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April 25, 2008
To whom it may concern:

As Director of Energy Policy for the City of Boston, Mayor’s Office of Environmental
and Energy Services, I am writing to commend the work for the City’s Solar Boston program of
four Worcester Polyiechnic Institute (WPI) students: Tracy Golinveaux, Christopher Mehr,
Justin Wells, and Amanda Young.

All four students demonstrated exemplary skills and work ethic. The students worked
closely with Wilson Rickerson, Solar Boston Program Coordinator, who consistently reported his
satisfaction with their work., They completed much more work than initially planned for their
seven weeks with us. The WPI team selected and assessed ten buildings for future photovoltaie
installations and played a key roll in securing grant funds from the Commonwealth of
Massachusetts.

‘Within a remarkably tight deadline, the WPI team created a professional proposal to
submit for a $50,000 grant to be applied to solar water heating research, including preliminary
profiles for fifteen sites. With the Commonwealth’s award, Solar Boston will be able to hire
consuliants to continue the WPI team’s site assessment work in preparation for a bulk
procurement and installation of solar water heating units. The WPI team’s research—again
highly professional in quality—also made possible a successful request from this office for a
$500,000 capital budget altocation to install photovoltaics on four municipal facilities.

Without the WPI team’s superb assistance, we would not have been able to complete
either the $50,000 grant or the $500,000 capital request in time for Mayor Thomas M. Menino’s
major Solar Boston program announcement with U.S. Secretary of Energy Samuel W. Bodman
on April 9 at Fenway Park. With this funding in place, the Mayor was able to announce
significant solar programming substance in conjunction with Secretary Bodman's designation of
Boston as a Solar America City.

All four of these students—Tracy Golinveaux, Christopher Mehr, Justin Wells, and
Amanda Young—have bright futures. Please give them your serious consideration as they
translate their excellent education into the workplace,

Sincerely,
Bradford Swing
SUITE 603 = ONE GITY HALL PLAZA » BOSTON = MASSACHUSETTS » 02201
(617) 635-3425 Fax (517} 635-3486
@ FRTITED O RECTLED ARFEL st
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ABSTRACT

The ultimate goal of our project was to determine if solar power implementationvas feasible in
the city of Boston. We used a combination of GIS mapping databases as weldl pocedure of roof
analysis that had already been established by the City search for future sites for solar installation.
We were sponsored by the City of Bosh, which has the funding and capabilities to implement
solar power.

Weresearched, analyzel, and presened our discoveries regarding efficiency and placement of
equipment to help guide the new Solar Boston program in its effort to promote sustainable
development in the greatCity of Boston. Based on our analysis, we determined that solar panels

are a viable gtion for the City.
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EXECUTIVE SUMMARY

During the past seven weeks we worked withhe City of Boston Environment Department and
OEA - AUT 080 | A£AFEAA 1T £ %l Addereimideithd feadibiliyefoT 1 1 AT OAT 3 A
implementing photovoltaic technologies in Boston, Mssachusetts Despite the opposition to solar
implementation in Boston due to the climateof the Cityand financial issuesof installing solar
panels, our research and analysis suppotthe use ofphotovoltaic technology throughout Boston.

Our research alsalemonstrated that the payback period justifes the expenditures involved in
installing a solar power system. This paper discusses our findings, analysis, and final
recommendations for each specific roof site anche City of Boston as a whole.

Our analysis began by selecting ten citpwned buildings that are good candidates for solar panel
installations based on certain criteria. We chose buildings that have large, flat roofs and use a large
amount of energy. Welso decided to choose buildings in different City departments. From our
research on projectbased policy, we found that selecting buildings in different departments would
allow solar technology to reach more people. We hope that this decision will rdsin more solar
panel installations in each department in the future.

After we selected ten candidatesor solar panel installations, we scheduled appointments to visit
each site. During the site visit weised a device called a Solar Pathfinder to determé the amount of
shaded area on each roofThis device was set up on a site roof and reflected obstructions that
would block the sun. We took a digital photograph of the reflections in the device and uploaded it
into the Solar Pathfinder Assistant Softwag. The softwarecalculated the amount of electricity a
solar panel array would produce on each rooftop. Finally we used the Massachusetts Technology
Collaborative Rebate Estimator to approximate the financidlenefits. We requested energy bills
from eachbuilding we visited in order to complete our financial analysis. Although we did not
receive the bills by the time our project had ended, we found valuable contacts that can be used in

the future.
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EXECUTIVE SUMMARY

Wedetermined an appropriate number of panels, the expeet wattage production, the net

present value, the simple payback, the installation cost, and the rebate each site would receive.

Table 1shows these values for each specific site:

Table 1: Summary of Findings

Array Size | Array Size | Net Present | Simple [ Installation

Building (# Panels) | (Watts, DC) Value Payback Cost Rebate

Brighton High School 500 15572 ($2,310)] Year 14 $62,288 $46,718
Central Maintenance 1,000 31,954 ($2,803)] VYear14 $101,078 | $122,601
Curley Community Center 1,000 35,916 $18,690 Year 13  $107,748 | $135,477
Tobin Community Center 579 10,448 ($3,207)] Year1§ $115,935| $376,013
Engine 41 Station 170 5,300 ($3,587) Year 19 $15,900 $21,200
Franklin Park Admin Bldg 1,000 2,633 ($5,346)| Year >25 $7,899 $10,532
West Roxbury Library 308 2,670 ($4,858)| Year >25 $8,010 $10,680
1010 Mass Ave Offices 810 27,478 ($13,901) Year 18 $84,293 $108,054
Strand Theater 401 14,364 $4,875 Year 13 $43,092 $57,456
Maintenance Shops/Garage 696 21,050 ($3,829)] Year 17 $63,150 $84,200

Nine out of ten buildings we selected can expect a payback in less than twenty years, while the

warranty of a standard solar power system is between twentfive and thirty years. Of all ten

buildings analyzed, only one building would not be suitabléor a solar panel installation. We

determined this from our rooftop analysis and our financial calculations. Only three of the selected

sites would cost over $100,000 to install after the rebate, while two of the three would be

producing over thirty thousand watts.

We created many Microsoft Excel spreadsheets and documents that will be submitted to the city.
When the funding is available for the purchase of solar panels, the City will have our research and
recommendations available.

In conclusion, we reommend that the City of Boston install solar panels on each of the nine
selected buildings. It would be beneficial for the city to install solar panel arrays den additional
buildings to help meet its Solar Boston goalsWe also recommend that the Citgonsiders

purchasing solar technologies from Massachusetts based companies. Purchasing locally will create
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City of Boston maintain the contact list we ieated during our project in order to expedite future

projects.
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CHAPTER ONEINTRODUCTION

consequences that will change the way we live. Collins, Colman, Haywood, and Man20§7)
suggest that one reason for the elevation in global temperature is due to the increase of greenhouse
gasses in the atmosphereGreenhousegasses are byproducts of the fossil fuels we burn daily to
provide heat, electricity, and transportation. As more fossil fuels are burned, more damage is done
to our environment.

Grover(2007) ACOAAO OEAO OEA x1 Ol A0 AAPAT AAT AA 11 £ OC
including climate change, carbon dioxide emission, smog, soot, and even wars. The more
dependent we become on these resaoes, the more damage we cause to our environment. Grover
also notes that most power plants are fueled by burning fossil fuels which produces even larger
amounts of carbon dioxide, nitrogen oxide and sulfur dioxide emissions. Those gases contribute to
many of the problems associated with global warming.

Fossil fuels are being depleted at an exponential rate. This should appear as more than a warning
that it is time to find and utilize alternative energy sources that are both renewable and will not
destroy our environment. Alternative energy is a solutia to this problem and can be found in
natural resources such as wind, geothermal, hydro and solar power.

Solar energy is in great abundance and can easily be converted into electricity or he@he
energy contained in the photons emitted can bbharnessed and utilized for our own benefits. The
use of solar power is currently being implementedaround the world.

An example of a city that is trying to get this transition underway is in South Korea. It has been
shown by Kim, Han, and Ng006) that in the city of Daegu, South Korea thadustry involving
solar technology has been stimulated by the government. The government is trying to implement
solar power by offering incentives and demonstrating its potential. Thigitiated many solar

companies to expand to South Korea and supptlige technology in order to meet the demand.
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In the United States, therare tax incentives, rebates, and financial aid available in attempt to
motivate people to implement solar technology in their homes and businesses. The Solar America
Initiative is an example of this type of program. Th&olar America Initiativetook form in 2007,
selecting thirteen cities in America, including Boston, to be a US Department of Energy Solar City
Partner. The Solar Boston Program was developed from this initiative. The goal of the program is
O 1 AOGOGAT OEA A EQesand stmiiaxdtheyditiolalterndivef@BEechnologies
("Solar Boston: Creating a Citywide Solar Strategy Meeting Summary Report," 2007)
The City ofBoston Environment Department wants to demonstrate the benefits of solar power to
the public in order to encourage them to take advantage of this technology. Currently there are no
large scale examples of solar power in Boston. The potential of solar pemin Boston is unknown
because of the lack of lon@®@ A Oi AAOA AOOT AEAOAA xEOE OEA OAAETTII
city. A defined process for investigating and installing solar panel systems has not yet been created
in the City of Boston which isa major problem.
According to Bradford Swing(2008), project-based policy development is the process that the
#EOU T &£ "100117T OOAOG &£ O AAOGAI T PET ¢ AAOOAET bil EOE
figure, the City Council plays a smaller role in terms of policy development. Swing argues that
issues that arise on a smallescale are good representations of possible barriers that will occur in
larger projects of the same theme. Using this argument, he continuesthivsaying that the
successful completion of one project will demonstrate whether or not largescale projects are
AAAOEAI A8 "U ET AT ObPT OAOET ¢ OI PEAO EIT O1 OEA -AUIT O
project development in a given sector. An exapte of this is the Green Building Policy in Boston;
ITAA - AUl O -ATETT OOAOOAA OAITEET C AAI OO OCOAAT & O
developers began working on research and development of such proje¢Swing, 2008).

Ruther, Jos&nob, da Silva Jardim, and Hilario Rebec{2007) havea similar opinion 0T 3 xET C6 08

They believethat if the benefits of this technology are promoted and increased, the economic value

18
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of the industry will increase as well. This point was demonstrated to be true in South Korea. Kim et
al. (2006) found that manufacturers of sola panels migrated to the country as more of the
equipment was in demand. In Daegu, South Korea, the goal of their Green Building Project is to
educate the people and to offset some of their energy consumption with renewable energy sources.
All public fadlities in Daegu will soon need to acquire green technology and the nonpublic
structures will need to abide by standards set in the city, which the city government will help offset
the costs of. This is very similar to what is being done by the Boston Eriment Department, but
Daegu is a much larger project.

Another problem associated with solar technologies igetting people to accept the technology
and encourage themto use it. There are various opinions on the effectiveness of solar technology.
Whentrying to promote the use of solar technology, Mallef2005) argues that it is easier to get
people to buy into the technology if there is a publigrivate partnership. He argues thathis type of
partnership allows both parties to discuss their positions on solar technology which results in a
more complete view of the technology We hope that our complete analysis will allow the City and
its residents to see what solar technology ian effective alternative energy for Boston.

