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I 

 

Abstract 
The purpose of this project was to determine the feasibility of various alternative energy sources 

for the Town of Leicester, MA. This report details our findings. Wind power is one possible option, but 

with high initial prices, many zoning restrictions, and inconsistent wind speeds, wind power is not the 

most advantageous option. Geothermal heat pumps, cogeneration, and hydropower are other possible 

selections, but would need further investigation. With the lowest payback period and maintenance costs, 

ample available roof space, and optimal solar potential at the Leicester Public Schools, a solar electric 

system is the best option for the Town of Leicester. We recommend the purchase and installation of three 

solar electric systems: a 100 kW system to be located on the High School roof, a 50 kW system on the 

Middle School roof, and a 50 kW system on the Memorial School roof. This would cost the town 

$508,750 after rebates. We expect the payback period to be about 8.8 years and the net savings of the 

system to be almost $2.8 million over 30 years, the expected life of the system, assuming a 6% annual 

increase in electricity cost. 
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Executive Summary 
The goal of the Leicester Energy Study was to aid the Town of Leicester, Massachusetts in 

energy conservation and alternate energy production decisions. To do this, a variety of alternative energy 

sources were examined, most importantly smaller scale wind turbines and solar power. The group looked 

at current and past school budgets to determine the change in energy cost over the years, and to determine 

how much money will be saved by producing alternative energy. Our project also includes background on 

the Town of Leicester, wind turbines, and solar power, and results of studies done on wind patterns and 

possible locations in Leicester. We also helped the town apply for various grants, and suggested methods 

of financing to make the groupôs recommendations a reality. 

In the year of 2008, the Town of Leicester spent about $300,000 on electricity, with the School 

District spending about 60% of this. The High School alone spent about $80,000, and Figure E.1 shows 

the electricity use by month. In 2004, all of the schools were audited by Alliance Energy Solutions under 

the direction of Mass Electric. Their recommendations, which were implemented by the schools, were to 

change the gymnasium lights to more energy efficient fluorescent bulbs and install motion detectors to 

reduce wasted energy in empty classrooms. 

 

Figure E.1: LHS electricity use 2007-2008 

The first focus of our energy study was wind power. Our goal was to research the viability of 

installing a wind turbine on school or other town property. We were looking for a location with high 

enough average wind speeds where height and zoning regulations could be met. It would be ideal to have 

a short payback period and significantly decrease the townôs electricity expenses. 

In researching wind speeds, our group obtained values from three different sources: the Global 

Energy Concepts report filed in 2008, Massachusetts Geographic Information System maps, and maps 

from the AWS TrueWind website. The GEC report rated wind speeds as poor to marginal and did not 
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recommend further site evaluations, while data from AWS TrueWind and Mass GIS concurred. Table E.1 

shows the compilation of this data. 

Location 
Elevation 

(m) 

Distance from 

Spencer Airport 

(miles) 

Distance from 

Worcester 

Airport (miles)  

Maximum Height of 

Turbine as 

Regulated by FAA 

(feet) (meters) 

Hillcrest Country 

Club 
290 4.79 2.48 Not Determined 

Leic. Water Towers 324 3.69 1.14 88.39 26.94 

HS Football Field 304 3.96 1.18 154.00 46.94 

Moose Hill 290 1.36 3.26 360.00 109.73 

Memorial School 287 5.16 3.28 Not Determined 

Location 

Wind 

Speeds at 50 

m from 

Mass GIS 

(m/s) 

Wind Speeds at 

50 m from NE 

Wind Map 

(Leicester Site 

Study) 

Rating 

(Leicester Site 

Study) 

Wind Speed at 60 m 

(from TrueWind)  

Hillcrest Country 

Club 
5.5-6.0     5.33 

Leic. Water Towers 5.5-6.0     5.48 

HS Football Field 5.5-6.0 5.4-6.6 Marginal 5.48 

Moose Hill 5.0-5.5 4.4-5.6 Poor 5.20 

Memorial School 5.5-6.0 4.9-6.1 Poor 5.33 

 

Table E.1: Wind speed data comparison 

 

It is important to notice the proximity of the Worcester Regional Airport, and how the FAA 

restricts the maximum turbine heights. At the water towers, the restricted height is 27 meters, and at the 

High School it is 47 meters. In comparison, the wind turbine recently installed at Holy Name Catholic 

School in Worcester, MA is 50 meters above ground level. 

After obtaining published wind data, it was necessary to directly measure the wind speeds at one 

or more of the Leicester sites. Our group installed a Davis Instruments Weather Wizard III on the High 

School roof, situated over the gym. The weather station was installed on December 20, 2008 and recorded 

temperature, wind speed, and wind direction until January 21, 2009. Figure E.2 shows the anemometer 

atop the gym roof, with the water towers in the background. 
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Figure E.2: Weather station 

Over the month that the weather station recorded data, the mean wind speed was 3.3 

meters/second and the median wind speed was 2.7 meters/second. The data recorded also indicates that 

the wind comes from a direction between north and west 70% of the time. To compare this data to the 

published wind speeds, it was necessary to extrapolate the weather station data from the roof height to a 

height of 50 meters. The comparison between the extrapolated data and the published wind speeds is 

shown in Table E.2. The wind data collected is consistent with these other sources. 

Median Wind 

Speed 

(Extrapolated to 

50 meters) 

Mean Wind 

Speed 

(Extrapolated to 

50 meters) 

Wind Speeds at 50 

meters 

Taken from Mass 

GIS 

Wind Speeds at 50 

meters 

Taken from NE Wind 

Map 

(Leicester Site Study) 

Wind Speed at 60 

meters 

Taken from TrueWind 

5.08 m/s 6.21 m/s 5.5-6.0 m/s 5.4-6.6 m/s 5.48 m/s 

 

Table E.2: Comparison to Published Wind Speeds 

 

Next, our group researched possible wind turbine models that ranged in power from 10 to 250 

kW. Table E.3 shows the specifications for these models, highlighting the cut-in and rated wind speeds. 

All of the cut-in wind speeds are roughly 3 meters/second, while the rated wind speeds are around 12 

meters/second. 
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Manufacturer  
Model 

Number 

Power 

Output  

Cut-in 

Wind 

Speed 

Rated 

Wind 

Speed 

Cut-out 

Wind 

Speed 

Bergey 

Windpower Co. 

Bergey 

Excel 
10 kW 3.1 m/s 13.8 m/s - 

Entegrity Wind 

Systems 
EW50 50 kW 4 m/s 11.3 m/s 22.4 m/s 

NorthWind Inc. NW 100 100 kW 3 m/s 14 m/s 25 m/s 

Wind Energy 

Solutions 

WES18mk1 80 kW 3 m/s 12 m/s 25 m/s 

WES30mk1 250 kW 3 m/s 12 m/s 25 m/s 

 

Table E.3: Wind Turbine Model Specifications 

  

We compared our wind data to the power-velocity curves of the various turbine models. The 

curve for a 250 kW turbine can be seen below in Figure E.3, and since all these turbines we examined 

have similar cut-in and rated wind speeds, they will have similar power-velocity curves. As you can see 

from the figure, 59% of the wind speed data points were less than 6 meters/second, and thus little to no 

power would be produced. The wind speeds needed to reach the rated wind speeds were only experienced 

9% of the time. From this data, we were approaching the conclusion that wind power was not the best 

option for Leicester, but a cost analysis needed to be performed first. 

 

Figure E.3: Power-Velocity Curve for WES30mk1 

 

 To perform the cost analysis, we first looked at possible grants from the Massachusetts 

Technology Collaborative, particularly the Large Onsite Renewables Initiative grants. We compiled Table 

E.4 to allow us to analyze the payback period for several wind turbines ranging in power from 10 to 250 
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kW. We assumed that there would be a 5 meter/second continuous wind speed, which we know from our 

collection is unlikely. We also assumed that we would receive the full grant amount, which is again 

unlikely because requesting the full eligible amount decreases a projectôs score in the selection process, 

and thus decreases the chances of receiving the grant. 

Model Power Total Height 

Price 

(Including 

Installation)  

MTC Design and 

Construction Grant 

Maximum  

Cost after MTC 

Grants 

      

Bergey Excel 10 kW 40 meters $55,000 $22,500 $32,500 

EW50 50 kW 40 meters $360,000 $112,500 $247,500 

WES18mk1 80 kW 49 meters $600,000 $180,000 $420,000 

NW100 100 kW 40 meters $800,000 $225,000 $575,000 

WES30mk1 250 kW 49 meters $1,500,000 $400,000 $1,100,000 

Model 

Money Saved 

from Energy 

Produced 

Annually  

Energy 

Produced 

Annually 

(MWh) 

Energy Used 

in High School 

(FY 08) 

(MWh) 

Payback Period 

without Grants 

(Years) 

Payback Period 

with Max. Grants 

(Years) 

      

Bergey Excel 1386 8.4 480 39.7 23.4 

EW50 11715 71 480 30.7 21.1 

WES18mk1 16500 100 480 36.4 25.5 

NW100 24750 150 480 32.2 23.2 

WES30mk1 49500 300 480 30.3 22.2 

 

Table E.4: Wind  Turbine Cost Analysis 

 

With these two assumptions, the payback period ranged from 21 to 26 years. This is 

approximately the lifetime of the average wind turbine, which means that there would be little to no net 

savings for the town. Because of this long payback period, an increasing price due to increasing demand, 

tower height restrictions, and additional constraints such as fall zones and noise regulations, wind power 

is not a viable option. 

After coming to this conclusion, our group moved on to other alternatives to wind power. 

Hydropower was an interesting option, but although there are some streams and dams in Leicester, we 

believed these sites had limited potential. Geothermal heating systems were looked at briefly, but due to 
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experience at other schools in Massachusetts, it is unlikely that this option would save money for the 

Town of Leicester. 

The final alternative energy option that we explored in depth was solar electric power. The first 

step was to obtain solar potential values for the school roofs in Leicester, and this was done using a Solar 

Pathfinder. From our analysis, we determined that the solar potential at the Middle School and High 

School is excellent. Figure E.4 shows the solar potential data, with the red bars showing the maximum 

potential radiation, the blue bars showing the radiation at the center of the High School academic wing 

roof, and the orange bars showing the radiation at the center of the High School gym roof. The blue and 

orange bar values were calculated using the results from the Solar Pathfinder. 

