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1. Abstract 
 

In the next few years, the rising cost of electrical energy will force Holy Name Central 

Catholic Jr./Sr. High School to make some difficult financial decisions that will affect the future 

of the institution.  From August 2004 to August 2005, the school spent $127,000 on electric 

energy, most of which was used to heat the building via a base-board electric heating system.  

This constitutes a sizable portion of the school’s annual budget and as the price per kilo-watt 

hour (kWh) of electricity increases, it will translate into thousands of additional dollars spent on 

heating the building each year. 

  To avoid this predicament, Holy Name has decided to investigate the on-site generation 

of electricity via wind power.  The installation of a wind turbine on their property would 

dramatically reduce the annual cost of heating their buildings with electricity.  The savings 

would enable the school to improve the education offered to its students in several ways, 

including more academic opportunities and the latest technology.  If the school is unable to 

secure the installation a wind turbine, Holy Name will be forced cut extracurricular and 

academic programs in order to cover their heating costs. 

 Therefore, it is the objective of this IQP to help facilitate the eventual construction of a 

wind turbine at Holy Name High School.  A feasibility study based upon the economic and 

social issues surrounding such a project will be presented, as well as documentation of the 

additional steps taken by the group regarding conferences, meetings and presentations to help 

secure a wind turbine for Holy Name.  
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2. Executive Summary 

In the next few years, the rising cost of electrical energy will force Holy Name Central 

Catholic Jr./Sr. High School in Worcester, Massachusetts, to make some difficult financial 

decisions that will affect the future of the institution.  From August 2004 to August 2005, the 

school spent $127,000 on electric energy, largely due to the base-board electric heating system. 

As the price per kilo-watt hour (kWh) of electricity increases, it will translate into tens of 

thousands of additional dollars spent on heating the building each year.  To cover these added 

expenditures, the school’s administrative board will need to decide from where the necessary 

funds will be drawn.  Possibilities may include an increase in tuition and/or enrollment, 

termination of teaching positions, and cuts to extracurricular programs. While these steps may 

provide financial solutions in the short term, the long term implication could be as drastic as the 

eventual closure of Holy Name High School.  

In the late 1990’s and early 2000’s, the school performed an exhaustive search of 

potential solutions to their energy crisis, including adding a computerized energy management 

system and the complete replacement of the current heating system. The computer control option 

was implemented, but the benefits were found to be insignificant. The replacement of the current 

system was deemed economically unreasonable because of the presence of embedded asbestos.  

Last year, the Holy Name administration decided to investigate on-site generation of 

electricity via wind power. WPI was invited to implement the preliminary study to determine the 

feasibility of a wind power solution. To accomplish the goal, an engineering study, carried by 

this IQP team, was performed. The following areas were investigated: 

• Wind potential, 

• Economics, 
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• Interfacing with the Electrical Utility, 

• Ecological and Social Impacts. 

The feasibility study came out in favor of a wind turbine installation and steps were taken to 

advance the project to the phase of implementation. 

The WPI team began by researching the theory behind wind power and the installation of 

wind turbines.  Particular areas of interest included wind patterns and the necessary requirements 

for electric generation, turbine design and energy conversion, site preparation and tower 

construction, economics and associated costs, as well as social and environmental concerns. 

Various methods of research were used, including visits to a recently installed wind turbine, 

attending an alternative energy conference, meetings with wind power consultants, and a variety 

of on-line sources pertaining to wind power around the world.  The information gathered from 

the sources enabled us to (a) identify the criteria necessary to determine if wind power would be 

a viable solution to the problem, and (b) formulate a plan for exploring these criteria.   

 When considering the installation of a wind turbine, there are two predominant areas of 

concern:  

1) The economic feasibility of installing a wind turbine. 

2) Fulfillment of local, state and federal regulations regarding the construction and operation 

of a wind turbine. 

Complete and accurate assessments of these requirements are critical in determining the overall 

feasibility of the project.     

The economics of the project were evaluated by creating a mathematical model. The 

model takes in the installation costs, grants, loans, projected electricity generated by the turbine, 

electricity usage by Holy Name, and green-energy credit programs. The model outputs the 
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payback period, total project cost over 20 years, yearly electricity payments, and average price 

per kilo-watt-hour over a twenty year period. The projected electricity generated from the turbine 

was calculated using a statistical model based on a Weibull distribution.  

Based on the mathematical model, a 600 kW wind turbine would be the best fit for Holy 

Name. In Figure 1, a turbine of this size would produce 60-70% of the school’s electricity during 

the peak demand periods in the winter months.   
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Figure 1: Projected Turbine Output versus Holy Name Usage 

 

Given an installation cost of $1.4 million for the turbine, plus operating costs, minus the amount 

of money received from grants and renewable energy certificates, the result obtained from the 

model would be a payback period of 5 to 7 years.  Over a 20 year period, the school would pay 

as little as $0.011/kWh for their electricity.  
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The initial weather data used in the Weibull distribution was taken from an online wind-

mapping site. Concern regarding the accuracy of the online information led to the need to gather 

measurements of average wind speed and direction at Holy Name.  With the permission of the 

Headmaster, Mrs. Mary Riordan, a guyed, welded steel tower was constructed and installed atop 

an old smokestack on the school.  Mounted to this tower is an anemometer that measures wind 

speed and direction every ten minutes and stores the readings on a computer inside the school.   

The data is downloaded on a weekly basis and imported into excel where it can be extrapolated 

to the heights appropriate for wind turbines. The anemometer has been gathering data since Mid-

December, 2005 and the results obtained thus far confirm the validity of the average wind speeds 

available online. 

The investigation of the legal requirements regarding the installation began by 

researching the primary areas of concern at the local, state and federal levels. From the research, 

the necessary steps to gain approval for the construction of a wind turbine were identified.  These 

steps included: 

1) The application for a building permit from the local government, 

2) The request for a grid-interconnection assessment from the respective power company,  

3) An obstruction evaluation performed by the Federal Aviation Administration (FAA). 

Having identified these steps, more information was gathered by interviewing individuals who 

have put up wind turbines and dealt with building permits, grid-interconnection studies, and 

FAA studies. One such resource was Brother Joseph Byron from the Portsmouth Abbey School 

in Portsmouth, RI.   

From the information gathered via these sources, our team was able to narrow down the 

possible locations for a turbine.  To determine the appropriate location, a thorough assessment of 
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the terrain and property at the school was performed. Using topographical maps, site survey 

information and aerial photographs, the zoning regulations regarding set-backs from property 

lines, line-of-sight considerations with adjacent property, noise pollution, and site access for 

construction vehicles were studied. The survey also took into account the interconnection of the 

turbine into the existing power network, encouraging a location close to an existing power line in 

order to minimize the need for additional wiring. Figure 2 is an aerial photo of Holy Name’s 

property. The x near the center of the photo is the most suitable area for the school to install their 

turbine. 

 

 

Figure 2: Aerial photo depicting the most viable area of property for a wind turbine 

In addition to the land area assessment, the process for gaining approval from the FAA 
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was our responsibility to file obstruction evaluations for three specific sites on the school’s 

property.  The coordinates of these three locations, along with the necessary information 

regarding the specific turbines that were selected, was submitted electronically on the FAA 

website.  

It was determined that the installation of a 600kW wind turbine at Holy Name is feasible. 

The conclusion was reached based upon the following information:  

1) The school’s demand for electricity, 

2) Experimental verification for the availability of sufficient wind speeds on site, 

3) The favorable economics. 

The recommendation is for the school to install a 600 kW turbine atop a 50 meter 

(approx. 164 ft) tower. Such a turbine would produce 60-70% of the school’s electricity during 

the peak demand periods in the winter months. The payback period of the turbine would be 5 to 

7 years.  If the school does not install a wind turbine, they will be faced with an estimated $4.5 

million electricity bill after 20 years. By installing a wind turbine, over a 20 year period, Holy 

Name will spend only $300,000 on electricity and the turbine. Furthermore, a list has been 

compiled of suggested installation sites on Holy Name’s property where a wind turbine could be 

erected.  

As energy prices are predicted to increase annually, Holy Name is in desperate need of a 

viable solution to the problem that they are faced with.  The installation of a wind turbine on 

their property would dramatically reduce the annual cost of heating their buildings with 

electricity.  The savings would enable the school to improve the education offered to its students 

in several ways, including increased academic opportunities, and the latest technology being 

implemented into the classroom.  
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 Beyond the benefits to the school, a wind turbine in Worcester, MA would serve as a 

landmark of change.  As we march onward into the next century, we are already faced with an 

impending energy crisis.  The implementation of wind power and other renewable sources of 

energy are extremely important if we as a society are intent upon maintaining our everyday lives 

as we know them.  

 The major events that marked the progress of this project are summarized on the 

following page. The block diagram highlights the work done to pave the road toward the 

implementation of a 600kW wind turbine, the first wind turbine in Worcester County. 
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3. National Energy Situation 

As the population of the world continues to grow and more developing countries are 

moving towards an industrial economy, the consumption of petroleum based fuels is also 

increasing.  According to a recent release by the Energy Information Administration (EIA), it is 

predicted that the total demand for domestic energy consumption will increase by 1.4 percent 

annually in both 2006 and 2007 [1].  As the demand for energy increases, the energy produced 

by various sources will exhibit an increase in value and subsequently cost the consumer more 

money.   

 

Figure 3:  Sources of generated electricity in North America [2] 

Most of the electricity generated in North America is done so by burning fossil fuels (oil, 

natural gas, and coal: see Figure 3).  The heat given off in the combustion process is used to 

make steam that can then be used to spin the turbine generators that produce electricity.  As we 

can see in Figure 3, coal is by far the most common source of generated electricity, accounting 

for 46% of the total amount produced [2].  In fact, approximately 90% of the coal mined in North 

America is used for the production of electricity [3].    
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Though coal is a fairly abundant fossil fuel within our continent, there are a number of 

environmental issues pertaining to its use.  Until the 1960s and 1970s, there were very few 

environmental restrictions in place for coal power plants to follow.  However, due to the growing 

concerns surrounding acid rain (sulfur-dioxide) and the sizable emissions of carbon dioxide 

contributing to the greenhouse effect, the Federal Government intervened with the Clean Air Act 

and the Clear Water Act to help reduce the amount of pollution expelled into the environment 

[4].   

Since then, the energy industry has been continually researching new ways to reduce the 

amount of harmful compounds produced by their power plants and other facilities.  However, the 

development and implementation of these solutions cost a great deal of money.  Therefore, as the 

demand for electricity continues to rise and tighter constraints are placed upon the emission of 

coal-based generation facilities, the price of electricity will also increase.  Based on market 

trends, the average cost of electricity to a commercial consumer in New England is expected to 

increase from 12.0 cents per kilowatt hour (kWh) in 2005 to 12.5 cents per kWh in 2006 and 

12.8 cents per kWh in 2007 [5]. 
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4. History of Wind Power 

Since ancient times, man has harnessed the power of the wind for a variety of tasks. 

Some ancient civilizations, like the Persians (500-900A.D.), used the wind to grind grain into 

flour, while others used the wind to transport armies and goods across the ocean and other bodies 

of water. More recently, mankind has used the power of the wind to pump water and produce 

electricity.  

 The first man to harness the power of the wind to produce electricity was Charles F. 

Brush [6]. Brush was the owner of Brush Electric in Cleveland Ohio and in 1887 he created the 

first automatically operating wind turbine. Brush’s turbine was very large compared to other 

wind mills of the time period. His turbine stood about 75ft tall with a rotor diameter of 50ft and 

consisting of 144 blades made from cedar wood (Figure 4). The output from Brush’s creation 

was only about 12kW, but he ran the turbine for 20 years and used it to charge batteries in the 

basement of his mansion.  

 

Figure 4: Brush's Windmill in Cleveland, Ohio [6] 
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 Poul la Cour is considered the pioneer of modern electricity generating wind turbines in 

Denmark because of his vast contributions to the basic principles that govern modern wind 

turbines [7]. Cour was originally trained to be a meteorologist and brought this background, 

along with knowledge of modern aerodynamics, into the field of wind turbines. He built two 

wind turbines at the Askov Folk High School in Askov, Denmark in 1897. Cour used the wind 

turbines to generate electricity and produce hydrogen to be used for the school lights. He was the 

founder of the Society of Wind Electricians in 1905 and published the first journal on wind 

power; the Journal of Wind Electricity.  

 The next leap forward in the wind power industry occurred in Denmark during World 

War II by a company called F.L. Smidth Turbines. Smidth Turbines began producing two and 

three bladed turbines that produced a DC voltage. In 1951, they replaced one of their DC 

turbines with a 35kW AC generator, making the wind turbine the second in the world to produce 

AC.  Figure 5 shows a photograph of one of Smidth’s two bladed turbines that produced DC. 