Our research encompasses the gap that has been found within the existing knowledge. It is
known that the city needs to find alternative sources of energy to power its inhabitants. It is also
known that there are funds available to aid in the installation of solar panel units as well as solar
water heaters. The overall goal of our project was to solve the problem of finding the best possible
sites to implement these technologies in the City of Boston. We accoiisped this by collecting and
analyzing roof size, energy consumption, and solar irradiation data from possible sites followed by
a complete analysis.

We analyzedas many roofs as possible under the time constraints of the project, and we were

successfullyable to analyze eleven roofs and make recommendations for each. In our final

19
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presentation, we made recommendations to the City as to which locations would be best for

implementing a photovoltaic project.
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CHAPTER TWO: BACKGROUND

GLOBAL WARMING

Feder(2004) relates a fear of changing our dependence from current energy sources in the
United States toa potential worldwide environmental catastrophe. Fossil fuels are the most
common source of energy in the United States, yet they are also the most common source of air and
water pollution, as well as global warming. Collins (2007) argues that with thimcrease of pollution
and greenhouse gases, larger amounts of radiation become trapped in the atmosphere. This has
resulted in adramatic increase of globatemperature. Collins also believes that a stable
atmosphere is essential for life on this planet mainly because it allows solar radiation to heat the

AAOOES O OOOEAAASB I T of & $iableatroEphated tAadDifpeeietrOsene ok A O OO A
10O OEA AAOOEGO OAI PAOAOOOA AT 1 OET OAO O OEOARh xA

we have done to the atmosphere. According to the Union of Concerned Scien{l$flassachusetts:

Confronting Climate Change in the U.S. Northeast," 200&)e temperature in the Northeast has

risen approximately one and a haldegrees Fahrenheit in the last forty years and is expected to

increase eight degrees in the nextundred years. Snowfall is expected to increase by

approximately twenty-five percent in the Northeast. The change in temperature and precipitation

may seem small, but it will drastically alter the climate of this region. The sea levels will rise and

start to flood coastal areas such as Boston due of the melting polar ice caps. If global warming

continues, it is predicted that within the next one hundred years, landmarks such as Faneuil Hall

will experience frequent flooding ("Massactusetts: Confronting Climate Change in the U.S.

Northeast," 2006).
According to Expert Village(2008) one way to decrease the demand for fossil fuels and energy is

to practice conservation of energy. This can be achieved by carpooling, turning off unnecessary
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lights, and using heat only as needed. These conservative habits reduce the consumption of fossil
fuels, which saves money and helps the environment. Theseagtices not only reduce the amount

of pollution, but also extend the life of the current oil supply.

ALTERNATIVE ENERGY
Alternative energy can come in many forms. Some examples of alternative energy sources
consist of natural resources that are abundanthroughout the globe, such as solar power, wind
power, and hydropower. Renewable fuels such as ethanol and biodiesel are also available. All of
these are currently being recognized in one form or another, but not at a scale large enough for the

impact desired.

SOLAR BOSTON

Through programs such as the Solakmerica Initiative, as we discussed in our introductory
chapter, many U.S. cities are researching the advantages of using alternative energy sources.
Bostonwas chosen as one of thirteen American cities to receive financial funding from this
initiative. The goal of the initiative is to increase the use of solar power in the United States. The
U.S. Department of Energy made nearly $2.5 million available in@Dto the thirteen cities in
attempt to jumpstart the program. The DOE will also provide direct assistance from policy and
technical experts to help the cities begin implementatiofDOE to Provide up to $2.5 Million to
Implement Solar Energy Technologie007).

Under the administration of Mayor Thomas M. Menino, the City of Boston has developed many

initiatives with respect to climate and energy issues, with the Sar Boston program being one of

OEA 1100 OAAAT 08 SECTAA ET ¢mmxh -AUT O -ATETI

that the city will decrease its greenhouse gas emissions by eighty percent by the year 2050. This
order also contains stipuhtions regarding recycling, green buildings, and energy efficiendySolar

Boston: Creating a Citywide Solar Strategy Meeting Summary Report,” 2007he goal bthe Solar

22
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Boston program is to implement solar technology throughout the city in order to entice as many

people as possible to believe in solar power as a reliable energy source and buy systems for their

own homes and businesses. The US Department ofeegy (DOE), the Massachusetts Technology

Collaborative, National Grid, NSTAR, and many others have contributed to a half million dollar fund

to sponsor the program("The Sola America Initiative. In Focus: The Building Industry,” 2007)
Clayton(2004) AEOAOOOAG OEA #EOQOU 1T &£ "T10011T80 O1TT1TAO OAAAC

2008. The $68 million Commonwealth Solar Program will offer rebates from orthird to one-half

of the cost for residential implementation or a maximum of one million dollars for commercial

implementation.

CASE STUDIES DEMONSTRATING THE USE OF SOLAR POWER

Many issues regarding solar power have already been addressed in different countries. These
issues include reducing green house gasses, implementing solar power, gaining public acceptance
of the technology, assessing feasibility and impact of the technology, and reducing the dependence
on fossil fuels.

In Daegu, Kim et ali2006) discussthe Solar City Daegu 2050 (SCD 205B)oject which began in
2000. Like the Solar Boston Project, South Korea has set néarm and long-term goals to reduce
their green house gas emissions. The city of Daegu has set out to accomplish this by promoting
renewable energy sources, especially sa panels and solar water heaters. Daegu has found a way,
through grants and incentives, to convince its residents that this would help their economy and city.
We believe that SCD 2050 can be used as a comparison to Solar Boston because of the rel&ve s
of the projects.

Solar investors are concerned with the impact of climate in the Northeastern United States on
solar energy collection. If there is not enough sunlight, how can enough solar energy be produced?
There have been studies done based onithquestion to show how different climates and weather

patterns affect the solar irradiance of a region. One such study was conducted in Sweden by

23
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Adsten, Perers, and Wackelgar(?002) that investigated the solar irradiation in three Swedish

cities. The study found that solar irradiation changed from year to year depending on local

weather. A similar study was done by Markou, Kambezidis, Bartozkas, Darula and Kitti&007)

using Athens, Greece and Bratislava, Slovakia, where several years of irradiance data were collected
and andyzed to determine if climate had an effect on distribution of luminance effects in the sky.
They concluded that gathering solar irradiance data over a number of years would be beneficial to
determining future trends in solar irradiance patterns. Althoudn the climates in those countries are
not identical to that of Boston, one can see that such studies are beneficial to the decision making
process. The data obtained from such studies can be very useful in predicting the amount of energy
that can be colleted from the sun in a region where the weather and climate are not ideal for solar
irradiance absorption.

During our project we visited the George Robert White Environmental Conservation Center in
Boston. The building itself is made of many recycled andheironmentally friendly materials. It uses
green energy such as solar power, solar water heating, and geothermal energy. We were able to
witness a facility that has already implemented the technologies and is running smoothly (See
Appendix B: George RobefVhite Environmental Conservation Center for more details).

Another local Massachusetts company, North Coast Seafoostalled solar panels two years
agms 4EEO AT I PATU EO 11T AAOGAA ET "1 001180 31 O60E
installation amounted to a $1 million project Their investment includedthree hundred panels and
two inverters. For this project, the company received half of the installation costs back in terms of
rebates from theMassachusetts Technology CollaborativeNorth Coast Seafoods expegh five-
year payback on their investment. After regaining their funds, the company will continue to make a
profit on their investment for the remainder of the life of their panels, which will be about twenty

years. (SeeAppendix Cfor a summary of theinterview with the facility manager.)

24
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Just outside of Boston, residents of Natick, Massachusetts installed a small solar panel array on
their house. Joanne and Stephen Hallisey have been able to maintain their normal lifestyle while
using solar power to supply energy to their home.

The GeorgeRobert White Center, North Coast Seafoods, and the Halliseys have all installed solar

panels and proved that it is possible to generate solar power in Massachusetts.

COMPARINGENERGYSOURCES
Proposals of solar energy have often found opposition based time low efficiency of fossil fuels
and the high cost of implementing solar power. However, Fed€2004) argues that the typical solar
cell has an efficiency of fifteen percent, in comparison to coal, whichtte highest at approximately
thirty percent, followed by gas at twentyone percent, and finally oil at a meager nine percent. Even
with oil providing such poor efficiency, of the one hundred seven million households nationwide,

more than eight million are using oil as a main energy sourdglA, 2007). Gorondi(2008) notes

OEAO AEsZEAEAT AU EO 110 OEA 111U EOOOA xEAT EO AT

most people are focused on the cost. Most ofdltountry has ignored solar power as a viable
energy source due to the extremely high prices of solar panels and their installation. Recently, oil
prices have risen to over $90 a barrel, where one barrel of crude oil contains fortwo gallons
(Calder, 2004) Excluding markups from the oil company, which can be up to fifty percent of the
cost (EIA, 2007), one gallon of oil would cost approximately $2.14.

One of the main concerns about solar power is the amount of sunlight an area receives.
Consumers are often under the impression that states such as California, Floridaizona, or Texas
would receive the most benefit from the use of solar power due to their climates; however, the
Energy Information Administration (2007) research tends to support a different theory.
Approximately seventy-eight percent of the oil consumed in the United States is in the Northeastern
or Central states. Due to different climates, people in Southern states have different energy

demands, resulting in less oil consumptiogEIA, 2007).
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As oil prices continue to rise, states with less direct sun and colder winters are becoming a viable
option for the implementation of solar power. If an average home in the Northeast uses
approximately eight hundred gallons of oil at $2.15 per dn, in one winter the resulting oil bill
would be $1,600(EIA, 2007). Business and home owners now have the option of using alternative
energy to help offset the high cost of oil.

In the case studydiscussed earlier Joanne an@tephen Hallisey, from Natick, Massachusetts
installed solar panels that cost $18,00QClayton, 2004). The initial costs of purchasing and
installing solar technologies is one reason many consumers do not consider solar power an option;
however, Massachusetts is one of amy states offering rebates for homeownerg§'Massachusetts
Technology Collaborative: Commonwealth Solar,” 2008)vho decide to become environmentally
friendly. For the Halliseys, Massachusetts covered half of their cost, so they only paid $9,000 out of
their own pockets (Clayton, 2004).

Even with rebates and tax incentives, the cost of installing solar power can result in a large
amount of debt. The main issue wit most solar power implementations is the initial cost of
installation, which is why it is more practical for a larger complex or building to choose solar power
since they will have more funds anda largerrooftop space to commit to the project than a loda
resident. Howevermany Bostonians have chosen to install solar panels in their homes. Consumers
may even decide to invest in solar power even if they do not expect to make a large return, or even
any. One reason for this is because some consumers arere focused on helping the environment
than making money. Nevertheless, it is possible to analyze the effects of solar power in small
OAOOET ¢cOh AT A AAOAOIETA Eix 11T1Cc EO xEI1l OAEA

Other points of econonic interest are returns on investment, cost benefit ratio, and simple payback.

SOLAR TECHNOLOGY: THEN AND NOW
Perlin (2004) discusses ancient Greece and Rome, even as far back as the fifth century BC, where

inhabitants utilized the sun as much as possible by fag their houses towards the south. The use
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ways than jug facing our houses towards the sun.
Mills (2004) defines solar thermal electricity as a means of changing collected solar energy into
electricity through a conversion process or device using a thermal gradient. Luzzi and Lovegrove
(2004) discuss the second law of thermodynamics, which stipulates that the amount of work that
can be achieved through the conversion of heat to increase Wwithe increase in the temperature of
the heat supplied. Solar cells can therefore convert solar energy into electricity.
Corkish (2004) defines solar cells as a type of device using semiconductor technology. Their
main function is to collect photons emitted by the®1 OEAO AT OAO ET O OEA AAOOI
create an electric current from these particles.Corkishalso describes the variety of cell models and
processes by which to make these devices. The three main types of solar collectors operate at low
(<110°F), medium- (140-180°F), and hightemperatures (>180°F)(Carlin, 2004). An important
form of comparison between instruments is their efficiency and their cost per Watt of output
(Corkish, 2004).