 

Figure E.4: Solar Potential for High School 

 As with wind power, there are rebates available from the Massachusetts Technology 

Collaborative for solar electric projects through the Commonwealth Solar Initiative. Also the town would 

receive 5.2 cents per kW of the system in Renewable Energy Credits annually. The cost analysis 

associated with these rebates and credits is shown in Table E.5. The Sun Power systems have a shorter 

payback period than the other systems because the panels are more efficient. It is important to note that 

the payback period for a 50 kW system is 10.6 years compared to 21.1 years for a 50 kW wind turbine. 
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System (kW) 
Installation 

Cost 

Expected Money 

Received from 

Grants 

Net Cost 

of System 

Annual 

Power 

Output  

Annual 

Savings 
Payback 

Green Brilliance: 50kW $337,500 $211,250 $126,250 50 MWh $10,850 11.64 

Green Brilliance: 100kW $675,000 $418,750 $256,250 100 MWh $21,700 11.81 

Evergreen: 50kW $337,500 $211,250 $126,250 53 MWh $11,345 11.13 

Evergreen: 100kW $675,000 $418,750 $256,250 106 MWh $22,690 11.29 

Suntech: 50kW $337,500 $211,250 $126,250 54 MWh $11,510 10.97 

Suntech: 100kW $675,000 $418,750 $256,250 108 MWh $23,020 11.13 

Sun Power: 50kW $337,500 $211,250 $126,250 57 MWh $11,923 10.59 

Sun Power: 100kW $675,000 $418,750 $256,250 113 MWh $23,845 10.75 

Table E.5: Solar Panel Cost Analysis 

The maintenance costs of a solar system are relatively minimal. A professional checkup needs to 

be done once a year, and the inverter needs to be replaced every 10 to 15 years. An inverter costs $13,500 

for a 50 kW system and $25,000 for a 100 kW system. Often times the owners of a solar system will 

reserve $5,000 to $6,000 annually for maintenance fees. This annual cost includes a reserve for the 

eventual inverter replacement and this insures that the school would have the necessary funds available to 

replace the inverter when needed. 

Our group analyzed the net savings over the lifetime of a 100 kW solar electric system, and the 

findings can be seen in Figure E.5. Each line starts out a negative value which is the initial investment 

made by the town ($256,250). From there, each year there is a savings from electricity produced by the 

system. The green line shows the savings at the current cost of electricity and the red line takes into 

account an annual increase in the cost of electricity of 6% each year, which is a widely accepted value for 

the inflation rate in coming years. Assuming the 6% inflation rate, the 100 kW system would save the 

town almost $1.4 million over the 30 year expected lifetime. 
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Figure E.5: Projected Net Savings for a 100 kW System 

Mr. MacDougall and James Dunn, professional solar consultants, also provided us with 

information to determine the net payback if the school was able to get a business to agree to a third party 

power purchase agreement. A third party power purchase agreement is where the business buys the solar 

system for the school. The business receives a tax incentive of 30% of the net cost of the solar system if 

they do this. The business would sell electricity to the school at a reduced rate until the money received 

by the school would sum up to 70% of the initial investment the business made. This would result in only 

a 5.5 year payback period for a 100kW Sun Power system. 

Exploring the potential of a multi-system installation for Leicester Public Schools, we concluded 

that there is enough roof space for a 50 kW solar system on the Middle School roof, a 50 kW solar system 

on the Memorial School roof, and a 100 kW solar system on the High School roof. The net cost of this 3-

system combination would be $508,750 and would produce 226 MWh annually. Figure E.6 shows the net 

savings of the 3-system combination over the expected 30 year lifetime would be almost $2.8 million. 
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Figure E.6: Net Savings for a 3-System Combination 

 Our group recommends that Leicester takes advantage of currently low solar panel prices and 

purchases a 50 kW solar system on the Middle School roof, a 50 kW solar system on the Memorial 

School roof, and a 100 kW solar system on the High School roof. If this investment cannot be made, we 

recommend that the town purchases a 100 kW solar system on the High School roof. These savings will 

enable Leicester to avoid cutting budgets for school programs such as athletics, arts, music, etc. The 

following report details our background research, analysis, findings, and conclusions. 
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1.0 Leicester Energy Study 

1.1 Introduction  

Over the past ten years, electricity prices in Massachusetts have generally been on the rise. As 

shown in Figure 1.1, between 1996 and 2006, retail cost has risen from 8.43 cents per kilowatt hour 

(kWh) to 13.04 cents per kWh in industrial sectors, or 55% (eia.doe.gov). 

Similarly, as shown in Figure 1.2, nationally, electricity prices increased throughout the 1970s 

and 1980s, and decreased in the 1990s. The rise throughout the 1970s and 80s was due to increased fuel 

prices, similar to those we have been experiencing in recent years. The decrease in the 1990s was due to 

newer technology that resulted in better operating efficiencies for electricity production. 

Finally, as shown in Figure 1.3, in Massachusetts in the 1990s, the increase in the cost of 

electricity was much lower than the rate of inflation. This is reflected in the slight increase in nominal 

price, and moderate decrease in ñreal price.ò A significant decrease in cost began in 1998, when the 

Massachusetts electricity industry was partially deregulated to allow competition. Customers were given 

the choice to change suppliers, some of which had more competitive rates, or to accept a standard offer. 

These standard services came at a reduced price: 10% reduction in 1998 and 15% reduction in 1999 

(eia.doe.gov). The effect of this industry modification can be noted by the drop in electricity prices in 

Figure 1.3. 

 

Figure 7.1: Retail price of electricity in Massachusetts, 1990-2006 

Data taken from Massachusetts Electricity Profile (eia.doe.gov) 
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Figure 1.8: Retail Price of Electricity in the United States 

The real price has taken inflation into account and is shown in 1999 dollars. The nominal price is unadjusted for 

inflation (eia.doe.gov). 

 

Figure 1.9: Retail Price of Electricity in Massachusetts 

The real price has taken inflation into account and is shown in 1999 dollars. The nominal price is unadjusted for 

inflation (eia.doe.gov). 
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 Until 1990, electricity production in Massachusetts was primarily through the use of petroleum-

powered plants. Since then, most producers have switched to natural gas. The advantage of natural gas is 

that it burns cleaner than petroleum and produces fewer emissions than other fossil fuels. Natural gas-

fired plants produce more than two-fifths of the stateôs electricity, while coal imported from Colorado and 

West Virginia produces about one-fourth. Nuclear power plants, small hydroelectric facilities, landfill gas 

and solid waste based sites produce the rest (tonto.eia.doe.gov). Still, because of high dependence on 

natural gas and coal, there is a strong correlation between electricity and fuel prices. 

Currently, the United States is recovering from large fluctuations in fuel prices which occurred 

during the second half of 2008. Gasoline prices reached a national average high of $4.301 per gallon the 

week ending July 7, 2008, and dropped to $1.749 per gallon by December 15 (tonto.eia.doe.gov). When 

fuel costs were high, many utilities raised electricity rates. Now that fuel costs have fallen, some utilities 

have begun to reduce prices, while others are increasing or maintaining current prices to cover facility 

upgrades. ñOverall, U.S. residential electricity prices are forecast to grow by 2.3 percent in 2009 and by 

2.0 percent in 2010ò (eia.doe.gov). 

In response to rising energy costs, renewable energy is gaining popularity. In 2003, Blackstone 

Valley Regional Vocational School in Upton, Massachusetts began installing a 43.4 kW solar electricity 

(part of which is shown in Figure 1.4) and hot water system, along with implementing other electricity-

saving technologies. These included ñdisplacement ventilation, high-efficiency lighting, occupancy and 

daylight sensors, and energy-efficient air-conditioning equipment. Natural lighting was enhanced with 

light tube technology, reducing the need for electrical lightingò (nrel.gov). This renovation was predicted 

to save the school $160,000 a year in energy bills. 

 

 

Figure 1.10: A 21.8 kW solar electric system over the classroom wing of Blackstone Valley Regional 

Vocational Technical High School (nrel.gov) 
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For some schools, increasing energy costs have led to cuts in other areas of the budget such as a 

reduced number of extracurricular programs (both educational and recreational). For example, in June of 

2007, the Stoneham School committee made cuts to the entire school district. The high school sports 

program was eliminated, as were the middle and elementary school art and music programs. This affected 

students as well as school staff, with 54 coaches and an athletic director losing their positions. Senior 

students expecting to be recruited to play college sports lost the opportunity, unless they transferred to a 

private school. In addition, one wing of the Middle School was shut down and the students were moved to 

the elementary school to save costs. A similar sports cut was made at Winthrop High School in 2004, but 

the program was later restored due to donations and the implementation of user fees (boston.com).  

1.2 Leicester Community, Schools, and Energy Issues 

 Leicester, MA is a town of 10,191 people (Census 2000) located in central Massachusetts. It is 

bordered by Paxton on the north, Auburn and Worcester on the east, Charlton and Oxford on the south, 

and Spencer on the west and is located 48 miles west of Boston (Department of Housing and Community 

Development Community Profile). 

 The Town of Leicester supports local schools which provide education to students in 

Kindergarten through 12
th
 grade. Approximately 1900 students, almost twenty percent of the town 

population, enrolled in one of the four schools (Leicester Primary School, Leicester Memorial School, 

Leicester Middle School, or Leicester High School) for the 2007-2008 school year 

(profiles.doe.mass.edu). 

 Supporting this many students can be very costly to the town, and annual increases in energy 

prices may lead to budget cuts for the school system. This report will describe the high demand for 

electricity and heating oil in each of the schools, as well as in other public buildings such as the Town 

Hall, Library, and Police Station. To continue providing an ideal environment for the townspeople, the 

Town of Leicester needs to solve the problem of increasing energy bills. 

1.3 Brief Problem Statement 

By installing a solar power system similar to the one Blackstone Valley Regional Vocational 

Technical High School has installed, Leicester could cut their energy budget and put the money to use in 

other areas, such as after school activities and updated computer and science labs. According to the 

Leicester High School website, the Worcester Telegram and Gazette has ñdescribed Leicester as being 

one of the 10 great sports towns around,ò (leicester.k12.ma.us) and it would be unfortunate if the 

Leicester School Committee was forced to make cuts affecting athletic and other programs such as other 

schools have made due to rising energy costs. 

1.4 Summary 

Electricity prices in Massachusetts, and across the globe, have been increasing dramatically over 

the past ten plus years. The price of electricity in 1996 was 8.43 cents per kilowatt hour (kWh), and it 

increased to 13.04 cents per kWh in 2006. This is a 55% increase in price only over only a ten year 

period. At the time of this report the price of electricity for Leicester High School was 16.5 cents per 

kWh, which is another 26.5% increase over 2 years. It became evident that electricity prices will continue 

to increase and thus, some method to conserve both energy and money became necessary.  



 

14 

 

The rising energy costs that have been impacting businesses, residences, and almost all aspects of 

society, have also had a drastic impact on schools nationwide. School systems have been forced to make 

budget cuts over the past few years partially because of the drastic increase in electricity costs. A school 

system in Massachusetts, Stoneham Public Schools, was forced to eliminate the high school sports 

program, middle and elementary school art and music programs, and needed to shut down one wing of the 

Middle School in an effort to conserve money and energy. With such a dramatic cut in school programs, 

54 employees lost their jobs and students lost the opportunity to participate in healthy extracurricular 

activities. It would be unfortunate if Leicester Public Schools also had counteract the rising electricity 

costs by taking such drastic measures. 

