
PROJECT NUMBER: PPM-0893 

 

 

 

 

 

Worcester Academy Wind Turbine Feasibility Study 

An Interactive Qualifying Project Report 

submitted to the Faculty of 

WORCESTER POLYTECHNIC INSTITUTE 

in partial fulfillment of the requirements for the 

Degree of Bachelor of Science 

by 

Dominic M. DeChiara 

________________________ 

Evan Demers-Peel 

________________________ 

Seth Brewster 

________________________ 

 

Date: October 28, 2009 
 

 

 

Advisor: Professor Paul Mathisen 

__________________________  



2 
 

Table of Contents  
 

List of Figures ................................................................................................................................................ 4 

List of Tables ................................................................................................................................................. 4 

Abstract ......................................................................................................................................................... 5 

1. Introduction .............................................................................................................................................. 6 

2. Background ............................................................................................................................................... 9 

2.1 Wind Energy ........................................................................................................................................ 9 

2.1.1 Global Interest in Wind Energy .................................................................................................. 10 

2.1.2 Local Interest in Wind Energy .................................................................................................... 11 

2.2 Wind Turbines ....................................................................................................................................... 13 

2.2.1 History ........................................................................................................................................ 13 

2.2.2 Specifications and Requirements ............................................................................................... 14 

2.2.3 Turbine Construction and Grid Connection ............................................................................... 17 

2.2.4 Types of Turbines ....................................................................................................................... 18 

2.2.5 Maintenance .............................................................................................................................. 20 

2.3 Induction Generators ........................................................................................................................ 21 

2.3.1 Fixed Speed ................................................................................................................................ 22 

2.3.2 Dynamic Rotor Resistance ......................................................................................................... 23 

2.3.3 Doubly-Fed Generators .............................................................................................................. 24 

2.3.4 Full Rating Converters ................................................................................................................ 25 

2.4 ArcGIS ................................................................................................................................................ 26 

2.5 Wind Data Collection ........................................................................................................................ 27 

2.6 Major Turbine Companies ................................................................................................................ 29 

2.7 Worcester Academy Background...................................................................................................... 30 

2.8 Site Information ................................................................................................................................ 31 

2.9 Worcester Academy Energy Usage ................................................................................................... 32 

3. Methodology ........................................................................................................................................... 35 

3.1 Research ............................................................................................................................................ 35 

3.2 Wind Turbine Simulation and Selection ........................................................................................... 36 

3.2.1 Wind Rose .................................................................................................................................. 37 



3 
 

3.2.2 Wind Data Charts ....................................................................................................................... 37 

3.3 Financial Feasibility ........................................................................................................................... 38 

3.4 Regulatory Factors ............................................................................................................................ 39 

3.5 Write-up Recommendation .............................................................................................................. 39 

4. Results ..................................................................................................................................................... 41 

4.1 Site Assessment ................................................................................................................................ 41 

4.1.1 Governing Laws and Regulations ............................................................................................... 42 

4.1.2 Wind Turbine Location ............................................................................................................... 43 

4.1.3 Environmental Impact ................................................................................................................ 45 

4.2 Turbine Selection .............................................................................................................................. 46 

4.2.1 Suzlon S52 .................................................................................................................................. 46 

4.2.2 Enercon E33 ............................................................................................................................... 47 

4.2.3 Gamesa G58-850 ........................................................................................................................ 48 

4.2.4 Summary and Comparison of Turbines...................................................................................... 49 

4.2.1 Turbine Cost ............................................................................................................................... 50 

4.3 Wind Data Review and Analysis ........................................................................................................ 51 

4.3.1 Wind Data Available from Mass GIS .......................................................................................... 51 

4.3.2 Wind Data and Wind Rose ......................................................................................................... 54 

4.3.3 Wind Data Charts ....................................................................................................................... 56 

4.4 Financing ........................................................................................................................................... 58 

4.4.1 Grants ......................................................................................................................................... 58 

4.4.2 Tax Incentives ............................................................................................................................. 59 

4.4.3 Projected Savings ....................................................................................................................... 60 

5. Project Conclusions and Recommendations ........................................................................................... 64 

6. Appendices .............................................................................................................................................. 67 