  

Figure 5: Smidth's Two Bladed DC Turbine [8]  



Page 19 of 138 

 Johannes Juul will always be remembered as the man who pioneered the development of 

the AC generating wind turbines [9]. Juul’s background in wind power came from being one of 

Poul la Cour’s “Wind Electricians.” Juul built a 200kW turbine for SEAS Power Compay in 

southern Denmark in 1956.  His wind turbines were very advanced (at the time) and included 

electromechanical yawing and aerodynamic tip brakes. His first wind turbine ran for 11 years 

without any maintenance. Figure 6 shows a drawing of Juul’s first wind turbine with advanced 

features. 

 

Figure 6: Juul's First Wind Turbine [9] 

 During the next 4 decades, wind turbines were produced using the basics set forth by 

Brush, Cour, Smidth, and Juul. As the years went by, the turbines became more efficient, quieter, 

safer, and more reliable due to technological improvements. 
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5. Wind Power Technology 

5.1. The Power of Wind 

There are many different types of air flow that can be observed. Some are useful to the 

wind power industry; others are not useful at all. The winds that influences weather the most are 

called Global winds or Geostrophic winds. Global winds are caused by the cyclic heating and 

cooling of the earth and the associated pressure differences. Most of the heat on earth exists near 

the equator. Air near the equator is warmer than the air at either pole.  The difference in 

temperature creates a difference in pressure and winds that move North and South from the 

equator towards the poles are created daily. When this mass of warmer air tries to move north 

and south, an interesting phenomenon occurs, called the Coriolis force. The Coriolis force is 

caused by the rotation of the earth. The result of the rotation is a bending of the air mass towards 

the right or left depending which hemisphere is observed. The Coriolis force stops the air jet 

from going any further than 30 degrees latitude North and South. The Coriolis force is the cause 

for the Prevailing Wind Direction. Table 1 highlights the prevailing wind directions. Another 

interesting fact about global winds is that they aren’t affected by the surface of the earth. Global 

winds are found about 3300ft above ground. The global winds are measured using weather 

balloons that record the data and transmit it back to earth.  

Table 1: Prevailing Wind Directions 

Latitude 90-60N 60-30N 30-0N 0-30S 30-60S 60-90S 

Direction NE SW NE SE NW SE 

  

Surface winds are the winds up to 330ft above ground. There a few different types of 

surface winds, ranging from sea breezes to mountain winds. Sea breezes take place where the 
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ocean meets land. During the day, the land heats up much quicker than the ocean, causing a low 

pressure area to occur over the land mass. The cooler air over the ocean rushes into the land 

creating a breeze. During the evening and night, the opposite occurs but on a small scale because 

the sea heats up and cools down much slower than land, so the winds are gradual. Mountain 

Ranges have different types of surface winds. Valley winds are very common in mountainous 

areas because large south facing slopes. During the day, the air rushed up the slope towards the 

top of mountain and then during the evening and nighttime, the air rushes back down the slope 

into the valley. Another mountain type wind is canyon winds which can race up and down 

canyons or long slightly sloped valleys. All of the surface-type winds are useful in producing 

electricity using wind turbines.  

 Extracting energy from the wind is a precise science. The amount of energy transferred to 

a rotor of a wind turbine is a function of the wind speed, the air density, and the rotor area.  The 

faster the air is moving, the faster the blades on the turbine will spin, increasing the energy 

produced.  Heavier or denser air has more potential to extract power from the wind because 

denser air can move the turbine blades more effectively.  Lastly, to a certain point, the larger the 

rotor area, the more wind that will be utilized by the turbine, thus more energy production. The 

kinetic energy of a moving body is proportional to its mass. In terms of wind, the kinetic energy 

in the wind depends on the density of the air or it’s mass per unit volume. 
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When a wind turbine is erected, the formulas for calculating the amount of power the 

wind will produce become more complicated because wind turbines deflect the wind. As seen in 

the diagram, the wind enters the turbine at one speed (V1), and leaves the turbine with a slower 

speed (V2). The reason for this is that the rotor blades slow down the air as it enters the turbine.  

 

Figure 7: Wind Turbine Wind Flow Effects [10] 

When the air leaves the turbine, it is slower than initial so it takes up a larger area. (See Figure 7) 

Further down the stream, the slow air mixes with the faster moving air, creating turbulence and 

ultimately returning to the initial speed. Betz’s Law states that less than 59% of the kinetic 

energy in the wind can be converted to mechanical energy using a wind turbine.  

 The energy content of the wind varies with the cube of the average wind speed. If the 

speed of the wind is doubled, then the wind would have 8 times the amount of energy. This is 

analogous to doubling the speed of a car and the energy required to have it brake to a stop. This 

concept is demonstrating Newton’s second law of Motion. The power that the wind possesses 

can be demonstrated using the following formula: 

23

2
1 rvP Π= ρ

 

 
Equation 1: Power of the Wind 
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P equals the power of the wind in W, ρ is the density of dry air in kg/m3, v is the velocity of the 

wind in m/s, and r is the radius of the rotor in meters. 

 Measuring wind velocity and direction is one of the most critical preliminary steps to the 

successful installation of a wind turbine. Wind is measured with a device called an anemometer. 

A photo of a handheld anemometer and a mounted anemometer can be seen in Figure 8. If 

anemometers are to be fitted onto a mast, they should be fitted to the prevailing wind side, or 

better yet, placed on top of the mast to minimize wind disturbance caused by the mast. The 

standard for wind speed recording is once every 10 minutes (10 minute intervals). Today there 

are available data loggers that transmit the data wirelessly.  The reason for this standard is 

simple.  Software packages that are used to analyze the data, produce wind roses, and other 

useful information, need to receive the raw data in a certain way.  Thus, software companies can 

design software to work on all anemometer packages.  

 

Figure 8: Mounted and Handheld Anemometers [10] 

 Wind Roses (Figure 9) are useful tools for wind evaluations. A wind rose shows the 

direction and amount of wind in each direction. The wind rose is typically divided up into 12 

sectors or 30 degree blocks of the horizon. The wind rose is also useful because it displays the 

relative frequency of each block, a normalized average wind speed for each sector, and the 

contribution of each block to the total energy of the wind.  
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Figure 9: Sample Wind Rose [11] 

The wind rose in Figure 9 shows the percentage of the wind for each direction. It shows that 25% 

of the wind in that location comes from the west. 
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Types of Wind Turbines 

Before the specifics of turbine design are examined, let us consider the two general 

categories of wind power technologies.  These categories are Vertical-Axis Systems and 

Horizontal-Axis Systems, each of which encompasses their own benefits and detriments 

compared with the other. 

 

Figure 10: Vertical Axis Wind Turbine [12] 

The Vertical-Axis turbine (Figure 10) operates exactly as its name would suggest.  In this 

design, the axis of rotation is oriented vertically, perpendicular to the surface of the earth.  One 

of the major benefits of such a design is that it is able to operate at maximum efficiency no 

matter which direction the wind is coming from.  Examples of vertical-axis turbines include the 

Savonius machine, the Giromill and the 500 kW Darrieus “egg-beater” machine operated by the 

Department of Energy. 
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Figure 11: Horizontal Axis Turbine [13] 

Horizontal-Axis turbines (Figure 11) have an axis of rotation parallel to the ground, 

pointed either into the oncoming wind flow (upwind) or with the direction of the wind 

(downwind).  To take advantage of the increased wind speeds at higher altitudes above the 

earth’s surface (as well as to provide clearance between the rotor blades and the ground), 

horizontal-axis turbines are often mounted on top of a tall tower.  Vertical systems are very 

difficult, if not impossible to mount atop towers, relegating them to the slower, sometimes 

turbulent winds closer to the ground.  This is a major benefit of the horizontal systems over the 

vertical ones, often making them much more productive for any given location.   

However, unlike vertical-axis systems that operate at maximum efficiency for any wind 

direction, horizontal-axis turbines require an additional “steering” or yaw mechanism to keep the 

turbine tracked directly into or with the wind.  As the direction of the wind fluctuates even a few 

degrees, a wind vane sensor and control system trims the yaw of turbine so that the rotor can 

extract the maximum amount of energy from the wind.  Such systems add complication and cost 

to the overall turbine package, increasing both the initial and maintenance costs for the 

horizontal turbines over the vertical ones. 
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5.2. Major Components of a Wind Turbine 

Of the many wind turbine models found around the world, most operate in a similar way 

and have components that serve very similar functions. Figure 12 shows the major components 

that most wind turbines have inside of them.  

 

Figure 12: Cross Section View of Typical Turbine Assembly [14] 

5.2.1. Rotor 

  

Figure 13: Hub and Blades of a Turbine Rotor [15] 

The rotor (Figure 13) is the turbine component responsible for collecting the energy 

present in the wind and transforming that energy into mechanical motion.  As the overall 

diameter of the rotor design increases, the amount of energy that the rotor may extract from the 



Page 28 of 138 

wind increases as well.  Therefore, turbines are often designed around a certain diameter rotor 

and the predicted energy that it may remove from the wind.   

The predominant aerodynamic principles that rotor designs are based upon are Drag 

Design and Lift Design.  Drag design rotors operate on the idea of the wind “pushing” the blades 

out of the way, thereby setting the rotor into motion.  Drag design rotors have slower rotational 

speeds but high-torque capabilities, making them ideal for pumping applications.  With Lift 

design rotors, the blades are designed to function like the wing of an airplane.  Each blade is 

designed as an airfoil, creating lift as the wind moves past the blades.  The airfoil operates on the 

basis of Bernoulli’s Principle where the shape of the blade causes a pressure differential between 

its upper and lower surfaces.  This disparity in pressure causes an upward force that lifts the 

airfoil.  In our case, this lift causes the rotor to rotate, once again transforming the energy in the 

wind into mechanical motion. 

The design of the individual blades also affects the overall design of the rotor.  Since the 

blades require a fairly smooth airflow to perform properly, the blades must be arranged around 

the axis of rotation so that they cause the minimum amount of turbulence to the airflow of 

adjacent blades.  It is for this reason that most rotors have only two or three blades. 
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5.2.2. Transmission (Mechanical) 

 

Figure 14: Wind Turbine Transmission 

Due to their huge diameters, the rotors of large scale wind turbines tend to have slower 

rotational speeds.  In most cases, these speeds are insufficient to operate their generators at peak 

efficiency (for most generators, somewhere between 1200-1800 revolutions per minute (rpm)).  

The solution is to insert a gear-box transmission between the rotor output shaft and the generator 

input shaft so that that rotor speed can be geared up to the appropriate rpm for maximum power 

generation. 

Wind turbines with smaller rotor diameters may not need a transmission between the 

rotor and generator.  A decrease in rotor diameter results in a smaller arc-length that the rotor 

must travel per revolution, ultimately causing a comparatively larger rotational speed than that of 

a larger rotor for a given wind speed.  If these larger rotational speeds are appropriate for the 

type of generator being used, the rotor may be connected directly to the generator resulting in a 

Direct-Drive system.  These systems tend to be simpler and require less maintenance; however 

they require a larger generator in order to produce voltages comparable to that of AC power.  

Therefore, Direct-Drive systems are predominately used in DC applications (Battery charging, 

etc). 
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5.2.3. Generator 

 

Figure 15: Electric Generator 

The generator is the component of the wind turbine responsible for converting the 

mechanical motion of the rotor into electrical energy.  There are many different types and sizes 

of electric generators for a wide range of applications.  Depending on the size of the rotor and the 

amount of mechanical energy removed from the wind, a generator may be chosen to produce 

either AC or DC voltage over a variety of power outputs. 

 

Figure 16: The Rotor of a Synchronous Generator 

There are two main types of electrical generators for converting mechanical energy.  The 

first is the Synchronous generator.  The synchronous generator operates on the principle that as a 

magnet is rotated in the presence of a coil of wire, the changing magnetic field in space induces a 

current, and therefore a voltage in the coil of wire.  In our case, the magnet is attached to the 
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input shaft of the generator and is surrounded by several coils of wire, individually referred to as 

a pole.  As the shaft rotates, so does the permanent magnet which creates a changing magnetic 

field in the presence of the poles which surround it.  This induces a current in each of these poles 

and electrical energy is produced.  Synchronous generators are typically quite simple and can be 

used in a wide variety of applications.       

 

Figure 17: Asynchronous Generation Apparatus 

 

 

Figure 18: Cage Rotor 

The second type is the Asynchronous generator.  At the heart of this design is its cage 

rotor, which is essentially a cylindrical cage of copper or aluminum bars that concentrically 

surround an iron core.  Once again, this rotor is surrounded by a series of poles on its periphery 

called the strator.  One way in which the asynchronous generator varies from the synchronous 
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one is in that it is actually powered by the grid to set itself into motion initially.  As the current 

from the grid passes through the strator, a current is induced in the cage rotor itself; causing 

opposing magnetic fields that set the rotor in motion at a specific rotational speed (this speed is 

determined by the frequency of the supply current and the number of poles in the strator).  The 

generation of electricity occurs when the wind causes the rotational speed of the rotor to increase 

above this idle speed caused by the grid.  What is fascinating about this phenomenon is that very 

large voltages can be produced for comparatively small increases in rotational speed 

(considerable voltage for 10-15 rpm increase).  With the rotor already in motion, there is little 

torque applied to the rotor shaft, ultimately resulting in less wear on the transmission.  However, 

the Asynchronous generator is much more complex that the synchronous one and also requires 

an initial source of power to operate.  Asynchronous generators are more appropriate for 

applications where there is a fairly constant wind speed that rarely drops below a certain value.  

