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Abstract

Two undersea cables provide Nantucket
with electricity, but a third cable may be
needed in the future to accommodate peak
summer demands. To avoid this eventuality
Nantucket is exploring a variety of options,
including the adoption of renewable
energies in conjunction with energy storage
systems to enhance energy independence.
The goal of our project was to assist the
Nantucket Energy Office in promoting the
adoption of photovoltaics on Nantucket.
We conducted research, interviewed
stakeholders, and distributed a survey to
local residents to identify the current
barriers to solar PV on Nantucket. We
developed web-based promotional
materials, including an interactive map, solar
PV owner profiles, and a comprehensive list
of FAQs, and recommended improvements

to the permitting process.
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Executive Summary

The demand for electricity on Nantucket
has been growing at more than five times
the Massachusetts state average and current
electricity prices on Nantucket are
significantly higher, at 21.5 cents/kWh,
than the national average of 13.19
cents/kWh. (Regular Residential Rates,
2017; Basic Service Rates, 2017; Electric
Power Monthly, August 2017). The Town
of Nantucket Energy Office has been
engaged in a variety of activities to reduce
electricity consumption and costs for

Nantucket residents.

These activities start with educating the
public on how to be energy efficient as well
as how to conserve energy. The Town of
Nantucket Energy Office is also in the
process of applying for the MassCEC's

HeatSmart Program, increasing clean

heating and cooling installations, which will
help lower resident’s cost of electricity.
Education programs and incentives like net
metering, income tax credits, Massachusetts
Solar Renewable Energy Certificates
(SREC-II), tax exemptions and the Mass
Save program, along with other small
efforts, are great ways to save money and
make residents aware of the energy
problem. The Town of Nantucket Energy
Office is hoping to promote greater use of
residential solar PV on the island with its
recently launched SOLAR Rebate Program
for residents. This offers rebates up to a
maximum of $2,500, as a way to reduce the
initial cost of a solar PV system (Sinatra,
2017). Additionally, the Town of
Nantucket Energy Office’s newly approved
grant will soon add more than 200 of
Tesla’s Powerpacks. These will give
Nantucket a 48 MWh battery system,

hopefully reducing the long-term price of

electricity as well as the lowering the
possibility of brownouts in the summer

months.

Promoting the adoption of solar PV should
impact the current problem Nantucket is
facing in a positive way. Our project aims
to stimulate the interest and adoption of
residential solar photovoltaic energy on the

island.

The goal of our project was to provide
recommendations to the Nantucket Energy
Oftice (NEO) on ways to promote the
adoption of solar PV systems on Nantucket.
To accomplish this, we established the

following objectives:

1. Identity opportunities for and
barriers against the adoption of solar

pPV.




We created and distributed a survey aimed
at gauging public awareness of solar PV on
the island. We also conducted one-on-one
interviews with current owners,
representatives of the Historic District
Commission (HDC), and on-island and oft-

island solar PV installers.

2. Determine the current installed capacity

of solar PV.

We consolidated information from several
databases including the Massachusetts
Department of Revenue SREC-II database,
the Massachusetts Clean Energy Center
database, HDC permitting and inspection
files, building permits and Nantucket’s
Geographic Information System, GIS, in

addition to Google Maps.

3. Develop new approaches to promote

the adoption of solar PV.

We developed an interactive map depicting
each residential and commercial installation
as well as specific information for each
system. We also wrote three in-depth
profiles on three solar PV owners to spread
awareness on the process of installing solar
PV and their experiences with owning a
solar PV system. Lastly, we created a
webpage that displays all of the above
information as well as Frequently Asked
Questions regarding solar PV and a
flowchart describing the town permitting

processes specific to solar PV.

Stakeholder Opinions on PV
Permitting and Installation

Historic District Commission
Perspectives

e The HDC does not want solar PV
installations installed in the Historic
Cores if they are visible from the
street.

e The HDC will allow solar PV to be
installed outside the Historic Cores
with more leniency than inside the
Cores.

e HDC members are aware of the
energy problems the island is facing.

e The HDC may allow Tesla roof tiles
inside the Historic Cores when they
become available to the consumer

market.




Homeowners Perspective

e The HDC was not perceived to be
an impediment to the installation of
solar PV systems with any of the
homeowners we interviewed

e The homeowners payed little or
nothing for electricity after the
installation of their solar PV systems

e  Most if not all homeowners installed
their PV systems for environmental
concerns rather than financial

re¢asons.

Installer Perspectives

The interviews with on-island and oft-
island installers shed light on the specifics of
the permitting process. When interviewing
the one on-island installer, ACK Smart, we
found that many interested owners look at
them first, as they want to go with someone

local. The on-island installer also has a lot of

experience and knowledge of the solar PV
application process. Interviewing the two
primary off-island installers, Cotuit Solar
and SunWind LLC, revealed the difficulties
installing solar PV systems on an island
thirty miles off the cape. It also showed us
that although the owners we interviewed
did not have any significant problems with
their HDC applications, the installers had
instances where their projects required
multiple revisions, often delaying the job by
a few months. For oft-island installers this is
very costly, as it means that they have to
make more trips back to the island to
submit another revision to the HDC. In
addition to this, off-island installers have the
costs that come with bringing their team to
and from the island as well as housing them
on-island. Shipping the materials required
to build and install a solar PV system also
adds to this costs. To accommodate these

expenses, it can cost oft-island companies

$3,500 to $5,000 extra to install solar PV
systems on Nantucket. In terms of cost
differences between on-island and off-island
installers, we learned that although off-
island installers have the costs of bringing
everything here, on-island installers have to

account for the costs of living on island.

Installed PV Capacity on Nantucket

After consolidating information, there are
torty installed solar PV systems on
Nantucket. Thirty of these systems are
residential, with the ten other systems being
commercial systems, two of which account
for the majority of on-island solar PV
generation. In addition to this, there are five
residential systems which are still in the
process of being built and should be
completed by the end of 2017 or early
2018. The number of installed systems has
been increasing rapidly over the past few

years, as shown in Figure A, with nine




10
residential systems having been installed this

9
year alone. Bartlett Farms, a commercial g
system generating over .5MW, is also 7
looking to triple its size, which will add a 6
significant amount to Nantucket’s installed 5
PV capacity. 4
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e An interactive online map (as seen

in Figure B) that shows the location

v
and specifications of residential and ?
commercial solar PV and solar hot
water systems.

e Three owner profiles showcasing
each owner’s motivations, the
installation and application process,
and the basic system specifications. 2

e A flow chart outlining the

permitting process for a residential
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PV system installation.
e A webpage on the Nantucket Town o
website that displays all of the

deliverables.

Findings and Conclusions

The permitting process for the installation
of PV on Nantucket presents difficulties for
some homeowners and installers.

