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ABSTRACT 

This report outlines an extensive study done at Worcester Polytechnic Institute about the 

feasibility of a wind farm in Worcester County, MA. Technical aspects, potential locations, 

social implications, environmental impacts, political support and economic impacts are each 

comprehensively examined to determine whether a wind farm would be a possibility for this 

area. The report is concluded in a discussion on the tipping point of wind power both in 

Worcester and in the U.S.  
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EXECUTIVE SUMMARY 

 This report has found that a wind farm could be very beneficial to the larger Worcester 

County community. Specifically this project suggests to the city of Worcester that it should 

install an eight to ten turbine wind farm on the area encompassing Green Hill Park and the Green 

Hill Golf Course. This wind farm would generate approximately 60 to 75 thousand megawatt 

hours of electricity per year and should meet the electrical demands of approximately 25,000 

people in Worcester. These conclusions were reached by investigating the various attributes 

involved in designing a new wind farm location.  

Seven of the main hills in the city of Worcester, MA were investigated as possible wind 

farm locations and compared based on elevation, available land area, and average wind speeds. 

Closer looks into each of these areas showed that Green Hill and Airport hill both have the 

needed attributes for installing a wind farm. Several available wind turbine models currently in 

production by companies such as GE, Norwin, Clipper, and Vestas were also compared to find 

the best suited wind turbine model for this commercial scale wind farm in Worcester. GEôs 2.5 

megawatt model was found to be the best fit currently in production that matched the sites needs 

based on power generation and availability.  

The social implications of the wind farm were taken into account to determine the 

acceptance this site should expect. Research done in this project has shown that most people in 

Worcester support wind farms when the site is chosen well. This research involved surveys at the 

Holy Name School in Worcester and on an internet site that receives surveys from people living 

in Worcester. 
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This report has found that the environmental impact of a wind turbine farm is minimal. 

Based on research done in this report, bats are the only animals significantly affected by wind 

turbine installations due to their frail lungs that can be injured by pressure drops around the 

blades of the turbines. Any other environmental damage caused by building the site was found to 

be much less than that of a typical power plant and therefore may be ignored. 

Economically, a wind turbine farm such as the one suggested by this report is a large 

investment with a long return on investment period. However, with the recent stimulus package 

made by President Obama and other sources of financing made available for green energy, the 

initial cost of the site could be reduced alongside the time needed for return on investment. Local 

politicians including Representative Jim McGovern, Mayor Konstantina Lukes, and Senator John 

Kerry, were also found to support of green energy and should be supportive toward the new wind 

farm.  

Previous studies done at Worcester Polytechnic Institute including a prior turbine site 

feasibility study and a recent study done on Nantucket were used to conclude that the ñTipping 

Pointò in Worcester and in America is about to be reached. This concept says people such as T. 

Boone Pickens, conditions in the area, and the notability of an idea all contribute to the point 

where the idea begins to spread rapidly. This report concluded that new technology and a more 

informed population are leading the way to a future with a high percentage of Americaôs energy 

being produced by green energy sources. It is recommended that a follow up be performed 

investigating the progress of new wind generation technologies discussed in this report.   
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INTRODUCTION 

The popularity of renewable energy is apparently on the rise in the United States and 

throughout the world. Global warming and the price of electricity has called for alternative ways 

of producing energy that are less harmful to the environment as well as less costly for the 

consumer. Wind farms have been implemented throughout the world, and are being considered 

in many other places such as Cape Cod, Massachusetts. Whether or not a wind farm is feasible in 

Worcester County involves examining potential locations and current technology, exploring the 

social implications and the environmental impacts, and studying political and economic 

influences to determine achievability, all of which is accomplished in this report. 

The first section of this report discusses potential locations. Possible locations for a wind 

farm include Worcesterôs Seven Hills: Airport Hill, Bancroft Hill, Belmont Hill, Pakachoag Hill, 

Vernon Hill, Grafton Hill, and Green Hill. This report focuses mainly on Green Hill as a 

potential site for a farm. 