This way, the generator is consistently producing its maximum power since the rotor speed is 

above the idle speed.  Synchronous generators are more appropriate in applications where the 

average wind speed may be appropriate; however there are times when the wind speed may dip 

far below the average for a sizeable period of time. 

There are two major steps which characterize the generation process.  The first is the 

actual conversion of the mechanical energy to electrical, for which we employ one of the 

generators mentioned previously.  However, the raw output of these generators is highly 

irregular with voltages and frequencies that may vary tremendously and are referred to as being 

“wild” in nature.  Therefore, we need a second step where the output from these generators is 

regulated to a fairly constant voltage and frequency before it may be utilized in any sort of an 

electrical application.  To accomplish this, there are power processing devices that take the 
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generated output and produce a specific voltage and frequency.  For example, to produce power 

that can be passed through the electrical grid here in the United States, we would require a 

regulation device that would output a 120V RMS AC voltage at a frequency of 60Hz. 

5.2.4.  Tower 

One of the most important pieces of the wind turbine assembly is the tower that it is 

mounted upon.  Mounting a wind turbine on the highest possible tower results in increased 

power production due to the stronger winds present at higher altitudes.  In addition, the effects of 

the wind shear caused by the surrounding terrain is also much less at higher altitudes, providing 

yet another reason to mount the turbine as high as possible.   

Of course, there are some limitations as to how tall of a tower is appropriate for a given 

application.  One such consideration is the structural requirement necessary to support the 

turbine being considered, included how much the turbine weighs as well as what types of 

environmental forces (high winds, snow, rain) it will have to sustain over time.  Zoning 

regulations may also play a role in dictating the maximum allowable height that the turbine 

assembly may be elevated off the ground. 

There are many different types of towers available for a wide variety of turbine sizes.  

One of the primary categories is the Lattice Tower (Figure 19) which is essentially a very 

narrow, pyramid shaped structure that is strengthened with trusses.  Towers of this variety may 

be self-supporting or they can be further supported by guy wires.   
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Figure 19: Lattice Tower [16] 

The other predominant type of tower is the monopole tower (Figure 20).  This type of 

tower consists of a single pole that supports the turbine.  As we might expect, lattice towers are 

much sturdier and can therefore elevate wind turbines to much greater heights than the monopole 

tower.  However, the lattice towers also require more ground space for their larger footprint than 

what is necessary for a monopole tower. 

    

Figure 20: Monopole Tower [17] 
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 As seen in the previous figures, there is seemingly a trade off between strength and the 

amount of land consumed by the tower.  This was true up until the advent of the now traditional 

tube tower (Figure 21). As strong, if not stronger, than a lattice tower, the tube tower takes up not 

much more land than a monopole tower.  Due to its immense foundation, located almost entirely 

underground, tube towers are extremely sturdy structures that can withstand the strongest forces. 

 While not possible until today’s modern manufacturing and engineering practices, tube towers 

have engulfed the entire wind industry and it is rare to see a turbine of any appreciable size 

erected that is not sited on a tube tower. 

 

Figure 21: Traditional Tube Tower [18] 
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5.3. How do Wind Turbines Work? 

Wind turbines convert the kinetic energy of the fluid flow of the air (wind) into electrical 

energy. The turbine apparatus has two roles; (1) To extract the energy available in the wind’s 

motion via mechanical means using a rotor, and (2) To convert this mechanical energy into 

electric energy that can be in turn converted into other forms of energy. 

 While the specific designs and pertinent components of a given turbine are likely to be 

quite different depending on the application, the key mechanisms in accomplishing the 

functional goals of the turbine are rather consistent.  These mechanisms are the rotor and the 

generator, each of which is responsible for the conversion of energy from one form to another.   

To gather the energy present in the wind, a rotor is used to translate the lateral motion of 

the moving air into rotational motion.  The design of the rotor may vary a great deal from one 

application to the next, depending largely on the aerodynamic principles employed in its design, 

as well as upon the overall design of the wind system (Horizontal Axis versus Vertical Axis).   

5.3.1. Operating Characteristics 

 While each turbine comes with its own myriad of operating specifications, there are a few 

that are of particular importance when considering the right turbine for a given application.  The 

Cut-in, rated and Cut-out wind speeds of a particular turbine are of immense importance in 

determining which model is best suited for a specific location. 

 The Cut-in speed of a turbine is the minimum wind speed at which the rotor will turn fast 

enough to generate usable power.  Due to the moment of inertia of the rotor, as well as the static 

forces within the turbine assembly, the wind must attain a nominal speed, the cut-in speed, to 

overcome these forces and set the turbine in motion.  Once in motion, the rotor is supplying 
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mechanical energy to the generator and the turbine can begin to generate power.  The value of 

the cut-in wind speed is typically somewhere between 7-10 mph (3-4.5 m/s) for most wind 

turbines.  In most applications, the lower the value of the cut-in speed the better, since the turbine 

will able to generate some sort of power even at the very lowest average wind speeds. 

 The Rated speed of the turbine is the minimum wind speed at which the generator will be 

able to produce its rated power.  At wind speeds above this rated value, the output of the turbine 

levels off since the generator has already attained its rated output capability.  Values for this 

characteristic typically range from 25-35 mph (11.2-15.5 m/s).   Average wind speeds within this 

range would be ideal for generating maximum amounts of energy from a location. However, we 

often find that the average wind speed is much less than the lower bound of a turbines rated wind 

speed, sometimes by as much as 10-15 mph. 

 The Cut-out speed of a given turbine is the wind speed at which the turbine mechanism 

will shut-down. When the wind speed exceeds this cut-out value, the turbine will begin to 

employ a series of protective measures to thwart the turbine from destroying itself.  One such 

measure is a very simple mechanical break within the turbine assembly that attempts to slow the 

rotational speed of the rotor shaft via frictional forces.  Other measures focus on the rotor blades 

to slow the system down.  One such measure employs individual pitch control of each blade to 

decrease lift and slow the rotor, while another system, called the tip-break, makes a radical 

change to the orientation of the tips of the blades, causing a great deal of drag which also serves 

to slow the rotational speed of the turbine.  Without these safety measures, the presence of a very 

strong wind could cause the destruction of the turbine and put nearby residents and property in 

great danger should the blades be ejected from the rotor, the tower fall over, etc.  However, with 
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these systems in place, the turbine is able to survive these high winds and maintain the safety of 

those nearby. 

The rotational motion of the rotor is transferred along a shaft that ultimately reaches a 

generator.  The specific method with which the generator produces electricity varies from system 

to system, however the basic idea is that the generator transforms the mechanical motion of the 

rotor into electrical energy, thereby fulfilling the functional duty of the wind turbine.   
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5.4. The life of a Turbine 

5.4.1. Turbine Construction 

 While wind turbines occupy less than one percent of the total area of a wind farm, much 

consideration must be given to the preparation of the installation site in order to insure a proper 

set up.  The footprint of a wind turbine is actually quite small, approximately fifteen feet around, 

however, it extends deep down into the earth.  A general rule is, for every ten feet of tower 

height, the concrete pier must be one foot deep.  Thus, if the tower is six hundred feet in height, 

then the concrete pillar in the ground must be sixty to seventy feet deep.  For example, to install 

the one hundred twenty foot Bergey 10kW tower, one must install three 36” diameter piers that 

are twenty feet deep.  A five hundred pound cage of rebar must also be installed in each pier. 

 To prevent interference with its operation, the area surrounding the turbine must be kept 

clear of trees and brush.  By some figures, roughly an acre must be cleared around each turbine 

to allow for its installation and the necessary peripheral components to be installed.   

 To run transmission lines, the ground must be dug up so that the lines can be laid beneath 

the earth or a trough of trees must be cut away so that transmission lines and poles can be 

installed.  Also, access roads must be placed so that trucks and other assembly vehicles can reach 

the area to install and maintain the turbine. Figure 22 shows photo’s from the construction of a 

1.2MW Wind Turbine in Canada.  

1.           2.   
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3.           4.  

5.           6.           7.  

Figure 22:  Turbine Construction Process [19] 

1. Hole has been dug, first layer of concrete down, and rebar lattice in place 

2. Foundation finished, with imbedded bolts exposed 

3, 4.  Hub and tower trucked to site 

4, 5.  Tower assembled in sections, hub attached to top, rotor blades installed 
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5.4.2. Grid Interconnection 

There are a few different options when connecting to the electric grid. One way is an 

indirect grid connection. An indirect grid connection is when the turbine outputs a variable AC 

voltage, depending on the speed at which the rotors are moving. The variable AC is output from 

the turbine and then rectified so the result is fluctuating DC. The conversion is usually done 

using thyristors or large power transistors. The next step is to convert the fluctuating DC back to 

fixed frequency AC that has a regulated sinusoidal output voltage. This process can also be done 

using thyristors or transistors. The output from the conversion to fixed AC still has spikes and 

sags, therefore filters are needed to shape the wave into the exact form the utility companies use. 

Filters are created using different combinations of inductances and capacitances. The advantages 

of an indirect grid connection is that it makes it possible to harness more of the winds power 

because now the full power of a gust of wind can be harnessed. Using this method also helps to 

relieve stress on the tower and rotor because peak torque is being used. Another advantage to 

using this method is that modern power electronics facilitates voltage phase shifting and the 

reactive power can be controlled easier. This condition helps improve the quality of power being 

added to the grid. The major disadvantages that come with indirect grid connections are cost and 

energy loss. The power electronics systems are expensive and the conversions from AC to DC to 

AC reduce the overall efficiency of the system leading to harmonic distortion of the AC current 

injected to the electrical grid. 

 Another option is to connect the generator output directly to the grid. This can be 

accomplished with turbines that employ asynchronous generators, when connected to a nearby, 3 

phase AC power grid. In most cases however, this is not practical. Therefore, indirect grid 

connections are much more popular due to the feasibility of their installation.  
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5.4.3. Maintenance and System Life 

 To keep the wind turbines operating at the peak of their potential, manufacturers strongly 

suggest that the entire system be completely checked on an annual basis.  Not only does this 

check include the mechanical parts of the turbine assembly itself, but it also includes the tower 

and other support structures, as well as the wiring between the output of the turbine and 

wherever the power is being routed.  Some of the specific tasks within these and other areas 

include greasing bearings, changing transmission oil, checking rotor blades and braking systems, 

testing the wiring and connections, etc.  Maintenance workers may also check the tower for any 

structural damage that may have been incurred over the year.  Annual diagnostics such as these 

no only keep the system generating its maximum amount of potential power year after year, but 

they also keep the system from becoming a potential hazard to those working on and around it.  

By taking care of the equipment and performing these annual inspections, most manufactures 

predict a 20-30 year lifetime for their turbines.   



Page 43 of 138 

5.4.4. Health and Safety Issues 

 When it comes to health and safety issues, the cardinal rule of wind power is to keep the 

area within one hub height plus one rotor distance clear of any critical structures or people.  This 

is primarily due to the fact that if the turbine were ever to collapse, there would be nothing for it 

to damage. 

 One of the major safety concerns for wind turbines is the possibility of them throwing a 

blade that has become damaged and separated from the hub. This was a major concern when 

wind power was in its infancy, however with today’s technology, this is no longer a real worry.  

Previously, the heavy metallic blades used in wind mills were susceptible to environmental 

issues and fatigue.  Though it was rare for them to actually separate from the hub, they could 

cause a great deal of damage in the event that they actually did.  The long metal blade could 

travel quite a distance, but more importantly the absence of one of the blades would cause an 

imbalance on the tower, resulting in tower collapse due to severe vibrations.   

The newer blades used today are made of composites and plastics.  These do not have 

nearly the same weight as their metallic predecessors and are also less susceptible to 

environmental factors.  In the extremely unlikely event that the blades would be ejected, they 

would not travel anywhere near as far as a metal blade.   

 One of the major causes of blades being thrown is a blade rpm that is too high.  With 

advances in windmill technology, this is much less of a concern.  As we saw in our discussion of 

the cut-out speed for a given turbine, there are a number of safety mechanisms to slow the 

rotational speed of the rotor in the event that it should get too large.   