Accordingly, we recommend that:

Figure B: Online Interactive Solar PV Map

The Nantucket Historic District
Commission revise its application
form to include renewable energies,
such as solar PV, either through the
inclusion of a few checkboxes
regarding renewable energies or by
providing more in-depth

instructions on the process to apply

The HDC reconsider and clarify
their position on where solar PV can
be installed outside of the Historic
Cores.

The Historic District Commission
develop a clear set of guidelines for
homeowners and installers regarding

the installation of PV systems within




and outside the historic districts of

Nantucket.

The Town of Nantucket Energy Oftfice
should continue to promote the adoption of
solar PV on the island. To enhance the
likely success of these efforts we
recommend that the Nantucket Energy
Office:

e Take the lead in establishing better
communication with the Historic
District Commission to gather data
on solar PV installations.

e Use the tools we developed to
continue to promote and educate
residents on solar PV.

e Update the owner database and
interactive map with new solar PV
installations using the directions

given in Appendix F.

With continued promotion of the local
rebate program and using the tools we have
provided on the Town of Nantucket
Energy Office’s website, we anticipate that
the number of installed systems on island
will continue to grow rapidly over the next

several years.
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Introduction

The goal of the sustainability movement is to
“[meet] the needs of the present without
compromising the ability of future generations
to meet their own needs” (Lemaire, 2010).
Fossil fuels are not sustainable long term. BP’s
statistical analysis of world energy in 2016 states
that these fuels are almost depleted. The world
has a coal supply of around 114 years, a natural
gas supply of 53 years, and an oil supply of 51
years (Ritchie, 2017). Not only are these
supplies dwindling, their continued use only
adds to problem of climate change. By
promoting the adoption of renewable resources
such as PV systems, the United State 1s aiming
to reduce its dependence on fossil fuels; decrease
environmental impacts on future generations;
and begin to reverse the impact of carbon
emissions on the planet. Electricity prices in the
residential sector of the United States are
increasing. From 2000 to 2017, electricity prices

increased by 158% (Short-Term Energy

Outlook Data Browser, 2017). This increase
was one of many that led policy-makers and
utility companies to begin to research the
promotion of alternative energies including
solar photovoltaic (PV) systems. The Energy
Independence and Security Act of 2007 was the
first step in passing legislation that would
promote the adoption of this technology
throughout the country not only to reduce
electric prices, but to spark a wave of
innovation that would begin to decrease the
environmental impacts currently hurting the
planet. As of October 2017, Massachusetts was
the third ranked state, behind California and
New Jersey, for overall installed PV capacity
with a sum of 1941.27 MegaWatts (MW)
(Open PV State Rankings, n.d.). Massachusetts’
success is due to the multiple incentive
programs and policies that have been
implemented over the past two decades

including the MassSave effort, MassCEC

(Massachusetts Clean Energy Center), and tax

exemptions for the installation of PV.

Nantucket faces particularly acute

problems regarding electricity costs and

supply. Residents pay some of the highest
average electricity prices in the country

and these prices are rising more rapidly

than elsewhere in the state. Furthermore,

peak demand is increasing each year and the
island 1s quickly reaching the capacity of its two
undersea electric cables. In 2013 the island
reached a peak load of 45 MW, about half the
capacity of the two cables, and, since then, that
number has only increased. Currently, if one
cable were to fail the other would not have the
capacity to sustain the island (Brief History of
Energy on Nantucket, n.d.). The Nantucket
Energy Office has been researching and
promoting various solutions to delay the

installation of the third cable, including the




addition of solar PV systems and energy storage

systems.

To promote the adoption of solar PV, the
Nantucket Energy Office has developed a local
rebate program, the SOLAR Rebate Program,
to offset the cost of new residential solar PV
systems. Additionally, the Nantucket Energy
Oftice has collaborated with National Grid to
explore diftferent approaches in reducing the
required amount of energy Nantucket uses with
the intention to forestall the construction of a
third cable (Brief History of Energy on
Nantucket, n.d.). Previous efforts have found
that some Nantucket residents are inclined to
adopt solar PV; however, the problems
Nantucket now face are promotion and the
limited information regarding the effectiveness
of solar PV on Nantucket. In order to promote
solar PV eftectively, the Nantucket Energy
Oftice should teach residents about the

technology and aid the Historic District

Commission in the revision of their application
form to include sustainable energies. Currently,
the island has less than 40 residential PV
installations. If the Nantucket Energy Office can
expand the adoption of PV systems and storage
systems through education and promotion,
there is the possibility that a third cable will not
be needed and, in doing so, will continue its
mission to empower a more sustainable energy

future for Nantucket.

In order to aid the Nantucket Energy Office,
our project’s purpose was to create promotional
tools for the adoption of solar PV systems. We
began by identifying particular barriers and
opportunities for the adoption of these systems.
While on island, we developed a singular
database that consolidated location and technical
data of each system, such as installed capacity, in
addition to contact information for the owner
of each system. This information was displayed

in an interactive map as well as on a webpage

located on the Nantucket Town website,
specifically the Nantucket Energy Office page.
To complete these objectives, we conducted
interviews with stakeholders, assessed existing
databases, and visited installations to observe

their effectiveness.




History of Enerqgy on
Nantucket

Nantucket’s demand for electricity has
been growing over the past few decades.
Since the installation of the first
underwater cable in 1996, energy demand
has been increasing rapidly (National
Grid, 2015). In 2006, National Grid
installed a second undersea cable at a price
of $41million as a way to meet the island’s
growing demand. Figure 1 depicts the
rough geographic location of these cables

from the mainland to the island.

The demand for electricity on Nantucket
has grown at more than five times the
Massachusetts state average and current
electricity prices on Nantucket (21.5
cents/kWh) are substantially higher than
the national average (13.19 cents/kWh)
(Regular Residential Rates, 2017 ; Basic

Service Rates, 2017 ; Electric Power
Monthly, August 2017). While the need
for a third cable is still uncertain, there is
still much that can be done to reduce
electricity costs and improve the overall
energy efficiency of the island’s residences
and businesses. (Brief History of Energy

on Nantucket, n.d.).

Increased adoption of solar PV might be
one solution to help reduce the amount
of backup diesel generation, used to
supplement the island’s electric needs
during times of increased peak demand
and in the case of cable failure, needed. As
can be seen from Figure 2, Nantucket has
been steadily approaching the combined
cables’ peak load of 74 MW.
Furthermore, the island has already
exceeded the peak load of each individual
cable, meaning that if one of these cables

were to have a disruption in service, the

erchants Way E &

other cable would not be able to carry
enough power to sustain the island's
energy demand, especially during the

summer months.