 There are several models currently in production by companies such as GE, Norwin, 

Americaôs Wind Energy Inc., Clipper, Northern Power, and Vestas. The second section of this 

report explores these models for suitability at the potential Green Hill farm. There is also new 

technology in progress, such as upgrades in horizontal axis wind turbines and a completely new 

style by the company Mass Megawatts. Research, such as new models and improvements to 

existing models as well as improvements in efficiency, is also in progress. The turbine model 

best suited for Green Hill is the GE 2.5 megawatt wind turbine. 

The social implications of a wind farm should be taken into account when performing a 

study on wind turbines, and the third section of this report addresses this. A medical condition 
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called ñWind Turbine Syndromeò has been researched by Dr. Nina Pierpoint, but has not been 

recognized by medical agencies. Another social issue can be the ñNot in My Backyardò 

phenomena, and there have been studies done regarding feelings about turbines when in motion 

as well as of tourists in Scotland. The Holy Name School in Worcester recently erected a wind 

turbine, and a survey of the school shows a positive trend in attitudes toward the turbine. A 

survey placed on the Worcester Craigslist also shows positive feedback for a potential wind farm 

in Worcester.  

Environmental effects of any building structure need to be explored, and is accomplished 

in section four of this report. With a structure such as wind turbines, flying animals are of the 

utmost concern. There are no major bird migration paths that cross near Central Massachusetts, 

however surveying the Holy Name School and the greater community on the Worcester 

Craigslist shows that birds are a concern. Another concern is bats, some species are reported as 

having issues with the pressure drop close to turbines. There are no emissions due to wind 

turbines, however lubrication oil can leak. The clearing of woodland areas is generally 

unnecessary for turbines. A consideration is the manufacturing process, however until factories 

are powered by renewable energy this concern must be neglected.  

Section five of this report addresses the economic impacts of a wind farm. Economically, 

harnessing wind power for productive means is beneficial, and has been used for many years in 

many different ways. The government has been encouraging alternative sources of energy; 

however public demand of these sources usually depends on the current price of petrol. The 

current stimulus package by President Obama dedicates a large sum of money towards the 

development of alternative energy sources. Other solutions to make a turbine site more 

economically feasible include dual use with another type of facility. 
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Section six discusses political support. Politicians are also an important factor in a wind 

farm as their support is instrumental in gaining public support. Local politicians include 

Representative Jim McGovern, Mayor Konstantina Lukes, and Senator John Kerry. Local and 

state voting records show an increasing trend in support of green energy. The government has 

great plans for alternative energy sources. Globally, wind turbines have been beneficial and 

alternative energy seems to be becoming a global trend. 

Section seven explores previous studies done at Worcester Polytechnic Institute, 

including a prior feasibility study, the study that resulted in the Holy Name School receiving 

their turbine, and a very recent study done on Nantucket. Section eight explores the idea of ñThe 

Tipping Pointò, which shows that a small number of people are capable of a large impact. People 

such as T. Boone Pickens are essential in alternative energy work. The ñPower of Contextò 

explains that the conditions in the area, such as the economy, oil supply and prices, and current 

technology determine whether or not public support is earned. Commercials, news stories, and 

knowledge of turbines determine whether people will remember them or whether they will 

become a distant memory. The final section discusses the future of wind energy in Worcester, 

MA as well as in the country at large. 