 Another potential problem for consideration is dealing with the New England winter 

weather.  While there might be more wind in the winter, the harsh weather can create layers of 
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ice on the turbine blades.  This ice can be thrown by the turbine as the blade flexes.  This is of 

particular concern if the turbine slows or stops during a storm and then starts later on.  The layer 

of ice that is formed will now be thrown as the blades flex under movement.  It is recommended 

that to insure the safety of the general public, citizens be kept a distance of two to four times the 

blade-tip height.  While the actual distance will depend upon the site, this is a good general rule.   

 In regards to electrical safety of medium scale wind turbines, technology once again 

helps prevent disaster.  Today’s modern turbines incorporate a power controller which monitors 

the turbine power production, the site’s instantaneous electrical needs, and grid power 

availability.  In the situation where grid power might be lost, the power controller will sense the 

outage and will not try to “force” power into the grid.  It does this by directing power solely to 

the site.  If the windmill is producing more power than the site is requiring, the turbines dump 

load capability will prevent damage to the site.  If this is still not enough, the turbine will 

automatically slow or shut down entirely to prevent damage to electrical circuits. 

 Wind turbines are quite tall, reaching heights of a couple hundred meters.  This proposes 

an issue with aircraft when the towers are situated in urban areas. While the risk of a collision is 

quite low as pilots are supposed to stay above one thousand feet in elevation while flying, the 

FAA imposes restrictions upon towers that are more than two hundred feet tall or are within 

three and three quarter miles from an airport.  This height restriction affects most commercial 

scale wind turbines.  While it is not often that the towers are forbidden unless they are to be 

situated directly in approach or take off corridors, the FAA requires specific lighting 

arrangements on the towers. What lighting is needed varies from site to site; in some places the 

lights need to be red, others white, and some need to run continuously while others need to flash.   

 Another consideration when installing a wind turbine is possible vandalism.  This is more 
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of a possibility in urban areas with small, guyed pole towers where the rotor is closer to the 

ground.  Adolescents looking to cause trouble can undo the guy wires, causing the tower to come 

crashing down.  Vandalism can occur in more rural areas when firearms are discharged at the 

blades and generators.  This is one of the more common issues, but this vandalism also occurs 

with regular transmission lines.   
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5.4.5. Environmental Impacts 

When anything foreign is introduced into the environment, one must consider the effects 

of such a change or disturbance to the ecosystem. One of the primary concerns is the impact of 

wind turbines on the local bird populations.  It has been theorized that birds will fly into and 

through the wind turbines unknowingly, resulting in the reduction of local bird populations.[20]  

This concern arose from a large wind farm at the Altamont Pass in California.  The wind farm is 

constructed of five thousand four hundred turbines closely packed and situated on a major raptor 

migration corridor, which is also the location of the highest concentration of gold eagles in North 

America.  While there is some evidence to support the bird interaction theory with regards to 

large wind farms composed of multiple turbines, there is no evidence that a single turbine will 

have a severe impact.  In fact, the impact has been stated to be less than one in thirty thousand 

(roughly one to two birds per turbine, per year) when compared to other man-made structures 

such as buildings, traffic, and even house cats [21].  Wind turbine impact on bat populations has 

not been studied as extensively, but it is theorized that the impact is even lower than that for 

birds.  Conventional fuels used in other forms of electricity-production have a far greater 

environmental impact due to their pollution of air and water sources. 

Wind turbines are tall structures that must rise above all the surrounding buildings and 

trees.  Thus they are quite visible and change the look of the sky line.  If situated in a rural area, 

residents might be unwilling to see the beautiful landscape marred with a turbine.  While not 

everyone will see a turbine as a blemish, it must be considered that some might.  In some 

communities with cell phone towers, the residents have pushed for the cell companies to disguise 

the tower as a tree, thus lessening the visual effects on the environment.  As of now, wind towers 

do not have the same camouflaging technology. 
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In addition to impacting the ecological environment, wind turbines also have an impact 

on the social environment of the human population.  One of the first things people are concerned 

about is the acoustic noise that the windmills generate.  Many do not realize that today’s turbines 

are very quiet.  When standing a couple hundred feet away, the noise level is comparable to that 

of a running refrigerator.  Bergey Windpower, Co. has performed studies on their 10kw model 

where at distance of forty two feet from the base of the tower, the sound level was only three to 

four decibels above the ambient noise of its surroundings.  When operated unloaded at high wind 

speeds, the turbine was actually around fifteen decibels higher than ambient noise, but the advent 

of dump load circuits allows one to never run the wind mill unloaded [22].  

There has also been great concern over the “ghosting” of television screens in homes near 

the wind mill caused by interference from the rotor blades.  While this was a legitimate concern 

when metal blades were used, today’s composite blades do not produce the same electro-

magnetic interference.  Therefore, ghosting of television screens is no longer a major concern. 

 



Page 48 of 138 

6. Holy Name Background 

Holy Name Central Catholic Junior/Senior High School as part of the Roman Catholic 

Dioceses of Worcester, Massachusetts is a private school which supports the education of 

students through grades seven through twelve.  The school services nearly 800 students from the 

central Massachusetts, Worcester Area.  The school’s main structure, which houses 

administration and grades nine through twelve, was erected in 1967 at its current location on the 

school’s numerous 43 acre parcel of land on Granite Street [23].  In its construction, the school 

was designed around electric baseboard heaters that are insulated in asbestos.  When the school 

was designed and built, the hazards of airborne asbestos were not known and the future of 

electric energy was promising.  Unfortunately, incidents around the work in the late seventies 

and early eighty’s, like Three Mile Island and Chernobyl, drastically changed the future of 

electric power from nuclear sources [24].   

As power prices began to rise throughout the last ten years, the school began to assess its 

power usage and energy problem.  The school currently spends nearly $200,000 a year for 

electricity, with the electric baseboard heat accounting for 60% - 75% of the bill.  An energy 

assessment was performed to determine possible improvements to the schools infrastructure and 

heating methods.  Minimal improvements were made in terms of insulation and electronic 

heating controls; however, the underlying problem was determined to be the electric baseboard 

heat in relation to today’s cost of electricity.  Due to the health concerns of asbestos and the cost 

of abatement, it was determined that it was neither financially feasible nor sensible to remove the 

current heating system while, consequently displacing students to other areas during which a 

conventional oil or gas system was added to the current building’s infrastructure.  The asbestos 

in its current undisturbed state does not pose a health risk [25] and the current heating system is 



Page 49 of 138 

fully functional despite its need for expensive fuel.  Thus, the possibility of a wind turbine to 

produce the school’s own electricity has been considered.   
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7. Feasibility Study 

7.1. Site Assessment 

In order to properly asses the feasibility of a wind turbine on Holy Name’s property, a 

wind study that provides real, on site measurements of actual wind speeds was deemed 

necessary.  While area wind maps and local geographic information is available, it was 

determined in a situation that requires such a large monetary investment, more accurate data 

must be obtained. Ideally a tower, with a weather station, comparable in height to the proposed 

wind turbine would be constructed at the prospective wind turbine location to provide an exact 

measurement of wind speeds to be experienced by the turbine.  Many survey companies loan or 

lease meteorological (MET) towers for this type of site analysis.  These towers host an array of 

anemometers to properly extrapolate wind speeds and should be placed as close to the final 

turbine location as possible.  Due to the variation of wind speeds and temperature ranges, data 

should be collected for a minimum of one full year. Our design intent was to gather accurate, site 

specific data that could be used to reinforce the economic feasibility of a wind turbine at Holy 

Name High School. 
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7.1.1. Meteorological Tower 

After performing a preliminary site analysis we identified several possible turbine 

locations.  The analysis was based on a number of factors which would propose the best possible 

measurement location.  Primarily we surveyed the area for the critical installation constraints.  

These include elevation, proximity to property lines, proximity to tall obstructing objects, and 

turbine foundation locations.  After weighing the geographic factors and analyzing present and 

future construction we isolated a turbine location and a meteorological tower location for wind 

measurement.   Unfortunately, in order to construct a weather station for wind measurement in 

the locations on the property, we were confronted with a number of limiting factors.  Primarily, a 

tower of adequate height to measure wind speed and direction above the tree line was not 

financially feasible.  Renting a MET tower for a year, with installation and monitoring included, 

would cost close to twenty thousand dollars.  Other hindrances included accessibility, permitting, 

vandalism and proximity to utilities.  Therefore, we had to consider alternate locations to place a 

weather station.  We designed a decision matrix to weight the factors that would constrain the 

construction of the wind tower as shown in Table 2. 
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Field 
8 5 5 8 6 7 7 6 7 59 2 

Roof of School 7 3 9 7 9 10 8 9 4 66 1 

Fence at Football Field 10 7 4 5 3 5 6 6 7 53 4 

Freestanding in Field 6 8 1 2 2 3 2 5 9 38 5 

Roof of Announcers Box 7 5 4 6 5 7 5 6 6 54 3 

Table 2: Decision Matrix for Anemometer Location 

 

After surveying the property and weighing all options in a decision matrix that weighted 

time, cost, feasibility, and accuracy of results, it was determined that the most feasible location 

for a weather station was atop the school’s main building.  The deciding parameters included the 

existing elevation of the school gaining us clearance above the tree line, the close proximity to 

power, ease of maintenance, and protection from vandalism.  To obtain the most accurate wind 

data, it would be ideal to take measurements from the future turbine height. However, it is also 

possible to extrapolate data from lower elevations using accepted formulae that account for 

differences in elevation and obstructions.  Although the roof top location solved some of the 
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more difficult problems, it also created a few of its own.  As per Holy Name’s insurance policy 

and city ordinances, structures atop school buildings require special permitting if they rise more 

than 13ft above the roof.  Roof loading also became a concern based on the poor condition of the 

existing rubber and stone roof.  The inability to drill through the roof and minimal mounting 

points further constrained our design.  We also had to be able to raise the tower onto the roof, fit 

it through the schools doorways, or assemble it in pieces.  Despite the challenges the team was 

faced with, we took measurements and began the design process. 

Our final design consisted of a 12 foot tower attached to an existing but no longer 

functional concrete and brick chimney as shown in Figure 23.   Our design intent was to gather 

accurate site specific data that we could use to reinforce the economic feasibility of a wind 

turbine at Holy Name High School. 

 

Figure 23: Existing concrete and brick chimney atop Holy Name (4’ x 4’ x 5’) 
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We had to compromise in regard to the height of the tower, but by doing so, we did not 

have to wait months for timely permitting.  The use of the chimney allowed us to fabricate a 

shortened tower and place the tower close to roof access and power. The chimney also 

functioned as a strong, rigid base compared to the cinderblocks (as used to moor other objects on 

the roof like the satellite dish as shown in Figure 24) which could compromise the roof of the 

building during heavy snow loads.  

 

Figure 24: Satellite dish mounted on cinder block platform atop Holy Name 

 

We needed to design a tower to hold our anemometer that would meet all of our design 

criteria. Our approach was to construct a tower that was relatively small and lightweight so that it 

could be fabricated at Worcester Polytechnic Institute and hoisted onto the roof of Holy Name 

using rigging lines. Initially, we assessed the feasibility of a single, non guyed pole with the 

anemometer on top.  Although simple, this design was confronted with a number of challenges.  

A single pole that is unsupported has a very low natural frequency, which in the presence of 

wind, has a low alternating forcing frequency that could put the pole into resonance [26].   This 
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situation could result in inaccurate data and potential damage to the weather station.  Wind 

loading in the ranges of 30 to 40 mph gusts yearly would also cause significant deflections that 

over time would fatigue the pole and potentially disrupt our data collection.   A single non guyed 

pole would also be difficult to rigidly mount to the roof.  Since safety was one of our primary 

design requirements along with gathering accurate data over a long duration we felt that we 

would need a more secure guyed tower. 

A full, dimensional analysis of the existing concrete chimney was conducted as presented 

in Appendix A and was used in the design of the tower.  With the final design finished as 

presented in Appendix B, a wooden jig was constructed to mimic the top part of the concrete 

chimney atop the roof.  With the jig constructed, all of the necessary steel parts made out of 1” 

outer diameter, 0.08” wall thickness AISI 4130 drawn over mandrel tubing that boasts a yield 

strength of 63100 pounds per square inch [27].  From prints all of the parts were cut to length, 

holes were drilled, and the tubing was “fish mouthed” for full weld penetration and maximum 

strength.  Once all of the pieces had been fabricated, they were ready to be welded into an 

assembly as shown in Figure 25, Figure 26 and Figure 27.   
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Figure 25: Wooden Jig Constructed, Corner Bracket Being Welded 

 

Figure 26: Close Up of Corner Bracket with Supporting Pole Tacked in Place 
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Figure 27: Close Up of Supporting Pole Connection 

 

Figure 28: Tower Completed and Ready for Paint 

With the main part of the tower fully welded as shown in Figure 28, the entire structure 

and its bolt on braces were primed and painted to increase their corrosion resistance and insure a 

long service life on the rooftop.  Black paint was also selected to increase the tower’s ability to 
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melt snowfall that might accumulate on it and keep the electronic systems as warm as possible, 

since, as preliminary testing shows, we may be reaching the lower limit of the weather stations 

operating temperature.   