Lothrop Avenue
Substation

Substation

Candle Street
Substation

Figure 1: Undersea Transmission Cables
(National Grid PDF, 2017)

An energy storage solution in conjunction
with solar PV is one of several possible
solutions for the residents of Nantucket.
Without the use of a battery to store

excess energy, solar PV does not help




reduce Nantucket’s peak load. According
to Ahmad Zahedi, an associate professor
and department head of the Electrical and
Computer Engineering of James Cook
University, “the intermitt[ent] nature of
the solar energy is considered as one of
the weaknesses of utilization of this
technology.” (Zahedi, 2010). Scientists,
engineers and scholars agree that solar
PV’s weakness is the oft-time when it is
not generating electricity. This is a
problem for most energy users, as the
peak demand in a given day is from 5pm
to 10pm (U.S. EIA 2011). During this
time solar systems are not effective since
there is little to no sunlight to stimulate
the panels, but with a battery system
attached, energy could be stored for use
during these evening hours of high
demand. Although these residential
battery storage systems can cost upwards

of $20,000 in addition to the solar PV

system, they can be a fair investment and

might help decrease peak energy load.

Nantucket has looked at possible solutions
to the peak load problem in the past.
Many of these solutions start with
educating the public on how to be energy
efficient as well as how to conserve
energy. The Town of Nantucket Energy
Office is also in the process of applying
for the MassCEC's HeatSmart

Massachusetts Program pilot,

which “aims to help drive down the
installation costs and increase deployment
of clean heating and cooling installations
through a group purchasing model.”
(Energy Efficiency, n.d.). These education
programs and incentives along with other
small efforts are good ways to involve
residents and make them aware of the
energy problem, but are not long term

solutions.

Nantucket Load - Cable #1 Failure

80.0
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Figure 2: Nantucket Energy Load on Cable 1 (Burgwardt, Maynard, & Sickles; 2015)




‘While many of these education programs
are helping in small ways or are still in the
process of being adopted, increasing the
on-island generation of electricity by
promoting the adoption of solar PV
should impact the current problem facing
Nantucket in a positive way. Our project
aims to stimulate the interest and adoption
of residential solar photovoltaic energy on
the island. This, along with a storage
solution, will eliminate some of the load
on the underwater transmission cables,

thereby reducing mainland dependency.

United States Solar PV
Policy

The United States House of

Representatives enacted the Energy
Independence and Security Act of 2007 as
an initial step to increase the nation’s
energy independence and security. The

act provisioned numerous advisory

councils to promote the research and
development of next-generation energy
sources in addition to decreasing the
amount of energy current buildings were
consuming. In particular, Title Four of
the act “[r]equires the Secretary to study
and report to Congress on methods to :
(1) integrate concentrating solar power
and utility-scale photovoltaic systems into
regional electricity transmission systems”
(Energy Independence, 2007). In
addition, the act created a federal grant
program to strengthen the installation,
operation, and maintenance of solar
energy products and a strong research and
development program to assist in the
promotion of solar energy sources
(Energy Independence, 2007). This act
not only served as a basis for the adoption
of solar PV systems in the United States,

but it also began to reform the electric

grid in order to prepare for the adoption

of solar.

Two years after the Energy Independence
and Security Act of 2007, President
Obama signed into law the American
Recovery and Reinvestment Act of 2009,
also known as the Recovery Act of 2009.
This act appropriated resources to
expanding the smart grid and extending
tax credits for renewable resources such as
solar PV. Specifically, the Recovery Act
“[e]xtend[ed] for three years the tax credit
for producing electricity from wind,
biomass, geothermal or solar, solid waste,
and qualified hydropower facilities”
(American Recovery, 2009). This act was
the second step in moving the United
States closer to independence from non-
renewable resources by expanding tax

credits.
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This is what the Energy Independence
and Security Act of 2007 as well as the
Recovery Act of 2009 were designed to

do. By offering rebates and incentives for Distributed PV Installed Capacity, Top 10 States, as of Dec. 2016
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Massachusetts had a total PV capacity of
998 MW, only 262 MW short of New
Jersey (which holds the second position
behind California). Currently,
Massachusetts has a total PV capacity of
1941.27 MW (Open PV, 2017). In less
than a year, Massachusetts has increased its
PV capacity by 943 MW which would
appear to indicate the incentive and rebate
programs are working. Furthermore, as
the cost of PV installations continue to
decrease (shown in Figure 5), it is likely
that more homeowners will install systems
and that the total capacity will only

continue to rise.

Comparing
Massachusetts to the US

Compared to its New England
counterparts, Massachusetts has developed
a more complex collection of state

incentive programs. This correlates with
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the installed capacities of New England
States, as shown in Table 1. Massachusetts
does have the highest installed capacity
and number of installations out of any
other New England state and is ranked
third in both regards when compared to
all fifty states. Only California and Nevada
have a greater number of installations.

(NREL, n.d.).

- = 80th Percentile

- = 20th Percentile

Figure 5: Price of Installed PV Systems (Margolis et al., 2017)

Looking again at the data in Table 1,
however, there is no correlation between
the average cost of a system and the
installed capacity. The cost per Watt of
solar PV in Vermont, New Hampshire,
and Rhode Island is less than the cost per
Watt in Massachusetts. Additionally,
when the Watt per capita is calculated to

factor in the population of each New




England state, there is still no correlation
that the financial piece of solar PV is the

primary factor in successful adoption.

Table 1: New England Solar PV Statistics
(Open PV State Rankings, n.d.)

State
ME
RI
NH

MA
CT
VT

2017 Capacity per

Cost/ | Capacity

Watt  (MW) Installations ' Population Person
4.08 7 702 1328302
434 18.81 583 1051511
4.61 27.95 3501 1323459
5.27 1941.27 71421 6692824
5.35 248.61 23643 3596080
6.69 39.39 1642 626630
Comparing

Massachusetts to other
New England States

With New England having a
homogenous climate, the six states’
residential PV incentives can be studied to
find a possible correlation with their
success in solar energy adoption. From
here, eftective ways of promoting solar

PV from a financial standpoint can be

Capita w/

5.27
17.91
21.17

290.17
69.14
62.52

discovered. Moreover, we can see how
Massachusetts’ incentive programs for
solar PV differ from and compare to those
methods employed by the other New
England States.

The New England states have all seen an
increase in installed PV capacity between
2013 and 2016. These increases have been
insignificant in Maine, New Hampshire,
and Rhode Island while PV capacity in
Vermont and Connecticut have seen
substantial increases relative to their
installed capacity in 2013. Over this
three-year period, Massachusetts stands
out among the New England states, as
seen in Figure 6, due to its large increase

in PV capacity (Final PV Forecast, 2017).

There are several possible reasons why
Maine and Rhode Island have been less
successful at increasing the installed

capacity of PV (Final PV Forecast, 2017).