A wind farm in central Massachusetts, particularly Green Hill, would be marginally 

feasible. Wind speeds very nearly reach that which is required to produce electricity, and the 

community at large is supportive of alternative energy. The environment will not suffer nearly as 

much as it currently does with coal and oil energy production, and politically and economically 

there is much support. A wind farm could be incredibly beneficial, or it could be a misuse of 

funds in Worcester County.  
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POSSIBLE WIND FARM LOCATIONS 

Location is arguably the most important aspect in any wind farm project. Up until recent 

years wind turbines only inhabited two distinct locations. These were open plains and deserts 

like those of California and near wealthy people who have an interest in green energy. One of the 

most profitable wind farms in existence is the five thousand turbines in place in Tehachapi-

Mojave, California. This site uses relatively small 108 kilowatt turbines across the entire 

Tehachapi Valley. Together the five thousand turbines generate approximately 1.3 terawatt hours 

of electricity per year which is enough to meet the electrical needs of about 500,000 southern 

Californians. [Wind Plants of California] While deserts and mountains are the best places for 

wind farms on land, wind farms put out in the ocean are extremely productive. Anyone that has 

been to the beach can verify that winds are often strong near the ocean. The large open area 

above the water allows for unobstructed wind paths and the cool air coming off the water causes 

wind from temperature differentials. One such wind farm that is in the process of being designed 

is Cape Wind on the Nantucket Sound.  This project has seen a lot of support and a lot of 

opposition but it finally got approved by The Massachusetts Office of Coastal Zone Management 

in January of 2009 saying that the wind farm meets their environmental requirements.  The site is 

still anticipated to be fully operational in 2010. The wind farm should supply about 1.4 terawatt 

hours per year to the Cape Cod area. [Cape Wind] The choice of these two locations was vital in 

to the success of these projects. In order to have this project be a success as well, it will have to 

investigate multiple candidate sites before making a decision. 

In order to find locations in Worcester County that are suitable for wind turbine farms 

wind maps and maps of land ownership of Worcester County were employed. The problem with 
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many of the best locations around Worcester is that most windy sites such as Cascades Park and 

Green Hill Park tend to be on hills. Most of these hills have been made into state parks and 

reserves and because of this it may be harder to get approval from the community for 

construction at these sites. Several possibilities were investigated for wind farm sites including 

farm lands in the county as well as other sites that may have the space to install several turbines. 

Many of these sites that are farm lands were at too low of an elevation to have usable wind 

speeds. One such site was Nourse Farm in Westborough, MA that sits at 122 meters above sea 

level. This site would have a good amount of open area but wind speeds there average around 

only 1 meter per second or 2.1 mph. Other sites had travel routes that would impede the process 

of delivering the parts of the turbine to the site. A wind turbine is put together using several large 

pieces and requires wide roads for pieces to be brought to the site. An example of a site that has 

insufficient travel routes that may not allow easy transport of parts is Bancroft Hill which is 

investigated later in this section.  

In the end the scope of the project was reduced to concentrate on the seven hills that are 

said to make up the city of Worcester. Any one of these hills should have the best wind speeds in 

Worcester since they are above the average elevation in the city. Below in Figure 1 there are two 

maps provided by the Massachusetts Technology Collaborative [Community Wind]. The first 

map shows the wind speeds in Worcester while the second shows who owns the land. Both maps 

have been modified to show the locations of the seven hills with yellow dots. The red dot 

indicates Green Hill which will be the primary target of this report.  
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FIGURE 1: WIND SPEEDS AND LAND  OWNERSHIP IN WORCESTER [COMMUNITY WIND ]  

 Initially, Airport Hill was considered a likely site since the area was well known to have 

relatively high wind speeds as well as a large land area. However, this project investigated each 

of the hills to determine which would be the primary candidate. 
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Green hill was found to have two possible wind generation locations on it, a golf club and 

a park that are both owned by the city of Worcester. The park is located in the middle of 

Worcester and surrounds Green Hill Pond. Green Hill has an elevation of about 230 meters 

which puts it high above Worcesterôs average elevation of 147 meters. [BGN: Domestic Names] 

This height means that wind turbines on Green Hill will have access to much more wind with 

virtually no obstructions. The pond also adds to this sites feasibility since wind speeds increase 

in the open space above bodies of water. Water also causes temperature differentials due to the 

fact that the water cannot change temperature as fast as the air around it. This generates wind in 

the area due to the law of diffusion which states that the warm air around the area will move to 

balance with the cooler air above the water. From Figure 1 it can be seen that Green Hill is 

owned by the city and has average winds at about 14.5 mph or 6.5 meters per second. The golf 

course is also a very feasible site since it covers a large area and has very few obstructions. The 

course itself is about 1 kilometer long. Since it is a golf course it is closed during the winter and 

could benefit financially from adding a source of income such as a wind farm that would prosper 

in the winter months. This is the concept of co-location or dual use of a turbine site that was 

discussed earlier in this section. Overall, Green Hill is considered a viable candidate site for a 

wind farm and will be taken into consideration.   