At only 9 feet tall, the tower could be constructed of thin walled steel tubing which is not 

only strong, but lightweight.  With safety in mind, we designed the tower to fit over the lip of the 

chimney and be self supporting.  For added safety, the straps were attached to firmly anchor the 

tower to the chimney.  Chisel-point lag bolts were then driven into the concrete to maintain the 

final position.  With triangular gussets and sloped tubing, the tower was rigid and would not 

deflect significantly under load.  However, with an unknown forcing frequency, we guyed the 

tower’s top to the four base corners to reduce, if not eliminate, all bending and increase the 

natural frequency significantly above the forcing frequency of the wind to ensure the tower 

would never reach resonance.  The guy wires were constructed of stainless steel, 1/8 aircraft 

cable with a breaking strength of 1780lbs [28].  They were preloaded and safety wired at 

approximately 100lbs. of tension.  We will conduct monthly maintenance to ensure cable tension 

and check for any corrosion or signs of failure.  Over the last nine months, the tower has held up 

to all environmental elements.  

Since the weather station and tower would now be the tallest structure atop Holy Name, 

we needed to protect the school and weather station from lightning strikes.  Fortunately, Holy 

Name had a current lightning protection system that we would be able to tie into. Atop the peak 

of the tower, we affixed a 5/8 inch diameter copper electrode as seen in Figure 29, which would 

carry a lightning current through a 21 strand, 00 gauge, stranded copper wire.  The copper wire 

was laid next to the existing lightning protection system and attached with two split bolt clamps 

as shown in Figure 30. 
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Figure 29: Copper Electrode and Weather Station Affixed 

 

Figure 30: Lightening Protection Connection to Existing System 

Now that the tower was fully built, it needed its most integral part; the weather station.  

There are many weather stations on the market, from the simplest gizmos to the most high-tech 

devices.  While many of the features of the higher end stations were appealing, for the current 

situation, the station needed simply to record wind speed, direction, and temperature. We 

decided that the Davis Instrument’s Weather Wizard III (see Appendix C) was ideal for our 

situation. It had all the necessary capabilities that we were looking for, was relatively low cost, 
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and came with a data logger that could store weeks worth of data, making it available to 

download to a laptop on a convenient basis.   Having set the station to take 10 minute interval 

data we could now compare the wind information from Holy name to standardized feasibility 

data. 

 

Figure 31: Anemometer and Wind Vane 

The addition of the weather station completed the tower. A day was selected with 

favorable weather conditions for installation. The tower itself was transported in the bed of a 

pick up truck, and then hoisted to the roof through the use of nylon straps.  Once atop the roof, 

the four corners of the tower were placed over the concrete chimney corners, and the steel straps 

were bolted on.  The guy wires were added last to insure that the tower could withstand any wind 

that Mother Nature might force it to endure.  
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Figure 32: Corner Bracket and Braces Being Installed 

 

Figure 33: Guy Wire Turnbuckle Connection 

Lastly, to prevent lightning damage to the tower and the school, we connected the tower 

to the existing lightning protection system.  With the tower installed, the data logger and display 

needed to be positioned inside the janitor’s closet for ease of information downloading, and the 

whole assembly was connected to the power as shown in Figure 34.  The system was calibrated 

to due north and appeared to be collecting data without any issues. Throughout the last nine 

months, the system has functioned nearly flawlessly with no mechanical failures and minimal 

software glitches.  The completed system as shown in Figure 35 has continued to collect 

important data for the feasibility analysis. 
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Figure 34: Weather Station Mounted in Closet 

 

Figure 35: Tower Fully Installed 
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7.1.1.1. Published Wind Data 

Wind speeds are normally only measured when there is a specific need, such as an airport 

or a weather collection point for news stations.  Some private citizens monitor wind speeds for 

their own recreation, but it is usually done at a low elevation and is therefore not suitable for use 

with a wind turbine study.  In recent years, there has been a strong push to determine average 

wind speeds for all areas of the nation.  While many measurements are taken to provide data for 

the wind speed maps, obtaining measurements for every point in the nation is obviously not 

feasible.  Due to the difficulty in getting these accurate measurements, the maps rely heavily on 

terrain modeling and algorithms to determine the most likely average wind speed, at all different 

elevations, based off of nearby actual measurements.  These wind maps for Massachusetts are 

available to the general public via True Wind Solutions in collaboration with the Massachusetts 

Technology Collaborative Renewable Energy Trust (Appendix D).  

 From analyzing these maps at GPS coordinates (Latitude 42:14:24, Longitude -71:46:48) 

taken from Holy Name’s property, the average wind speed and direction for certain elevations 

was determined (Table 3 and 
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Table 4).   

Table 3: Published Average Wind Speeds by Height and Season [29] 

 Avg. Wind 
Speed (m/s) 

30m Annual 5.2 
50m Annual 5.7 
70m Annual 6.1 
100m Annual 6.5 
50m Spring 6 
50m Summer 4.7 
50m Fall 5.5 
50m Winter 6.6 
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Table 4: Published Average Wind Speeds by Direction [29] 

 Frequency Avg. Wind 
 (Percent) Speed 50m (m/s) 

N 5 5 
NNE 5.6 5.2 
NE 4.7 4.8 

ENE 4.7 4.5 
E 3.4 4.1 

ESE 2.9 3.5 
SE 2.3 3.7 

SSE 1.5 4.1 
S 3.9 4.8 

SSW 7 6.3 
SW 11.8 6.3 

WSW 12.6 6.8 
W 9.9 6.2 

WNW 11.7 6.5 
NW 7.3 5.9 

NNW 5.6 5 
 

A wind rose is also a valuable tool in the analysis of wind potential. A wind rose displays 

the direction and percentage of the wind on a chart. The published wind rose is shown in Figure 

36.  
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Figure 36: Published Wind Rose [29] 

 

Initial observations of the wind maps indicated that a turbine would be feasible at Holy 

Name.  While promising, actual wind speed measurements, at the specific location, are needed 

before any possible turbine installation commences. 
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7.1.1.2. Collected Wind Data 

 Throughout the last nine months, the data from the weather station has been recorded and 

continuously analyzed.  Due to the fact that the weather station is not at the same elevation as an 

actual wind turbine would be situated, a model was needed to extrapolate the collected data to 

determine the wind speeds at the height of the wind turbine. Wind sheer, due to the school 

building, also needed to be included in this model as it could potentially account for up to an 

almost fifty percent reduction in wind speed measurements.  The anemometer height and the 

projected turbine height are both known constants.  The wind speed at the anemometer is then 

measured, and the model calculates the theoretical wind speed at turbine height (Figure 37).  

(m) (ft) (m/s) (m/h) (m) (ft) (m/s) (m/h)
20.00 65.62 3.00 6.71 30.00 98.43 4.61 10.30
20.00 65.62 3.00 6.71 35.00 114.83 4.90 10.96
20.00 65.62 3.00 6.71 40.00 131.23 5.17 11.56
20.00 65.62 3.00 6.71 45.00 147.64 5.42 12.12
20.00 65.62 3.00 6.71 50.00 164.04 5.65 12.64
20.00 65.62 3.00 6.71 55.00 180.45 5.87 13.13
20.00 65.62 3.00 6.71 60.00 196.85 6.08 13.59
20.00 65.62 3.00 6.71 65.00 213.25 6.28 14.04
Note: V2 = (V1 / cos(40)) * (H2 / H1) ^ N  assuming N = 0.4 for wooded areas with tall trees at H1

Anemometer Height Wind Speed at 
Anemometer Turbine Height Calculated Turbine 

Velocity

 
Figure 37: Wind Speed Calculations at Different Height 

 
 The average wind speed at the anemometer height was determined by taking all of the 

weather data and producing monthly averages (Figure 38). The monthly averages were averaged 

to get a yearly wind average wind speed at the anemometer height. The average wind speed at 

Holy Name at the height of the anemometer was 3.0m/s for 6 months, December through May.  
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Figure 38: Average Wind Speed per Month 

 

 By collecting the weather data at Holy Name, the published wind maps could be 

authenticated and confirmed. The data shows that the published average yearly wind speed is 

5.7m/s. The data collected by the anemometer produces a wind speed of 3.0m/s. When the 

anemometer wind speed is projected up to the appropriate height (50m), the result is a yearly 

average of 5.65m/s which corresponds directly to the published data.  
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7.1.2. Land Area 

A critical role in the erection of a wind turbine is that of the land area where the turbine 

will be placed.  Without a suitable location to place a turbine, large wind resources and favorable 

zoning are essentially useless.  When searching for a feasible area, many different factors play 

into the overall equation.  One must analyze the surrounding boundaries, utility line locations, 

elevations, obstacles, easements, ground composition and not only current buildings, but also 

proposed for the future. When constructing a wind turbine or farm in remote locations, such as a 

remote ridgeline or open desert in the Western part of the county, many of these factors become 

less important.  When the proposed turbine is to be put in a densely populated area, the issue of 

surrounding land area is absolutely critical to the success of the project.   

Holy Name High School is one such area.  Located within the city of Worcester, the 

layout of the land must be closely scrutinized to not only determine the best location, but if it is 

even possible to place a wind turbine there. The red in Figure 39 denotes the property that Holy 

Name does not own.  
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Figure 39: Property Owned by Holy Name (red area is owned by others) 

7.1.2.1. Boundaries 
The first piece of the puzzle to be analyzed is the surrounding property boundaries.  The 

tower must be situated in such a place that in the remote chance that the tower was to fall, it 

would not fall onto another landowner’s property.  A proposed turbine for Holy Name would 

stand at almost 75m from the ground to the tip of a blade, meaning that the tower, at a minimum, 

should be located 75m from any property line for insurance reasons, as well as zoning 

ordinances.  Figure 40 shows the land available for turbine placement after taking into 

consideration the property line restrictions. The yellow area is the area in which a turbine cannot 

be placed due to the proximity to the property boundary.  
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Figure 40: Available Land for Turbine with Property Line Restrictions 

7.1.2.2. Utility Line Locations 
Next, existing distribution line locations must be analyzed.  The turbine must be placed in 

such a manner that in the remote chance of a fall, it would not land on any existing energized 

electrical conductors.  At the Holy Name location, there is an easement given to National Grid to 

run distribution lines through Holy Name’s property.  These lines cut across the property from 

West to East (Figure 41). The utility line location is outlined in blue.  
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Figure 41: Existing Utility Lines and Easement 

As before with the property lines, a fall zone must be left between the turbine and the distribution 

lines.  This further reduces the land available to situate the turbine. 
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Figure 42: Available Turbine Land with Property Line and Utility Line Restrictions 

7.1.2.3. Distance from Neighboring Houses 
Due to the small amount of noise generated by the turbine, it is advisable to situate the 

turbine roughly 2 times the total height, or roughly 200 meters, from any nearby dwellings as 

space permits.  This should be sufficient since noise studies have concluded that, at a distance of 

100 yards, wind turbines are no louder than a regular household refrigerator. Using GPS, it was 

determined that the closest house to the Holy Name property is approximately 400 ft away, 

meaning that when the noise restriction distance of 650 ft is taken, it will fall further into the 

available land than the property line restriction.  Thus, in the area by the football field, the 

limiting factor is the proximity to the neighboring houses. 
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Figure 43: Property Line, Utility Line, and Neighboring Dwellings Restrictions 

7.1.2.4. Currently Used Land 
Being in a city, land is at a premium and Holy Name has attempted to utilize their land in 

the most effective manner.  Currently located on the property are the high school and middle 

school buildings, a football/soccer field, and a practice field.  Also located on the property are 

roadways and a large parking lot, Fig 38.  
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Figure 44: Existing Structures and Used Land 

While it might appear from looking at Figure 44 that there is still ample land available, when one 

takes into consideration all the restrictions, it becomes clear that the amount of available land for 

the wind turbine installation is very limited. 
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Figure 45: Available Land with Restrictions 

To further complicate the issue, Holy Name has numerous proposed projects for large 

parcels of the unused land.  On the southern border of their property, a baseball/softball field will 

be constructed within the next year or two.  Located south of the middle school and west of the 

high school is the proposed location of the new, expanded middle school.  On the northern part 

of their land, Holy Name has already cleared the wooded area to put in a new soccer field.  All of 

these proposed fields and buildings further limit where the turbine could be located. 

7.1.2.5. Elevation 
Due to the fact that wind speed increases with elevation, the most favorable site for the 

turbine is at the spot of highest elevation.  Situating the turbine at a higher elevation also 

decreases the interference that other surrounding structures and vegetation might have on wind 

speeds.  The highest point of elevation, 725 ft, on Holy Name’s property is to the extreme west, 

in a corner just behind the football field.  This location is obviously not feasible, because it is 
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directly next to the property line, close to the neighboring houses, and near the utility lines.  The 

elevation of the property slopes off in all directions, but slopes off gradually in the direction of 

the high school.  Situating a tower up on that area of land would aid in maintaining a high 

elevation for the turbine base, but it does not fit all the previous mentioned restrictions.  A 

topographical map of the property owned by Holy Name can be found in Appendix E. 