Wind Maps .............................................................................................................................................. 67 

Wind Turbine Specifications ................................................................................................................... 68 

Projected Savings .................................................................................................................................... 72 

Energy Usage Information ...................................................................................................................... 76 

7. Bibliography ............................................................................................................................................ 77 

 



4 
 

List  of Figures 
 

Figure 1: Proposed Site Indicated by Red Dot .............................................................................................. 7 

Figure 2: Sites Investigated for Viable Wind Energy in Worcester ............................................................. 13 

Figure 3: Dutch Windmill circa 1880 ........................................................................................................... 14 

Figure 4: U. S. Annual Wind Power ............................................................................................................. 16 

Figure 5: Wind Turbine Configuration (Darling 2008) ................................................................................ 19 

Figure 6: Different Types of Induction Generators ..................................................................................... 22 

Figure 7: Spinning Cup Anemometer .......................................................................................................... 27 

Figure 8: Sonic Anemometer ...................................................................................................................... 28 

Figure 9: Site Layout - Shaded Area Shows 6 acre Site Currently Owned by Worcester Academy ............ 32 

Figure 10: Worcester Academy Electrical Usage per Month ...................................................................... 34 

Figure 11: Wind Turbine Cost Trends ......................................................................................................... 38 

Figure 12: Allowable Location of Turbine Shaded in Green ....................................................................... 43 

Figure 13: Proposed Turbine Location and Fall Zone ................................................................................. 44 

Figure 14: Suzlon S52 in Germany .............................................................................................................. 46 

Figure 15:Enercon E33 in Use ..................................................................................................................... 47 

Figure 16: Gamesa G58-850 Wind Farm ..................................................................................................... 49 

Figure 17: Wind speeds at a Height of 100m .............................................................................................. 53 

Figure 18: Wind speeds at a Height of 70m ................................................................................................ 53 

Figure 19: Wind speeds at a Height of 30m ................................................................................................ 53 

Figure 20: Wind speeds at a Height of 50m ................................................................................................ 53 

Figure 21: Wind Rose for Proposed Site ..................................................................................................... 55 

Figure 22: Average Wind Speed per Day .................................................................................................... 56 

Figure 23: Average Wind Speed per Month ............................................................................................... 57 

 

List  of Tables 

Table 1: Countries Contributions to Wind Power from 2005 and Future Estimates (Ankhmatov 2008) ... 10 

Table 2: Largest Wind Turbine Manufacturers and Their Main Products .................................................. 30 

Table 3: Worcester Academy Electrical Usage............................................................................................ 33 

Table 4: Turbine Model Comparison .......................................................................................................... 49 

Table 5: Average kWh Produced ................................................................................................................. 50 

Table 6: Frequency and Velocity of Wind in a Given Direction .................................................................. 54 

Table 7: Average Wind Speed Values per Month43..................................................................................... 57 

  

file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578153
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578154
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578155
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578156
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578157
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578159
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578160
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578161
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578163
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578164
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578165
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578166
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578167
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578168
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578169
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578170
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578171
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578172
file:///N:/IQP/Worcestser%20Academy%20Wind%20Turbine%20IQP%20Report%20FINAL.docx%23_Toc244578173


5 
 

 Abstract  

 The goal of the project was to perform a feasibility study to assess the potential for installing a 

wind power at a potential site at Worcester Academy. The methodology included a feasibility study of 

three wind turbines. This feasibility study included a series of investigations addressing wind data and 

energy, wind turbine selection, and financial feasibility. The wind study included estimation of amount 

of wind energy that could be generated, and the determination of the ideal site placement for the wind 

turbine. A financial projection was performed with consideration to a twenty year span in order to 

determine potential savings provided by a wind turbine. The overall conclusion was that there is 

potential for installation of a wind turbine to at Worcester Academy. 
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1. Introduction  

¢ƘŜ ŜƴŜǊƎȅ ƴŜŜŘǎ ǘƘŀǘ ŀǊŜ ǊŜǉǳƛǊŜŘ ƛƴ ǘƻŘŀȅΩǎ ǎƻŎƛŜǘȅ ŀǊŜ continuously growing and our reliance 

on energy is unavoidable. Nonrenewable energies such as the combustion and burning of fossil fuels 

have been the main source of energy worldwide since energy was first harnessed. Nuclear plants have 

also been able to provide another source of energy across the world and have proved to be viable 

sources of energy in less populated areas and areas with low amounts of fossil fuels.1 