 Grafton Hill is in the south-west of Worcester and contains developed land comprised 

mostly of restaurants. Feasibility of a possible wind farm in this location is very low despite 

average wind speeds around 6 meters per second. This is due to large scale commercial 

development of the area. One possible location near Grafton Hill is on the corner of Dartmouth 

Street and Whitehall Avenue. This forested location has an area of deforestation in the middle. 

The land appears to be privately owned as of 2003 as shown by the land ownership map. This 
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can be further investigated later if another more promising wind site is not found, but for this 

project Grafton Hill was removed for the list of feasible sites. 

  The third hill investigated was Pakachoag Hill. This hill is home to a golf course just like 

Green Hill however this golf course is much smaller and the average wind speed is slower, 

around 6 meters per second. This is due to its low elevation of about 135 meters. [BGN: 

Domestic Names] The course is comprised of only 9 holes as opposed to Green hill which has 18 

holes. This lack of space and lower wind speeds make Pakachoag hill a less desirable location 

than Green Hill and as such, this site was not investigated further. 

 The next hill to be investigated was Belmont Hill. This location contains Bell Hill Park. 

A park is a good location for wind turbines since they usually contain few obstructions to the 

wind and plenty of space for a wind farm. Taking a look at a map of the park it was found that 

Belmont Hill is adjacent to Green Hill Park. Belmont Hill is also at a lower elevation of 153 

meters when compared to Green Hill. [BGN: Domestic Names] Also, looking at a map of Bell 

Hill Park shows that it is much smaller than Green Hill Park and that the best land for a wind 

farm is along Green Hill Parkway. For all of these reasons investigation will continue using 

Green Hill instead of Belmont Hill unless information is found that would prove Bell Hill Park is 

the more feasible location.  

 The fifth hill investigated was Bancroft Hill. This hill sits near the Worcester Polytechnic 

Institute campus and it best known for Bancroft Tower, an old fort built on the top of the hill as a 

lookout location. The hill is at an elevation of about 153 meters which puts it slightly above 

Worcesterôs average elevation of about 147 meters. [BGN: Domestic Names] Upon visiting the 

location it was found that the area is free from obstructions however the top of the hill does not 
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offer much area to develop into a wind farm. One tower at most could be put in the location and 

construction could prove difficult since the hill is surrounded by a busy part of Worcester. Also 

the road up the hill is not improved and may not be wide enough to deliver the larger pieces of 

the turbine. For these reasons Bancroft Hill was not further studied. 

 The final site this project considered was Airport Hill. This Hill is where the Worcester 

Airport is situated and has been discussed as one of the most likely sites for a wind farm in 

Worcester, MA. The airport is roughly 4 square kilometers in area and sits at an elevation of 

about 300 meters. [BGN: Domestic Names] This would definitely be the most feasible wind 

turbine site considering its geographic attributes but it could also be the most difficult site due to 

regulations that take effect around airports. Any tall structures near airports need to be registered 

with companies similar to Towair that check the zoning laws and height restrictions for the site. 

