additional Resources 
 Windustry (www.windustry.org) 

 Windustry is an excellent resource for information about community wind projects.  Their 
Community Wind Toolbox provides a great deal of useful information for those looking to 
develop a community-owned wind energy project. 

 Wind-Works (www.wind-works.org) 
 Wind-works is a website that features a collection of informative articles related to co-op and 

community wind projects. 
 Community Wind: An Oregon Guidebook
 

(http://www.energytrust.org/wind/community/guidebook/CommWindGuidebook.pdf)
 
 The guidebook is a well-developed guide to community wind written by Northwest Sustainable 

Energy for Economic Development. 
More information about the Hull Wind project can be found at their website (www.hullwind.org). 
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Appendix A
 
INSERT PDF OF ORIGINAL TOOLKIT FILE: Major Economic Impacts of Utility 
Scale Wind Projects in New York State 

http://www.powernaturally.org/programs/wind/MajorEcoImpactsUtilityScaleWind.pdf 

Appendix B 
INSERT PDF OF ORIGINAL TOOLKIT FILE: Wind Energy Model Ordinance 
Options 

http://www.powernaturally.org/programs/wind/toolkit/2_windenergymodel.pdf 
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