7.1.2.6. Grid Interconnection 
Grid interconnection must also be considered when planning where to install the turbine.  

When choosing between available sites, the site closet to the point of interconnection should be 

chosen to reduce installation costs associated with running wires from the turbine to the point of 

interconnection.  At Holy Name, the interconnection will need to be in the basement of the 

school, so placement of the tower closer to the school will aid in reducing installation costs. 

7.1.2.7. Environmental Impact 
 While no study specifically analyzing the property of Holy Name has been conducted, it 

is not a known wildlife refuge site.  Numerous studies, as stated earlier in Wind Power 

Technology section, have shown that the addition of one wind tower to a habitat has no 

significant impact on the bird or bat population.  There is no evidence that suggests this would be 

any different at Holy Name.  

7.1.2.8. Conclusions 
Taking all the aforementioned areas into conclusion, there are few locations available for 

the turbine.  One possible location for the tower is on the plot of land between the high school 

and the large parking lot.  This site maintains all the necessary distance restrictions from property 

lines, utility lines, and neighboring dwellings, as well as a relatively high elevation, 710 ft, and is 

close to the school where the interconnection will be made.  While the ground composition at 
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this point is not known, it does not differ from any other location on their property.  Before 

construction commences, boring samples of the proposed site should be taken to determine the 

ground structure and to aid in the design of a sound footing.  While this proposed location is 

within a fall zone of the high school, waivers can be obtained because the school and tower will 

both be owned by Holy Name.  This is an issue that the school must take into consideration since 

children will often be in the area of the potential fall zone. Also, noise should not be an issue, as 

the school gymnasium is the closest part of the school to the turbine. Other available land for the 

turbine is down the hill, behind the driveway and next to the football practice field.  A third 

feasible spot would be directly behind the school in the open grassy area. These alternate 

locations are slightly less feasible due to lower elevations and further distance from electrical 

interconnection.   

 

Figure 46: Proposed Turbine Site 
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7.1.3. Holy Name Electricity Usage  

Holy Name High School uses, on average, 1.2 million kilo-watt hours (kWh) of 

electricity a year to heat, light, and power their school. A typical one family home uses about 10-

20 kWh a day, or about 4,000 – 7,000 kWh a year. Holy Name uses most of their electricity in 

the winter due to their electric heat system (see Figure 47).  

Error! Not a valid link. 

Figure 47: Average Electricity Usage by Month 

 

About 60% - 75% of the total electricity used by Holy Name is used for the heating in 

their building. This equates to roughly $90,000 a year in heating costs. Over the past two years, 

Holy Name’s electricity cost has risen significantly (see Figure 48). This is due to the rising cost 

of electricity, not to an increase in usage (see Figure 49). Holy Name’s electricity usage has 

decreased slightly in the past years due to moderate winters and due to a computerized control 

for the heat.  
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Figure 48: Holy Name Electricity Bill Amounts 
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Figure 49: Holy Name Electricity Usage 
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7.2. Economics 

7.2.1. Turbine Selection 

Turbine selection is one of the most important considerations in a wind turbine project. 

There are many types and sizes of wind turbines available in the world today. In order to choose 

a wind turbine to fit a particular situation, information is needed about the site. The most 

important information needed is the average yearly wind speeds at different heights and the load 

profile of the building that will be using the generated electricity. The yearly average wind 

speeds will be used to calculate the expected generation of a wind turbine so that they can be 

correlated with the load profile. The ideal case would be an expected generation profile that 

exactly matches the load profile. This would mean that the building would use all the electricity 

generated by the wind turbine. The closer the load profile gets to the expected generation profile, 

the better the economics will work out.  

 The first step in deciding which turbines would work for Holy Name was deciding on the 

size of the turbine. There are models available from 10kW up to 3MW. This means that at any 

given time, the maximum output of the wind turbine would not exceed 10kW or 3MW. The 

10kW – 50kW models of wind turbines are considered small scale and are intended to be used in 

single installations where there are small loads. The mid class turbines range from 75kW – 

1MW. These turbines are usually used on wind farms and in single installations where there is a 

moderate load and good wind speeds. The 1MW and up wind turbines are used for large scale 

installations and offshore installations. The large scale wind turbines are usually used as power 

plants and not as a means to offset the power consumed at any given location.  
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 Holy Name needed a wind turbine capable of producing roughly 1 million kWh a year 

with an average wind speed of 5.7m/s. These numbers led to the mid-range wind turbines where 

many models were investigated. When the companies that made mid-size wind turbines were 

looked at, three companies had turbines that looked promising; Fuhrlander, Suzlon and Vestas. 

Specific models of wind turbines from each manufacturer were picked out and pitted against 

each other.  

 The models that were looked at from Fuhrlander were the FL250 and the FL600. The 

Suzlon 950kW model and the Vestas V47-660 and V52-850 were also investigated. Below, 

Table 5 is shown displaying a comparison between the different models. More information can 

be found in Appendix F. 

Table 5: Turbine Model Comparisons 

Model Rotor 
Diameter (m) 

Hub 
Height (m) 

Output (kW)  Cut-In 
(m/s)  

Rated 
(m/s)  

Fuhrlander FL250 29.5 42/50 250 2.5 15 
Fuhrlander FL600 43-50 50/75 600 3 10.8 
Suzlon 950kW 64 65 950 3 11 
Vestas V47-660 47 50 660 4 13 
Vestas V52-850 52 40-86 850 4 16 

 

 In order to figure out what each turbine would output, an online calculator was used 

(http://www.windpower.org/en/tour/wres/pow/index.htm) where we could put in the average 

wind speed and other wind distribution data, and the information about each turbine. The 

calculator would produce a kWh/year measurement which could be compared to the annual Holy 

Name usage. 
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Table 6 shows the results from the online calculator.  
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Table 6: Turbine Model Output and Capacity Factor 

Model Annual kWh produced with 
average wind speed of 5.7m/s 

Capacity Factor 
(%) 

Fuhrlander FL250 358,987 16 
Fuhrlander FL600 1,349,380 26 
Suzlon 950kW 1,359,004 17 
Vestas V47-660 1,140,639 20 
Vestas V52-850 1,396,237 19 

 

An important consideration is the capacity factor. The capacity factor is basically the 

used percentage of the wind turbine. If the turbine were to operate at 100% capacity, then the 

turbine would be outputting its rated output all the time. If the turbine was to operate at 50% 

capacity, it would be outputting 50% of its rated output all the time, or conversely, it would 

output its full output 50% of the time. The higher the capacity factor, the more economical the 

turbine will be.  

After analyzing the five different turbines, a conclusion was reached that the two turbines 

that would best suit the situation would be the Fuhrlander FL600 and the Vestas V47-660. The 

conclusion was reached based upon the output of each turbine coupled with the capacity factors. 

Each turbine output close to the 1.2 million kWh that Holy Name uses and both have a decent 

capacity factor compared to the other models. Another major influence was the cost. The larger 

the turbine, the greater the price tag. The price for a fully installed FL600 comes close to $1.4 

million US. The price for the V47-660 is around $1.35 million US. The price for the larger 

turbines rose up close to $2 million US. The larger and smallest turbines were not considered 

economical for Holy Name due to their cost / output. After talking with people in the wind 

industry, it was discovered that the Vestas V47-660 was no longer being manufactured. Also 

there were many people that said the Fuhrlander was a better suited machine for places with 

lower wind speed due to the lower cut-in speed and the power curve.  
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The power curve of a wind turbine is a plot that shows the output of the turbine for 

incremental speeds of wind. The power curve for a Fuhrlander is shown in Figure 50. 
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Figure 50: FL600 50m Power Output Curve 

The power curve of the wind turbine is published by the manufacturer to aid in the analysis of a 

wind turbine at a specific site. The Fuhrlander is very well suited to the Holy Name site due to 

the fairly steep slope of the curve. This means that more electricity is produced the faster the 

wind blows. The steeper the slope of the curve, the “sooner” the turbine produces more 

electricity per m/s of wind speed increase. Looking at Figure 50 and finding the average speed of 

the wind at Holy Name (5.7m/s) on the graph and then looking at the corresponding output of the 

turbine, it looks like the turbine will output approximately 100kW when the wind speed is 

average. The graph also shows us the cut-out speed of the wind turbine. The wind turbine will 

automatically stop it’s blade from spinning when the wind exceeds a certain limit. For the 
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FL600, the cut-out speed is 20m/s. The turbine is designed to stop so that no damage will be 

done to itself. 

7.2.2. Expected Generation Profile versus Holy Name Load Profile 

After deciding on a wind turbine model to use, a more in depth analysis needs to be 

performed to figure out exactly how much electricity the wind turbine will be expected to 

generate. Other questions to be investigated are how well the generation profile fits with the load 

profile. In order to figure out how much electricity is expected to be generated, you have to use a 

statistical model called a Weibull distribution. We used the weibull distribution to figure out how 

much electricity was expected per month so we could plot it alongside the amount used per 

month on the electricity bills. Each monthly weibull distribution (See appendix G) takes in the 

monthly average wind speed, the weibull parameter k (from published weather data, appendix 

D), the site altitude, the turbulence factor, and the data from the turbine power curve. The data is 

utilized and the statistical model outputs a percentage of time that the wind will be blowing at a 

certain speed. The percentage of time, along with the power output of the turbine at that specific 

speed, is converted to a kilo-watt-hour measurement. It is then easy to multiply by twenty-four 

hours in a day and then by the number of days in a month to get the expected monthly output. 

Figure 51 shows the weibull distributions for each season of the year. Examining the Weibull 

Distribution, it can be seen that there is a higher percentage of faster wind speeds during the 

winter months than during any other season. The Weibull distribution is very useful for seeing 

the percentage of time that a certain wind speed can be expected. Figure 52 shows the expected 

output of the wind turbine per month.  
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Weibull Distribution by Season
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Figure 51: Weibull Distribution by Season 
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Figure 52: Projected Turbine Output 



Page 88 of 138 

 By taking the projected turbine output and placing it on the same graph as the electricity 

Holy Name uses on a monthly basis, we come up with a fairly well matched graph. Figure 53 

shows the graph of the projected turbine output and the electricity usage together.  
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Figure 53: Projected Turbine Output versus Holy Name Usage 

During the winter months, Holy Name uses more electricity than the wind turbine can generate, 

but during the summer months the wind turbine produces more electricity than the school will 

use. Overall though, the school uses approximately the same amount as the wind turbine 

produces in a year or about 1.2 million kWh. 
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7.2.3.  Financing 

One of the primary detriments to employing wind power is the enormous costs associated 

with the turbine equipment.  With even small-scale turbines of 10 kW or less costing between 

$30,000 and $40,000, the initial expenditures required to purchase the turbine units are much too 

high to facilitate widespread construction.  As energy prices continue to increase, so will the 

government incentives towards wind power and the high initial costs should begin to come 

down.  Until then however, turbine costs will remain high and construction of new turbines will 

continue to be a rarity. 

 

Figure 54: Average Cost per kW of Rated Output [30] 

 The general trend is that as the power output of the turbine increases, the cost per kW of 

output decreases.  We can see this trend in Figure 54, a 200kW turbine will cost around 

$200,000, while a 700kW turbine will only cost $500,000, indicating that larger scale turbines 

are more cost effective than the smaller scale systems.  Typically speaking, small-scale 

residential systems of 10kW or less cost from $2400-3000/kW of output, medium scale systems 
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of 50kW- 1000kW from $1500-2500/kW and large scale systems of greater than 1000kW from 

$1000-2000/kW. The approximate total cost of for the FL600 is $1.38 million installed.  

 There are many ways to help offset the initial costs of installing a wind turbine. One way 

is through grants. There is one major organization in Massachusetts that gives out grants on a bi-

yearly basis for the design and construction of wind turbines and other forms of renewable 

energy. The organization is called the Massachusetts Technology Collaborative or MTC for 

short. The MTC is located in Westborough, MA. The MTC is in charge of the Large Onsite 

Renewables Initiative, or LORI grant. 

“The Massachusetts Technology Collaborative (MTC), as administrator of the Renewable 

Energy Trust Fund (the Trust), is seeking applications for the Large Onsite Renewables 

Initiative to expand the production and use of distributed renewable energy technologies 

in Massachusetts.  MTC seeks to develop a diverse portfolio of renewable energy projects 

across a variety or locations, technologies, and building types. Round 2 has 

approximately $2 million available.  Applicants will be subject to a competitive selection 

process.  LORI applicants may request funding in two activity areas:  Feasibility Study 

Grants, and Design & Construction Grants.  