Another complication with this site this report found was that the time needed to build the 

turbines on site would minimize the profits made by the airport. The wind farm could potentially 

replace the currently unsuccessful airport and clear these problems, but one major setback is the 

fact that Direct Air, a Virgin flight service, has announced it will fly planes from Florida to the 

Worcester Airport. [City of Worcester, Massachusetts] If the airport were to get more 

commercial flights to fly in and out and by doing so become more successful, this site may no 

longer be a feasible option. In this respect in addition to investigating this site the old Leicester 

Airport would have to be investigated as well. This airport was shutdown when the Worcester 

Airport opened. The Leicester Airport is located slightly North-west of the Worcester Airport 

and the area in which itôs located has been grown in by the surrounding vegetation. Because of 

this the area may have to be cleared and would add to the cost of implementing a wind farm. 

Although this project found that the Worcester Airport would be the most feasible location for a 
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wind farm in Worcester in respect to its size and wind speeds, it would be very difficult to 

convince the city of Worcester to allow multiple wind turbines to be installed while theyôre 

trying to increase the airports number of incoming flights. 

From all of these sites Green Hill was chosen as the primary candidate for many reasons 

including convenience, quality, and feasibility. Green Hill is approximately 200 meters wide by 

100 meters long and sits at an elevation of approximately 230 meters above sea level. [BGN: 

Domestic Names] Wind samples taken at a weather station about a mile away at approximately 

the same elevation set the average wind speed on Green Hill to be 2 meters per second which is 

contrary to the wind speed map in Figure 1. This discrepancy could be the result of the fact that 

the map uses ranges to describe the average wind speeds or it could be the result of averaging in 

wind gusts that are not constant. In any case standard wind turbines require a wind speed of 

about 3.5 meters per second to constantly generate electricity. Although this sites average wind 

speeds seems to fall below the required speed, average wind gusts in the area are around 9 meters 

per second and these would allow sufficient generation of electricity. [Weather Underground] A 

second reference for this siteôs wind speeds can be seen in the Holy Name High School wind 

turbine on Vernon hill. This turbine is at an elevation roughly 70 meters lower than the proposed 

turbine height at Green Hill and Holy Name is only 2 miles away from Green Hill. [BGN: 

Domestic Names] The IQP team from Worcester Polytechnic Institute that did the feasibility 

study for the Holy Name turbine recorded average wind speeds of 3 meters per second at an 

elevation of 230 meters. This is faster than the data from the weather station referenced earlier 

and demonstrates that winds at the proposed turbine site on Green Hill should be sufficient. The 

group from the Holy Name IQP also used a simple wind model to determine the wind speed that 

would exist at the height of their turbine hub and found that the average wind speed at 260 
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meters should be approximately 5.65 meters per second. [Jensen, Foley and Forbes] Since the 

wind turbine suggested for Green Hill  is at a higher elevation than this, the wind speed at the 

suggested wind turbine height should be well above the require cut in speed of 3.5 meters per 

second. Green Hill also provides a large area of unobstructed land as seen in the photo below 

taken in February of this year (2009). From these facts this report found that Green Hill is the 

most viable option for wind farm placement in the city of Worcester. 

 

 

FIGURE 2: GREEN HILL OVERLOOKING WORCESTER 
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 Green Hill is not without problems. The first problem with this location is its size. Wind 

turbines require spacing of roughly one to two rotor diameters. The standard GE turbine has a 77 

meter rotor which means the park alone could only fit two wind turbines. Expanding to the golf 

course would improve this number to around ten turbines and greatly increase the farmôs 

electrical generation. This circumstance gives way to two possible wind turbine solutions, as 

shown below in Google Earth: A site with up to two turbines or a full farm with up to ten 

possible turbines. The image is marked with possible wind turbine locations using red dots. 