Photovoltaic (PV) Cells

Panels.

Photovoltaic (PV) cells generate electricity directly by converting sunlight absorbed from the sun
through an electronic process. Certain materials have been found to assist this process naturally,
such as silica, and are used in current technolod@ySolar Energy Industries Association," 2008)

One example of a solar panel is an Evergreen 195W model. We used this solar panel in our analysis

(a specification sheet can be found iAppendixP
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Inverters.

An inverter plays a key role in the installation of photovoltaic panels. The purpose of an inverter
is to convert the energy collected by the panels in a DC current into an AC current, which is ready
for use in the facility. The atio of inverters to panels depends on the capacity of the inverters, so

the number of necessary pieces of equipment varies from project to project.

The Grid.
It is extremely vital for a building in which is implementing solar power to be on the energy gii
The reason for this is so that if the system is producing more energy than what is needed for the
building, then the excess power can be sold back to the grid and the building can actually turn a
profit. However, a place likeNorth Coast Seafoods uses all of its solar energy and could even use a
hundred times moreto power its facility.
Solar Water Heaters
311 A0 xAOAO EAAOET ¢ AAOEAARAO AAOT OA OEA 00180 OAU
difference is that they do not convert the energy ird an electrical current. The energy absorbed is
used to heat the fluid inside pipes that run underneath the surface of the solar water heating unit.
4AEAOA AOA Oxi OUBAO T &£ OUOOAI O OEAO AAT AA EIi bl Ai
loop systems, the water to be heated flows directly through the solar collection unit. In closed loop
systems, an antifreeze solution is fed through the solar collection unit and then through the water
heater inside the house.The system that is better suited dr heating pools which was our main
focus, is the closed loopsystembecause it is not necessary to heat the water as much as the water

used for use inside the housé€'Solar Energy Industries Association," 2008)

Choosing Sites for Solar Water Heater Implementation.
When choosingsites to implement solar water heating units, there are some basic criteria that

need to be investigated. The first step is establishing the roof layband the structural layout of the
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water pipes within the facility. The nextstepis to establish what the facility is equipped with in
terms of heating equipment. The different types of installations will determine whether or not a
solar water heatingsystemis viable for the building. The last step is to investigate the heating

usage within the facility in order to establish how muctenergythe system could offset.

SOLAR REBATES

Solar Boston is implementing policies to promote its plan of lowering gen house gas emissions.
One such policy requires that all newly constructed municipal buildings meet a certain level of
standards with regards to energy efficiency in order to promote conservation of resources. There
will also be new regulations about wiere green housing will need to be implemented for new
construction projects within the city.

The goal of theSolar Bostonlnitiative is to make it solar-power cost competitive by 2015(DOE to
Provide up to $2.5 Million to Implement Solar Energy Technolog307). In an effort to reach this
goal, the Solar Boston program has offered a variety of rebates to consumers willing to implement
solar power, with the pricesof the panels and installation being the main drawback of solar energy.
Rather than filling out grant applications or getting an approval which can often take months or
even years, Bostonians who install a solar system will be able to receive miairebates covering
anywhere from half to two-thirds of the total cost of installation. In his article published in the
"TOO0TT "11TAAR 0 Aldoe€ 2007) isctfaBh@nedwidts afidiblisinesses could save
enough money to pay off their system within five to eight years. There are also a number of tax
incentives for consumers who install a solar power system. Some of these rebates and incentives
available are summarized irthe following section of this document.The City of Boston also
provides tips and recommendations for home owners as to how improve their energy efficiency as
well as information about different campaigns occurring to promote green technologf/City of

Boston: Solar Boston," 2008)
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MONEY MATTERS

Although solar technology requires a large initial contribution, there are many factors which
make it a mwch more attractive investment.
Upkeep and Maintenance

Photovoltaic (PV) panels are relatively easy to maintain and are typically able to perform well
and beyond their warranties of ten or even twenty years. Maintenance costs are relatively low at
approximately one percent of the total system coqt'Photovoltaics,” 2008). Since fixed solar panels
do not have any moving parts, the only maintenance necessary is general cleaninghefpanels
themselves("PA Solar: Maintenance and Durability," 2008)

Solar water heating systems rguire more attention for maintenance than PV panels. The
systems require periodic inspections and more routine maintenance to keep them running
efficiently. Solar water heating systems also have more components than PV panels, so often times
the componerts will need to be repaired or replaced over years of use. Most solar water heater
maintenance can be performed by the owner; however, some repairs could require a technician.
Much like PV panels, solar water heating systems also need to be cleaned fastdsoil, pollen, or
other debris as the collectors will perform poorly if covered in debris. A key component in the
maintenance of solar water heating systems is the plumbing. Pipes must be checked for cracks and
leaks, ducts must be tightly sealed, ahwiring properly insulated. All nuts and bolts must also be
checked periodically, and depending on the geographic location of the city, freeze protection is a
key component to maintaining a system over the years. Using antifreeze and draining the cadibes
and piping can help increase the life of solar water heating systenj&nergy, 2005).

Selling Back to the Grid
Selling back to the grid is another way to save monen solar technologies.Selling back to he
grid involves selling Renewable Energy Credits to the electric company. It is possible to make a

profit off of solar panels. Jeffrey Gangem{2006) describes in an article how Carl Baldino invested
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in solar power for his home in New Jersey in 2006. Baldino is able to collect enough solar energy
he needs to supply all of the electricity to his home while having some remaining vdhi he can
distribute elsewhere.
Renewable Energy Credits

Again as described by Jeffrey Gangelf@006), Carl Baldinois able to sel the remaining electricity
that is produced by his systenin the form of Renewable Energy Credits (RECs). These credits are
purchased by electric companies who can distribute the excess electricity throughout the grid.
Some electric companies are requad to use a certain amount of green energy and can purchase
RECs to meet these requirements. Since 2006, Baldino has received $3,000 from the emerging
market in RECs.
Long-term Payback

The longterm payback aspect of solar power is important and in the future will be even more
relevant according to Kevin DeMarraig2007). DeMarras writes that by 2009 there will be fewer
rebates offered and people will have to rely on the income received by the energy the sell.
Therefore, there will be a higher initial cost, but the long term benefitavill remain. Rebates for
homeowners and smadlbusinesses owners in Boston will be issued until 2012. The goal of the
rebate program is toprovide a financial model that shows the longerm payback benefits of solar
power. Due to increasing rates of renewable energy credits (RECs), the payback ree# is also
likely to increase. In 2007 they were worth approximately $200 and are expected to be worth $600
by next year. The increasing rate of RECs will be the new incentive to invest in solar power when

the rebates no longer exist.

POLICIES
Social Acceptance
There have been many dilemmagvolved in trying to encouragepeople to accept the new solar

technology. Many times, as Alexandra Mallett005) demonstrated in a study, if the general public

31



$/ .04 , %4 4( % GNSBOSTON $/ 7. CHAPTER TWO: BACKGROUND

does not understand how the item works or cannot see a demonstration of its abilities, they are not
willing to buy into the idea. Therefore, if the technology can prove itself in an actual situation to
have all the benefits it clams to have, the public will be more willing to try it.

Strong Mayoral City and Developing Policies

City governments with a strong mayoral figure are very popular in the United States. This form
of city government consists of an executive and legislatbranch. In this type of government, the
role of the mayor is a strong one. Thenayor has all administrative power and the authority to
appoint and dismiss department heads without natification to another branch. Thmayor also
oversees a personal couril. The benefit of having a strong mayoral figure is that thmayor has
much more freedom and can make decisions without having to involve the city council.

The mayor also dictates the importance of issues within the city and its department#.the
OAOCGAAOAEAOON EZ£ Ol EI bil OOAT Oh OEA OI PEA EO OO1 OEPA
governmental functions and will be promoted by both thanayor and other officials. This will
encourage different departments tdbecome involved The City of Boston has a strong mayoral
influence.

Project -Based Policies

Bradford Swing(2008) discusses the progression of projeebased policy development in Boston
in his recently published article. Swing argues that policy can be created through the successful
completion of projects. This has proven to be an effective development process in Boston. The
AEOUGB O ' OA Aleswef@ Eréafing Usiig pibjedibasAdipolicy. Green building is
considered to be a ripe issue in the city and sparked small projects within different city
departments. These projects serve as examples for larger, future projects. They identify the barriers
and have suggestions for similar projects. With all of the information these small projects provided,

public policy for green building was created Swing, 2008).
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The first public demonstration in this direction was with the construction ofthe George Robert
White Environmental Conservation Center in Mattapan. This facility, elnnded by the City of
Boston and the Massachusetts Audubon Society, is part of the Boston Nature Center and utilizes
multiple types of alternative energy to fuel theelectrical and heating demands. We visited the site
to learn more about the types of energy they use and to see the place that began the movement
towards green building within the City (more can be found imppendix B. Currently, the Center
utilizes geothermal energy, solar water heating, photovoltaic panels, as well as passive solar energy
through the placement and size of windows on the facility.

Project-based policy isamajor form of policy development by the City of Boston, as explored by
Brad Swing(2008). Our project is at the first stage of the development of solar projects in Boston.
We are providing the initial development work fora possible new policy on solar energy and
photovoltaic technology in Boston. As result we were able to experience projelsased policy first
hand.

Our Project and the City of Boston

Not only has our project been beneficial to our learning and problem sdhwg skills, but it has also
made an important impact on the City of Boston and its steps towards installing solar energy.
Working under the coordinator of the Solar Boston program, we were able to directly experience
the daily developments the City was midng. The findings from our project will not be used
immediately, but will be utilized when the time comes to begin installing equipment. Our analysis
will be available to supply facility information, personnel to contact, and quantitative numbers that
can be used to calculate how much money the City will need for this projedh the future, this
project will play a role in the development of future policies in the City for the use of solar and

alternative energy technologies.
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CHAPTER THREE: METHODOLOGY

FINDING SITES FOR IMPLEMENTATION

A major part of our project involved finding sites for the implementation of solar technology.

This required organizing large amounts of data provided by the City.
Geographic Information System (GIS)

GIS was directly applied to our project. Although we did not use the software itself, we analyzed
the data the software produced. The City of Boston Environmenepartment used GIS to organize
data from each Cityowned building. The data included building size, address, and energy usage per
year. Wecross-referencedthis data in order to determine which roofs would be best for a solar
analysis.