It is becoming evident however that fossil fuels and nuclear plants are not the only forms of 

energy that we should be using to get us through day to day life. Research into renewable energies 

began decades ago and the availability of it today is the highest ever.2 Also, the fact that energy costs 

are reaching prices never recorded before and the expense of installing renewable energy concepts are 

decreasing gives reason for an increased effort to move towards renewable energy sources.3 

 One school that is planning to start using renewable energy as a way to power its campus is 

Worcester Academy. Worcester Academy is a boarding college-preparatory school that boards 140 high 

school students and has another 640 day students in grades 6-12. The school, located in Worcester, 

Massachusetts has created a list of standards that they plan on being able to set in place by 2014. One 

ƻŦ ǘƘŜǎŜ ǎǘŀƴŘŀǊŘǎ ƛǎ ǘƻ άassess, support, and sustain its community and educational programs through 

ŜȄŜƳǇƭŀǊȅ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ǎȅǎǘŜƳǎ ŀƴŘ ǇǊŀŎǘƛŎŜǎέ ǿƘƛŎƘ ǘƘŜȅ ƘƻǇŜ ǘƻ ŎƻƳǇƭŜǘŜ ƛƴ ǇŀǊǘ ōȅ άŘŜǾŜƭƻǇƛƴƎ ŀƴŘ 

adopting a school-wide plan for environmentaƭ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ŀƴŘ ŎƛǾƛŎ ƳŀƴŀƎŜƳŜƴǘέΦ4  This plan has 

created the need to expand from addressing day to day sustainability issues to a larger scale project. 

                                                           
1
 (AWEA, 2007) 

2
 (Why Clean Energy is Important: Overview) 

3
 (Swift-Hook, 1989), pg. 3 

4
 (Worcester Academy: Strategy) 



7 
 

Accordingly the objective of this project to assess the feasibility of adding a wind turbine to the 

Worcester Academy campus in order to cut power costs and continue the academies efforts to turn its 

campus into a more sustainable entity. To determine the feasibility, social and regulatory implications as 

well as the financial feasibility in the process in installing the wind turbine on the campus of Worcester 

Academy must be considered. The proposed location of the wind turbine is on a six-acre plot of land 

owned by Worcester Academy to the South of their main campus. The goal for the project is to devise a 

three pronged financial approach to the construction of a wind turbine on this part campus to serve 

²ƻǊŎŜǎǘŜǊ !ŎŀŘŜƳȅΩǎ ŜƴŜǊƎȅ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƴŜŜŘǎΦ Lƴ ǊŜŀŎƘƛƴƎ ƻǳǊ Ǝƻŀƭ ǿŜ will provide our sponsor 

necessary steps in regards to regulatory conditions, Massachusetts sustainability laws, and local laws 

that need to be followed.  

 In order to come up with a proposal for a suggested wind turbine research into wind turbines 

and wind energy had to be completed. This began with the usage of general available text on 

background information and recently completed projects in the area. With understanding of what it 

would take to complete such a project as we would be proposing, the feasibility of the project being 

Figure 1: Proposed Site Indicated by Red Dot 
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successfully completed was determined. The look into the feasibility included the location of the site, 

available funding and grants, passing or local regulations, and projected savings.  
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2. Background  

 In order to complete a successful report it is necessary to have a strong understanding of the 

material you are discussing. The research that was conducted to provide the background included 

information on wind energy, wind turbines, generators. Research was done to look into Worcester 

Academy, the proposed site, and wind data collection including the mapping software, ArcGIS. 