In response to the increase in electricity costs, several schools have looked towards renewable 

energy. Blackstone Valley Regional Vocational School in Upton, Massachusetts began installing a 43.4 

kW solar electricity and hot water system, along with several other electricity-saving technologies in 

2003. The school expected to save $160,000 a year in energy bills after the implementation of these 

technologies. Leicester could similarly offset the overwhelming increase in electricity costs by installing a 

solar system at their school buildings. A solar electric system may offer the town the possibility of not 

only compensating for the high electricity bills, but also will provide the opportunity for the town to save 

millions of dollars over the lifetime of the solar system. 
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2.0 Background 
 This section will provide background information for the report, including information regarding 

the Town of Leicester, forms of alternative energy, previously completed studies, and organizations we 

will be working with throughout the project. 

2.1 Town of Leicester 

To effectively make recommendations to the Town of Leicester to aid in energy conservation, 

there must be an understanding of the Leicester history and local government. This understanding will be 

helpful when interacting with members of the governing body when the research is completed, and plans 

are being made and put into action. 

The Town of Leicester was settled in 1713, and incorporated as a town on June 14, 1722 

(Leicesterma.org). In Massachusetts, the primary distinction between a city and a town is determined by 

the type of government implemented. Towns are governed by the selectmen and a town meeting form of 

government, while cities are governed by councils (with or without a mayor) (Massachusetts 

Government, Wikipedia.com). Leicester falls under the previous category.  

The Leicester Board of Selectmen is elected by the Leicester voters and gets its authority from the 

Commonwealth of Massachusetts and the Leicester bylaws. Out of the 5 elected officials, a Chairman of 

the Board is elected by majority vote to preside over meetings of the Board (Policies and Procedures, 3). 

Currently, the board consists of the following people: 

¶ Douglas A. Belanger (Chairman) 

¶ Thomas V. Brennan (Vice Chairman) 

¶ Dianna Provencher (2
nd

 Vice Chairman) 

¶ Richard Antanavica 

¶ Stanley A. Zagorski 

The Board of Selectmen is responsible for hiring non-elected town officials, setting dates for Town 

Meetings, for setting goals for the Town of Leicester and dealing with any problems that may arise. 

The Board of Selectmen works with the Town Administrator to formulate town policies. The 

Town administrator is appointed by the Board, and is the primary administrative officer of Leicester 

(Policies and Procedures, 4). This person, currently Robert Reed, manages the daily administration of the 

town government. 

The government of Leicester is also composed of additional boards and committees that will be 

involved throughout this project (Leicesterma.org). 

¶ Planning Board: holds and updates the official land and zoning maps of the town, has provided 

plots of Leicester Public Schools and Hillcrest Country Club on Pleasant Street 

o Michelle Buck: Town Planner 

o Barbara Knox: Assistant Town Planner 
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¶ Zoning Board of Appeals: holds hearings when rezoning or variations to the townôs zoning 

policies are requested 

o Vaughn Hathaway: Chairman 

¶ Code Enforcement Department: ensures that the proper steps are being taken in regards to 

building permits, inspections, and any other codes  

o Jeffrey Taylor: Code Enforcement Officer 

The Town of Leicester manages and supports its own local schools for students in Kindergarten 

through 12
th
 grade. A local school, in the state of Massachusetts, is defined as a school which is funded by 

only one municipality (in contrast to a regional school where two or more municipalities fund one school) 

(Massachusetts Government, Wikipedia.com). The public school system in Leicester is considered to be a 

separate town department and is administered by an elected School Committee, consisting of the 

following members (Leicester.k12.ma.us): 

¶ Scott Rieder (Chairman) 

¶ Tammy Dillon 

¶ Linda Carre Looft 

¶ Mark Armington 

¶ James Gonyea 

In Massachusetts, public schools are funded in two ways: 

1. Local government funds education through taxes (primarily property tax). 

2. Massachusetts has a general fund that makes payments to schools throughout the state. 

The state Legislature payments (ñChapter 70ò payments, referring to the section of the General 

Laws of Massachusetts in which the payments are specified) are calculated on a town-by-town basis, 

formulated so that economically weaker school districts have the same educational opportunities as 

better-off districts. This funding from the Town of Leicester and the state of Massachusetts provides free 

and mandatory education for residents between the ages of 6 and 16 years, as holds true throughout the 

state (Massachusetts Government, Wikipedia.com). 

Leicester Public Schools, in large part, originated from Leicester Academy which was established 

on March 23, 1784 by Ebenezer Crafts. Because of its excellent teaching, Leicester Academy attracted 

students from all over Massachusetts and the surrounding states. Some of its earliest graduates included: 

Eli Whitney, the famous inventor; Samuel Crafts, former Congressman and Governor of Vermont; and 

Honorable Davis Henshaw, former Secretary of the Navy. The Academy operated until 1921, when 

Leicester Academy became Leicester High School. This change was because of increased costs, and the 

need to receive financial assistance from the Town of Leicester, thus making it a full public secondary 

school. Several fires and general need of renovations forced the High School building to change locations 

throughout the town over the next 70 years. Then, in 1995, the current Leicester High School opened, 

behind the old high school, which became Leicester Middle School. 
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According to the census of 2000, 35.3 percent (or 1,300) of the 3,683 households in Leicester had 

school-age children (or younger) living in them, and out of the 10,471 people residing in Leicester, 26.0 

percent (or 2,722 people) were under the age of 18 (Leicester, MA, Wikipedia.com). The Leicester 

School district website states that there are nearly 2,000 students attending their four schools 

(www.leicester.k12.ma.us). Enrollment for the 2008-2009 school year is as follows: 

(profiles.doe.mass.edu)  

Leicester Primary School Kindergarten through grade 2  491 students 

Leicester Memorial School Grades 3 through 5   393 students 

Leicester Middle School Grades 6 through 8   445 students 

Leicester High School  Grades 9 through 12   545 students 

Figure 2.1 shows a map of the Town of Leicester, labeling the four schools and the Town Hall. 

 

Figure 2.1: Map of Leicester, MA 

When considering a large project, there are various funding options for the Town of Leicester. 

One option is called a Proposition 2 ½ Override. Proposition 2 ½ is a Massachusetts statute that limits the 

annual property tax increase to 2.5%. However, in a majority vote, the municipality may decide to 

override the proposition in order to finance a large project. This override amount is permanently added to 

the levy limit. 
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Another option would be a debt exclusion, which is an exclusion to Proposition 2 ½ for the 

purpose of raising funds for debt service costs. Unlike a Proposition 2 ½ Override, the debt exclusion 

amount is only added to the levy limit until the debt has been paid. Overrides and debt exclusions both 

need approval by a 2/3 vote among the Board of Selectmen, and then a majority vote by the electorate 

(Levy Limits: A Primer on Proposition 2 ½). These options will need to be further investigated before the 

purchase of an alternative energy system. 

Scott Broskey, one of the advisors of this project, is an associate member of the Planning Board, 

as well as a member of the Historical Commission. He also works with the Economic Development 

Committee at times. He became involved with this project in 2007, when he asked the Board of 

Selectmen if he could investigate the possible use of renewable energy in the Leicester Public Schools. 

His goals were to save money within the school district as well as promote Leicester as a leader in 

renewable energy among surrounding communities. When the Board of Selectmen agreed, he began to 

consider a community wind turbine. The following section describes the steps taken between this decision 

and our groupôs involvement in this project. 

2.2 GEC Energy Study in Leicester 

Before the start of this WPI renewable energy feasibility study, the Town of Leicester previously 

had a strong interest in renewable energy and had expressed this interest to the Massachusetts Technology 

Collaborative (see section 2.11 for more information about the MTC). In November 2007 the Town 

submitted a Municipal Wind Site Survey Application to the MTC. With this application, the Town of 

Leicester requested assistance in assessing the potential of three municipally-owned properties for 

community-scale wind development. The application was accepted and Global Energy Concepts was 

chosen as the organization to complete this preliminary study. The ñDesktop Review of Wind Project 

Potential for the Town of Leicester, Massachusettsò was completed on April 30, 2008. The report 

estimated wind resource potential and evaluated a wide range of potential setbacks and obstacles.  

 As shown in Figures 2.2, 2.3, and 2.4, the report examines three locations in the Town of 

Leicester, consistent with the Townôs request. These locations are: 

¶ The Memorial School 

¶ The Schools Complex (High School, Middle School, and Primary School) 

¶ Moose Hill Reservoir 
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Figure 2.2: Aerial Image of the Area Surrounding the Memorial School 

     

Figure 2.3: Aerial Image of the Area Surrounding the Schools Complex 
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Figure 2.4: Aerial Image of the Area Surrounding the Moose Hill Reservoir 

Figure 2.5 is the digital elevation model included in the GEC report for the Town of Leicester 

with each of the potential wind turbine development sites labeled. The Memorial School property is 

roughly twenty acres of cleared field, sitting at an elevation of 265 to 280 meters above sea level. The 

Schools Complex is also roughly 20 acres of cleared field, with an elevation 290 to 320 meters above sea 

level. Finally, the Moose Hill Reservoir property is over 100 acres of natural farm land with a small body 

of water in the center of it, with an elevation range of between 265 and 320 meters above sea level. Each 

of these three locations is on publicly-owned land and has a reasonably high starting elevation, making 

them all possibilities for a community wind turbine location.  
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Figure 2.5: Digital Elevation Model of Potential Wind Turbine Locations in Leicester 

The wind resource potential data used by the GEC in their report comes primarily from the New 

England Wind Map (awstruewind.com), along with several weather stations and meteorological towers 

nearby. The report states that the data collected from these sources is only an estimation of a range of 

possible average wind speeds, and that the actual wind potential is highly site-specific. It also suggests 

on-site wind data collection before moving forward with wind turbine installation. The New England 

Wind Map displaying the potential for the three sites is seen below in Figure 2.6, followed by Table 2.1, a 

table of average wind speed values with an associated error of +/- 0.6 m/s. 
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Figure 2.6: New England Wind Map of Potential Wind Turbine Locations in Leicester 

Site 

Estimated Annual Wind 

Speed Range at 50-m 

above ground level (m/s) Class¹  Rating 

Memorial School 4.9 to 6.1 1 Poor 

Schools Complex 5.4 to 6.6 2 Marginal  

Moose Hill Reservoir 4.4 to 5.6 1 Poor 

1. Based on the Department of Energyôs Wind Power Classification System. 

Table 2.1: NE Windmap data with DOE class rating 
 

The Department of Energyôs Wind Power Classification System rates the Memorial School and 