Maine, for example, has only a single
incentive program. This program, a
PACE loan program, disburses low
interest rate loans ranging from $6,500 to
$15,000 for a solar PV system. Rhode
Island has put more programs in place to
promote solar PV, although it has had
only modest success so far. Rhode Island
has a PACE program similar to that in
Maine, but has also exempted PV owners
from paying property and sales tax on
solar PV systems, no matter their size. In
addition, Rhode Island also implemented
a Feed-in-Tariff (FiT) for small scale
systems. The rates can be seen in Table 2
(Renewable Energy Growth Program,
2017). Although Rhode Island has more
incentives in place than Maine, it has not

seen substantial growth in PV yet.

Connecticut offers a wide range of

incentive programs including loans with




varying interest rates depending on
household income. This incentive gives
low-income citizens the ability to invest
in clean energy. For instance, the lowest
bracket has zero interest rate and a 15 year
payback period. Connecticut also offers a
PACE program and a yearly FiT program
with rates between 40 and 48 cents per
Watt, depending on the size of the
system. Like Rhode Island, it exempts
solar PV owners from paying property

and sales tax on their PV systems.

New Hampshire’s situation does not
compare well with the other states
because it has seen a modest uptake of PV
but has few incentive programs. The state
allows sales tax exemption on renewable
energies and has a rebate where the solar
PV owner can earn back $2,500 of the
cost of their system at 50 cents per kWh.

The only additional incentive they give is
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Figure 6: New England Installed PV Capacity (Final PV Forecast, 2017)

grant funding ranging from $150,000 to
$1,000,000, however, it only has a yearly
budget of $1,000,000, therefore it will not
affect many residents (DSIRE, n.d.).

Vermont ofters relatively small incentives
as well. Solar PV owners are exempt from
property and sales tax relating to their
systems. Owners can also apply for a

PACE loan of up to $30,000. Vermont

il

Vermont

Table 2: Rhode Island FiT Rates
(Renewable Energy Growth Program, 2017)

Renewable Energy Class
(Nameplate kW)

Annual
Enroliment
Target
(Nameplate MW)

Ceiling Price/Standard PBI
(cents/kWh)

Small-Scale Solar - Host
Owned
(1-10kw DQ)

Small-Scale Solar - Host
Owned
(1-10 kw DC)

Small-Scale Solar - 3rd
Party Owner
(1-10 kw DC)

Small-Scale Solar
(11-25 kw DQ)

5.5

37.65 (15-yr Tariff)

33.45 (20-yr Tariff)

28.35 (15-yr Tariff)
24.70 (20-yr Tariff)

24.90 (20-yr Tariff)




has a Feed-in-Tariff of 13 cents per kWh
for 25 years after the installation. This
incentive type allows the government to
support clean energy, however does not
bind the government to a permanent

payment plan.

Incentive Programs in
Massachusetts

While the initial, upfront cost of a PV
system can be quite large, Massachusetts
offers numerous incentive programs to
both help alleviate the financial burden
and to promote the adoption of these
systems. Figure 7 depicts how these
incentive programs work to lessen the
initial cost of PV systems. Over time,
conventional electricity (from the grid)
will continue to increase in price while
the cost of PV systems decrease as PV

technologies become more efficient.

Incentive programs bring the cost of PV
systems down during this period in order
to promote the increased adoption of
these systems (shown by the installed PV
capacity bar graph in Figure 7). After the
grid parity, the point at which the cost of
PV is equal to the cost of conventional
electricity, incentive programs will be
phased out as the market for PV is self-
sustaining and will no longer require

external incentives to encourage its

Net Metering

National Grid defines net metering as a
way to “financially balance out the total
amount of energy imported with the total
amount of energy exported over the
course of a billing period (typically about
a month). Then, the customer is only
billed (or credited) for the net difference
between these two amounts” (Net

Metering, n.d).

adoption.
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Figure 7: Use of Energy Incentives over Time (Karneyeva, 2017)




In most systems, this difference is usually
in favor of the customer and, as a result,

National Grid is able to buy back, in the
form of credit, the excess energy that the

customer’s PV system generates.

There are limits to net metering,
however. As defined by the Massachusetts
Department of Public Utilities, net
metering is limited to “ 7% of a utility’s
historical peak load for private customers
and 8% for public entities”. On
Nantucket specifically, this equates to a
limit of 3.183 MW private and 3.638
MW public per year. In other words, the
maximum amount of electricity private
customers collectively can push back into
the grid is 3.183 MW. For public entities,
this number is 3.638 MW (Net Metering,
n.d).

In terms of monetary value, National Grid
calculates a credit based on the sum of the
applicable charges and multiplies that
value by the net exported energy. This
results in a dollar amount that is then

credited to a customer’s account.

Income Tax Credit

In addition to net metering, the State of
Massachusetts ofters a personal income tax
credit of 15%, up to $1000, including the
net cost of systems that stay in operation
for at least five years (Residential

Renewable, 2017).

This type of rebate is ideal for new PV
systems because of its immediate nature.
‘Whereas net metering can take at least a
month to start deferring the cost of the

system, this rebate is offered as soon as the

system i1s installed, thus reducing the

immediate financial burden.

Massachusetts Solar
Renewable Energy
Certificates (SREC-II)

In April of 2014, Massachusetts enacted
the Solar Carve-Out II Program in which
residents with qualified PV installations,
installed after 1/1/2010, would generate
Solar Renewable Energy Certificates, or
SREC-IIs, “which represent the
renewable attributes of solar generation,
bundled in minimum denominations of
one MWh of production” (Solar
Renewable Energy Certificates, 2017). In
other words, home owners who generate
one MWh of electricity through their PV
systems will receive the equivalent of one
SREC-II. From this point, the
homeowner can sell that SREC-II on the

open market through the Massachusetts




Department of Energy Resources (DoER)
to electric utility companies for a fixed
rate. As of 2017, this rate is $350 per
MWh through the open market and $285
through the DoER.

In addition, each qualified installation is
given an SREC Factor based on the type
of installation it 1s. For example, a
residential system with a capacity of less
than 25 kW DC would have a factor of
one. In other words, for each MWh
produced, that system would receive one
SREC, whereas a commercial system
would have an SREC factor of 0.9. (Solar
Renewable Energy Certificates, 2017).

Tax Exemptions

Homeowners who install PV systems as a
“primary or auxiliary power system for

the purpose of heating or otherwise

supplying the energy needs of property
taxable under Chapter 59 [of the Property
Tax Bureau Informational Guideline]” are
eligible for a tax exemption on the
additional value of the property added by
the system for a period of twenty years
from the installation date (Property Tax
Exemptions, 1984). Other tax exemptions
require an annual application, whereas this
property tax exemption is an easy way to
add value to an existing home while only
applying once. Here, the customer does
not need to worry about the increased
property tax that would normally come
with building an addition such as a PV
system and thus, they only need to worry
about paying the initial purchasing and

installation fees for the system.