 Overall the final site should produce approximately 7,500 megawatt hours of electricity 

per year per turbine. This value is calculated from a formula provided by the Massachusetts 

Technology Collaborative. [Renewable Energy] This formula calculates the power supplied from 

a wind turbine based on its maximum output at 100% efficiency and its capacity factor that rates 

how efficient the turbine is actually generating power. For this report an average capacity factor 

of 35% was assumed for a 2.5 megawatt turbine and the result was approximately 7,500 

megawatt hour per year for one turbine. In conclusion, the suggested eight to ten turbines should 

generate between 60,000 and 75,000 megawatt hours of electricity per year.  
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FIGURE 3: GREEN HILL SATELLITE IMAGES [GOOGLE MAPS] 
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TECHNICAL ASPECTS OF WIND TURBINES 

 Wind turbines have come a long way since they were first used in the 7
th
 century by 

Persians for the sole purpose of grinding grain. The basic idea behind a wind turbine is to have 

the wind turn a fan-like set of blades that are connected at a central point. This pointôs kinetic 

energy is then transferred to the ground using gears or in later cases using an electric generator 

and wires to bring the generated electrical energy to the bottom of the tower for use in some 

other system. In the 12
th
 century wind turbines were used by Europeans to pump water, saw 

lumber, and they were also used for their original purpose of grinding grain. Wind turbines were 

also used in the United States for pumping water from underground during the countryôs 

beginnings and many of those systems are still in use today. Finally, in the late 20
th
 century, 

turbines were converted to generate electricity using the vast power the wind can supply. [Wind 

Energy] 

 The first modern turbines that were used for generating electricity were made in the 

1930s and were so inefficient that they could only be used to charge batteries for lighting and 

appliances for homes that were off the grid. The reasons for this inefficiency were the fact that 

they were made of heavy materials like wood and there was a lot of friction in the system that 

caused much of the energy to be lost to heat. Turbines remained this inefficient until the oil crisis 

of the 1970s forced countries to look to alternative energy resources. While most failed at 

harnessing wind power, Denmark was successful in developing a system efficient enough to help 

power their country. [Wind Energy] 

 The modern turbine has been even further improved from Denmarkôs original design. 

The main parts of a turbine are the tower, the rotor, and the nacelle. The towers of older wind 
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turbines were made of wood, stone, or brick and allowed for very short elevations. 

Improvements in construction materials have lead to turbines made of concrete, metal, and 

reinforced plastics which can reach heights up to 100 meters. The rotor blades that were 

originally made of wood and cloth, aluminum, or steel were replaced with fiberglass blades that 

are lightweight and can be adjusted to best capture the winds energy. The nacelle is the unit on 

the top of the turbine also called the hub that connects the tower to the blades and converts the 

kinetic energy from the spin of the rotor to another form of energy. In the first turbines the 

kinetic energy was transferred directly to function as a grinder by using the spinning motion. 

Modern turbines change this kinetic energy to electricity using a generator. Generators have also 

shown improvements since they first debuted. One version includes using a generator in 

conjunction with a transmission much like a car. In this version the turbine can change to a 

higher gear if the speed of the blades spinning could cause damage to the system. A second 

version uses two generators for two wind speed ranges for the same reason. The most recent 

version uses a single generator with dual electric windings that provides the same functionality 

of two separate generators. [Wind Energy] 

Overall these components have all improved such that wind turbines can convert wind 

energy to electricity close to the maximum efficiency of 59% as determined by a German 

physicist named Albert Betz in 1919. This maximum rating is limited by the fact that wind 

energy is the reason the wind is moving, so if all of the energy in the wind could be harnessed, 

the wind would have to stop completely and this is impossible. The following graph (Figure 4) 

was derived to show how efficiently any given wind turbine can harness energy from the wind. 

The graph depicts the power out versus the change in wind speed from one side of the turbine to 
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the other.(Proof of Betz' Law) As can be seen in the graph, power out over power in is at a 

maximum at 0.59 or 59 percent. 

 

FIGURE 4: BETZ LAW POWER GRAPH [PROOF OF BETZ' LAW]  

 In order to determine which wind turbine is best suited for use on Green Hill, various 

manufacturers were examined. The primary wind turbine manufacturer in the United States is 

General Electric. Since most turbines were found to have similar cut-in speeds of 3.5 meters per 

second and because this report is investigating a large scale wind farm, only large scale turbines, 

above 500 kilowatts, will be investigated. GE offers two large scale wind turbines, a 1.5 

megawatt version and a 2.5 megawatt version. Since Green Hill is a small location and 

maximum power output is desired, this project will investigate GEôs 2.5xl turbine.  