Moose Hill Reservoir as Class 1: poor potential for a community wind turbine. The Schools Complex, 

however is rated as Class 2: marginal potential. Also, according to the New England Wind Mapôs wind 

rose, prevailing winds come primarily from a westerly direction. The report states that, ñbased on the 

available wind data, GEC believes that the New England Wind Map provides a reasonable average wind 

speed at each of the sites under evaluation. Overall, these ranges of potential annual average wind speeds 

are low in comparison to hub-height wind speeds typically required for economically viable wind energy 
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projects.ò This New England Wind Map estimate comes with an associated error of +/- 0.6 m/s, and 

though more accurate data may be acquired by other means, there are still numerous other important 

factors to be considered. The GEC report continues on by exploring: 

¶ Potential Offset of Electrical Loads and Electrical Grid Access 

¶ Transportation and Site Access 

¶ Aviation Conflicts 

¶ Environmental Issues and Permitting 

¶ Telecommunications Conflicts 

¶ Social Acceptability 

¶ Foundation Design 

¶ Safety, Setback Requirements, and Project Scale 

¶ Estimated Capacity Factors 

The next issue addressed in the GEC report was the wiring of a successfully installed wind 

turbine. According to the GEC, ñTypically, the most cost-effective development scenario for municipally-

owned wind projects is a behind-the-meter installation where the entire output of a wind project serves to 

offset the retail electric rates of on-site electric load, such as a school or waste water treatment plant.ò 

This idea suggests the Memorial School or the School Complex as the better choices, having one main 

building and three main buildings, respectively, versus the Moose Hill Reservoir site which has none. The 

alternative to behind-the-meter installation is selling the electricity to the local utility company for 

renewable energy credits (RECs). The limitations of wind potential and relatively small scale power 

output compared with conventional sources, as well as the uncertain future of the RECs, make this an 

undesirable scenario. Because this is the only option at Moose Hill Reservoir, it is therefore a less 

desirable site.  

Another concern addressed in the GEC report is the transportation of the turbine tower and other 

components to the building location, looking at surrounding roads and the actual site. Leicester itself can 

easily be reached from the McNeil Highway (U.S. Route 9), and both the Memorial School and the 

Schools Complex are located right off Route 56. Moose Hill is a somewhat more difficult location to 

transport large turbine pieces to, and also would require the creation of service roads and substantial tree 

removal.  

Another issue of concern to the construction of a wind turbine in the Town of Leicester is the 

proximity of the installation sites to the Worcester Regional Airport and Spencer Airport. Federal air 

space regulations are policed by the Federal Aviation Administration (FAA). The FAA requires the 

Notice of Proposed Construction (Form 7460-1) to be filled out and submitted before erecting any 

structure greater than 200 feet above ground level. A Determination of No Hazard to Air Navigation 

(DNH) is the hopeful outcome of this application, but it seems that there may be further height and 

location limiting factors present in the study of these three locations.  

For a preliminary estimate of maximum building heights, the MTC contracted Aviations Systems, 

Inc (ASI), to do a study of the three sites. The nearest air facility to the Moose Hill Reservoir site is 

Spencer Airport. It is located approximately 2.2 km (1.4 mi) northwest of the site, and the report states 



 

24 

 

that a wind turbine at this sample location would receive a routine approval for a tip height of up to 99 m 

(326 ft) above ground level. With extended study that maximum height is likely to be pushed up to as 

high as 110 m (360 ft). For the Schools Complex, the nearest airport of concern is the Worcester Regional 

Airport, located approximately 1.9 km (1.2 mi) northeast of the site. The Schools Complex section of the 

ASI report claims that a maximum tip height of up to 32 m (103 ft) above ground level would receive a 

routine approval, and with extended study that maximum height is likely to be pushed up to as high as 47 

m (154 ft). The Memorial School site was not initially included in the ASI report, but the GEC has 

ascertained that Spencer Airport is approximately 5.4 miles SE of the site and the Worcester airport is 

approximately 6.3 miles SW of the site. Due to the locationôs distance from the airports, the impact on 

navigable airspace or aviation communications is lower than those closer to the airports. The GEC 

believes that the Memorial School site will be affected minimally by the FAA and Federal air space 

regulations.  

The GEC has also identified another potential obstacle to wind turbine development. A VOR 

(VHF Omni-directional Radio Range) unit is a FAA-operated radio navigation system. A VOR facility is 

located approximately 3.0 mi east of the Moose Hill Reservoir, and approximately 1.2 mi northeast of the 

Schools Complex. This could pose a problem because FAA rules prevent a structure the size of a standard 

community-scale wind turbine from being built within 1 km (0.62 mi) of a VOR station, and still other 

regulations exist for distances slightly greater than that from the VOR. More analysis of the location 

conflicts would need to be done before the Notice of Proposed Construction (Form 7460-1) could be 

filled out. 

The final FAA-related construction regulating factor is the proximity of each site to any Air 

Defense and Homeland Security radars in the area. Based on the FAA online Long-Range Radar Tool the 

project area is flagged as ñyellow,ò which is defined as ñlikely to impact Air Defense and Homeland 

Security radars.ò Though this does not automatically terminate the chance of constructing a wind turbine 

at one of these sites, it will impede the process and may further regulate height and specific location.  

Moving down from Federal air space regulations to the ground where the turbine will be erected, 

the next part of the report addresses environmental concerns and permitting. GEC completed a 

Geographic Information System (GIS) analysis of each of the three sites to determine the layout of 

protected habitats. The report tackles:  

¶ Areas of Critical Environmental Concern (ACEC) 

¶ NHESP BioMap Core Habitat 

¶ NHESP Priority Habitats for Rare Species 

¶ National Wetlands Inventory (NWI) 

¶ Protected and Recreational Open Space 

¶ Scenic Landscapes 

¶ State Register of Historic Places  

The information about each of these protected areas comes from the Massachusetts Office of 

Geographic and Environmental Information (MassGIS). Though the report states that, ñMore detailed 

site-specific analyses should be completed to verify the accuracy of these data layers,ò only two of seven 
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layers discussed actually effect the sites of potential wind turbine development. These two are ñProtected 

and Recreational Open Spaceò and ñNHESP Priority Habitats for Rare Species.ò The protected and 

recreational open space is a data layer seen on each of the three maps, of the Memorial School, the 

Schools Complex, and Moose Hill Reservoir, while the NHESP priority habitats for rare species only 

effect the Moose Hill location. Figure 2.7, seen below, is a map of the areas of environmental and cultural 

significance in the vicinity of Moose Hill Reservoir, which was included in the GEC report for the Town 

of Leicester. 

 

Figure 2.7: Areas of Environmental and Cultural Significance at Moose Hill Reservoir 

The protected and recreational open space layer consists of conservation land and outdoor 

recreation facilities such as parkways, town parks, playing fields, and walking trails owned by federal, 

state, county, municipal, and nonprofit enterprises. The Memorial School and Schools Complex 

properties are completely covered by this protected layer, and some of the area surrounding Moose Hill 

Reservoir is as well. Like some of the FAA regulations, this property classification does not necessarily 

prohibit the construction on the land, but it will likely require a higher degree of environmental review. 

The section labeled as NHESP priority habitats for rare species is an area protected based on observations 

documented within the last 25 years in the database of the NHESP of rare or endangered animals or 

plants. This documentation is found in the 12th Edition of the Massachusetts Natural Heritage Atlas. Only 

the northern-most area of the Moose Hill Reservoir Site is affected by this layer. As with the protected 

and recreational open space layer, it may not prohibit construction on the land, but cause the need for a 
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higher degree of environmental review. The GEC report recommends consultation with NHESP to verify 

these designations and to determine potential impacts to project development and alleviation strategies. 

The remainder of the report tackles: telecommunications conflicts, social acceptability, 

foundation design, safety, setback requirements, project scale, and estimated capacity factors. From there 

it goes on to the conclusion section, where GEC summarizes all of the aforementioned factors and 

limitations and deduces that, ñBased on our review and the available information, GEC does not 

recommend on-site evaluations of these sites.ò This is where the largest initial study was completed and 

where our groupôs mission began.  

2.3 Wind Power 

2.3.1 History 

 Humans have been harnessing the power and energy from wind for thousands of years. Sailing 

and using the power of wind to provide thrust and propel a vessel forward has been a reality for over 

5,500 years. Mankind did not utilize wind power for mechanical applications until much later in ancient 

times. The earliest examples of wind powered machines can be dated as far back as 200 BC in Persia; but 

practical windmills did not develop until around the seventh century. These vertical axis windmills 

provided the necessary power to aid in the grinding of corn and to lift  water from wells. 

 The twelfth century in Europe provides the first recorded example where horizontal axis 

windmills operated. The Europeans may have gotten the idea of utilizing wind power when they took part 

in the Crusades and observed the vertical axis windmills of the Mid-East. The Europeans altered the 

design however, and it is their design that is no prominent today. 

 By the year 1900, Denmark had about 2500 windmills installed and operating which acted as 

pumps and mills, producing an estimated combined peak power of about 30 Megawatts. In the fifty years 

leading up to 1900, firms such as Star Eclipse, Fairbanks-Morse, Aeromotor and others installed nearly 6 

million small windmills in the American Midwest. These windmills provided the power necessary to 

operate irrigation pumps.  

 In July of 1887 Professor James Blyth of Andersonôs College in Glasgow, Scotland built the first 

windmill for electricity production. It was Charles F. Brush, however, who built the larger and better 

designed turbine used to produce electricity. Brushôs turbine had a rotor of 17 meters in diameter which 

was mounted on an 18 meter tower. The rotor had 144 blades and was rated for 12 kilowatts.  

 Poul la Cour, a Danish wind power scientist, is said to be one of the founders of wind power 

technology. He designed a wind generator at a school in Askov, Denmark in 1891 which was used to 

generate electricity for the school and produce hydrogen for the school lights. He was the founder of the 

Society of Wind Electricians in 1905; and Cour is also responsible for publishing the first journal on wind 

power: the Journal of Wind Electricity.  

 In 1956, Johannes Jules installed wind turbine in Gedser, Denmark which ran for ten years. This 

turbine had a rotor diameter of 24 meters. The most important aspect of Julesôs design was that it was a 
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three-bladed, horizontal-axis, upwind, stall-regulated turbine. This design is the foundation for what is 

commonly used today and Johannes Jules is to thank for introducing the basis of the design.  

 During World War II F.L. Smidth and other companies began producing two and three-bladed 

turbines. The turbines were important because of the implementation of Julesôs design; and they also were 

the first turbines to produce AC power. Such great wind power technology was developed during World 

War II because of the energy crisis it created. Unfortunately, after WWII the interest in wind turbines 

dropped slightly.  

 With the oil crisis in 1973 came an increased interest and development in wind power technology. 

Although the basic design had already been used in production for commercial use, countries such as the 

United States, Denmark, Germany, the United Kingdom and Sweden began to build large wind turbines 

to create electricity. As the energy crisis continues to develop for western countries, an increasing number 

of large scale wind turbines have been installed and wind power will continue to be utilized for electricity. 