Determining Rooftops to Assess

Our liaison, Wilson Rickersonprovided us with many different Microsoft Excel sheets containing
the GIS information summarized above. We organized the GIS information into one Excel sheet by
relating them to common facilities. Tlerefore, all of the information for each building could be
found in one central document. That Excel sheet allowed us to sort and manage all of the
information easily. We determined the largest roofs and which buildings use the most energy. We
integrated these lists and picked ten top candidates for solar panel installation after determining if
the roof looked relatively flat and unobstructed ly surrounding buildings or trees using an aerial
photograph of the building from MSN Live Maps We also deterrmed an additional fifteen
candidates for solar water heating installation from this information We started byresearching
buildings that had a heated pool or had large water heating demands due to showers or forced
steam heating systems. The list of caidates for solar water heating was submitted for review to
the Boston Environment Department for use in the futureThe list was also submitted to the City

for a $50,000 grant for researching these sites further.
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COLLECTING ROOF INFORMATION

Field researd was a major part of our project in Boston. We used various data acquisition tools
that enabled us to determine the best possible roof locations to implement solar power, as
discussed in the sections below.
Roof Data Collection

Once we had identified thGAEOUS8 O OT B OAT AAT AEAAOAO A& O PET O1 Ol
our data collection with the help of John J. Sinagra, the building systems manager. He provided us
xEOE A 1EOO 1T £ AEOU AADPAOOI AT OO Al AefaithEO AAAEI]I EO
managers granted us permission to access the roofs. While on the roof, we completed a shading
analysis and recorded the roofing material, the size of the roof, and the various structures located
on the roof top, including air conditioning unitsand covered stairwells. We measured the square
footage of the roofs using a three hundred foot tape measure in order to get an accurate value for
our records.

The Boston Environment Department provided our team with a Solar PathfinddiseeFigure 2 )
in order to perform a shading analysis on each roof (A complete description of the Solar Pathfinder
can be found inAppendix D). This device contains a chart covered with a dome that reflects the
shadows in the surrounding area down onto the chart as seén Figure 1below. The Pathfinder
told us how much sunlight was reaching the roof and where shadows were occurring due to
obstructions. We mounted the device on a tripod, leveled it, lined the compass up with the
magnetic poles, and adjusted the chart aording to magnetic declination("Solar Pathfinder,"

2008).
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("Solar Pathfinder," 2008)

Figure 2: Solar Pathfinder

Using the Solar Pathfinder, it was necessary to collect data only once throughout an entire year at
only one point in the day. Therefore we only had to go to each roof once in order to collect a full

array of data in order to perform our analysis("Solar Pathfinder," 2008).
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Figure 34, 4AEEI C A 2AAAETI C xEOE OEA 3i1 A0 O0AOEAET AAO i1

Solar Usage Research

In order to better understand the impact of solar power in Boston, we gathered data from one
facility that has already implemented the technology. We istviewed the Facility Manager at North
Coast Seafoods in the Marine Industrial Park located in South Boston. We noticedahl | BAT U8 O
solar panels See Figuret) when we were completing an analysis on top of another building in the
Marine Industrial Park. Since the building is within the vicinity of other facilities that we
considered, the analysis of their energy production enabled us to determine the impact the
installation had on their energy supply.

First, we inquired about how they have implemented solar power and whether it is through solar
panels, a solar water heating system, or another form of solar technology. We also asked about the
effects of this installation by requesting a history of theielectricity bill. We inquired about the cost
of implementation, reasons for choosing solar power, and any additional information that they
would be willing to disclose about their recent upgrades and steps they are taking towards

sustainable development.Using the data from the past year, we were able to analyze their
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electricity efficiency and gain a greater understanding of the benefits associated with going solar. A

summary of the interview can be found imPAppendix C.

Also, we conducted interviews with the nine managers of the ten different department buildings
selected by the City for site surveys. During the interviews, we asked for general information
needed for our study. Some questions included: What is the squdoetage of the building? How
many floors are there? How much energy is used, ildwatts, during an average monthHas the
company or building manager considered implementing solar power or another alternative energy
source? These types of questiondsa helped us to obtain demographic data for our study so that
we were able compare and contrast findings in different establishments. Wequestedstructural
plans and the energy usage per month for each of the facilities. This helped us to develop our
economic analysis for each siteThose documents will help the City perform a full analysis in the

future.
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PERFORMING AN ANALYSIS

After data from the Solar Pathfinder had been collected from the rooftops, we uploaded the
photographs into the Solar Pathfiler Assistant software (A complete description of the Solar
Pathfinder Assistant software can be found iAppendix E). The software analyzed the shadows
traced in each picture to determine the percent of the site that was unshaded during the year. This
information helped in calculating the annual net capacity factor for each site. The annual net
capacity factor is the relationship between theideal and actualamount of energy generated each
year (United States Nuclear Regulatory Commission, 2007)

We used this information inan economic modelcalled the Massachusetts Technology
Collaborative rebate estimator("Massachusetts Technology Collaborative: Commonwealth Solar,"
2008). Therebate estimator predicted the cost of the project, the estimated savings fronsimg
photovoltaic technologies, as well as the total rebate that could be collected for each site
("Massachusetts Technology Collaborative: Commonweal®olar," 2008). These calculations told
us how well solar energy could be utilized at each location.

RETScreen is another program that is available, but we did notabse to use it. It can be used by
the City to perform an in depth analysis of solawater heaters in the future. RETScreen calculated
the economic and technical performance of solar panels and solar water heaters before being

installed at each sitg(please seeAppendixG for more information on RETScreen) It provided

estimates regardinglife-cycle costs, emission reductions, risks, and energy producti¢g@ETC
Varennes, 2007)

We combined data from interviews with site analysis in order to make recommendations
regarding surveyed sites. Once we prepared our final recommendations, we provided our contacts
with our recommendations as to what actions should be taken and when they would possibly find a

return on their investment. This occurred in a followup phone call once we had analyzed the data.
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The objectives outlined above provided us with a complete analysis as to whether
implementation of solar technology is feasible in Boston. The completion of this analysis resulted
in a thorough investigation of the social and economical impact of this renewable energy source

Calculation and Analysis Tools

Net Capacity Factar

The net capacity factor determines the ratio of actual power produced at a site as compared to
the amount of energy that could potentially be produced at full sun for a duration of time. The
equation for this calculation can be found irAppendixJ Wheninvestigating net capacity factors for
different areas in the country, Massachusetts has an average net capacity factor of approximately
twelve or thirteen percent, while in Arizona the average is approximately nineteen percent
(Laumer, 2008). The comparale net capacity factors demonstrate that although Massachusetts
would not be as efficient in terms of energy production, the differences in climate do not have an

overly dramatic impact on the net capacity factor.

Simple Payback.

The Simple Payback caldation determines how long it will take for a facility to make back all of
the money they initially spent on their installation. This figure determines whether the investment
is worth making. The smaller the simple payback is, the better the investmethh. regards to solar
panels, if a simple payback is more than twentfive years, it is not considered a good investment.

The equation for this calculation can be found idppendix J

Net Present Value.
The net present value of a solar project explains homuch a project is currently worth. This
includes the initial costs for the project as well as the current amount of money saved from

electricity production. The equation for this calculation can be found idppendix J.
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CHALLENGES AND DIFFICULTIES FACED

The early stages of our project were filled with difficulties, due téhe organization within the City
and communicationbarriers. Our initial steps required us to organize dozens of excel files, each of
which contained information about each city owned hilding throughout Boston. These files were
organized but not in a way that was useful to ug.he key components of our project required us to
find not only the largest roofs in the city, but also the biggest energy user$he first difficulty we
encountered was determining which building belonged to whichCity department.

Gathering energy data became an unexpected difficulty at the startaifir project. John Sinagra
played a key role in helping us create our contact list by providing us with names andmbers of
property managers for many of the buildings on our listHis efforts were extremely helpful to
jumpstart our project.

Contacting the facility managers was another small obstacle we faced during our project.
Many of the managers were extremely busy ange were fortunate that they took time out of their
schedules to meet with us.

Initially we thought we would have trouble getting permission to access the raops. We were
pleased to findthat the property managers had a real interest in our project and were glad to allow
us to perform an analysis of their site.

Once we contacted the property managers, we organized a time and date for a site visit and
analysis. Some of the buildings were more than an hour asty. There were a few days when one
site visit would occupy an entire day of work.Although we were able to split up and go on visits as
groups of two rather than as a group, a large amount of our time was spent travelling to and from
sites.

One aspect bour project that was less difficult than we expected was using the Solar Pathfinder.
The device simply required setting up a four leg stand, leveling the dome on the pathfinder, and

making sure it was facing the SouthAfter the device was set up, we tk a picture of the dome
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using a standard digital camera, and easily uploaded them onto the computer, where we performed
our analysis.

The largest obstacle we came across wasunderstanding all of the models and computer
software that we used to perfom an analysis with the Solar Pathfinder Along with the provided
Solar Pathfinder Assistant software, we learned to use the RETScreeraingial model, a MTC
Shading Calulator, and a MTC Rebate estimatoiOur group had no experience with any of these
tools. We were fortunate to have the assistance of our liaisonaho were able to help us
understand the inputs and variables that needed to be taken into account when dealing with
rebates and investments.Although at first it was extremely confusing to albf us, the knowledge we
gained will surely help us in our future endeavors.

Although we encountered many difficulties and set backs, we wesble to use our time

management and organization skills to complete our project on time and to the best of our abilities.
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CHAPTER FOUR: FINDINGS AND ANALYSIS

MOST ATTRACTIVE ROOFTOPS FOR ANALYSIS

When considering solar technologies, it is necessary to $ir assess the site location to determine
if the solar technologyis a viable option for energy production.
Photovoltaic Panels

The City of Boston supplied us with data regarding city owned properties. The data included
building size, address, energy usagand department. We compiled all dhe data into a large
Microsoft Excel sheet which categorized the largest buildings by their city department§Ve then
saw which buildings had the largest roofs as well as a large electrical load. Fronat Excel file, we
chose ten buildings to implement photovoltaic systems. We decided to include buildings from
many different city departments in our top ten list because we felt each department should
recognize the importance of alternative energies such awlar panels. The successful completion of
the first photovoltaic projects will encourage the departments to install solar panels on more
buildings within their department.

After assessing all of this information, we selected the following buildingsBrighton High School
(Boston Public Schools), Central Maintenance Facility (Boston Public Works), Curley Community
Center (Boston Center for Youth and Families (BCYF)), Tobin Community Center (BCYF), Engine 41
Station (Boston Fire Department), Franklin Pat Administration Building (Boston Parks and
Recreation), Maintenance Shops (Boston Transportation Department), West Roxbury Library
(Boston Public Libraries), Office Building at 1010 Massachusetts Avenue (Property Management
and Construction), Strand Theatr (Other). We also chose an eleventh building in case we were
unable to gain access to any of the previous teiThat facility was the Finland Lab Office Building
which is part of the Boston Public Health Commission. A complete profile of each facilitythis list

can be found inAppendix K.
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Solar Water Heating Units

Our analysis was primarily focused on photovoltaic installations, but we also chose fifteen city
owned sites to implement solar water heaters to help the City of Boston apply for a $50,000 grant.
With the GIS data we discusskeatrlier, we selected fifteen rooftops for possible solar water heating
applications byorganizingthe buildings by heating loads. Buildings that house heated pools or
showers have a large demand for hot water heating and could benefit from solar wateeders.

The facilities we selectedlisted with their department include: Draper Pool (Boston Center for

Youth and Families (BCYF)), Flaherty Pool (BCYF), Mason Pool (BCYF), Curtis Hall Community
Center (BCYF), Roslindale Community Center (BCYF), Shellu@ommunity Center (BCYF), Paris
Street Community Center (BCYF), Paris Street Pool (BCYF), Animal Shelter (Boston Animal Control),
Brighton High School (Boston Public Schools), Mildred Avenue Middle School (Boston Public
Schools), Curley Community CentelBCYF), Police Headquarters (Boston Police Department),

Engine 39 Station (Boston Fire Department), Engine 9 Station (Boston Fire Department). More
details on the fifteen selected sites can be found #yppendix M.