2.1 Wind Energy  

Renewable resources are the wave of the future. With depleting fossil fuels in the world, nations 

need to start to turn to renewable and alternative resources in order to fulfill the increasing need for 

electricity and power. Various different types of renewable energies include wind power, wave power, 

tidal power, solar power, hydro power, geothermal, biomass, and biofuels.  Each of these forms of 

renewable energy helps to save on the use of fossil fuels, and other nonrenewable resources such as 

coal, oil, and natural gas.  The uses of these renewable resources also help to cut down on pollution of 

the atmosphere, depletion of the ozone layer, lower greenhouse gas emissions, and reduce the growing 

global warming crisis.5  

There were many uses since the beginning of time involving wind energy.  These original uses 

were to propel sailing ships across the water and also to use the energy and convert this into mechanical 

energy in order to pump water or to grind grain.  In the present time, the primary objective for wind 

power is to generate electricity, using what is known as a wind turbine.  For large energy generation 

these turbines are arranged in large quantities called wind farms.  These wind farms can be as small as a 

few dozen turbines, or have as many as 100 turbines.   

Over time the overall design of wind turbines have changed dramatically.  The older turbines, or 

windmills, used to consist of four blades, which were made of wood, each of the sails on the blades 

                                                           
5 (Diversifying Sources of Electricity ) 
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were made of some type of strong fabric.  These turbines used to be used for two main reasons; one 

was to crush up stone, corn, and other things, into a fine powder in order to crush them using a big 

wheel inside of the turbine.  The newer turbines are typically three bladed, metal structures.  These 

turbines are very high in efficiency, have a fairly low amount of torque, have tip speeds, speed of the tip 

of the blade, of up to six times the wind speed, and are also extremely reliable.6   

2.1.1 Global Interest in Wind Energy  

There are many countries that are starting to focus their efforts in wind power.  In 2007 the top 

5 countries for wind power capacity were Germany (22,247), United States (16,818), Spain (15,145), 

India (8,000), and China (6,050).  Each of these 5 countries consumes a certain percentage of their total 

electricity usage in wind power.  Germany had a 6.8% usage, United States .77%, Spain 9.7%, India 1.9%, 

and China .172%.  Each percentage is the amount of their total electricity usage that was based from 

wind power. With the efforts that the nations are putting in, the world is on track to be saving 10 billion 

tons of CO2 by 2020, which would turn out to producing 12% of the world power from wind power.7   

Table 1: Countries Contributions to Wind Power from 2005 and Future Estimates (Ankhmatov 2008) 

Country  Present Wind Power Projected Wind Power 

Spain 10 GW 12 GW by 2010 

Germany 18.4 GW 30GW by 2030 

Great Britain 1.1 GW 6.2 GW by 2010 

Netherlands 1.2 GW 6 GW by 2020 

Sweden 500 MW 2.7 GW by 2015 

USA 6.4 GW 10 to 84 GW depending on Legislation 

Australia 250 MW 6.7 GW proposed 

 

 As of the end of 2008, the United States had 25.1 GW (25,100 MW) of wind energy capacity, this 

caused them to surpass Germany to become the world's leading wind energy market. In 2008 the United 

                                                           
6
 (Darling, 2008) 

7
 GWEC. Global Wind Energy Outlook 2008. 2008. 
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States wind capacity increased a total of 50%, which is vastly higher compared to the average growth of 

the ǿƻǊƭŘΩǎ capacity at 28.8%8 

2.1.2 Local Interest in Wind Energy  

On a state level, the amount of funding for research and development of wind energy is 

increasing at a consistent rate. To ensure that the Commonwealth of Massachusetts was doing the most 

it can to develop and use renewable energy the state government created Massachusetts Technology 

/ƻƭƭŀōƻǊŀǘƛǾŜ όa¢/ύ ƛƴ мфунΦ ¢ƘŜ a¢/Ωǎ ǇǳǊǇƻǎŜ ǎƛƴŎŜ ƛǘǎ ōŜƎƛƴƴƛƴƎ Ƙŀǎ ōŜŜƴ ǘƻ ŎǊŜŀǘŜ άŀ ŎƭŜŀƴŜǊ 

ŜƴǾƛǊƻƴƳŜƴǘ ŦƻǊ aŀǎǎŀŎƘǳǎŜǘǘǎέ ŀƴŘ άƛƳǇǊƻǾŜ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǎǘŀǘŜέΦ9 MTC now 

offers the largest grant program for renewable energy projects in Massachusetts including the Large 

Onsite Renewables Initiative (LORI) grant that award up to $400,000 per project.  