2.3.2 How Wind Turbines Work 

Wind turbines utilize the windôs energy to rotate the rotors attached to the turbine. The more 

commonly used, horizontal wind turbine, use propeller blades on the rotor which create friction when hit 

by wind which causes a resulting lift in the blade. This process is similarly used to keep airplanes off the 

ground. The turbine blades are designed in this way which causes wind to rotate the rotor when it strikes 

the blades. 

How is this rotation converted to electricity? Well if one were to think of electric fans, which use 

electricity to produce wind, one can see how the rotation caused by the wind can be reversely converted 

to electricity. The blades of the turbine are attached to a shaft which turns with the rotation of the 

turbineôs rotors. Inside the wind turbine design is the generator which is connected to the rotating shaft 

and this generates electricity.  Figure 2.8 depicts how these different parts come together resulting in the 

production of electricity. 
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Figure 2.8: The parts of a wind turbine 

(sahcollc.com) 

 The electricity produced by the wind turbine is in DC so it must be converted to AC before 

connecting back into the grid. An inverter is required, and this inverter will alter the current from the 

turbine to have the same frequency and amplitude as the current from the grid. Before the electricity goes 

to the grid it runs through a meter so that the electric company can determine how much electricity a wind 

turbine produced and thus determine how much credit to award to those who own the turbine. Figure 2.9 

shows how the electricity goes to the grid. 
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Figure 2.9: A Grid Connected System Set-up 

(rise.org.au) 

2.4 Solar Power 

2.4.1 History 

  Solar energy has been harnessed for hundreds of years. Ancient Greeks and Romans utilized a 

design in their architecture referred to as passive solar design. They would position their houses in so that 

the southern side of the house had a large opening capable of allowing solar energy into the building. The 

Greeks and Romans covered these openings with glass or mica which held in the heat of the winter sun. 

These large openings also provided the ancient Greeks and Romans with an abundance of light during the 

day. These designs allowed them to offset the need to burn wood for light and heat. 

  In 1861, Auguste Mouchout developed the first active solar motor; it was a steam engine powered 

entirely by the sun. The motorôs high cost in addition to the falling price of coal however, doomed 

Mouchout and his invention to be little more than a footnote in energy history.  

  One of Albert Einstein discoveries was responsible for reviving the interest in solar energy. His 

research on the photoelectric effect won him a Nobel Prize in 1921. William Grylls Adams discovered 

that when light shined on the property selenium, the material shed electrons. This is essentially the 

photoelectric effect which Einstein further studied. It is when electrons are emitted from matter after the 

absorption of energy provided in solar radiation. This effect is what eventually led to the development of 

solar cells. 

  Bell Laboratories, in 1953, developed the first silicon solar cell capable of generating a 

measurable amount of electric current. Scientists Gerald Pearson, Daryl Chapin and Calvin Fuller are 

credited for this. 
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  Then in 1956, solar photovoltaic (PV) cells were produced but for a very hefty price of $300 per 

watt. The technology and demand for solar panels has been steadily increasing and so the price per watt 

has been simultaneously decreasing. This has made solar paneling and more specifically, solar 

photovoltaic cells more economically feasible.  

2.4.2 How Solar Panels Work 

  Photons, or carriers of electromagnetic radiation of all wavelengths, hit the solar paneling 

material. These panels are constructed with light-absorbing materials; the most commonly used material 

is silicon. When the photons hit the material one of three possible events occur.  

1. The photon passes through the material 

2. The photon is reflected off the surface of the material 

3. The photon is absorbed by the material if the photon energy is higher than the materialôs band 

gap value 

If the photon is absorbed by the material then electricity can be produced using the sunôs energy. 

  Electrons will then be forced loose from their respective atoms of the material and these electrons 

will then flow through the material. This flow of electrons is what essentially produces the electricity 

produced by solar panels. Maintaining a special composition of solar cells, the manufacturers of solar 

photovoltaic cells can influence what direction the electrons flow; and thus the solar energy is converted 

into direct current electricity.  

  This electric current must be altered so that it matches the electricity provided by the grid. So the 

current passes through an inverter before continuing on to the house or building where the solar panels 

are. A meter is also essential in this set up so that if the solar panels produce more electricity than the 

building needs the meter will measure the amount of electricity returned to the grid. The electric company 

will credit the building with how ever much electricity was returned to them on the buildingôs next 

monthôs bill. A picture illustrating this process is provided in Figure 2.10. 

 

Figure 2.10: Solar Panels Connection back to the Grid 

(suntricityglobal.com) 
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2.4.3 Solar Pathfinder 

 The Solar Pathfinder is an instrument that is advertised as a ñmust have piece of gear for every 

installerôs tool kitò by Joe Schwartz, CEO and technical editor of Homepower magazine (Solar Pathfinder 

with Case & Tripod). This instrument offers the consumer the opportunity to analyze a potential site for 

the installation of solar panels, giving the consumer information he/she would be unable to discover from 

a solar flux map. This information is necessary to more accurately study the feasibility of installing solar 

paneling and aids in the study of potential solar paneling installation sites. The solar pathfinder gives the 

consumer an entire yearôs solar potential for an installation site in just a few moments. 

 The solar pathfinder uses a transparent, convex plastic dome to give a panoramic view of 

potential solar paneling installation site. Any obstacles of the sunôs energy are clearly illustrated using the 

transparent dome. The consumer simply traces the outline of the shading on a sunpath diagram which is 

located underneath the dome. The sunpath diagram is latitude specific and shows the sunôs average path 

for each month. When the consumer traces the shading that is illustrated by the transparent dome, the 

hours of the day and months of the yearôs shading is recorded (How the Pathfinder Works). Since the 

tracing can be done at any time of the year or day, this tracing becomes a permanent record of solar 

potential for the site.  

The data provided by the Solar Pathfinder cannot be found from any online source and will 

provide the consumer with more accurate data concerning the feasibility of solar paneling installation. A 

customer, Craig Tarr, states that not only is the solar pathfinder a great tool for solar applications but that 

it can also be used for wind potential calculations: ñI pulled out my SP at a recent MREA wind site 

assessor workshop and created a buzz when I used it for calculating tree height for wind applicationsò 

(Solar Pathfinder with Case & Tripod). This adds a great deal of functionality to the solar pathfinder. Not 

only is it a great tool in the study of solar potential, it appears to have the ability to also analyze obstacle 

heights which aids in the study of the potential for wind energy at given sites. A picture of a Solar 

Pathfinder is provided in Figure 2.11. 

 

Figure 2.11: Solar Pathfinder (Pathfinder-Manual) 

2.5 Cogeneration 

 Cogeneration is a system of energy production that uses one fuel to produce usable energy in two 

forms, usually electricity and heat. Cogeneration goes by many names, including combined heat and 

power (CHP), cogen, total energy, and combined cycle. Despite its more recent rise in media attention, 
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cogeneration is not a new idea. It is a tested and proven system that was used in the first commercial 

power plant in the United States, Thomas Edisonôs Pearl Street Station, which was built in lower 

Manhattan in 1882 (What is Cogeneration?). 

Cogeneration works by taking primary fuels such as natural gas, oil, diesel fuel, propane, coal, 

wood, wood-waste and bio-mass and using them to produce electricity as a secondary fuel. The difference 

between this process and the typical power plant approach to electricity production is that with 

cogeneration the heat produced by the system is captured and used. The excess heat which would have 

been wasted is instead used for process steam, hot water heating, or space heating. If none of these uses 

exist in the system, then the excess heat can be used to produce steam for additional electricity 

production. When comparing cost per Btu, electricity is generally three to four times that of the primary 

fuel used to make it, and this is because of the generation process and the energy losses associated with it. 

The greater the efficiency of the electricity generation system is, the lower the cost one Btu of usable 

energy will be. This is why it is so important to look into cogeneration as an option when considering 

money saving energy systems (What is Cogeneration?).  

Figure 2.12 illustrates the superior efficiency of a CHP system over two separate machines 

providing the same amount of total usable energy. Each has an output of 85 energy units (35 electrical 

and 50 heat), but the standard utility generation uses 129, while the CHP system only uses 100. This is a 

very high-quality system with 85% efficiency, and many CHP systems actually do approach this value. 

 

Figure 2.12: Illustration of fuel efficiency 

(Commercial Office Buildings: Cogeneration) 

The actual design of the mechanical system used in cogeneration usually involves an engine, 

steam turbine, or combustion turbine which is the driving force of the system. This machine drives the 

electrical generator and a waste heat exchanger recovers the heat radiating off the engine and the heat in 

the exhaust gas and produces hot water or steam. The hot water can be used in place of a hot water heater, 

or the steam can be used for either space heating or further electricity generation with a secondary steam 

turbine (What is Cogeneration?). By definition however, cogeneration could produce any two types of 
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energy and would still fall under the same name as long as it was done in a single simultaneous process 

using only one fuel.  

To better understand cogeneration, it is also essential to understand the basics of electricity 

production with a gas turbine. Figure 2.13 depicts the volume-pressure relationship in the four stages of 

the Brayton cycle for a typical four-stroke gas turbine. From stages 1 to 2 the air is compressed, causing a 

rise in pressure and a decrease in volume. From 2 to 3, the addition of fuel and a spark causes combustion 

and an increase in volume. From 3 to 4, the airôs continued volume increase due to the heat addition is 

translated to work by pushing a piston and the pressure is allowed to decrease once again. Part if this 

work goes to running the compressor used in the initial stages and the rest is used for thrust or turning a 

shaft, which then in turn, could produce electricity. The final stage of the cycle (4 to 1) involves the 

reduction of the volume of the air, or in other words, heat escaping from the air to the atmosphere. This is 

where a cogeneration system could increase the efficiency of the system by harnessing the exhaust heat.  

 

Figure 2.13: Brayton cycle for a simple gas turbine (Gas Turbine Efficiency) 

Though there are a countless number of variations in cogeneration system designs, all of them fall 

into one of two categories. These two types are topping cycle plants and bottoming cycle plants. Topping 

cycle plants burn the fuel to generate electricity of mechanical power first then use exhaust and engine 

heat for a secondary purpose. There many types of topping cycle plants, which differ based on fuel, 

engine type, and exhaust heat use. Bottoming cycle plants are far less common than topping cycle plants, 

primarily being used in industrial settings which require very high temperature furnaces, such as glass and 

metal processing facilities. These plants burn fuel first for the manufacturing heating process, then usually 

use the excess heat to produce steam for a steam turbine to produce electricity (What is Cogeneration?).  