In order to understand more aboutsolar water heating, we met with EliaKleiman, a consultant
from Synepex Energy, on April 3, 2008 to discuss solar hot water heaters. Elia explained the simple
technology behind solar water heaters. They are made up of layers of folded pipes that sit under a
large flat black surface. The surface is painted with a special glazing that absorbs heat from the sun.
The pipes that run underneath this surface are heated as result and provide hot water.

A more extensive analysis can be done of eaoh the fifteen buildings we chose, but thdime
constraints of our project did not allow us todo sa Iffurther analysis is done regarding solar water
heaters, Elia recommended gathering data on the roof layout and the heating equipment. He
explained that the gas or edctric bill for a facility includes all of the heating that the facility uses, not

EOOO OEA Ei 06 xAOAO EAAOQEI C8 (A OO0CCAOOAA AEOEAO
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percent of the average bill to determine the demand for hot water in a€ility. Finally, Elia
recommended usingRET@reenor Tsol to perform a complete financial analysis.

Since we were not doing a complete analysis, Elia provided us with some rough estimates
about the cost of solar hot water heaters. He said thatelpanels themselves can range from $3,000
to $4,000. Rebates are offered yeyspanfor $8 per therm saved. Hestimated thatcommercially

sized solar water heating projects can expect a natural paybackfifteen to twenty-five years.

SOLAR PATHFINDER SITE ANALYSKND REBATE INFORMATIONFOR PHOTOVOLTAICS

For each site, the Solar Pathfinder Assistant software calculated the percentage of the rooftop
area that was unshaded based on the tracing that was done. We estimated that approxietatorty
percent of each rooftop would be available to install solar panels. This estimate was a rough
generalization that we made to account for any structures that could be on the rooftop, such as air
conditioning units and stairways. Therefore, we daulated the size of the potential system in terms
of square footage and in kilowatts.We put all of this data into an organized Microsoft Excel
spreadsheet which can be found il\ppendix Q We also contacted NStar to find out if the facility
was conneckd to the electrical grid or not, allowing us to determine if there was an incentive for
the facility to sell excess electricity back to the electric companyie did not receive a response
during our project; however the City of Boston should expect to meive one soonTable 2below
showsa summary of our findings for each of the ten selected city owned building®lease note that
there are empty cells in our tables because we did not have enough time to gather all of the
information we had hoped for. The missing information did not allow us to complete a full analysis
on each site.We have left these empty cells so the City can fill them in when they decide to

complete a more in depth analysis.
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Table 2: Summary of Findings

Array Size Array Size Net Present Simple Installation
Building (# Panels) (Watts, DC) Value Payback Cost Rebate
Brighton High School 500 15572 ($2,310.00) Year 14 $62,288 $46,718
Central Maintenance 1,000 31,954 ($2,803) Year 14 $101,078 | $122,601
Curley Community Center 1,000 35,916 $18,690 Year 13 $107,748 | $135,477
Tobin Community Center 579 10,448 ($3,207) Year 18 $115,935( $376,013
Engine 41 Station 170 5,300 ($3,587) Year 19 $15,900 $21,200
Franklin Park Admin Bldg 1,000 2,633 ($5,346) Year >25 $7,899 $10,532
West Roxbury Library 308] 2,670 ($6,205 Year 19 $26,280 $35,040
1010 Mass Ave Offices 810 27,478 ($13,901) Year 1§ $84,293 | $108,054
Strand Theater 401 14,364 $4,875 Year 13 $43,092 $57,456
Maintenance Shops/Garage 696 21,050 ($3,829) Year 17 $63,150 $84,200
TOTAL INSTALLATION SIZE: 6,464 167,385 TOTAL: $627,663 | $997,291

When we analyzed the data, we assumed that no loans would be taken out to fund the cost of the

system. This is because the City has some funds available from the Solar America Initiative and

Solar Boston program in order to fund somerojects. If loans were taken out, the number could

AAOEI U AA EI DbOOOAA ETOI OEA i1 AAIT O xAGOA DPOT OEAAA

According to our findings, the total cost of all of these installations would amount to be a

$627,663 project while the rebate receivedvould be almost $1 million. The total size of the various

EEIT xAOO AOOAU O1 bC

installations would combine to be a one hundred sixaO A O A1

solar program.
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PHOTOVOLTAIC SITE PROFILES

Brighton High School (Boston Public Schools)

Figure 5: Brighton High School Aerial View

Table 3: Brighton High School PV Data

Area of Rooftop: 216213 sq ft
Percent Unshaded: 96.15%
Obstructions?: Skylights
Suited for SWH?: Yes

Electrical Load:
Heating Load:

Potential Size of System: 500 panels
Potential Output of System: 31,145 W
Possible Rebate: $46,718

Cost of System After Rebate: $62,288

On Grid?:

We found that Brighton High School ismexcellentcandidate for solar panel installations as well
as hot water heater installations. The school has a large flat rooftop which had little obstruction.
We analyzed the main roof of the school but noticed additional roof space surrounding the building.
Theseroofs could also be used for a solar panel installation because thase large and flat. The
only obstructions on themain roof were skylights and small roof vents. We found that these would
not interfere with a solar panel installation. The schoolhasshowers in their locker rooms which
require a large amount of hot water.Brighton High would therefore be a good candidate for solar
water heating. The financial analysisndicated that it would be economically favorable to install

solar panels and solawater heaters on Brighton High SchoolAnother added benefit to this
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installation is that the roof is due to be replaced in the near future. Therefore, the installation of the

panels could coincide with the installation of the new roof.
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Central Mainten ance Facility (Boston Public Works)

Figure 6: Central Maintenance Facility Aerial View

Table 4: Central Maintenance Facility PV Data

Area of Rooftop: 82599.5
Percent Unshaded: 98.77%
Obstructions?: Vents and Pipes
Suited for SWH?: No

Electrical Load:
Heating Load:

Potential Size of System: 1000 panels
Potential Output of System: 31,954 W
Possible Rebate: $122,601

Cost of System After Rebate: $101,078

On Grid?:

The Central Maintenance Facility proved tbe an excellentcandidate for solar panel installations.
The rooftop was large and flat and had few surrounding obstructions. There were small vents on
the roof as well as pipe arrangements. We determined that these would not interfere with a solar
panel installation. We did not find this site to be suitable for solar water heaters because it did not
have a large hot water heating load. The financighybackproved to be reasonable with a period of

only fourteen years. We recommend installingpne thousandpanels on this roof.
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Curley Community Center (Boston Center for Youth and Families)

Figure 7: Curley Community Center Aerial View

Table 5: Curley Community Center PV Data

Area of Rooftop: 73035
Percent Unshaded: 99.03%
Obstructions?: Heating/AV Units
Suited for SWH?: Yes

Electrical Load:
Heating Load:

Potential Size of System: 1,000 panels
Potential Output of System: 35,916 W
Possible Rebate: $135,477

Cost of System After Rebate: $107,748

On Grid?:

Culey Community Center is one of the best sites for solar water heating and solar panel
installations. The roof has a large area and is flat. It also is virtually unobstructed. Since Curley
houses a pool and showers, we recommend installing solar water hegs in addition to solar
panels. We found that the financial analysimdicated that solar water heaters and solar panels are
a feasible investment for the Community CenteMe recommend installingone thousandsolar
panels on this facility. Another added benefit to this installation is that the roof is due to be
replaced in the near future. Therefore, the installation of the panels could coincide with the

installation of the new roof.
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Tobin Community Center (Boston Center for Youth and Families)

Figure 8: Tobin Community Center Aerial View

Table 6: Tobin Community Center PV Data

Area of Rooftop: 23,247 sq ft
Percent Unshaded: 95.19%
Obstructions?: No

Suited for SWH?: Yes

Electrical Load:
Heating Load:

Potential Size of System: 579 panels
Potential Output of System: 18,045 W
Possible Rebate: $376,013

Cost of System After Rebate: $115,935

On Grid?:

We recommend installingfive hundred seventynine panels on the Tobin Community Center.
The building has a large flat roof and has very little surrounding obstructions. There are HVAC
systems that take up a small portion of the roof. However, there is still a large amount of space to
install panels. We found that this facilitycould benefit from solar water heaters because it houses a

pool and showers.

51



$/.064 , %4 4(% 35. '/ $/ 7. | . CHAPBERFOUR: FINDINGS AND ANALYSIS

Engine 41 Station (Boston Fire Department)

Figure 9: Engine 41 Station Aerial View

Table 7: Engine 41 PV Data

Area of Rooftop: 6,852 sq ft
Percent Unshaded: 96.17%
Obstructions?: No

Suited for SWH?: Yes

Electrical Load:
Heating Load:

Potential Size of System: 170 panels
Potential Output of System: 5,300 W
Possible Rebate: $21,200
Cost of System After Rebate: $15,900
On Grid?:

Although Engine 41 is a small site, it is still suitable for solar panel and solar water heating
panels. The roof was flat and had very little obstruction. We found that the facility could benefit
from having a small solar water heating installation becaussit has showers for the orduty fire
fighters. We recommend that this facility instalbne hundred seventysolar panels to provide a
portion of their electricity load. This analysisindicatesthat evena facility with asmaller roof can

benefit from solar technology.
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Franklin Park Administration Building (Boston Parks and Recreation)

Figure 10: Franklin Park Admin istration Building Aerial View

Table 8: Franklin Park Admin istration Building PV Data

Area of Rooftop: 43,514sq ft
Percent Unshaded: 78.21%
Obstructions?: Yes

Suited for SWH?: No

Electrical Load:
Heating Load:

Potential Size of System: 1000 panels
Potential Output of System: 2,633W
Possible Rebate: $10,532
Cost of System After Rebate: $7,899
On Grid?:

The Franklin Park Administration Building was the only building we analyzed that was not
suitable for solar panel installations. The facility was surrounded by many trees and other
obstructions that would block the sun. Also the fatity was located near a large hill which would
easily allow trespassers and animals to damage the panels. If Franklin Park Administration Building
invested in solar panels, the life of the panels would be over before the facility made its investment
backbecause of the poor return on investmentWe do not recommend installing solar panels on

this building.
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Maintenance Shops (Boston Transportation Department)

Figure 11: Maintenance Shops Aerial View

Table 9: Maintenance Shops PV Data

Area of Rooftop: sq ft
Percent Unshaded: 91.00%
Obstructions?: No

Suited for SWH?: No

Electrical Load:
Heating Load:

Potential Size of System: 696 panels
Potential Output of System: 21,050 W
Possible Rebate: $84,200
Cost of System After Rebate: $63,150
On Grid?:

The Maintenance Shops building is suitable for a solar panel installation sik hundred ninety-six
panels. We did not choose this building for solar water heating installations because it does not
have a large hot water heating loadThe building has a few levels of large flat roof which would be

suitable for solar panels.There are very little obstructions surrounding the roof.
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West Roxbury Library (Boston Public Libraries)

Figure 12: West Roxbury Library Aerial View

Table 10: West Roxbury Library PV Data

Area of Rooftop: 12,357 sq ft
Percent Unshaded: 86 %
Obstructions?: No

Suited for SWH?: No

Electrical Load:
Heating Load:

Potential Size of System: 308 panels
Potential Output of System (DC): 8760 W
Cost of System: $26,280
Possible Rebate: $35,040
On Grid?:

We found that the West Roxbury Library is suitable for the installation of solar panels, although it
is not oneof our top candidates. We did not consider solar water heating for this building because
it does not have a large water heating load. The roof is flat with only few small equipment
obstructions. However, there are some trees and other buildings thatcbuA T AOOOOAO OEA
at various points throughout the day and year. Our financial analysis indicated that solar panels

are a viable option for this site. We recommend installing three hundred eight solar panels on this

facility. The roof will somn be replaced and has the potential to coincide with panel installation.
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Office Building at 1010 Massachusetts Avenue (Property Management and Construction)

Figure 13: 1010 Mass Ave Aerial View

Table 11: 1010 Mass Ave PV Data

Area of Rooftop: 32500 sq ft
Percent Unshaded: 91.69%
Obstructions?: HVAC
Suited for SWH?: No

Electrical Load:
Heating Load:

Potential Size of System: 810 panels
Potential Output of System: 27,478 W
Possible Rebate: $108,054
Cost of System After Rebate: $84,293
On Grid?:

The office building at1010 Mass Ave has two large roof areaBigure 13 shows the large rooftop
covered in gravel as well as the lower black rubber roof. We chose to complete our analysis on the
lower roof because it did not have as many obstructions on theper roof. We recommend that
eight hundred tensolar panels are installed on the lower roof at the cost of $84,293. We do not
recommend installing solar water heating panels at this site because the ifiing does not have a

large hot water heating load.
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Strand Theater

Figure 14: Strand Theater Aerial View

Table 12: Strand Theater PV Data

Area of Rooftop: 16085 sq ft
Percent Unshaded: 98.73%
Obstructions?: HVAC System
Suited for SWH?: No

Electrical Load:
Heating Load:

Potential Size of System: 401 panels
Potential Output of System: 14,364 W
Possible Rebate: $57,456
Cost of System After Rebate: $43,092
On Grid?:

The Strand Theater is currently un@rgoing many renovations. We feel that this site would
benefit from a solar panel installation soon so it can be incorporated into their current construction.
The site had a large flat roof area that had virtually no obstructions. We recommend installin@%
panels on this roof. We do not recommend installing solar water heaters for this site because they

do not have a large hot water heating load.
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ECONOMIC VARIATIONS

We examined the effects of changing variables in order to complete a full analysis. Wese a

small, medium, and large building to create an alternative analysis for. These buildings are Engine

41, Tobin Community Center, and Brighton High School respectivelOur original results are

summarizedin Table 13below for comparison to variationsin our analysis locatedin the following

sections.
Table 13: Full Size Array Analysis

Array Size | Array Size |Net Present | Simple |[Installation
Building (# Panels) | (Watts, DC) Value Payback Cost Rebate
Engine 41 Station 170 5,300 ($3,587) Year 19 | $15,900 $21,200
Tobin Community Center 579 10,448 ($3,207) Year 18 | $115,935 |$376,013
Brighton High School 1,000 31,145 ($4,961) Year 17 | $98,044 |$119,971

Reduced Array Size

We reduced the number of panels to half the original amount faach of these buildingsFinally,

we conducted a Solar Pathfinder and MTC analysis. Our results are summarized able 14 below.

Table 14: Reduced Number of Panels Alternative

Array Size | Array Size |Net Present | Simple |Installation
Building (# Panels) [ (Watts, DC) Value Payback Cost Rebate
Engine 41 Station 85 225| ($4,239.00)|Year +25 $675 $900
Tobin Community Center 290 2612| ($4,003.00)|Year 25 $7,836 | $10,448
Brighton High School 500 15572| ($2,310.00)|Year 14 $62,288 | $46,718

We noticed thatthe Engine 41Station, whichis a small site would not benefit from reducing its

number of panels. This installation would not be able to pay for itself within the lifespan of the

panels. The Tobin Community Center also would not benefit from a reduction oapels because it

would cause the simple payback to be increased lsgvenyears. We found that Brighton High

School would benefit from reducing the number of panels by half because they would see a larger

net present value and also reduce their simple paylo& bythree years. Therefore, we changed our
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recommendation to include an installation of onlyfive hundred panels at Brighton High School and

left the other two buildings

the same.

Increased System Cost per Watt

Another alternative analysis included chaning the system cost per Watt. Our original analysis

included a system cost per Watt of $7. We changed this variable to $10 per Watt for three different

sites. We noticed that with a small increase of $3 per Watt the net present value and simple pay

back were dramatically decreased. The installation cost and the possible rebate were also increase.

The feasibility of solar panelgelies heavily on the system cost per Watt. We have included a

summary of our financial calculations for the three buildings we chee inTable 15.

Table 15: Varied System Cost for $10/Watt

Array Size | Array Size |[Net Present | Simple |Installation
Building (# Panels) | (Watts, DC) Value Payback Cost Rebate
Engine 41 Station 85 225 (56,571)|Year +25 $180,450 [ $72,180
Tobin Community Center 290 2612 (4,003)|Year 25 $7,836 | $10,448
Brighton High School 500 15572 (98,296)| Year 25 $311,450 | $119,971

Alternate Rebate per Kilowatt

For each installation, we were interested in seeing how much the rebate from the Massachusetts
Technology Collaboréive would need to offer in order for the project to have a net present value of
or slightly greater than $0. This way, it is possible to see the additional funds that would be

necessary to make every project have a positive net present value.
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Table 16: Alternate Rebate per Kilowatt

Rebate Offered by MTC Altered Rebate Difference
Additional/

SITE Rebate/kW | Total Rebate | Rebate/kW [ Total Rebate | Rebate/kW | Saved Funds
Franklin Park $4.000 $10,532 $6.031 $15,880 $2.031 $5,348
Central Maint. $3.837] $122,601 $3.925 $125,419 $0.088] $2,818
Strand Theatre $4.000| $57,456 $3.661 $52,587 ($0.339) ($4,869)
Tobin Comm Centelf $4.000 $41,792 $4.307 $45,000 $0.307 $3,208
112 Southhampton $4.000 $84,200 $4.182 $88,031 $0.182 $3,831
1010 Mass Ave $3.932 $108,054 $4.439 $121,975 $0.507 $13,921
Brighton High $3.852 $119,971 $4.012 $124,954 $0.160 $4,983
Curley Comm Cente $3.772 $135,477 $3.480] $124,988 ($0.292) ($10,489)
Fire Engine 41 $4.000 $21,200 $4.667 $24,788 $0.667 $3,588
West Roxbury $4.000 $35,040 $4.710 $41,260 $0.710 $6,220

Total Funds

Necessary: $28,559

According to our analysis, an additional $28,559 would be necessary in order to make every

project have a positive net present value.

BOSTONCITYHALL SITE ANALYSIS
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was suitable for a solar panel installation. During our roof analysis we noticed many shadows in
the solar pathfinder and believed this would not be a good site f®olar panels.Figure 15 shows the
solar pathfinder image and the numerous obstructions.

After inputting the data in the Solar Pathfinder Assistant Software, we found that the site was
seventy-nine percent unshaded. The sun would only be blocked a srpbrtion of each day
meaning that this site would be suitable for solar panels if based only on the Solar Pathfinder
analysis. We also had to take into consideration the roof layouthe shape oft E O U rgoffop is 6 O
not suited for panels because its not flat and has several levels and a large hole in the middle to
allow for the courtyard below. An aerial view of the City Hall rooftopand a tracing of the
surrounding obstructions can be seen below irFigure 15.

Although the Solar Pathfinderindicated that City Hall would be a good location for solar panels,
our analysisindicated otherwise. We decided that City Hall would not be suitable for solar panels

due to its rooftop layout.
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PR <
Report generated by SolarPathfinder Assistant Version 3.0.7.0. hittp //\www sclarpathfinder.com
Page: 34

ADDITIONAL TASKS AND EXPLORATIONS

Although our ultimate goal was to choose ten potential sites for solar panel installation, within
the first week of our project the City of Boston required a document containing the five best
locations in City as potential solar water heating sites for arpposal of a $50,000 grant. The City
requested the $50,000 for technical assistance from the Massachusetts Division of Energy
Resources to conduct a full technical and economic feasibility study on solar water heating
installation at each location. Thei¥e buildings selected were Draper Pool, Flaherty Pool, Mason
Pool, Curtis Hall Community Center, and Roslindale Community Center. These buildings were
selected for a further analysis, and also contributed to our eventual list of our fifteen sites. Withe
help of our liaisons, we drafted a proposal with a picture of each location, along with its address and
heating usage to create a general profile for each site. A few weeks after submission, we were
informed that the Mass Division of Energy Resourcaganted the City of Boston Solar Boston
program the $50,000 requested.

As part of the Solar America Initiative, Boston is one of the thirteen cities selected to receive
funds for work on implementing solar technology, apreviously mentioned. As far as @nning
goes, Boston has been recognized as the city that has created the best strategy for organizing the
distribution of these funds in the future. A presentation was made to the Mayor and the City of

Boston by the Secretary of Energy and a United Stat®snator at Fenway Park for the great
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Boston, we were also invited to attend the eventWe were fortunate to witness project based

policy first hand.

THIRD PARTY INVESTORS

During our project, weattended a conference call regarding Power Purchase Agreements (PPAS).
A PPA is a financial agreement between two investors. For solar power, a PPA is an agreement
between a host site and a third party investor. Tiough a PPA, third parties have the opportunity to
ET OAOO ET OI1 A0 PATAT O 1TTAAGAA 11 OTTATTA Al OAGO
i AET OAETh AT A Tx1 OEA Al OEOA OUOOAI AOAT OET OCE E
agreement is that the host sites can purchase the power from the third party investors. The host
site also has the opportunity to purchase the solar energy from the third party for a period of ten to
twenty years and eventually have the opportunity to puchase the rights to the entire solar panel
system.

Since all of the buildings we have considered for solar panel installations in Boston are owned by
the City, they are ineligible for tax credits and MTC rebates. Without these rebates, a solar
installation might be too expensive. Third party investors are able to take advantage of these
rebates and could install the panels for much less than the City. A PPA would allow the third party
investors to install panels on City owned rooftops at no cost. Tty would then be able to

purchase the green power which would count towards its Solar Boston goal$herefore, we

recommend that the City participates in a PPA when installing solar technology.

THE MEANING OF OUR WORK TO THE CITY OF BOSTON
There are manydifferent departments in the City that are working independently of one another
to keep the City running. One problem we recognized is that there is a lack of communication

amongthese departments. Before we began our project, the lines of communicatitrat we used
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to obtain information about each of the buildings had not yet been created. During this project, we
went to many different sources in various departments in order to piece together all of the
necessary information for each facility. We alsbad to do this in order to gain access to the
rooftops.

Werecommendthat a solid contact structure would allow the Solar Boston project to rapidly
advance. Communication is very important in this field because there are so many different parties
involved. In the future when the City installs solar panels, each facility contact will already be

familiar with the project so that the installation will be expedited.

ACCOMPLISHMENTS

The team set a list of goals to accomplish during our time in Boston. Ourimgoal was to solve
the problem of finding the best possible sites to implement photovoltaic panels and solar water
heating units in the City of Boston by analyzing roof size, energy usage, and solar irradiation data.
Our initial goal was to identify thelargest roofs owned by the City. After consideration, we revised
our list to include the largest rooftops from different departments within the City.

We initially anticipated having to find ten sites for photovoltaic implementation. Due to
unforeseen crcumstances, we also identified fifteen sites best suited for solar water heating units.
We selected these facilities based on large heating loads. We did not visit these sites, but created
preliminary profiles for future investigations.