In the last couple of years the amount of wind turbines being constructed and proposals created 

for more in Massachusetts has been on the rise. One project that was funded in part by the MTC was 

the Holy Name Jr/Sr High School wind turbine constructed in Worcester. The construction of this turbine 

was completed in 2007 and included a 600 kW wind turbine. MTC contributed $575,000 to the 

completion of the project which covered partial costs of a feasibility study as well as the turbine and its 

construction.10  

A second project that received the LORI grant from MTC is the wind turbine constructed at 

Massachusetts Maritime Academy in Bourne. This project completed in 2006 is similar to the Holy Name 

project and included the insǘŀƭƭŀǘƛƻƴ ƻŦ ŀ ссл ƪ² ǘǳǊōƛƴŜ ƻƴ aa!Ωǎ ŎŀƳǇǳǎΦ ¢Ƙƛǎ ǇǊƻƧŜŎǘ Ŏƻǎǘ aa! 

$1,344,500, $520,808 of which came from MTC in the form of grants.11   

                                                           
8
 (Energy Sector Research) 

9
 (MTC History (2005)) 

10
 (Holy Name Central Catholic Jr/Sr High School, 2007) 

11
 (Massachusetts Maritime Academy, 2006) 
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A third wind turbine project that received the LORI Grant is a 10kW turbine located on the 

location of Upper Cape Cod Regional Technical School also in Bourne. This turbine is the smallest 

allowable to still apply for a LORI grant. To help aid in the financing of the turbine and the feasibility 

study that went along with the construction the school received $428,000 in grants from MTC. As noted 

in the project overview, Upper Cape Technical has also received other grants from MTC for their 

renewable energy curriculum and photovoltaic cells.12 

One site in Worcester that has also received the LORI Grant is the location of The Christopher 

House. The Christopher House is a nursing and rehabilitation center that is located to the north of 

Worcester Academy. So far, The Christopher House has received $37,782 from MTC for a wind power 

feasibility study that was given out in May 2008. With the study finishing in the next few months The 

Christopher House will become eligible for up to $400,000 more from MTC is their site is found a viable 

wind energy source.13 If a wind turbine is added to the site it will be the second wind turbine installed 

south and east of Route 290 in Worcester, the first being at Holy Name High School.  This leaves an 

opportunity for Worcester Academy to install the third turbine in the area. Figure 2 below shows the 

locatƛƻƴ ƻŦ Iƻƭȅ bŀƳŜ IƛƎƘ {ŎƘƻƻƭΩǎ ǘǳǊōƛƴŜ ǎƛǘe as a black circle at the bottom of the figure, The 

/ƘǊƛǎǘƻǇƘŜǊ IƻǳǎŜΩǎ ǇǊƻǇƻǎŜŘ ǎƛǘŜ ŀǎ ŀ ƎǊŜŜƴ ŎƛǊŎƭŜ ŀǘ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ŦƛƎǳǊŜΣ ŀƴŘ ²ƻǊŎŜǎǘŜǊ !ŎŀŘŜƳȅΩǎ 

proposed site in red on the left side of Figure 2. 

                                                           
12

 (Upper Cape Cod Regional Tech School - Wind Feasibility Study, 2007) 
13

 (Christopher House Feasibility Study, 2008) 
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2.2 Wind Turbines  

2.2.1 History  

 Wind energy was first harnessed circa 200 BCE by the Persians in the form of a panemone, a 

ǎƛƳǇƭŜ ŘǊŀƎ ŘŜǾƛŎŜ ǇƻǿŜǊŜŘ ōȅ ǘƘŜ ǿƛƴŘΦ ¢ƘŜ ŦƛǊǎǘ ά5ǳǘŎƘ ²ƛƴŘƳƛƭƭέ ƘƻǿŜǾŜǊ ǿŀǎ ƴƻǘ first documented 

until 1180 ACE in Normandy, France. The Dutch Windmill then spread throughout Europe in the 

following centuries and later into Asia. It is estimated that by the nineteenth century China was using 

nearly 500,000 windmills, the equivalent to the amount used across the entire continent of Europe. The 