 While cogeneration has a long history of use in industrial factory and power plant settings, its 

recent growth in popularity for commercial buildings has resulted in the need for modification to some 

aspects of the systemôs design. A prime example of this is the use of absorption chillers. The purpose of 

this device is to create a cool air conditioning system for use during the warmer months using the same 
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ventilation system and fuel source as is used for heating the building during the cooler months. The 

cogeneration process is basically unchanged by the addition of absorption chiller, other than the use of the 

waste heat changes based on the time of the year. The absorption chiller is in powered by thermal energy 

and replaces the traditional electrical chiller. Technically part of the HVAC system for the building, 

absorption chillers use environmentally friendly refrigerants and absorbents to convert waste heat to cool 

air flow using only the byproducts of the cogeneration process. Ranging in capacity from 100 to 1500 

tons, these devices provide an immense boost in energy efficiency, while avoiding the polluting effects of 

chlorofluorocarbons (Commercial Office Buildings: Cogeneration). Though they require more energy 

than heating a building with a cogeneration system, they are highly cost effective compared to the 

traditional method of air conditioning, which for many buildings turns out to be a sizeable piece of the 

total energy costs. 

The benefits of cogeneration are primarily centered on the boost in energy efficiency that an 

electricity generation system receives by turning to cogeneration. Efficiencies vary in terms of how they 

are measured and are highly dependent on the specific type of cogeneration system in terms of fuel type, 

application of primary fuel consumption, and use of the waste heat. Efficiency can also be measured in 

terms of total system efficiency, which is a ratio of energy input (fuel) to usable energy output, or thermal 

efficiency, which is a ratio of the work done to the heat supplied. Thermal efficiency is defined by the 

equation: E = 100*K*(Tmax ï Tmin)/Tmax, where Tmax is the inlet gas temperature, Tmin is the ambient 

temperature and K is a fractional number representing the internal system losses. Based on this equation, 

the three theoretical ways that thermal efficiency can be increased are: 

¶ Increasing inlet gas temperature  

¶ Decreasing ambient temperature  

¶ Decreasing system losses  

While a gas turbine alone could theoretically reach efficiencies of up to 65%, most at this time 

only reach about 40%. However, when regular gas turbines are converted to cogeneration systems they 

receive a hefty increase in efficiency. For example current microturbines reach efficiencies of 25% to 

35%. Due to their simple design for low maintenance, small size, and low noise emission requirements, 

they begin with less than the previously mentioned 40% efficiency seen in simple open-cycle turbines. 

These machines, however, can reach efficiencies of up to 80% when used in cogeneration systems (Gas 

Turbine Efficiency).Compared to separate electricity and heating systems, cogeneration uses 10% to 30% 

less fuel to produce the same amount of energy.  

Considerations involved in picking a cogeneration system would include: the needs of the 

plant/building, the fuel source of choice, the engine size and type, the type of use of waste heat. Picking a 

cogeneration system also has deeper considerations including the future cost of the fuel type, the 

maintenance costs of the system, the lack of power during service periods, the possibility of backup 

generators and future option of fuel cells. Additionally, though most cogeneration systems are entirely 

harmless to the environment, some may have waste disposal considerations. While optimization of a 

cogeneration system for a specific project is extremely important, the most critical question is will the 

outcome of the system save more money than it costs to install. While cogeneration eliminates all other 
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energy considerations besides the single fuel source, the initial system installation costs are considerable 

and operational and maintenance costs will still exist throughout the life of the system. Cogeneration is an 

interesting and highly efficient technology. Finding the overall benefit of the system, however, would 

require an in depth cost analysis, dependent on the type and size of the system, as well as the energy 

requirements.  

2.6 Geothermal Power 

The word geothermal comes from two Greek roots, ñgeoò meaning earth and ñthermeò meaning 

heat. Geothermal energy refers to any source of energy derived from the earthôs inner heat. Generally 

when geothermal energy is to be used, some piping is drilled a desirable distance into the earthôs crust and 

the steam and hot water at that point is harnessed to heat a building or generate electricity. The heat itself 

is generated at the earthôs core 4,000 miles below the surface of the crust, where the slow decay of 

radioactive particles produces temperatures hotter than the sunôs surface (Geothermal Energy ï Energy 

from the Earthôs Core). The practicality of geothermal energy is based on the location of desired use 

because the temperature gradient of the earthôs crust is variable with depth and surface position, however, 

if found to be desirable at a set depth and location, geothermal energy is very reliable compared with 

other renewable energy sources such as wind and solar. 

 Because the majority of geothermal reservoirs have no visible evidence of their existence from 

earthôs surface, the earliest historical uses of geothermal energy only existed at the sites visible at the 

surface. These sites include volcanoes and fumaroles, hot springs and geysers. The extreme heat of 

volcanoes made them impossible to be harnessed centuries ago, but the hot springs and geysers have 

made their impact on history. Hot water springs, in particular, have been used by humans tens of 

thousands of years ago by indigenous peoples around the world for cooking, cleaning, and bathing in the 

warm mineral water. The first human use of geothermal energy in North America was credited to the 

Paleo-Indians, who settled near hot springs over ten thousand years ago. The first known commercial use 

of geothermal energy was credited to Asa Thompson in Hot Springs Arkansas in 1830, when he charged 

one dollar for a hot spring-fed mineral bath in a wooden tub. From this point forward, the popularity and 

availability of resorts and spas of this type grew rapidly in popularity until 1892 when the first geothermal 

district heating system came into existence in Boise, Idaho. The first geothermal electric power plant was 

built at the Larderello dry steam field in Italy in 1904 by Prince Piero Ginori Cont, and the first ones 

operated in the United States where built in 1960 at the Geysers in Sonoma County, California. These 

geothermal plants successfully ran for more than thirty years of 11MW of net power production (History 

of Geothermal Power). 

In more recent times, the usefulness of geothermal energy has branched out to more 

individualized settings, such as commercial buildings or even households. Geothermal electricity 

generation facilities require very high temperature steam and are generally built in locations where 

geothermal reservoirs are located within a mile or two of the surface, however geothermal heat pumps 

simply use stable ground or water temperatures near the earthôs surface to regulate the temperature of a 

building above the ground (Geothermal Energy ï Energy from the Earthôs Core).  

These modern systems of geothermal energy each have unique attributes which determine the 

usefulness of the system depending on the need. While geothermal plants need near volcanic temperatures 
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and therefore have limited location options, and geothermal direct-use requires hot water supplies to be 

near earthôs surface, the geothermal heat pumps can work in almost any location. The potential of a 

location for building temperature regulation with geothermal heat pumps increases as the system 

penetrates deeper into earthôs crust. Geothermal heat pumps work on the premise that while temperatures 

above the ground fluctuate a great deal throughout the day and even more so throughout the year, the 

temperatures in the upper portion of earthôs crust hold fairly constant. The upper ten feet generally hold to 

around 50 to 60 degrees Fahrenheit in most climates, which means for climates similar to that of New 

England, the ground is warmer than the air in the winter and cooler than the air in the summer. This 

allows for the more constant ground temperature to be used for temperature regulation of commercial or 

residential buildings (Geothermal Energy ï Energy from the Earthôs Core). ñAccording to the U.S. 

Environmental Protection Agency (EPA), geothermal heat pumps are the most energy-efficient, 

environmentally clean, and cost-effective systems for temperature control.ò  

The layout of a basic geothermal heat pump is shown in Figure 2.14. Piping containing water or 

antifreeze connects to the heat pump and the weaves back and forth at a desirable distance below the 

earthôs surface. The liquid in the pipe is constantly flowing due to the heat pump. It is heated in the 

ground and brings this heat to the surface, where that heat is distributed to the building or house via a fan 

and ductwork. The cooled liquid is then returned to the ground to repeat the process.  

 

Figure 2.14: Diagram of a basic geothermal heat pump 

(www.consumerenergycenter.org) 
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The recent growth in interest in geothermal energy, leads to questions about the overall benefits 

of the system and the potential setbacks associated with it. As far as cost is concerned, heat pumps still 

require energy to run. The overall operational and maintenance costs of geothermal heat pumps may be 

less than conventional oil, gas, or electric heating, however the initial cost is sizable. There are also many 

system designs to choose from, all of which are extremely environmentally friendly compared to 

traditional energy sources, especially in the case of geothermal power plants, which emit 97% less acid 

rain-causing sulfur compounds than fossil fuel plants (Geothermal Energy ï Energy from the Earthôs 

Core). Overall, geothermal energy is a technology with many strong benefits associated, though the cost 

and comparable long-term effects need to be analyzed critically for any specific situation.  

2.7 Holy Name High School 

The starting point for our Interactive Qualifying Project was a project completed by four 

Worcester Polytechnic Institute students in September 2006. This project brought a wind turbine to Holy 

Name High School, a private catholic high school in Worcester, MA. This section of our report is 

dedicated to summarizing the steps they took to make their plans a reality. 

The initial step of the groupôs feasibility study was to determine wind speeds at the desired 

turbine site. Wind maps are available online, but since a wind turbine is such a large monetary 

investment, the group decided to compare these published values with actual measurements before 

moving further. Since renting a meteorological tower would have been too expensive for the high school 

to afford for an entire year, the WPI students designed and mounted a weather station on the schoolôs roof 

(shown below in Figure 2.15). After nine months of collecting data, they designed a model to extrapolate 

wind data at the height of the weather station to determine the wind speeds at possible turbine heights. 

From this extrapolation, the group determined that the data published by True Wind Solutions and the 

Massachusetts Collaborative Renewable Energy Trust corresponded directly to the measured and 

extrapolated data (within 0.05 m/s) (Jensen, Foley, Forbes, and Young, 68) 
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Figure 2.15: Weather Station and Tower atop Holy Name (Jensen, Foley, Forbes, and Young) 

Once wind data was obtained and verified, the group proceeded to determine the best location for 

the turbine. Beginning with an aerial view of Holy Name, the land that is owned by the school was 

outlined. The turbine must be placed far enough away from the property boundary so that in the off 

chance it fell, it would not reach onto an abutterôs land, so the area of possible location was reduced. The 

area was continually reduced, taking the following limitations into consideration: 

¶ fall zone for utility lines 

¶ noise restriction distance (2 times the total height of the turbine) 

¶ currently used land 

¶ future land plans 

¶ highest elevation 

¶ ease of grid interconnection 

After all of these restrictions were considered, the group was able to isolate three possible 

locations for the construction of a wind turbine, and from these three options they made a primary 

recommendation. The optimal location was between the high school and the parking lot, as seen in Figure 

2.16. This site also offered the highest elevation and the closest proximity to the school for grid 

interconnections. Although the gymnasium lies within the fall zone of the turbine, Holy Name obtained 

waivers since they own both the school and the tower. In addition, students in the gymnasium are the least 

likely to be bothered by the noise of the turbine (Jensen, Foley, Forbes, and Young, 77-78). 
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Figure 2.16: Proposed location for wind turbine 

(Jensen, Foley, Forbes, and Young) 

Finally, the WPI students analyzed the economical need for, and feasibility of, a wind turbine at 

Holy Name High School. The group researched various sizes and types of wind turbines, and compared 

the output of each to the annual Holy Name usage. After analyzing the options, the students took the 

availability of grants and loans into consideration to determine the payback period for the turbine. 