• Design & Construction Grants are calculated based on an Incentive Matrix. Design 

grants are capped at the lesser of $75,000 or 75% of actual cost, and construction 

grants are capped at the lesser of $500,000 or 75% of actual costs.  

• Feasibility Grants are capped at $40,000 with cost-share of at least 20% or $5000, 

whichever is less. 
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LORI will accept grant applications for development of eligible renewable energy 

projects(s) with greater than 10 kilowatts of nameplate capacity that are located at 

commercial, industrial, institutional, and public facilities that will consume more than 

50% of the renewable energy generated by the project on-site.  The applicant and project 

site(s) must be a customer of a Massachusetts investor-owned electric distribution utility.  

The grant awards may be used to facilitate the installation of renewable energy projects 

on existing buildings (retrofits) or in conjunction with new construction/major renovation 

projects, including green buildings.” [31]  

 

Holy Name will need to apply for the Design and Construction Grant of $575,000. The 

full grant amount would cover about 40% of the total initial cost of the turbine installation. It will 

be necessary for Holy Name to complete the grant application and file it in time for either the 

summer or winter submission deadlines. 

Another organization that gives out grants is the Sisters of Saint Anne. Ester’s Dream is a 

grant for up to $50,000 available through the Sisters of Saint Anne for projects that will benefit 

society and the environment. This Ester’s Dream grant can be submitted any time and the results 

are announced within a couple of months of receipt. Holy Name should apply for this grant and 

use the money to hire a wind consultant. 

 In addition to grants, Holy Name has the option of taking out a loan from the bank to pay 

for the whole wind turbine or a partial amount. Ideally, Holy Name would receive a total of 

$625,000 from grants. This would dictate a loan for the remainder of the cost. Holy Name has 

many options when it comes to a loan. There are many banks to choose from and different 

payback periods. After talking to banks in the area, an interest rate of about 7% was established 
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as a good interest rate to model with. Considering the scale of the loan amounts, five, seven, ten, 

and twenty year loan options were examined. Also, to see how much the grant amount would 

affect the financing, situations where Holy Name received 100%, 90%, 75%, and 50% of the 

maximum grant amount. 

 Deciding on which loan to recommend to Holy Name was accomplished by seeing which 

of the loans met certain criteria. The total yearly payment of the loan had to be comparable to the 

electricity bills that Holy Name is currently paying. The loan term needed to be minimized to 

reduce the amount of interest that would be paid on the project, keeping the cost lower.  

Table 7 shows the many options that Holy Name has for taking out a loan on the remaining cost 

of the turbine installation.  

Table 7: Loan Options for Holy Name with an FL600 

 

FL 600 Loan Options 
     

5 Year Loan 

 
100% 
Grant 90% 75% 50% 

Load Amount ($) $755,000 $817,500 $911,250 $1,067,500
Interest Rate (%) 7% 7% 7% 7% 
Period (years) 5 5 5 5 
Monthly Payment ($)  $14,950 $16,187 $18,044 $21,138 
Amount Loan Paid Per Year ($) $179,399 $194,250 $216,526 $253,653 
Total Amount Paid Over Loan Period ($) $896,994 $971,249 $1,082,631 $1,268,267
     

7 Year Loan 

 
100% 
Grant 90% Grant 75% 50% 

Load Amount ($) $755,000 $817,500 $911,250 $1,067,500
Interest Rate (%) 7% 7% 7% 7% 
Period (years) 7 7 7 7 
Monthly Payment ($)  $11,395 $12,338 $13,753 $16,111 
Amount Loan Paid Per Year ($) $136,740 $148,059 $165,038 $193,337 
Total Amount Paid Over Loan Period ($) $957,178 $1,036,414 $1,155,269 $1,353,361
     

10 Year Loan 

 
100% 
Grant 90% Grant 75% 50% 
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Load Amount ($) $755,000 $817,500 $911,250 $1,067,500
Interest Rate (%) 7% 7% 7% 7% 
Period (years) 10 10 10 10 
Monthly Payment ($)  $8,766 $9,492 $10,580 $12,395 
Amount Loan Paid Per Year ($) $105,194 $113,902 $126,965 $148,735 
Total Amount Paid Over Loan Period ($) $1,051,943 $1,139,024 $1,269,646 $1,487,350
     

20 Year Loan 

 
100% 
Grant 90% Grant 75% 50% 

Load Amount ($) $755,000 $817,500 $911,250 $1,067,500
Interest Rate (%) 7% 7% 7% 7% 
Period (years) 20 20 20 20 
Monthly Payment ($)  $5,854 $6,338 $7,065 $8,276 
Amount Loan Paid Per Year ($) $70,242 $76,057 $84,779 $99,316 
Total Amount Paid Over Loan Period ($) $1,404,842 $1,521,137 $1,695,579 $1,986,316

  
Holy Name currently pays about $150,000 a year for their electricity. If they were to keep 

paying approximately the same amount per year and get 100% of the grant money, the ideal loan 

for them would be a seven year loan. They would be paying about $200,000 in interest for the 

loan over the seven year period. If Holy Name only got 50% of the grant money, they would 

have to take out a ten year loan. The interest on a ten year loan would be around $400,000. The 

success of the project will depend a great deal on the dollar amount awarded to Holy Name from 

these grants. 
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7.2.4. Net Metering 

Net metering is an extremely important incentive in making wind power and other 

renewable technologies financially feasible.  For any renewable technology that depends on the 

environment, the power output profiles of these systems are largely unpredictable.  For example, 

the amount of wind present at a particular location for any given instance of time is dependent on 

a variety of factors, including temperature, barometric pressure, humidity, etc.  As a result, there 

will be days when the wind speed is extremely high, and others when there will be no wind at all.  

What is most unfortunate is that a generating facility may produce more power than they need on 

the windy days, while on calm days, they will be forced to buy electricity from the utility.  If 

there were a way for a facility to store the energy generated during windy periods of peak 

production for use during times of less favorable wind conditions, such an arrangement would 

enable a facility to maximize the consumption of the energy they produce before needing to rely 

on a utility.   

Net metering is a means of accomplishing this without requiring any physical device for 

energy storage such as a battery.  The conceptual benefit of net metering is the fact that when 

more energy is being generated than used, the meter that has been tracking the amount of energy 

that has been consumed from the utility will run backwards, effectively “paying” for the 

electricity consumed during periods of low production [32].   

The most important part of net metering is that the production facility is essentially 

“selling” their energy at its retail value.  In most situations, excess energy is bought by the utility 

at cost, meaning the price that the utility would pay for electricity before adding their 

transmission and distribution charges.  The difference between the cost and retail values of the 

electricity can be quite substantial, varying from $0.05-0.06 /kWh depending on the contract 
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with the utility.  Therefore, by offsetting their energy consumption at the retail price via net 

metering, a facility will be receiving $0.05-0.06/kWh more for the energy they produce. 

More than 35 states currently employ net metering programs as an incentive for 

renewable technology, each with a list of conditions and laws specific to their particular agenda 

regarding energy [33].  Originally conceived by the Department of Public Utilities in 1982 and 

most recently amended in 1997, the law in Massachusetts stipulates that facilities with a 

production capacity of 60 kW or less are eligible for net metering with their utility provider.  In 

addition to the daily offset of energy, any net excess generation (NEG) at the end of a month will 

be credited to the next month’s billing period at the average monthly market rate of the energy 

[34].  

As it stands right now, the 60 kW capacity maximum is too low to be applicable to most 

distributed generation (DG) facilities which look to erect wind turbines ranging from 600 kW – 

1.5 MW of production capacity.  However, there is work underway as lobbyists push to change 

the maximum allowable capacity from 60 kW to a much larger value between 1-2 MW.  If 

successful, this change would make net metering a much more viable incentive for those 

interested in wind power and other forms of renewable technologies. 

 Unfortunately, due to the size and power production rating of the proposed wind turbine 

for Holy Name, net metering cannot be currently used. If net metering were to be instituted for 

capacities below 1MW or 2MW, Holy Name would qualify. Net metering would help immensely 

with the economics due to the additional $.05-.06 /kWh essentially “paid” by the utility and the 

decreased need to purchase electricity from the utility.  
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7.2.5. Energy Certificates 

To fully comprehend the incentives associated with Renewable Energy Certificates 

(RECs), it is important to address a common source of confusion concerning the sometimes 

ambiguous distinction between the Electricity produced by a renewable source and these RECs.  

Renewable Energy can be separated into two distinct commodities associated with its production 

(Figure 55).  The elements that comprise renewable energy are the actual kWh of electricity 

produced, and the “Green” attributes of this electricity since it was produced by a renewable 

source.     

 

Figure 55: Breakdown of Renewable Energy Attributes 

 Therefore, this additional characteristic of renewable energy has led to the creation of a 

separate market based exclusively on the green nature of the power being produced.  This 

permits renewable energy sources to capitalize not only on the power they produce, but also on 

the green nature of their energy supply.  The market value of this green power is packaged and 

traded as these RECs that provided these financial incentives to parties interested in renewable 

energy. 

The trade of Renewable Energy Certificates (RECs) as a financial incentive for 

constructing renewable sources is a rather new concept that stems from the demand for “green” 
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energy.  Growing concern regarding the global energy situation has resulted in a variety of 

requirements and agreements concerning the percentage of electricity produced and consumed 

from renewable sources.  Renewable energy “quotas” set by state purchase mandates and 

environmental disclosure requirements are two examples of such programs that have created a 

market for green energy [35].   

As of 2004, Massachusetts was one of only 15 states across the country to invoke what 

are called Renewable Portfolio Standards (RPS) for both their Load Serving Entities (LSEs) and 

retail power suppliers.  The RPS requirements are slightly different between the two groups:  

LSEs must produce a certain percentage of their electricity from renewable sources while retail 

suppliers are required to obtain and distribute a certain percentage of the electricity they sell 

from renewables [36].  In 2002, the Massachusetts Division of Energy Resources (DOER) 

released its regulations for the RPS through the year 2009, dictating the percentage of energy that 

both LSEs and retail suppliers must annually account for from renewable sources.  These 

percentages can be seen in Error! Reference source not found. below. 

Table 8: DOER percentage requirements for renewables [37] 
 

Year % of distribution from Renewables  
2003 1.0 % 
2004 1.5 % 
2005 2.0 % 
2006 2.5 % 
2007 3.0 % 
2008 3.5 % 
2009 4.0 % 
Beyond 2009 Additional 1.0 % annually until DOER 

terminates requirements 
 

 If an LSE or retail supplier does not have a direct affiliation with any renewable sources 

or cannot meet the percent quota set by the DOER for that year, they may fulfill their renewable 
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energy requirements through what is called an Alternative Compliance Payment (ACP) to the 

Massachusetts Technology Park Corporation (MTPC).  The ACP covers the RPS percentage that 

an entity is unable to account for that year.  The ACP rate is published on a per megawatt-hour 

(MWh) basis and fluctuates annually due to inflation.  The adjusted rate for the 2006 ACP is 

$55.13 per MWh, which is an increase from $53.19 per MWh in 2005 and $51.41 per MWh in 

2004.  Therefore, for every megawatt-hour of production or distribution that an entity is unable 

to account for as being from a renewable source, that entity must pay $55.13 to the MTPC as an 

Alternative Compliance Payment [38]. 

 The RPS green energy requirements are essentially what drive the market for trading 

RECs.  LSEs and retail suppliers seek to form contracts with Renewable Sources to buy the 

green-nature of their electricity in order to meet their annual RPS requirements.  These entities 

will agree to pay the owner of the renewable source for each REC purchased towards their RPS 

quota, often on a per megawatt-hour basis at a rate which is close to the ACP value.  The 

production of these certificates by renewable sources is monitored by the New England Power 

Pool (NEPOOL) and their Generation Information System (GIS).  The NEPOOL GIS assesses 

the power production of a given renewable source and generates the appropriate number of 

certificates based on their MWh of output for a given month.  These monthly amounts of REC 

production are then made available for trade on a quarterly basis, at which point LSEs and retail 

suppliers may purchase the RECs for their RPS requirements [39].  By selling these RECs to 

these entities, the Renewable Source will be considered a ‘Brown’ facility as opposed to a 

‘Green’ one, since the green-attribute of the power produced has been traded to another party. 

 The trade of these Renewable Energy Certificates (RECs) provides potential investors in 

renewable technologies with an added incentive that will procure multiple thousands of dollars 
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annually in addition to their avoided electricity costs.  The additional income from RECs will 

accelerate the payback period for the technology and also provide an investor with an added 

sense of security that the return on their investment will be profitable. 