 The 2.5xl from GE is advertised as being suitable from over 85% of wind farm sites in 

development today. As such this turbine should be compatible with Green Hill. As seen in the 

data sheet below in Figure 5, the turbine begins generating power at a minimum wind speed of 

3.5 meters per second or 8 mph and cuts out at about 25 meters per second or 65 mph, typical of 

major tropical storm force winds. This model boasts hub heights at 75, 85, and 100 meters. At 
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330 meters, 100m above Green Hillôs elevation, Green Hill has an average wind speed of 

approximately 6 meters per second with wind gusts up to 18 meters per second. These values fall 

right within the operating field of the turbine and give good chance of the wind at hub level 

being around the rated wind speed of the turbine which is 12.5 meters per second. This is the 

speed at which the turbine is generating its rated power of 2.5 megawatts in one hour. As seen in 

the graph following the data sheet, the rated wind speed is the speed at which the turbine is 

generating 2.5 megawatts and is at maximum efficiency. [GE Energy] 

 

FIGURE 5: GE 2.5XL TURBINE DATASHEET [GE ENERGY]  
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FIGURE 6: GE 2.5XL TURBINE POWER CURVE [GE ENERGY]  

 

 GEôs design of the 2.5xl turbine comes with many benefits not seen in other companyôs 

models. The turbine boasts performance, maintainability and reliability based on the design of 

the generator system. The generator itself uses permanent magnets instead of conventional 

copper coils and brushes to reduce friction. This feature results in lower maintenance costs and 

less electrical losses. The hub also includes automated lubrication systems that ensure the turbine 

only needs to be maintained once a year as well as a mainframe that isolates the gearbox from 

unpredictable grid loads. [GE Energy] For these reasons this turbine is a prime candidate for 

placement on Green Hill. 
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 The second company this project examined was Norwin Wind Turbine Technologies. 

This company was founded in Denmark in 1992 and boasts reliability as their main feature. 

When first looking into this company it was found that the largest turbine it currently supplies is 

a 750 kilowatt model which is much smaller than the models GE supplies. Another restriction is 

the tower height. Where GE manufactures its towers up to 100 meters, the Norwin model can 

only reach 65 meters meaning GE can reach an elevation with greater wind speeds than Norwin 

can reach. [Norwin | Wind Turbine Energy] In conclusion Norwin seems to be using older 

technology that GE has improved upon and therefore it requires no further investigation. 

 Another company that produces turbines like those of GE is Clipper Windpower. 

Clipperôs design comes standard with an 80 meter tower but the company states other options are 

available. The turbines power curve is similar to the GE modelôs with a cut in wind speed of 4 

meters per second, a cut out speed of 25 meters per second, and a rated speed of about 14 meters 

per second. [Clipper Windpower] The power curve is shown below in Figure 7. 

 

FIGURE 7: CLIPPER LIBERTY TURBINE POWER CURVE [CLIPPER WINDPOWER] 
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Other than the power curve GEôs model seems to outperform Clipper in most aspects. 

Where GEôs model only requires maintenance once a year, the Clipper turbine requires two visits 

a year for maintenance yielding a higher yearly cost. Along with this fact, GE also provides 

much more detailed data about their turbines on their website than Clipper does, which leads to 

an easier wind farm design and implementation. [Clipper Windpower] 

 Vestas is the main producer of wind turbines in Europe and also produces some models 

in America. Vestasô model that compares to GEôs 2.5 megawatt turbine is the V80-2.0MW 

which is a 2 megawatt turbine. This model has similar cut in, cut out, and rated wind speeds of 4 

meters per second, 25 meters per second, and 12 meters per second respectively. The Vestas 

turbine power curve can be seen below. [Vestas] 

 

FIGURE 8: VESTAS V90-2.0MW TURBINE POWER CURVE [VESTAS]  
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Between the two turbines this project has selected the GE 2.5 megawatt model due to one 

major problem with Vestas. The Vestas Company does not provide their OptiSpeed® wind 

turbines to the US and Canada. OptiSpeed® for Vestas allows their turbines to run a rotor at 

speeds between 9 and 19 revolutions per minute in order to optimize their power output based on 

current wind conditions. [Vestas] In comparison GE is an American company that has expanded 

over the world so all of its technology is available for use in the US. GE boasts four unique 

systems that make it a major competitor in the wind turbine market.  