At the conclusion of the Holy Name High School Wind Feasibility Study, the writers made a 

recommendation to the school to install a 50 meter (approximately 164 ft) tower with a 600 kW turbine 

on top. It was calculated that after the payback period of 5-7 years, the school would be saving an average 

of 60-70% of their electricity bill per year. When taking the fiscal year at the time of the project into 

account, the school would save $120,000-140,000 of the $200,000 they were currently paying (Jensen, 

Foley, Forbes, and Young, 108). This cut in expenses would allow the school to focus on a higher quality 

of education for their students, increase the availability of financial aid, and improve the school building 

itself. 

2.8 Blackstone Valley Regional Vocational Technical High School 

In 2001, Blackstone Valley Regional Vocational Technical High School of Upton, MA began 

plans to renovate their school. The goals of the renovation were to update aging facilities, to become more 

energy efficient, and to increase capacity for additional students and vocational programs. The H.L. 

Turner Group of Concord, NH was responsible for a feasibility study that determined that there were 

several technologies that could help this school incorporate renewable energy into their renovations. 
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One of the selected renewable energy technologies is Solar Photovoltaics. The School Building 

Committee (compromised of the School Committee members, local residents, and members of the school 

staff) chose this technology because of the warranty (20 to 25 years) and the knowledge that the 

technology has been well tested over the years. Two installations were planned. One is highly visible, on 

the roof of the new wing, which would bring awareness to students, staff, parents, and the community. A 

public website provides information on the status of the system, where one can find daily, weekly, 

monthly, and yearly power outputs, peak power values, and emission avoidances. A visitor to this website 

can choose dates ranging from 2005 to the present. The power values from February 3, 2009 are shown 

below in Figure 2.17. Although this was a snowy day, the PV system was still producing power 

throughout the school day. The ñPowerò values on the y-axis refer to the amount of power produced by 

Array #1over a 15-minute interval. 

 

Figure 2.17: 15-minute power values for 3-Feb-2009 for BVRHS, Array #1 (sunviewer.net). 

The second installation was designed to be mounted on the existing building, where the design of 

the arrays needed to be carefully planned as to not damage the structure. The supports do not penetrate 

any part of the roof, and the load is spread over the entire base to minimize the stress on the roof. The 

installation angle allows wind to blow through the arrays, rather than rip them off the roof. 

Overall, these two installations (totaling 43.56 kW) were expected to produce 66,852 kWh per year, and 

cost $386,286. During the year 2008, the first installation produced almost 26,000 kWh. The monthly 

generation is seen below in Figure 2.18. 
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Figure 2.18: Monthly Generated Energy for 2008 for BVRHS, Array 1 (sunviewer.net). 

Another technology put into use at Blackstone Valley Tech is Solar Thermal pre-heating of 

Domestic Hot Water. As with PV, this technology was chosen because it is also ñmature, well tested,ò 

and has a 30 year warrantee. Street water enters thermal collectors, where it is preheated in the sunôs 

warmth. This pre-heated water then enters the school, where a reduced amount of energy is needed to 

bring the water to necessary temperatures. The expected energy saved was expected to be 32,760 kWh per 

year, which, at todayôs electricity rates of 16.47 cents per kWh, translates to about $5,400 per year. The 

water heaters can be seen in Figure 2.19. 

 

Figure 2.19: Solar water heaters on the south wall of the school 

These allow water to be pre-heated by the sun before they are brought to the water heater (nrel.gov). 
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Light tube technology was the third energy saving measure to be planned for the school. These 

tubes channel daylight into the room below, diffusing the light to be usable in the classroom. The effect of 

these light tubes can be seen below in Figure 2.20. The incoming light is 90% efficient inside the 

reflective tubes, and this was expected to save the school 500 kWh of electricity per year. 

 

Figure 2.20: Light tubes channel daylight into classrooms and reduce electricity use (nrel.gov). 

For this project, the School Building Committee received a $20,000 grant from the MTC. This 

grant was to be used towards the feasibility study performed by The H.L. Turner Group. The schoolôs 

renewable energy renovation budget was as follows: 

  Solar PV Array #1  $173,890 

  Solar PV Array #2  $172,400 

Monitoring System  $5,000 

Frames and Crane  $63,250 

Total:     $414,540 

 

Solar Domestic Hot Water $65,520 

 

Solar Daylighting  $37,000 

 

Total:     $517,060 

 

These renovations and energy saving measures were completed in 2005, and have since been 

featured in MTC pamphlets and brochures. In the words of school superintendent Michael F. Fitzpatrick, 

ñI see at least five major benefits to being involved with a green schools project. The first 

benefit is that you serve as an example for the students you train: this is what we should 

be doing as vocational, technical school systems. Another very high return for us is on 

long-term maintenance costs, which showcases to your investors that you are concerned 

about long-term cost impacts. All too often school construction focuses upon short-term 

thinking: you fix things, you move on. High performance buildings have greater 

longevity. Third, the environmental sensitivity: this is the only world we have, and we 

might as well take care of it. Fourth, it is another learning opportunity for present and 
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future students. Our PV system is visibly accessible so the building itself becomes a 

teaching tool. Whether you are doing an analytical problem for math or a lesson in 

creative writing, these are great opportunities to strengthen learning. Finally, funding: for 

us, our willingness to pursue and secure additional funding sources strengthens our 

rapport and partnership with the citizens we serve (hpb.masstech.org).ò 

For years to come, this renovation will save the school from increasing utility bills, while 

providing a lesson to students and staff alike on the subjects of the environment and sustainability. 

2.9 The EcoTarium 

 The EcoTarium is an indoor-outdoor museum of science and nature in Worcester, MA. ñSet in an 

urban oasis, the EcoTarium offers a chance to walk through the treetops, take a thrilling multimedia 

journey through the galaxy at a digital planetarium, meet wildlife, stroll nature trails, ride a narrow-gauge 

railroad, and get hands-on with family-friendly exhibits (http://www.ecotarium.org).ò A picture of the 

facility is seen in Figure 2.21.  

 

Figure 2.21: The EcoTarium, Worcester, MA 

(www.ecotarium.org) 

Founded in 1825, this private, non-profit organization was originally known as the Worcester 

Lyceum of Natural History. In 1884 the institution was incorporated as the Worcester Natural History 

Society, which still today remains as the EcoTariumôs legal identity. In 1998, the museum changed its 

name again, form the New England Science Center to the EcoTarium, when it underwent ña major capital 

development program that has transformed the building and grounds into an accessible learning and 

discovery center for families (www.ecotarium.org).ò The most important change to the facility in the eyes 

of our research group, however, occurred in 1971 when the institutionôs conventional grid power system 

was replaced with a natural gas cogeneration plant.  

 After doing some preliminary research, our group contacted the EcoTarium President, Steve 

Pitcher, and traveled to the museum to for an interview. Mr. Pitcher told us that the facility is completely 

off the electric grid, and that they just buy the natural gas they need from the New York Mercantile 

Exchange (NYMEX), where the cost fluctuates based on the market. The facility uses two 350 kW natural 

gas engines to produce electricity and it recovers engine and exhaust heat to produce low-pressure steam. 

This steam is used for plant heating and with the use of the plants absorption chiller it can be used for 

cooling as well. One of the engines can be seen in Figure 2.22, in yellow with connected piping in other 

colors.  
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Figure 2.22: One of the EcoTarium's two 350kW natural gas engines 

 Mr. Pitcher told us that the two engines run in a ñlead-lagò configuration, where most of the time 

one engine is producing the majority of the electricity, while the other is working at a much lower output. 

He also told us that the efficiency of the cogeneration system is around 80% and that, while there has 

been no formal savings analysis, he believes that it is saving them money. He also mentioned that each 

engine originally cost $200,000 which is only part of the total cost of the system, and that they would 

soon be doing some updates to the facility in the near future, including the replacement of the absorption 

chiller. A report on some potential changes to the EcoTariumôs energy production and use was written by 

the New England Clean Energy Center in 2003.  

2.10 Climate Action Plan 

 The Climate Action Plan is a report that was written for the city of Worcester, Massachusetts in 

December of 2006. The plan is available to the public on Worcesterôs Energy Task Force website, and it 

details steps the city will take to reduce the energy use and pollution. The second page of the report states 

the vision statement of the plan (Williams). ñThe City of Worcester seeks to be a leader in sustainability. 

To improve the cityôs economic viability and quality of life, we are pursuing the efficient and wise use of 

natural resources and clean, sustainable sources of energy to serve our needs for mobility, housing, 

education, community building, economic growth, public safety, and other necessities. The goal of the 

Climate Action Plan is to reduce Worcesterôs energy use and greenhouse gas emissions through a 

combination of cost-recoverable and cost neutral action. This action will put Worcester on a course 

towards a sustainable future and improve the quality of life for Worcester residents, visitors, workers, 
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businesses and institutions. It is our hope that the Climate Action Plan will inspire responsible resource 

and energy consumption throughout the greater state, national, and global communities.ò   

This broad-scoped report was prepared by City of Worcesterôs Energy Task Force, headed by 

Energy Consultant Carissa Williams, consultant to the Regional Energy Council and Coordinator of the 

Energy Task Force. The direction of this document, along with the data collected and conclusions 

reached, are the product of fourteen meetings of the task force and the three sub-committees of 

Transportation, Energy-Efficiency, and Renewable Energy, beginning in February of 2006, when the task 

force was appointed, and ending in September of 2006 (Williams).  

Worcesterôs City Manager, Michael V. OôBrien has a section early in the report detailing his own 

goals and thoughts on the Climate Action Plan. He mentions how our pollution will eventually cause 

climate change, possibly within a generation and how if it is imperative that we begin addressing this 

problem now. Maximizing energy efficiency, implementing renewable energy, and increasing waste 

recycling in buildings throughout the city, are some of his top goals (Williams). In closing he states, ñAs 

cities around the world make similar commitments, we can collaborate with each other to reduce climate 

change, improve energy security and improve our economic competitiveness.ò 

The Climate Action Plan is broken down begins with an executive summary, and a summary of 

the key proposed reduction measures and the next step for each of these measures. Thirty-seven key 

measures are mentioned, including the hiring of a full-time energy manager, the installation of a 100kW 

hydro-power turbine at the water filtration plant, the installation of a 250kW wind turbine at the new 

North High, several motor-vehicle anti-idling policies, and renewable energy and energy efficiency 

curriculum development for Worcester schools. After this the report shifts to a background section, 

followed by the city inventory and reduction targets, reduction measures, implementation and monitoring, 

and finally the conclusions and next steps (Williams).  