Similarly the property tax exemption that
PV systems qualify for can also be exempt

from sales tax. According to the

Massachusetts Department of Revenue,
“[e]quipment directly related to solar,
wind-powered or heat-pump systems is
[sales tax] exempt if the system is used as a
primary or auxiliary power system ...” (A
Guide to Sales and Use Tax, n.d).
Therefore, not only is the customer
exempt from twenty years of property tax
on the system, they also do not need to
pay sales tax further supporting the state’s
obligation to the promotion and adoption

of PV systems.

Mass Save

Another aid to the promotion of energy
savings that has been successful in other
communities in Massachusetts 1s Mass
Save. Mass Save is a residential energy
program sponsored by National Grid. Its
main purpose is to offer incentives to

homeowners for improvements to their




homes to reduce their energy
consumption and energy costs. Residents
on island can utilize incentives included
with Mass Save, the primary being a “no-
cost home energy assessment” (What is a
Home Energy Assessment?, n.d.). The
program also offers free LEDs to replace
ordinary incandescent bulbs, subsidized
insulation, and rebates on space heating
and water heating equipment (Mass Save,
n.d.). Mass Save also offers “Heat Loan
Eligibility Services” for residents that are
interested and qualify for Solar Hot Water
Systems. These rebates will continue to
aid residents in reducing energy
consumption and assist them in utilizing

solar PV more eftectively.

Massachusetts Incentive
Program Results

In the period between late 2013 and mid-
2016, Massachusetts increased its solar PV
capacity “from 362 megawatts to 1,174
megawatts” and the various state
incentives and programs were one factor
that encouraged this growth (Shembkus,
2017). The rebates and tax incentives can
reduce the costs of installing a PV system

substantially.

For example, new solar systems typically
cost around $30,000, or about the price of
a new car. These incentives can typically
reduce the cost of a new system to
$20,000 and, through the Mass Save
program, customers can expect to pay
anywhere from $14,000 to $16,000 with
an average payback period of 7 years

(Shemkus, 2017).
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While still a large amount, this number As climate change and dependence on looking to explore more innovative ways

can easily be lessened through net fossil fuels continue to impact the global of promoting energy awareness and

metering and, in the long run, will biosphere, thereby directly impacting adoption of PV.

actually save the customer money on their
electric bill. These programs are working
and, as PV technology becomes
increasingly efficient (shown in Figure 8)
and less expensive (shown in Figure 5),

more people will likely start to adopt PV.

Nantucket SOLAR Rebate
Program

In July of 2017, the Town of Nantucket
Energy Oftice launched its SOLAR
Rebate Program for residents. The
program offers rebates up to a maximum
of $2,500 as a way to reduce the initial
cost of a solar PV system (Sinatra, 2017).
The rebate is being made available to
encourage the adoption of PV systems on

Nantucket.

environmental preserves such as
Nantucket, and electricity prices continue
to rise, the need for renewable energy
adoption is becoming a larger topic than it
once was. Since the adoption of federal
policies in 2007, many states have greatly
increased their installed capacity of PV
systems both through education programs
and through state incentives.
Massachusetts has become one of the top
states in the country to lead these efforts.
Nantucket unfortunately lags behind the
rest of the state in terms of PV adoption
despite its high energy costs and access to
federal and state incentives. In an effort to
encourage the increased adoption of PV
systems, the Nantucket Energy Office
created the Nantucket SOLAR rebate

program and, furthermore, 1s currently




Methodoloqy 1) Identity opportunities for and barriers These objectives required a variety of

to the adoption of PV on Nantucket. tasks including interviews with
The purpose of this project was to assist
stakeholders, the assessment of existing
the Nantucket Energy Office in 2)

Determine the current installed : .. .
databases, and site visits and observations,

romoting the adoption of solar PV on :
P & P capacity of PV on Nantucket. as illustrated in Figure 9. We describe
Nantucket. In order to achieve this, we
these tasks in more detail below and a
developed the following objectives: 3) Develop approaches to promote the
adoption of PV on Nantucket timeline for accomplishing them is shown

in Appendix D.
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> Website

Figure 9: Project Goals and Objectives




Identify Opportunities for
and Barriers Against the
Adoption of PV

We utilized numerous tools to identify
opportunities for and barriers against the
adoption of PV on Nantucket including a
public survey and interviews with solar
PV installers, regulators, and selected solar

PV system owners.

Stakeholder Interviews

In collaboration with Lauren Sinatra from
the Nantucket Energy Office, our team
set up and conducted interviews with
energy specialists and industry experts to
aid in our research. One of these experts
was Tim Holmes, owner and operator of
SunWind LLC; a solar installation
company operating on Nantucket. We
also interviewed experts from companies

such as Cotuit Solar, specifically Conrad

Geyser and Diane Mahoney, to get a
rounded perspective of the solar PV
industry on the island. These interviews,
in addition to others, were designed to
provided deeper understanding of the
opinions and knowledge of these

specialists with regards to solar PV.

In developing interview scripts for these
energy experts, as well as for on-island
stakeholders, mentioned below, our team
looked at previous interviews given on
island and the data collected from those
interviews. This gave us a better
understanding of the information we
wanted to collect and showed us what
information we already possessed.
Appendix A describes the questions we
asked installers and other experts. Because
the flow of interviews (order of questions)
cannot always be anticipated and

conducted in the same way, each session

was done differently and thus, the results
obtained were not always directly
comparable. All of the questions were
asked; oftentimes in different orders and
to varying degrees of success. These
interviews were conducted by at least two
team members, one being a designated
recorder and the other being the lead
interviewer. In addition to notes, each
interview was recorded audibly to ensure
that if quoted in the final deliverables, the
interviewee was quoted accurately. Each
interviewee was also read our preamble,
described in detail in Appendix A, to
ensure they knew the terms of the
interview and could consent to being
recorded and/or quoted in the final

report.

In order to find out more information
about current solar PV and any particular

problems they may have, lack of




incentives; laws regarding its installation;
or general obstacles, we interviewed solar
PV owners on Nantucket. To learn more
about the HDC permitting process, we
spoke with Compliance Coordinator John
Hedden, Chairman Ray Pohl, and Board
Member Val Oliver regarding their
opinions of the solar PV being installed on
the island. We also gauged their outlook
on solar PV installations within the
Historic District Cores in ‘Sconset and
downtown. We followed the same
general interview protocols as those
above; using slightly different questions

(shown in Appendix B).

Interviews with current solar PV owners
allowed us to ask how they became aware
of the possibilities of solar PV and the
rebates that Massachusetts and the town of
Nantucket offers. We also identified any

problems that those owners had regarding

the permitting process and overall system
operation. This was intended to give us an
idea of the overall process of getting a
solar PV system installed on Nantucket;
allowing us to develop an online
flowchart that residents could reference to
educate themselves on the process.
Installation companies were asked about
how many solar PV systems are installed
on island, the installation process from
their point of view, and whether they see
an increasing trend of installations on the

island.