Figure 2: Sites Investigated for Viable Wind Energy in Worcester 
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first windmills started to cross the Atlantic Ocean into the United States around 1850.14 According to 

historian Walter Prescott Webb, the windmill was one of the most important inventions in allowing the 

spread of farms across the Great Plains as it allowed farmers access to water for herds that was 

otherwise unattainable.15  

 The first modern wind turbines that used generators to power them were created in the 1930s 

to help backup machines on military bases in Europe. The first modern turbine to be constructed in the 

United States was the WF-1; a three-bladed, 25 kW turbine constructed by US Windpower of Burlington, 

Massachusetts. The WF-1 was built in 1971 and was used as a teaching tool for the construction of 

turbines throughout the 1990s. 16 

2.2.2 Specifications and Requirements  

Wind Turbines can vary tremendously in size, and also in shape.  Each turbine has a specific 

kilowatt (kW) output that is generates.  This wattage is normally based upon the size of the turbine, the 

                                                           
14

 (Gipe, 1995), pg. 118 
15

 (Gipe, 1995), pg. 122 
16

 (Manwell, McGowan, & Stoddard) 
 

Figure 3: Dutch Windmill circa 1880  
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smaller the turbine the smaller the wattage output, the bigger the turbine, the larger the wattage 

output. There is an equation that states how the power of a turbine is determined, this shows how the 

power transferred to the turbine itself is directly proportional to the density of the air, to the area that 

rotors turn, and to the cube of the wind speed.  

tҐмκн ʰˊˉǊ
2
v

3
.            

 P ƛǎ ǘƘŜ ǇƻǿŜǊ ƛƴ ǿŀǘǘǎΣ ʰ ƛǎ an efficiency factor that is determined by the design of the turbine 

ƛǘǎŜƭŦΣ ˊ ƛǎ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ ǘƘŜ ŀƛǊ ƛƴ ƪƛƭƻƎǊŀƳǎ ǇŜǊ ƳŜǘŜǊǎ ǎǉǳŀǊŜŘΣ Ǌ ƛǎ ǘƘŜ ǊŀŘƛǳǎ ƻŦ ǘƘŜ ǘǳǊōƛƴŜ ƛƴ ƳŜǘŜǊǎΣ 

and v is the velocity of the air in meters per second.17   

In order to place a wind turbine, there are multiple factors that need to be considered. First of 

the necessities is determining what size of a turbine that is to be used.  The size could vary anywhere 

from a 100 kW turbine to a 1 MW turbine. The determination of size depends on the power demand 

that must be met.  Second, and probably most important, finance must be considered. One option to 

seek funds is through grants that are given by the state and federal governments.  Also the elevation 

plays a part in deciding where to put a turbine.  Higher elevations are associated with faster wind 

speeds, and lower elevations imply lower wind speeds.  Turbines can be place at various elevations and 

can be placed in water or on land.  When placing a turbine, it is often helpful to take advantage of the 

funnel effect associated with the landscape in the area. This effect essentially concentrates the wind in 

one specific area, which results in higher wind speeds in a given area.  Other factors that come into 

account are the temperature.  Areas that have extremely low temperatures (e.g. below -20°C) open up 

the possibility of ice accumulation on the rotor, or motor.  The accumulation of ice can cause high loads 

on certain areas and possible damage to areas of the turbine.  The ice problem can be fixed with 

                                                           
17

 (American Wind Energy Association) 
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different lubricants, different alloys that the turbine is made out of, and even including internal heaters 

inside of the turbine.18  

Finally there are also requirements associated with the turbines that must be addressed in order 

for the turbine to be built.  The minimum wind speed needed in order to power a turbine is typically 10 

mph, or 4.5m/s.  The ideal conditions for a spot to install a turbine include in an area with a relatively 

constant wind flow, and relatively few turbulent gusts of wind. This is because turbulent winds can 

damage or even knock over a wind turbine.  Figure 2 shows the average wind speeds in the nation.19 

This is determined by various different shading of blue.  The darker that the area is the higher the 

average wind speeds are for that given area. 

 

 

                                                           
18

 (American Wind Energy Association) 

19
 (Massachusetts Technology Collaborative) 

Figure 4: U. S. Annual Wind Power 




























































































