The conclusion and next steps section states that the first step to reducing greenhouse gas 

emissions is to join the Cities for Climate Protection (CCP) campaign, and to gather statistical data of the 

amounts and whereabouts of greenhouse gas emissions throughout the city. The report recognizes the 

magnitude of the challenge at hand and the timeframe over which it exists, as well as the devastating 

effects that negligence to these issues could have and states, ñFortunately, the human race has a 

tremendous capacity for innovation and adaptation. The Energy Task Force believes, and hopes, that this 

Climate Action Plan is the beginning of one small ï but potentially important ï demonstration of that 

capacity.ò The report wraps up by stating the most important steps that can be taken to achieve its goals. 

These include the adoption of the Climate Action Plan and municipal reduction target, hiring a full-time 

Energy Manager, creating an accurate Greenhouse Gas emissions database, and implementing low-cost 

emission reduction measures (Williams).  

2.11 Massachusetts Technology Collaborative 

Massachusetts Technology Collaborative began as a group called the Massachusetts Technology 

Park Corporation in 1982, established by the state Legislature for the purpose of improving the stateôs 

technology division (MTPC.org). At that time, the primary technological concern was microelectronics, 

and the core ideas of the Corporation were collaboration, flexibility, and independence for the 
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Commonwealth. The MTPC was granted a large property in Westborough, MA, where they created the 

Massachusetts Microelectronics Center. This Center was used to train thousands of college students in the 

area of integrated circuits (masstech.org). 

As silicon chips evolved and the microelectronic chips were no longer in high demand, the 

Microelectronics Center became obsolete. The Corporation needed to find a new area of focus, and in 

1993 decided to broaden their specialties to all technology-based economic developments. In 1994, it was 

formally voted upon to change the name of the agency to Massachusetts Technology Collaborative 

(MTC), which described the efforts more accurately. The collaboration is between industry, education, 

and government. 

The MTC was quickly established as a reliable agency that could find solutions to economic 

challenges, and was selected to implement a mandate called the Renewable Energy Trust. The trust was 

created with the goal of providing Massachusetts citizens with clean energy and a better economic 

situation. The MTC has put the implemented the following incentives and programs. 

¶ Partnered with the Department of Education to encourage schools to build healthier and 

more energy efficient buildings 

¶ Implemented grant funding for green buildings 

¶ Invested in clean energy companies 

¶ Launched the Massachusetts Green Power Partnership, which provides opportunities to 

purchase renewable energy certificates, and gives clean energy projects a source of 

financing 

¶ Offers grant-matching and tax-deductible clean energy for communities 

For the Town of Leicester, the Massachusetts Technology Collaborative will be a valuable resource for 

grants, which are detailed in the Results section of this report. 

2.12 FAA 

 The Federal Aviation Administration is an agency within the United States Department of 

Transportation. This agency has the power to regulate and standardize all non-military aviation laws and 

protocols, pertaining to the safety of all civil air traffic. Preceded by the Federal Aviation Agency, created 

by the Federal Aviation Act of 1958, the FAA is responsible for regulating U.S. commercial space 

transportation and developing and operating a system of air traffic control for civil and military aircraft. 

The importance of this organization to our project lies in the FAA regulation of air traffic obstruction 

evaluation studies and the close proximity of the Town of Leicester to two different airports. The projects 

possible use of a wind turbine, which would be located atop a hill, may interfere with the flight path of 

commercial aircraft out of the airports, depending on its height and location.  

 The FAA has a handbook posted on their website entitled, ñProcedures for Handling Airspace 

Matters.ò Within this handbook is ñPart 2. Objects Affecting Navigable Airspace,ò which is our topic of 

concern. Chapter 5, Section 2 deals with the topics of primary focus: requirements, processing, and FAA 

Forms. All of Chapter 5 can be seen in Appendix F of this report. The section begins with by stating that 

any proposed construction or alteration to existing objects which may affect navigable airspace must be 
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submitted to the FAA and the construction request processed and cleared before and construction may 

begin. The actual forms involved in the construction process are the FAA FORM 7460-1, Notice of 

Proposed Construction or Alteration (OE notice), and FAA FORM 7460-2, Notice of Actual Construction 

or Alteration (Supplemental Notice). It is required to file these forms for any proposed construction or 

alteration that would be more that two hundred feet above the ground level at its site. Chapter 6 deals with 

Aeronautical Studies which need to be performed in cases of construction with questionable airspace 

obstruction. The process is managed by the FAA once the forms are submitted.  

2.13 Summary 

  The research our group performed for the beginning of this study helped set a strong foundation 

which enabled the project goals and direction become more apparent. With the knowledge of the 

Leicester town government we became aware of the various committees and town officials with which we 

will be presenting our eventual findings. The GEC energy study for Leicester provided the initial site 

studies for locations around Leicester where a wind turbine could potentially be installed. The GEC 

energy study recommended against a community size wind turbine at the Memorial School, Moose Hill 

Reservoir, and the Schools Complex, but after reading the Holy Name IQP report, there appeared to be 

the potential for a smaller wind turbine at any of those sites. 

 With the potential for an installation of a wind turbine in Leicester, we further reviewed any 

material pertinent to wind turbine installation, including the Massachusetts Technology Collaborative 

(MTC) and the Federal Aviation Administration (FAA). This information provided various reasons for 

and against wind turbines; and to make this report more detailed it became apparent that we needed to 

research other forms of alternative energy. 

 We became familiar with not only how wind power worked, but also how solar energy, 

geothermal energy, and cogeneration can provide power to Leicester. This led us to research these various 

forms of alternative energy and to also analyze examples where these forms of energy were being 

utilized. We visited the EcoTarium, where they have been using cogeneration since 1971 to help reduce 

the operating costs of the facility. We also reviewed information provided by the Noble and Greenough 

School in Dedham, MA where they installed a geothermal system in 2007. We analyzed data from the 

Blackstone Valley Regional High School, where two solar systems have been installed. With these 

examples as well as the other research we performed, we set out to provide a detailed energy study for the 

Town of Leicester, Massachusetts.  
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3.0 Project Summary 

3.1 Introduction 

 The Leicester Energy Study is an Interactive Qualifying Project (IQP) for Worcester Polytechnic 

Institute. This is one of the three projects that all WPI students must complete in order to graduate. The 

IQP is designed around the relationship between technology and society. It is a large part of the WPI Plan. 

ñThe goals of the Plan are to promote learning by doing through project work, maximize student choice in 

designing their own educational programs, and ensure that students had not only passed courses but were 

in fact competent as professionals, literate in the humanities and understood the societal implications of 

their professional work (WPI Global Perspective Program).ò Each member of the group researched 

project options, become aware of the Leicester Energy Project, designed by Professor Looft, and became 

a member of the project group in the summer before the 2008 academic year. 

3.2 Project Statement 

The goal of this project was to review and expand upon a study completed by Global Energy 

Concepts in April 2008 to aid the Town of Leicester, Massachusetts in energy conservation and alternate 

energy production decisions. To do this, a variety of alternative energy sources were examined, most 

importantly smaller scale wind turbines and solar power. The group looked at current and past school 

budgets to determine the change in energy cost over the years, and to determine how much money will be 

saved by producing alternate energy. Our project also includes background on the Town of Leicester, 

wind turbines, and solar power, and results of studies done on wind patterns and possible locations in 

Leicester. We also helped the town apply for various grants, and suggested ways of raising funds to make 

the groupôs recommendations a reality. 

3.3 Goals and Objectives 

 The goals of the project were to: 

¶ Develop a strong background knowledge of the following alternative energy options: 

o Wind power 

o Solar power 

o Geothermal power 

o Hydropower 

o Cogeneration 

¶ Determine the feasibility of each system for the town based on: 

o Limitations and restrictions on construction 

o Quality of potential sites 

o Preliminary cost and power production estimates 

¶ Present strong arguments, backed up with data, against the impractical options 

¶ For the feasible options: 

o Compute an in depth cost, payback, and total savings analysis 

o Present several specific options to the town for the optimal alternative energy system 

with different initial prices and total power outputs 
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3.4 Summary  

The final goal of the project is to make a presentation to the Town of Leicester, recommending 

one of several specific plans for the funding and implementation of a money-saving alternative energy 

system. The methods section details how we gathered information and data, and the results section 

describes our findings. Lastly, the recommendations section details our final proposal to the Town of 

Leicester and the school board. 
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4.0 Methods 

4.1 Introduction 

This section describes the major steps which our group took to collect data. While the results can 

be seen in the following section, this segment depicts the setup of the data collection.  

4.2 Wind Speed Data Determination 

In order to have more accurate and site-specific wind data it was deemed necessary to install a 

small weather station on the Leicester High School roof. Our advisor, Professor Looft, aided us in the 

search for and purchase of this device. The anemometer that the group purchased was the Davis 7425 

Weather Wizard III, and can be seen below in Figure 4.1.  

 

Figure 4.1: Davis 7425Weather Wizard III Digital Display 

Upon the delivery of the device, we contacted Mr. Patrick Morrison, the Electronics Lab Manager 

in WPIôs Electrical and Computer Engineering Department located in Atwater Kent. He and his lab staff 

assisted us in transforming the anemometer into a weather station that could be placed onto the roof 

without permanently affixing anything to the school. A heavy wooden base prevents the station from 

moving or blowing over, and holds a protective case containing the Wizard III display and power source. 

A pole then extends upwards, holding the anemometer about eight feet above the base. The car battery 

was chosen for long term data storage with periodic collection via a laptop.  

Our IQP group installed the weather station on top of Leicester High School on December 20
th
, 

2008, and since then we have been back several times throughout January and February, 2009 to check 

the battery and collect the data. The station is located roughly in the center of the gym roof, which was 

chosen on the basis of having the highest elevation with virtually no obstructions to interfere with the 

wind. Two pictures of the weather station on the gym roof are displayed in Figures 4.2 and 4.3, as well as 

a satellite image of the location in Figure 4.4. 
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Figure 4.2: Completed weather station on the Leicester High School gym roof 

 

Figure 4.3: Weather station base with display case and battery case 

 

Figure 4.4: Satellite image of LHS with weather station location (Google Maps). 

Location of Weather Station 
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4.3 Solar Potential Data Determination 

 Like the weather station data collected to get a better idea of wind power potential, our group 

pursued more accurate and site-specific solar data with the use of our Solar Pathfinder. The device was 

researched by the group and purchased by the WPI ECE department. The device is designed to create a 

faint reflection of all possible obstructions to solar panels at that point from which it is setup. This 

reflection is traced onto the sunpath diagram, a semicircle paper with curved gridlines. Our group traveled 

to the Leicester schools complex and took data at 4 locations (two on the middle school and two on the 

high school), then translated the markings on the sunpath diagram into a graphical analysis. Figures 4.5 

and 4.6 show the test locations. The data collected from this can be seen in Section 5.5.2. More 

information about the Solar Pathfinder can be found in Section 2.4.3.  

 

Figure 4.5: Satellite image of LMS with Solar Pathfinder test locations (Google Maps). 

   

 

Figure 4.6: Satellite image of LHS with Solar Pathfinder test locations (Google Maps). 

 