For our final ten sites for photovoltaic arrays, we visited each site and performed a solar shading
analysis on each rooftop using the Solar Pathfinder provided by the City. We also requested energy
data and structural data, where necessary from each building manager.eWerformed an economic
analysis for each site using tools provided by the Massachusetts Technology Collaborative in order
to estimate the benefits each building would receive from implementing solar power. RETScreen
International was also used for the fer sites that would also possibly benefit from the installation of

solar water heaters.
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For the majority of the sites, we have not received the electrical and structural data from the
facility managers. Although this is the case, we have made contadth each of the managers so

that they are aware of the project and our contacts at City Hall.
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENIDNS

CONCLUSIONS

While most of resistance to solar power is based around financial concerns, weather becomes an
issue when considering implementation in areas of the country with climates of lower solar
irradiance. However, we found thatsolar energyis a suitable option for alternative energy in the
New England region. Webservedthe benefits of a solar installation at both the George Robert
White Environmental Conservation Center and at North Coast Seafoduisth located in Boston
Although the arrayinstalled at North Coast Seafoods did not sufficiently cover their entire electrical
demand, it still covers a portion and the company will expect a payback on their investment in five
years. We think that other facilities such as supermarketghroughout the City would also be able
to benefit from using alternative energy sources as wellSupermarkets would be an ideal location
due to their high refrigeration demands and freezer loads on their electrical needs, as is the case
with North Coast Seafoods.

Our analysis of the ten selected sites included the amount of solar irradiance each rooftop will
receive throughout the entire year. This data influenced our decision as to whether or not solar
technology would be economically feasible to the CitywWe found that nine out of our ten selected
buildings were good candidates for solar panel installations. We decided to omit ti&anklin Park
Administration building because we found that the locatiorof the siteand the rooftop were not
adequate for a solar pael installation.

The investment outcome is dependent on the size of the system and the shading analysis that we
completed. Table 17 summarizes our financial findings for each of the ten buildingsin order to
perform our calculations, we chosethe brand and make of the solar panelfor our analysis by
recommendation from our liaison, Wilson Rickersonthe Solar Boston Coordinator for the City of

Boston. We used Evergreen Solar Spruce Line 195W panel/e chose to use this manufacturer
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because it is aMassachusettsbased company.This way, money can be kept flowing within the
state and can promote local businesses and economy of the stafeproduct spedfication sheet can
be found of these panels iM\ppendix F. Below is a table that summarizes ourifiancial findings for

each of the ten buildings.

Table 17: Summary of Financial Findings for Final Ten Sites

Array Size Array Size Net Present Simple Installation
Building (# Panels) (Watts, DC) Value Payback Cost Rebate
Brighton High School 500 15572 ($2,310.00) Year 14 $62,288 $46,718
Central Maintenance 1,000 31,954 ($2,803) Year 14 $101,078 | $122,601
Curley Community Center 1,000 35,916 $18,690 Year 13 $107,748 | $135,477
Tobin Community Center 579 10,448 ($3,207) Year 1§ $115,935| $376,013
Engine 41 Station 170 5,300 ($3,587) Year 19 $15,900 $21,200
Franklin Park Admin Bldg 1,000 2,633 ($5,346) Year >25 $7,899 $10,532
West Roxbury Library 308] 2,670 ($6,205 Year 19 $26,280 $35,040
1010 Mass Ave Offices 810 27,478 ($13,901) Year 1§ $84,293 | $108,054
Strand Theater 401 14,364 $4,875 Year 13 $43,092 $57,456
Maintenance Shops/Garage 696 21,050 ($3,829) Year 17 $63,150 $84,200
TOTAL INSTALLATION SIZE: 6,464 167,385 TOTAL: $627,663 | $997,291
RECOMMENDATIONS

Based on our findings, we recommend the following:

1) Solar Panels should banstalled in the following buildings:

Table 18: Summary of Installation Recommendations

Array Size

Building (# of Panels)

Brighton High School 500
Central Maintenance 1,000
Curley Community Center 1,000
Tobin Community Center 579
Engine 41 Station 170
West Roxbury Library 308
1010 Mass Ave Offices 810
Strand Theater 401
Maintenance Shops/Garage 696

We recommend that solar panels are installed on these buildings because they prove to be a
valid investment. Solar panelswill provide a large amount of electricity to the buildings and

also help conserve energy.
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2) The City of Boston should consideparticipating in a Power Purchase AgreementPPA).
3) The City of Bostormust consider installing solar technology on additional rooftopsim the
Gtyoi i AAO EOO 311 A0 "1 001T1T C¢i AT O AT A O EAI D |
We recommend instdling at least ten additional solar panel arrays on other City owned
buildings. This will help the City get closer to the Solar Boston goals and help reduce the
#EOUBG O AAPAT AAT AA T £ &£ OOEI £EOAI 08
4) The City of Boston shald maintain our contact list for future projects.
5) The City of Boston should considemwhen possibleusing Massachusettdased
manufacturers and installers of photovoltaic cells, inverters, and solar watdreaters. The
MTC offers larger rebates per kilowatt to solar panel installations thattilize
Massachusettsbased products.
We are providing the initial development work for a possible new policy on solar energy and
photovoltaic technology in Boston. As result we were able to experience projelsased policy first
hand. These recommendatims summarize our findings and providea platform for the City of

Boston to reach its Solar Boston goals.
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APPENDIX A: CITY OBOSTON ENVIRONMENT DEPARTMENT

CITY OF BOSTON ENVIRONMENT DEPARTMENT

The City of Boston Environment Department is responsible for overseeing the preservation of the
AEOUBO 1T AOOGOAT AT OGEOTTIT AT O AO xAll AO OdnthiyAT T 0000
they deal with any and all issues relating to the environment in Boston in order to secure the future
livability of the city.

There are several subdepartments that are managed by the Environment Department. These
include the Boston ConservatiorCommission, the Central Artery Environment Oversight, the
Historic District Commissions, the City Archaeology Program, the Boston Landmarks Commission,
and the Air Pollution Control Commission. Our contact in the Environment Department, Carl
Spector, isthe executive director of the Air Pollution Control Commissiorf"City of Boston
Environment Department," 2008).
Boston Conservation Commission

The Boston Conservation Commission (BCC) is responsible for overseeing green space and
wetlands in Boston. It also controls the Massachusetts Wetland Protection Act (M.G.LX$3410),
the Massachusetts Rivers Protection Act (HB s. 18.26) and the Conservation Commission Act (HB s.
18.9). The Commission is made up of seven people, all of whom are appointed by the Mayor.
Wetlands play an important role in the ecosystem, so theommission controls many regulations
and also delegate project permits ("City of Boston Environment Department," 2008)
Central Artery Environment Oversight

4EA #A1T OOAT ' OOAOU 001 EAAOGGBO j#!' 74Qq ETEOEAI OI1A
issues of residential and business communities in construction efforts. The Joint Construction
Management and Coordination Agreement, signed by the City of Bostand Massachusetts

Highway Department, gave authority to CA/T to moderate the construction efforts. Some of their
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responsibilities include issuing permits, reviewing documents, mitigating complaints, and enforcing
environmental laws and regulations("City of Boston Environment Department,” 2008)
Historic District Comm issions

There are eight local Boston areas that are deemed historic districts that have their own
commissions: Aberdeen, Beacon Hill, Back Bay, South End, Bay State Road/Back Bay West, Bay
Village, Mission Hill Triangle, and St. Botolph. These commisstoregulate the external changes
that are proposed for the designated areas. The commissioners are volunteers from the area, from
professional organizations, or are designated by the Mayor. Each commission is run differently and
creates its own guidelines while still following the main regulations common to all the
commissions as regulated by the Environment Departmer{tCity of Boston Environment
Department,” 2008).
City Archaeology Program

Created in 1983 as part of the Boston Landmarks Commission, the City Archaeology Department
is responsible for protectingBostd 8 O AOAEAAT 1 1T CEAAI OAOI OOAAOS
found on public land in Boston are managed by the department. This branch also offers The City
Archeology Program. This program is dedicated to educating the public by providing workshops
and tours ("City of Boston Environment Department,” 2008)
Boston Landmarks Commission

The Boston Landmarks Commission (BLC) is dedicated to the historic preservation of more than
seven thousandproperties in local districts of Boston. This subkdepartment was created under the
Boston Environment Department in 1975 to povide assistance in preserving historic properties, to
advise demolition activities, and to provide information to the public about preservation practices

("City of Boston Environment Department,” 2008)
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Air Pollution Control Commission

The Air Pollution Control Commission (APCC) is responsible for the condition of the atmosphere
in the city of Boston, which includes several different issues that must be addressed. Air pollution,
in general, is one of these concerns. The APCC managekragulates what types of pollution go
into the air, such as dust and exhaust from vehicles and factories. They also deal with current and
future parking issues in the Boston area. Another responsibility is to oversee abrasive blasting,
which is used toclean buildings and other structures, and allot permits per request. The last area of
regulation is of noise pollution which can come from areas such as construction sites and various
equipment that is used there. The commission is made up of five membgthree of whom are
appointed by the Mayor while the other two are included because it is part of their job description
and duties. A hearing is held every three months for this commissigCity of Boston Environment

Department,” 2008).

-19/283 | &&) #%
4EA OI OEIi AOGA cCci Al 1T £ OEA - AUlh@@asMenin&ABEAAke EAAAAA
"1 00T OA AAOOAO bi AGithof BostoniMaydrs Bffice,T 2008) FérihidfoutE O E O 6
term as Mayor, MenindAT A EEO #AAET AO AAi A OI CAOEAO O1 AOAAOA
needs, issues of equality, and economic vitality. They plan to focus on the following eight areas:
Closing the achievement gap, reducing violent crime, increasing workforce houginmproving city
services, creating new jobs, narrowing health disparities, increasing diversity in government, and

growing revenue ("City of Boston Maya's Office," 2008)
SOLAR BOSTON
In January of 20060 EA 51 EQOAA 3 O Alndhedthe'SdladAn@iich IAiiaive. The
Solar America Initiativeis a program led by the US Department of Energy (DOE) to promote the use

and advancement of solar paver technologies. The goal of the program is to help lower the cost of
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solar power so it can compete with other sources of energy by the year 2015. The intention of Solar
America is to have enough solar power to provide electricitjor one to two million homes in the
U.S., avoid ten million metric ton®f CQ emissionsper year, and employthirty thousand new
workers by 2015. Solar America is working with many partners to reach these goals. They have
collaborated with the solar industry, national labordories, universities, federal, state, and city
governments, nongovernmental agencies, and solar advocacy groups. These groups are focused on
researching and accelerating solar power so it can be a market competitQCity of Boston
Environment Department,” 2008).
Boston is one of the thirteen cities that Solar Ameta has selected to participate in the adoption
of solar energy. The Boston Environment Department is one of the partners working with Solar
Boston. Their goals include creating incentive programs and creating a strategy for financing and
installingsolarOAAET T 1 T ¢cU AOT 01T A OEA AEQUS 4AEAOA CIT Al O OF
Executive Order Relative to Climate Change that was issued in 2007. The order is committed to
reducing greenhouse gas emissions by eighty percent by 2050. It also sets goalgdoycling, green
building, and energy conservation. Wilson Rickerson is the Solar Boston Coordinator and one of
our main contacts in the Boston Environment Department. He will be working closely with us to
start identifying key areas for solar energy inrbl EAAQOEI T h xEEAE EO (CihyAf T £ 3711

Boston Ernvironment Department,” 2008).
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ORGANIZATIONAL HIERARCHY

Figure 16: Organizational Hierarchy of City of Boston Environment Dept
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APPENDIXB: GEORGE ROBERT WHITE ENVIRONMENTAL

CONSERVATIONENTER

The George Robert White Environmental Conservation Center (GRWECC) is located in Mattapan,
a section of Boston, MassachusettsThis facility is housed by the Boston Nature Center and is-co
sponsored by the City of Boston and the Massachusetts Audubon Society through the use of the
George Robert White Fund. The purpose of the facility is to demonstrate the product of green
building to the surrounding area. Mayor Thomas M. Menino of Boston was quoted saying that the
building would act as a teaching unit to the community"The George Robert White Environmental
Conservation Center Boston's First Green Building," 2008) The grounds ofhe Boston Nature
Center span sixtyseven acres where the Boston State Hospital once stood. An overall view of the

outside of the building can be seen below iRigure 17.