When interviewing solar PV owners and
installers we wanted to get a better
understanding of the existing opinions
and knowledge on and surrounding solar
PV. We spoke about the costs of owning
PV and the payback period that comes
with owning a system. In addition to this,

when conducting interviews with solar

PV owners as well as members of the
Historic District Commission, we wanted
to know their perceptions on the
aesthetics and effectiveness of PV
specifically on Nantucket in order to
identify ways that residents could make
the Historic District Commission
permitting process easier. The HDC
provided us insight as to what restrictions
there are on PV placement both within,
and outside of, the historic core districts
on Nantucket. These interviews with
solar PV experts, owners and the HDC
were intended to give us a better
understanding of the various perspectives
of solar PV on Nantucket to help us
develop solutions to promote the

adoption of solar PV.




Public Survey: Solar Energy

We, with the help of the Nantucket
Energy Office, developed a survey to
gauge public opinion on the adoption of
solar PV on Nantucket. Using feedback
from our interviews with homeowners
and also a previous survey that was given
to the public on Nantucket as well as
another survey that was distributed to
residents of San Diego, California, we
developed the survey to gauge public
awareness about solar PV. Over numerous
weeks we met with Lauren Sinatra of the
Energy Oftice to finalize a list of 16
survey questions, shown in Appendix C,
that would identify public opinion of solar
PV adoption and current public awareness
of Nantucket incentive programs and
financing options for solar PV systems.
Once complete, the survey was

distributed through Google Forms to a list

of Nantucket residents who participated
in prior green energy initiatives endorsed
by the Nantucket Energy Office such as
the Mass Save Home Energy Assessment
as well as town employees. As a result, the
data collected from the survey had a slight
bias, as each respondent was already
interested in renewable energy

technologies such as solar PV.

Determine the Current
Installed Capacity of PV on
Nantucket

Our second project objective was to
determine the current installed capacity of
PV on Nantucket and develop a
comprehensive database of residential and
commercial PV and thermal solar systems.
Before determining the current installed
capacity of PV on Nantucket, we needed
to find the number of solar PV systems

installed on Nantucket. The real question

here was how to resolve this number
without searching through Nantucket’s
Graphical Interface System (GIS) and
Google Maps extensively.

Our initial plan was to investigate
Nantucket’s Building and Zoning
Department for permits relating to PV
installations on the island. Since a building
and wiring permit is required for
installations such as this, there would be a
record of all installations. This would
yield the data we were looking for such
as; name of the owner, installation date,
installation company, possible number of
panels, and the system’s overall total
capacity. However, once on island, we
realized that this was not feasible.
Nantucket’s Building Inspector, who held
records of these installations, was
unavailable and the Wiring Inspector was

often times too busy to provide us with




the information we needed. In light of
this, we altered our plan. We utilized
databases such as the Massachusetts System
of Assurance of Net Metering Eligibility
and the Massachusetts Clean Energy
Center to collect this data. We were also
pointed towards the town Historic
District Commission permit files as well as
the HDC final inspection book which
held contact information, installation date
and cost, installation company and much
more which helped us verify the data

from these databases.

We also asked the Nantucket Energy
Oftice for additional residents to contact
who have installed PV systems on their
homes. Since the Energy Office has better
contacts throughout the island, this
yielded a list of residents that we had

missed in addition to further verifying

those that we acquired through the above
databases.

To further verify our findings and find
potential installations the databases had
missed, we utilized Nantucket’s GIS. GIS
holds information regarding plot owner
and time stamps regarding its aerial
photography layers that we used to
retrieve owner contact information and an
estimate for when the system was
installed. If GIS did not yield a good
quality image of the install, we attempted

to verify with Google Maps.

From the data we collected, we reached
out to about 25 system owners to set up
in-person interviews to collect data on
their experiences with PV. We did not
interview all of these individuals due to
scheduling conflicts as well as some
installations not being installed at the time

we were on Nantucket. In addition to the

protocols described above, we were
interested in the incentives and rebates the
owner used, which installation company
they used, and, to aid in the profile,
sought to take photos of the installation
from both the street and the air. This
information was included in the
interactive map described below in
addition to an in-depth profile of some
owners on the island that other residents
could look at if and when they decide to

install PV on their homes.

Develop Approaches to
Promote the Adoption of PV
on Nantucket

To promote solar PV on Nantucket, we
wanted to take into account all of the
factors that influenced a resident’s decision
to purchase a system. We worked to
develop resources such as an interactive

map, a webpage devoted to solar PV




included on the Nantucket website, and a
set of in-depth profiles that would educate
the public on the positive effects that solar
PV has on the environment and how it

can help homeowners financially.

Education about Incentives

A major factor that influences solar PV
adoption is the financial savings generated
from installing a solar PV system. Solar
PV has an average national payback
period of 6-8 years (Karneyeva, 2017).
After this period, the household that owns
the PV system begins to accrue net
financial benefits since the household no
longer needs to pay oft the initial
investment. To display this information,
we created a new webpage on the
Nantucket town website. It contains the
interactive solar map in addition to three

in-depth owner profiles: one ground-

mounted system and two roof-mounted
systems. We included a few pictures of
each system, from GIS; a drone; and the
street, with the owner’s permission. In
addition, the profiles give the capacity of
each system and the initial and ending
cost of the system. The idea of these
profiles was to educate those interested in
implementing solar PV and highlight the
personal experiences of those who have
gone through the process themselves.
While the map simply presents this
information, the website relays the more
useful and comprehensive information
that residents, we hope, will be able to
utilize to their advantage and implement

these systems.

Solar PV Map

Research suggests that the most eftective

way to promote renewable energy to a

homeowner is to make owning solar PV a
trend. Conniff noted (2009) “People
don’t just want to conserve energy ...
they want to be acknowledged for
conserving energy’’; it has been suggested
that a person is more likely to invest in
renewable energy with the knowledge
that their neighbor owns it (Connift,
2009). In promoting solar PV, one
deliverable was an interactive map that
displayed each solar PV system
installation. This map would be easily
accessible to the public so that they can
see where solar PV has been

implemented.

In preparation for creating the solar PV
map, we studied a past research project
done on Nantucket, where streetlamps
were mapped out and could be marked by
the public if they required maintenance

(Evaluating LED, 2014). The mapping




software used, Google My Maps, was This interactive map is intended to be
user-friendly and easy to update, which embedded on the Nantucket Energy
was a key consideration for the Nantucket Oftice webpage on the Town website
Energy Oftice. This map is shown in where the public can access it to see
Figure 10, where the lightbulbs are shown where solar PV has been installed.

to represent streetlamps, and the color
depicts what form of maintenance is
needed. We appreciated the simplicity of
the interface but added more detail to
each marker (representing a solar PV
installation site) including the installation
capacity, date of installation, owner name,
as well as which installation company
installed the system. Different markers for
future renewable technologies and, in the
case of a solar PV in a construction phase,

were made through the addition of

multiple map layers. An additional
consideration to the map was the ease of Figure 10: LED Street Lamp Map (Hunt, Potter, Vu, & Waldo, 2014)
use and maintenance. We wanted it to be

easily readable by the public and
updatable by the Town Energy Oftice.