7.2.6. Tax Incentives 

In addition to the Renewable Energy Certificate programs, there are a variety of tax 

incentives at both the state and federal level to help promote the creation of renewable energy 

sources.  These incentives include property, income and sales tax exemptions for individuals and 

organizations across several sectors, including Commercial, Industrial, Municipal and 

Residential.  Given the breadth of this area, we will be focusing on the tax incentives pertinent to 

Holy Name.  A complete list of the State and Federal tax incentives available to the different 

sectors in Massachusetts can be found at the Database of State Incentives for Renewable Energy 

(DSIRE) website:  http://www.dsireusa.org/ 

 As a municipality considering wind power, the lone tax incentive which Holy Name may 

be able to take advantage of is the state sales tax exemption.  Formally referred to as the 

‘Renewable Energy Equipment Sales Tax Exemption’, this statute provides an individual or 

organization with exemption from the Massachusetts state sales tax for the purchase of solar, 

wind and heat-pump systems and all related equipment [40].  There is no maximum incentive 

value associated with this statute and it is not available to commercial users.  This would provide 

Holy Name with a savings of thousands of dollars on their initial investment (5% of the cost of 

the turbine), thereby decreasing their loan requirement and shortening their pay-back period.  

Other tax incentives, including property and income tax exemption, would be inapplicable to 

Holy Name’s situation.  As a non-profit organization, the school has no taxable income for 
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which they owe the state a percentage.  Additionally, the school is exempt from property taxes 

due to their affiliation with the Catholic Diocese of Worcester. 

7.2.7. Economic Model   

The economic model was created based upon the information found in each sub-section 

of the economics portion of the report. First, the electricity bills from the past two years were 

examined along with the Weibull Distributions. An average for each month of Holy Name’s 

electrical usage was calculated, and then the twelve months of the year were summed to get a 

projected average yearly use of 1,107,000 kWh. The monthly projected output from the FL600 is 

calculated, and then each month is added together to generate a yearly projected output (Table 

9). It is known that Holy Name’s demand for electricity will increase over time as more 

buildings are added to their campus, but for this model, future expansion is not taken into 

account. Each month of the year is examined and the projected output of the turbine is compared 

with Holy Name’s usage to generate a monthly difference in electricity produced or purchased. 

In a year’s time, it is projected that more electricity will be sold back to the utility than purchased 

(Table 9).  

Table 9: Electricity Bill Analysis and Average Usage and Production Numbers 
 

Month 
Turbine Output 
(kWh) 

Average Electricity Use 
(kWh) 

 Net Purchased 
(kWh) 

Net Sold 
(kWh) 

January 138,755 213,500 74,745 0
February 125,327 195,500 70,173 0
March 107,503 114,000 6,497 0
April 104,035 77,250 0 26,785
May 107,503 41,250 0 66,253
June 57,798 25,500 0 32,298
July 59,725 25,500 0 34,225
August 59,725 26,000 0 33,725
September 90,165 44,000 0 46,165
October 93,171 50,000 0 43,171
November 90,165 124,500 34,335 0
December 138,755 170,000 31,245 0

Totals:  1,172,628 1,107,000 216,995 282,622
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Next, costs associated with electricity were considered. It is projected that the cost of 

electricity to consumers will rise 3% every year [41], starting from the 2006 average cost of 

delivered electricity, $0.15 / kWh. The cost of electricity to the electric companies will also grow 

and remain at $.06 below the cost of delivered electricity (Figure 56).   

Error! Not a valid link. 

Figure 56: Projected Electricity Cost 

The projected cost of electricity is important so that an accurate picture can be painted of 

the future. The delivered cost of electricity is important because it will show how much cost 

Holy Name is offsetting by having a wind turbine. The cost of electricity to utilities is important 

because it is the amount that a utility will pay Holy Name for any excess electricity they produce 

and don’t use (Figure 57).  Over a 20 year period, Holy Name is expected to offset close to $4.6 

million in electricity costs.  

Error! Not a valid link. 

Figure 57: Electricity Purchased and Sold 

Another big contributor to the economics of a wind turbine installation are the Renewable 

Energy Certificates or RECs. The owner of a wind turbine may sell their REC’s to generate 

additional income. The contract length for the RECs is usually 10 years. The current rate for 

RECs is $0.04 / kWh produced by the wind turbine. If Holy Name were to enter into a contract 

to sell RECs at $0.04 / kWh for the next 20 years, they will have earned more than $900,000 or 

about 70% of the initial cost of the wind turbine.  

The 20 year outlook for Holy Name with a turbine is very good. If they receive at least 

75% of the grant money and finance the rest, over the next 20 years, they will be paying $0.011 

to $0.047 $/kWh for their electricity, which is very good compared to the projected cost of $0.30 

/ kWh in 20 years (Table 10). 
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Table 10: 20 Year Cost Analysis 
 
Electricity Consumption (kWh)  22,140,000  
Net Turbine Production (kWh) 23,452,552  
Sell-Back Energy (kWh)  5,652,446  
Purchased Energy (kWh) 4,339,894  
    
Purchased Electricity Expense $927,873  
Operating and Maintenance Expense $228,000  
Total Expense $1,155,873  
   
Sell-Back Energy Income $869,351  
REC Income $938,102  
Total Income $1,807,453  
   
Loan Payment: 5 Year Loan With 100% Grant Money  $896,994  
Loan Payment: 7 Year Loan With 100% Grant Money  $957,178  
Loan Payment: 10 Year Loan With 100% Grant Money  $1,051,943  
Loan Payment: 20 Year Loan With 100% Grant Money  $1,404,842  
Loan Payment: 5 Year Loan With 75% Grant Money  $1,082,631  
Loan Payment: 7 Year Loan With 75% Grant Money  $1,155,269  
Loan Payment: 10 Year Loan With 75% Grant Money  $1,269,646  
Loan Payment: 20 Year Loan With 75% Grant Money  $1,695,579  
  $/kWh 
Total Costs: 5 Year Loan With 100% Grant Money  $245,414 $0.0111 
Total Costs: 7 Year Loan With 100% Grant Money  $305,598 $0.0138 
Total Costs: 10 Year Loan With 100% Grant Money  $400,363 $0.0181 
Total Costs: 20 Year Loan With 100% Grant Money  $753,262 $0.0340 
Total Costs: 5 Year Loan With 75% Grant Money  $431,050 $0.0195 
Total Costs: 7 Year Loan With 75% Grant Money  $503,689 $0.0228 
Total Costs: 10 Year Loan With 75% Grant Money  $618,066 $0.0279 
Total Costs: 20 Year Loan With 75% Grant Money  $1,043,999 $0.0472 

 

Table 10 is the twenty year cost analysis for the project. To calculate the total costs with each 

type and loan case, the profits and expenses are added up (expenses are negative). The expenses 

consist of the Total Expense and the Finance Expense (Loan payments). The profits come from 

the sale of RECs and the electricity that Holy Name sells back to the utility company. Once the 

total cost has been determined, the price per kilo-watt-hour can be calculated. The price per kilo-

watt-hour is simply the total costs over a time period divided by the total number of kilo-watt-

hours used by the school in that time period. The ideal case for Holy Name would be to pay more 

in the beginning by taking out a loan for only 5 years. This will mean that over the next 20 years, 
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Holy Name would be paying $0.011 / kWh, which is extremely attractive. It is shown by Table 

10 that with all of the financial factors accounted for, it is definitely economically feasible for a 

wind turbine installation at Holy Name  
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8. Project Achievements 

As of May 1st, 2006, our team had determined it economically feasible for Holy Name to 

install a wind turbine.  This decision was based on the following information:  

1. The school’s demand for electricity 

2. Experimental verification for the availability of sufficient wind speeds on site 

3. The duration of the payback period dependent upon a variety of financial factors 

such as incentives and interest rates.   

Our recommendation is for the school to install a 600 kW turbine atop a 50 meter 

(approx. 164 ft) tower.  Such a turbine would produce 60-70% of the school’s electricity during 

the peak demand periods in the winter months.  Depending upon the proportion of the 

installation costs covered by a loan taken out by Holy Name, the payback period for this turbine 

is 5 to 8 years.  Therefore, if school’s annual electricity costs remain close to the $200,000 

predicted for this fiscal year, they will begin saving somewhere between $120,000-140,000 per 

year at the conclusion of the payback period. 

Furthermore, we have compiled a list of suggested installation sites on Holy Name’s 

property where the wind turbine could be erected.  These sites were determined based on a 

thorough assessment of the terrain and property.  Using topographical maps, site survey 

information and aerial photographs, our team studied the zoning regulations, line-of-sight 

considerations with adjacent property, noise pollution, and site access for construction vehicles.  

In addition to determining the feasibility of the project, our team assisted Holy Name in 

acquiring $50,000 from the Esther’s Dream Fund, distributed by the Sisters of St. Anne in 

Lachine, Quebec.  Our contribution to the school’s grant application included a description of the 

project goals, the timeline for completion, and its overall benefit to the school, society and 
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environment. Upon review, Esther’s Dream agreed to fund our project in the amount of $50,000 

for initial expenses such as consulting, legal fees, etc. 

On May 5th, 2006, our team organized a trip to see the Vestas V47-660 wind turbine at 

the Portsmouth Abbey School in Portsmouth, RI.  Our intent was to show our project sponsor, 

Headmaster Mary Riordan, an actual unit, similar to what we were recommending for Holy 

Name and provide a first-hand experience of what we have been striving for. 

At the request of Headmaster Riordan, we were invited to a meeting at the Massachusetts 

Technology Collaborative (MTC) in Westborough, MA on May 16th, 2006.  In attendance were 

Congressman James P. McGovern and his Chief of Staff, Chris Philbin, who were present at the 

request of Mrs. Riordan to help facilitate the construction of a wind turbine in Worcester, MA.  

Our team presented our results to the Congressman, after which the group then engaged in a 

discussion concerning the next steps to get a turbine on Holy Name’s property.  Congressman 

McGovern was extremely pleased with our work and offered any assistance that he could 

provide at the federal level. 

Following the meeting with Congressman McGovern, our team filed obstruction 

evaluation forms with the Federal Aviation Administration (FAA) for three possible turbine 

locations on Holy Name’s property.  These forms required specific coordinates and elevations 

for each of our three locations, as well as any details regarding the turbine we planned on 

erecting.  At the time of project submission, the FAA was processing our requests.   

On July 11th, 2006, our team passed the project to wind power consultant hired by 

Headmaster Riordan.  Kevin Schulte of Sustainable Energy Developments, Inc. was 

recommended to the Headmaster by our team after meeting him at the Building Energy ’06 

conference in Boston, MA, and his hiring was made possible by the money received from the 
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Esther’s Dream grant.  Our team sent Kevin all of our files pertaining to our economic model and 

gathered wind data from our weather station atop the main building at Holy Name.  On August 

17th, 2006, Kevin submitted a grant application for design and construction to the Large Onsite 

Renewables Initiative (LORI) fund distributed by MTC for $575,000 dollars.  The results of this 

submission will be available in early November, 2006. 
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9. Project Conclusions 

As energy prices continue to increase in the coming year, Holy Name is in desperate need 

of a viable solution to the problem that they are faced with.  The installation of a wind turbine on 

their property would dramatically reduce the annual cost of heating their buildings with 

electricity.  Our team predicts that if the school were to install a 600 kW wind turbine, they 

would save between 60-70% of the total cost they would be charged by the electric utility for the 

number of kilo watt hours (kWh) that they consume annually. 

If we take the school’s projected heating costs for the upcoming fiscal year as an 

example, a 600 kW wind turbine would have saved the school between $120,000-140,000 of the 

approximately $200,000 that they will pay for electricity this year.  An annual savings of this 

magnitude would enable the school to pursue several initiatives in improving the quality of the 

education offered to the students.  These improvements would include an expedited 

implementation of the school’s technology plan, an increase in the amount of financial aid 

offered to the students, and the various repairs and improvements required by a 40 year old 

school building [42].   

In addition, a wind turbine would be an incredible educational opportunity for the 

students at Holy Name.  The school strives to teach its students to be good stewards of the 

environmental resources available to them and a wind turbine on campus would exemplify this 

important life lesson.  Academically, the science classes will be able to take full advantage of the 

data concerning wind speed and direction as they integrate this information into their curriculum 

regarding the societal benefits of utilizing renewable energy sources [42].  

 If the school is unable to secure the installation a wind turbine, the annual cost of heating 

the building is sure to grow as the price of electricity continues to increase.  This will force Holy 
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Name to make some very difficult financial decisions that will affect the school in many ways.  

Academic programs, Men’s and Women’s athletics, and other extracurricular activities will be 

cut from the budget if the school is forced to put more money towards heating their facilities 

[42]. 

It is absolutely essential that Holy Name succeed in erecting a wind turbine.  Beyond the 

benefits to the school, a wind turbine in Worcester, MA would serve as a landmark of change.  

As we march onward into the next century, we are already faced with an impending energy 

crisis.  The implementation of wind power and other renewable sources of energy are extremely 

important if we as a society are intent upon maintaining our everyday lives as we know them. 
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12.7. Appendix G: Monthly Weibull Distribution from Holy Name  
  High School 
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