Figure 17: George Robert White Environmental Conservation Center

The Center utilizes several types of alternative energy, including geothermal energy as well as
solar energy in the forms of photovoltaic panels, solar water heating units, and passively through
the placement and size of windows in the facilityThey are also looking to implement a wind
turbine sometime in the future in order to demonstrate more possibilities for alternative energy

that can be utilized in the area.
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The site houses two geothermal wells that are drilled down into the earth over ortbousand feet
to access underground wells. The underground reservoirs can range in temperatures, but hover at
approximately 45° Fahrenheit. The heated water is pumped into the facility and, through a heat
exchange process, causes the temperature of the that is used to heat the buildingo increase
Once the water has been used, it iedeposit in the ground.

Different forms of solar technology are also utilized on the site. Photovoltaic panels are installed
on the uppermost rooftop of the facilityin the form of roofing shingles, as seen below iRigure 18.
There are approximately two hundred shingles that are sized to produce three kilowatts in optimal
settings. There are also six standlone solar lights onsite, which can be seen ifrigure 19. Each

light has a battery into which energy is stored during the day so that the light can run after dark.

Figure 18: PV Panels on Uppermost Roof of GRWECC;I_
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Fiue 19: StnAIone PV Ligh at GRWECC

7 7

ThRAOA AOA Al O OEOAA O11 A0 xAOAO EAAOET ¢ PATAI O E
account for more than enough hot water that the facility needs for its small kitchen and hot water
demands in the bathrooms. The size and placement of the windevin the building is also an
important feature in terms of passive solar heating. The windows allow for the light teasily enter,
reducing electrical costs as well as drawing in some warmth for the interior air. An example of
some of the windows can beeen inFigure 20. A trellis in front of the north-facing buildings also
aid in the heating and cooling of the building. The trellis is covered with grape vines that blossom
ET OEA OOii AOh Al TAEET ¢ OI i A 1T &£ OHMWCO&, WO OAUO OI

they allow more light through in the winter without its leaves when the vines are dormant
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Figure 20: South-facing and North -facing windows on GRWECC

The goal of the facility is to be able to have everything used during construction to be re
OAAUAT AA A0 OEA AT A T £ OFErdeyckdiEusell BecaDse MosioE AAAOE | A8
the materials used have already been recycled once. For example, tiles used in the
bathrooms are made from recycled window panes from airplanes and the wooden beams,
as seen below irFigure 21, are made from scrap pieces of lumber that would have been
normally thrown away. Local materials were also employed in the cofrsiction of the
facility. The front entrance houses stones that are only found in the Boston Area and are
called Roxbury Pudding Stones. These stones were found a local construction site and were

transported to the George Robert White Center for use abeir facility.

76



$/.064 , %4 4(% 35. '/ $/APPENDIXB: GECRGE ROBERT WHITE CENTER

Figure 21: GRWECC Recycled Wood Beam

Not only does the facility use alternative energies, but it also utilizes other technologies to
increase its overall efficiency. To reduce the loss of heat, the walls of tlaeifity are tightly
insulated with thick polystyrene foam. The facility also houses lovflow toilets to reduce
water consumption. The paint used within the facility has lower amounts of volatile organic
compounds. Therefore, there are fewer odors thatra given off by the paint and this
promotes a healthier environment for visitors and employees. Instead of simply dumping
their water runoff into the sewers, the landscape is constructed so that water collects and is

filtered through the soil before enteiing a reservoir behind the facility.
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APPENDIX C NORTH COAST SEAFOODS

On April 7, 2008our group visited North Coast Seafoods to interview Lee Collins, the
Purchasing and Facilities Manager. We also completed a shading analysis of the roof.
During the interview we learned that the building installed solar panels two years agadlhis
project was a $1 million investment for the panels and installation; however, they received
a rebate of $500,000 from the Massachusetts Technology Collaborative (MT®&Jith the
rebate included, this project has an expected five year pay backhis project isthe second
largest solar project in Massachusettand supplies 119,000 kW/year DCThere are three
hundred panels on the roof with two DC to AC inverters.
When we asked Lee why North Coast Seafoods chose to go Solar, he totthatshe
amountofmd AU OEA -4# OxAOAA ET OEAEO AAAAG xAO EIi DI
Seafood uses 1,322,222 kW/year which would require the company to install a hundred
more systems like the one they are currently using, so even with the great rebates MTC is
offering, it would cost North Coast Seafood $50 million to power their entire electric load on
Ol 1 A0 PAT AT O A1i11As (1T xAOAOh OEA OUOOAI AT AO b(
electrical load.
The fact that solar panels provide a portion of thd I | BAT U6 O Al AAOOEA 11 AA A
Coast Seafoods can continue selling their renewable energy credits still makes solar an
attractive investment. They should receive their investment money back within five years,

and will continue to make a profit formore than twenty years after that.
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ROOFTOP ANALYSIS

Figure 22: North Coast Seafoods Pathfinder Report

Report Name
Report Date
Declination
Location
Lat/Leng
Weather Station
Site distance

Array Type

Tilt Angle

Ideal Tilt Angle
Electrical Cost
Azimuth

Ideal Azimuth

Panel Make

Panel Madel

Panal Count

DC Rate (per panel)
Inverter Count
Derate Method
Derate Factor

Marth Coast Seafood
4/14/2008 2:09:39 PM

=15d 13m

BOSTON, MA, Zipoode: 02210
42 348 7 -71.041

Boston, MA, Elevation: 6 m
1.34 miles

Fixed

42 35 deg
43.00 deg
0.15 ($/KWH)
180.00 deg
180.00 deg

Ewvergreen Solar
ES-195-RL

200

195.00 W

2

Systemn Setting
0.800

Layout Configuration Custom

Layout Point Count

3

MNotaes: Have installed 300 panels with 2 invartars
Pay Back is in five years with 50% rebate
Report generated by SolarPathfinder Assistant Version 3.0.7.0. http:/'www . solarpathfinder.com

Page: 1/6
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. WPI Solar Team and Solar Boston
:'. 3 )WPI System Picture Layout
R el solarBoston

Layout Type Custom
Layout Point Count 3

Report generated by SolarPathfinder Assistant Version 3.0.7.0. http:/fwww.solarpathfinder.com
Pana: 2JA
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Solar Obstruction Data

Month

January
February
March
April

May

June

July
August
September
October
November
December
Totals

Notes:

Actual Site
Efficiency %
Azimuth=180.0
Tilt=42.35

87.00%
87.00%
99.00%
99.00%
100.00%
100.00%
100.00%
99.00%
99.00%
87.00%
77.00%
84.00%
93.24%
Unweighted
Yearly Avg
[Nona)

s T
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WPI Solar Team and Solar E1 it

Solar Site Analysis Report
SolarBoston

th_northcoast1.jpg

Actual Solar Rad Actual
AC Power (KWH) AC Power (KWH)

w/ Shading
Azimuth=180.0
Tilt=42.3
KWH/m  /day
2.18

2.89

4.17

448

5.10

5.70

536

5.00

5.09

3.37

213

1.96

4741

Effect: 95.14%
Sun Hrs: 3.95

wio shading
Azimuth=180.0
Tilt=42.3
3726.00
4387.00
©6127.00
6093.00
6953.00
7277.00
7012.00
8672.00
8771.00
5325.00
3816.00
2484 00
67663.0

Actual

w/ shading
Azimuth=180.0
Tilt=42.3
3346.74
387049
6116.89
6064.98
6952 41
7275.65
7011.24
6640.81
6724.40
4676.82
3005.74
2969.23
64655.41

Report generated by SolarPathfinder Assistant Version 3.0.7.0. http /’Awww solarpathfinder.com

Page: 3/6
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Image File

Month

January
February
March
April

May

June

July
August
September
October
November
December
Totals

Notes:

Actual Site
Efficiency %
Azimuth=180.0
Tilt=42.35

89.00%
90.00%
93.00%
94.00%
94.00%
96.00%
97.00%
93.00%
91.00%
87.00%
82.00%
84.00%
90.80%
Unweighted
Yearly Avg
[None]
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WPI Solar Team and Solar E2 it

J—
Solar Site Analysis Report
SoclarBoston

th_northcoast2.jpg
Solar Obstruction Data

Actual Solar Rad Actual

w! Shading
Azimuth=180.0
Tilt=42.3
KWH/m [day
2.21

297

391

424

4.81

5.50

5.18

472

4.70

3.36

225

1.96

45.80

Effect: 91.91%
Sun Hrs: 3.82

AC Power (KWH)
wlo shading
Azimuth=180.0
Tilt=42.3
3726.00
4397.00
8127.00
6023.00
6953.00
7277.00
7012.00
6672.00
6771.00
5325.00
3816.00
3484.00
67663.0

Actual

AC Power (KWH)
w/ shading
Azimuth=180.0
Tilt=42.3
3395.46
3995.80
5755.13
5771.82

6618 21
7053.83
6816.20
6283.03
6215.27

4654 51
3167.42

2969 23
62695.91

Report generated by SolarPathfinder Assistant Version 3.0.7.0. http /iwww solarpathfinder. com

Page: 4/6
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Image File

Month

January
February
March
April

May

June

July
August
September
QOctober
November
December
Totals

Notes:

th_northcoast3.jpg
Solar Obstruction Data

Actual Site
Efficiency %
Azimuth=180.0
Tilt=42.35

98.00%
97.00%
90.00%
100.00%
100.00%
100.00%
100.00%
100.00%
98.00%
97.00%
97.00%
98.00%
98.66%
Unweighted
Yearly Avg
[None]
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WPI Solar Team and Solar E3 st
Solar Site Analysis Report

Actual Solar Rad Actual

w/ Shading
Azimuth=180.0
Tilt=42.3
KWH/m /day
245

3.23

4.14

4.48

508

5.68

535

5.04

5.06

3.76

268

2.30

49.26

Effect: 98.84%
Sun Hrs: 4.10

AC Power (KWH)
wlo shading
Azimuth=180.0
Tilt=42.3
3726.00
4387.00
8127.00
€083.00
6953.00
7277.00
7012.00
£672.00
6771.00
5325.00
3816.00
3484.00
67663.0
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Actual

AC Power (KWH)
w/ shading
Azimuth=180.0
Tilt=42.3
371470
4324.93
6108.25
6082.49

6949 61
7270.57
7009.67
6672.00

6705 67
5227.81
3771.79
3467.58
67305.08