Findings and Analysis

The following chapter discusses our major
findings resulting from the research done
on behalf of the Nantucket Energy
Oftice. Specifically, we speak towards the
barriers and opportunities particular to the
adoption of solar PV, the current installed
capacity of solar PV, and approaches to
the promotion of solar PV on Nantucket.
We then detail the results of our public
survey, stakeholder interviews, and
database research to present an overall
generalization on the current status of PV
on Nantucket from which we can begin
to make recommendations and
conclusions to aid the Nantucket Energy
Office in the promotion of PV on the

island.

Payback Period

Payback period is the amount of time
needed to pay off the total cost of the
system. A low payback period generally
correlates to a better investment. Of the
solar PV owners we interviewed, the
Nantucket average estimated payback
period is 6.5 years. We were able to
interview nine of the thirty-six current
Nantucket solar PV owners. Of those
nine, six were able to provide details on
costs and payback periods. These solar PV
owners had not paid off their systems yet
as they had all recently installed (within
the last three years generally). Their
estimates were based on the time given to
them by their installers and the current
data extrapolated from the production of
their solar array. This is comparable with
the national average of 6-8 years
(Shemkus, 2017) but longer than the state

of Massachusetts average of 4.5-5.5 years

(Massachusetts Solar PV, 2017). Only one
of the solar PV owners we interviewed,
used the Nantucket SOLAR Rebate of
$2,500 as it was introduced very recently.
Incorporating this rebate takes about half a
year off the payback period. By reducing
the initial costs and payback periods, the
Nantucket Energy Office expects more
residents may be encouraged to install PV
even though it does not reduce payback

periods to the state average.

“[Solar PV] is easy, it’s
quick, it’s not as expensive
as you’d think”

-Jack Weinhold

Cost of Systems

The cost of systems on Nantucket are

higher than the rest of Massachusetts. The




data in Figure 11 shows the date each costs of installing on Nantucket; however, sent out to Nantucket residents who are
residential PV system was installed over does not negate the additional costs of either government workers or were
the past 10 years on Nantucket and their using an oft-island installer. involved in a Mass Save Energy Audit.
cost per watt. Over the past decade, the $20.00
cost per watt has decreased significantly,
with Nantucket averaging $4.81 per watt o ?
in 2017; however, this is still higher than ’;: P00
the Massachusetts state cost of $5.27 per g
watt. From conversations with off-island g ¥10.00
solar PV installers, we found that the E’
increase in the cost is largely due to 3 $5.00
transportation of materials and labor to
the island, in addition to the lower solar $0.00

2007 2009 2011 2013 2015 2017
panel efficiency on island. For instance,

Year

SunWind LLC installer Tim Holmes

Figure 11: Cost Watt of Solar PV on Nantucket
stated that as an installer based off-island, a g ost per yvatt of solar on fNantucke

Nantucket solar PV project costs an

additional $3500 - $5000 depending on Solar PV Awareness Of those surveyed, 27.7% indicated they
transportation costs. The electricity did not know anything about solar PV
savings is more on Nantucket; however, More needs to be done to inform and 33.7% knew about solar PV but not

Nantucket residents on solar PV and its

this only accumulates on average to $240 any details as shown in Figure 12. This

per year. This does impact the additional benefits. We developed a survey that was data illustrates that the public should be




more informed on solar PV by the town.
Additionally, as shown in Figure 13, more
than half of the respondents were unsure
on whether they could install solar PV
where they live. Reasons for not being
able to install could be roof orientation,
available land, or Historic District
Commission regulations. With most
respondents being unsure, the population
should at least be further informed on
these factors that determine whether their

property is suitable for a solar PV system.

HDC Guidelines

Through research and interviews with
members of the Historic District
Commission, we discovered that there is
not an updated, agreed upon set of
guidelines regarding the installation of

solar PV.

= | do not know
anything about solar
PV

= | know what solar PV
is but | do not know

understand the
basics

| have done

extensive research

Figure 12: Public Knowledge of PV

The current HDC guidelines were
written in 2009 and are both incomplete
and out of date in terms of advice for
homeowners. It contains a set of
recommendations, not rules to follow, on
where their solar panels should be placed
in order to limit public visibility of the
installation. Appendix E is an example

from the 2009 guidelines where it

the details m Yes
= No
" | have done some
research and ® Unsure

Figure 13: Public Knowledge on PV
Installation Location

recommends incorporating solar panels
into a trellis. Doing this would minimize
the efficiency of the solar PV panels as
they would not be angled properly.
Additionally, all three HDC members we
interviewed stated that they did not know
that the 2009 guidelines existed.
Acknowledging this, the 2009 guidelines

are thereby out of date and are not being




followed by the Nantucket Historic
District Commission. Regarding the two
Historic Cores, the HDC would like solar
PV to not be seen at all, from any view.
This makes the installation of solar panels
difficult in these areas since they need to
be angled south and not laid flat on the
top of a building. There is interest in
tuture use of solar shingles in the Historic
Cores. If solar shingles can blend in on
roofs and be aesthetically appealing, they
could be considered for use in these areas
since they would not impede the historic
nature of these locations. For the rest of
the island, the Historic District
Commission has legal jurisdiction over
anything visible to the public. If solar
panels have the capability of being visible
from the road, the HDC can deny the
application. After interviewing HDC
members and solar PV installers, we found

that the HDC has not outright denied a

solar application; rather, the HDC has
sent the application out for revisions,
which in some cases, calls for modification
to the solar PV plan that make it
economically impracticable. Overall, the
HDC is a barrier to the adoption of solar
PV on island, limiting the number of

usable sites.

HDC Process

The process of filling out an HDC
application for solar PV is confusing for
homeowners and installers. The Historic
District Commission is the first step in
applying for permits to install a solar PV
system and generally the longest portion
of the permitting process. The application
not only adds time and difficulty to this
process by not including fields related to
renewable energies, it creates an

unnecessary barrier. After interviewing

three HDC members, all agreed that the
application was confusing and that
changes should be made to the
application. One of the members we
interviewed even stated that they have
developed multiple revisions to the
application that make it easier for those
applying for solar PV and that the board
had been unable to discuss for a long
period of time. Having to go through the
HDC to install a solar PV system is a
process, that most other locations do not
have to deal with. The Historic District
Commission, has their purpose in
maintaining the historical integrity of
Nantucket; however, decreasing
unnecessary additions to the permitting
period, like changing the application, can
positively impact the adoption of solar PV

on island.