 The first of these features is called the WindRIDE-THRU® Turbine Operation System 

which provides uninterrupted operation through any grid disturbances that might occur. This 

system makes the GE turbine meet new transmission reliability standards that are akin to those 

that are imposed on thermal generators. The second system is called WindCONTROL® Power 

Regulation. This system allows the turbine to regulate its own power output just as conventional 

power plants do today. This reduces costs in running the turbine and stabilizes the frequency of 

the system. Third on their list is the WindFREE Reactive Power® system. This unique feature 

eliminates problems caused by intermittent wind by supplying reactive power when the wind 

isnôt blowing. Using this feature the turbine can provide smooth voltage regulation and minimize 

the need of reinforcement energy plants. Finally the WindSCADA® system provides the tools 

needed to run the wind power plant efficiently. This system allows intuitive operation of the 

plant and easy maintenance control which reduces the number of workers needed to maintain the 

site. The tools included with the system are a data server, a connection directly to technicians via 

computer and a service support center for added assistance. [GE Energy] 
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 Another reason to choose GE over Vestas is the fact that GE has been interfacing with 

Americaôs power grid for many years and has been providing wind power solutions since 2002. 

[GE Energy] Overall GE simply provides more information on their product, more help in 

implementing a wind farm, better services in America, and a high percentage of compatibility 

with most wind sites in production and in existence. For these reasons this project suggests the 

GE 2.5xl model wind turbine be used for a wind farm placed on Green Hill. 
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SOCIAL RESPONSE TO WIND POWER 

The acceptance of society is very important when considering any kind of large structure. 

If people living in surrounding neighborhoods do not like the structure, their opinions can spread 

and cause problems with the happiness of the community. Other factors to consider include 

health affects in relation to the structure, as well as the affects it will have on the natural beauty 

of the area. 

Various studies have been conducted throughout the world related to the public 

perception of wind turbines. A newspaper article about Wind Turbines from New Zealand speaks 

about the ñnot in my backyardò phenomena, where people do not mind wind turbines, as long as 

they are not anywhere near them. [Waikato Times] Another issue is when there is no wind, 

people will perceive turbines as eyesores, but if they are moving, people will see them as useful 

and beneficial. [Social Edge] In addition, a study in 2002 found that tourists in Scotland came to 

the country for its beauty, and did not find the wind turbines had a negative effect on their 

perception of the countryôs natural beauty. [MORI Scotland] 

The Holy Name School in Worcester, MA recently erected a wind turbine, and a survey 

was conducted about personal attitudes toward the turbine, with a response of nearly 600 people. 

The respondents were mainly students between the ages of 12 and 18, with a small amount of 

teachers completing the surveys as well. The complete survey can be found in Appendix A. This 

survey showed an overwhelming majority of support for the turbine recently erected at the 

school with 87% of people responding in the affirmative to whether they supported the decision 

for the turbine to be placed, as shown in Figure 9. 
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FIGURE 9: SUPPORT OF DECISION TO PLACE THE TURBINE 

When asked to rate their general opinion about wind turbines on a scale of 1 to 5, with 5 

being the most favorable toward them and 1 being the least favorable toward them, the vast 

majority of respondents rated their general feelings about wind turbines as a 3 or higher as shown 

below in Figure 10.  

 

FIGURE 10: GENERAL IMPRESSIONS ABOUT WIND TURBINES 
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