Finding a trustworthy and reliable installer
can be a large barrier when looking to
install solar PV. While interviewing
homeowners, many detailed that finding a
trustworthy installer was paramount to the
overall enjoyment of the installation
process. Solar PV is a large investment and
many owners stated that while they
wanted to give their business to a local
company, it was more important to
choose a company that they could depend
on and trust. One owner, for instance,
stated that she reached out to a few
difterent installers before deciding on
which company to hire. Responses from
our survey on solar energy also
emphasized that this was a major concern
when thinking about installing solar PV

(as seen in Figure 14).

¥ Concerned

m Slightly
Concerned

Figure 14: Concerns Regarding Finding a
Trustworthy Installer

Current Installed Capacity

There are currently thirty-four residential
solar PV systems installed and connected
to the electrical grid on Nantucket.
Before arriving on the island, our data
from NREL and other databases seemed
to indicate that there were twenty-five
installations around Nantucket. Upon
turther investigation, we found this data

to be inaccurate. After developing a

M Very Concerned

Not Concerned

database of all solar installations on
Nantucket, there was a clear trend in the
number of installed systems over the past
decade. As shown in Figure 15, there is an
exponential trend showing the growth of
solar installations, with a substantial jump
in the number of installed systems over
this past two years. Solar installations will
continue to grow and follow this trend, as
solar PV promotion and awareness

increases.

Out of the twelve systems that were
installed this year, five of them have been
approved and are currently being installed
over the course of the past few months.
These systems are planned to be
completed by the end of the year and
show the potential increase in adoption
for solar PV moving forward. Four out of
five of these systems are being installed by

one installer. This shows that one installer




alone can install four systems in a span of There are currently three installation Based on the data shown in Figure 15, we
three months. At this rate, one installer companies that operate on Nantucket, can infer that going forward, the
alone could install twelve new systems a including one on-island and two off- exponential trend in solar PV installations
year. island companies. each year will continue.
14
12
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6
4
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B PV Installations

Figure 15: Installed Solar PV Systems per Year




The current total installed capacity of
residential solar PV systems on Nantucket
totals 232.103kW. In addition to this,
36.06kW will be added to the total from
those systems still being installed that will
be finished by the end of this year.
Together this will total 268.163kW, or
approximately 0.27MW. For only thirty-
four systems, 0.27MW is a significant

impact on the island.

Commercial solar PV systems also make a
notable impact on the islands installed
capacity. Currently, commercial systems
total 1048.06kW or just about 1IMW.
Comparing this to the summer months
where electricity can peak upwards of
45MW, commercial systems are
generating more than 2% when compared
to what is being used by the whole island.
Out of the eleven commercial solar PV

systems that account for this IMW

capacity, two of them generate the
majority of it. The Nantucket Ice Rink
and Bartlett’s Farm solar installations make
up 0.9MW of this IMW generation.
Bartlett’s Farm alone accounts for more
than half of this commercial output. In
addition to this, Bartlett’s Farm plans to
expand its solar capacity, tripling the size
of the current installed solar PV. After this
expansion the installation will have an
output of more than 1.7MW. These
commercial solar PV installations,
especially with the additional expansion of
Bartlett’s Farm, will contribute
significantly toward on-island solar

electric generation.

Approaches to the
Promotion of PV

This section describes the various tools
developed to help promote the use of

solar PV on Nantucket. These tools

include an interactive solar PV map, three
in-depth owner profiles, and a webpage
on the Nantucket Town website to house
all of the deliverables previously
mentioned as well as additional
information about the solar PV installation
process and a number of frequently asked
questions specifically aimed toward solar
PV on Nantucket. There is a very large
opportunity to increase the promotion of
solar PV due to a general lack of
information provided by local sources and
we believe that the tools mentioned
above will help to better inform potential

solar PV adopters.

There is a large opportunity to promote
solar PV on Nantucket. Using results
gathered in owner interviews and a survey
sent out to residents involved in the Mass
Save Energy Audit as well as town

employees, it was determined that there is




a general lack of information about solar

PV on Nantucket.

The website is the platform on to which
the deliverables developed for this project
will be placed to help inform local
residents on the current solar PV
situation. This will be on the Town of
Nantucket Website under the Nantucket
Energy Oftice webpage and will contain
the tools developed for this project to

help promote the adoption of solar PV.

The main deliverable for this project is an
interactive solar PV map, that has every
residential system currently installed on
the island and the information about each
system. The map is the main deliverable
because it describes many key points
about solar PV through user friendly
graphics. The map is sorted by initial

operation date to show the growth in
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Figure 16: Solar PV Map
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number of installations over the years.
This also allows people to see who owns
solar PV around them, which might push

them into installing solar.

Additionally, owner profiles were
developed in conjunction with system
owner interviews on three different
systems that were installed within the past

two years. These profiles include:

e System Pictures

e Cost of the system

e Number of panels

e Date of installation

e Total capacity of the system

e System owner experiences with
the solar PV installation process

e Other green initiatives that the

owners have participated in

These profiles will allow people to see
how certain financing options aftect the
overall system cost and how they might
afford a system. They can also show that
although there are barriers to the
installation of PV, they can be overcome
easily. These profiles are included in

Appendix G.

After interviewing local solar PV owners
and installers, and reviewing the HDC
application process with HDC officials,
we determined that the process of
installing solar PV can be confusing. We
developed a flowchart outlining each step
of the process from filling out the HDC
application and the permits required to
build a solar PV installation to installing
the system, and the final inspections. The
flowchart is included in Appendix G and

is also embedded on our webpage.

We also developed about twenty
frequently asked questions, pulled from
our survey comment sections as well as
other popular solar PV information sites.
These can also be reviewed in Appendix

G as well as on our webpage.




Conclusions and
Recommendations

Based on our research and findings, we

conclude that:

1. The permitting process and
guidelines for solar PV installations
present obstacles to the adoption
of PV on Nantucket.

2. The number of PV systems on
Nantucket is growing
exponentially, but enhancing
public awareness and
understanding of PV will be
essential to increase the installed

capacity on Nantucket.

From these two major conclusions, we
can make several recommendations to
both the Nantucket Historic District
Commission as well as the Nantucket

Energy Oftice.

Recommendations for the
Historic District Commission
We conclude that the HDC could make a
few minor adjustments that would greatly
increase the adoption rate of solar PV on

Nantucket.

Firstly, we recommend that the
Nantucket Historic District Commission
revise its application form to include
renewable energies, such as solar PV,
either through the inclusion of a few
checkboxes regarding renewable energies
or by providing more in-depth
instructions on the process to apply for an
HDC permit regarding renewable energy.
Their current application is confusing for
installers and owners as most of the
information is written in open space on
the application because the current form
does not have a specific section to address

the addition of renewable energies.

Next, we suggest that the HDC
reconsider and clarify their position on
where solar PV can be installed outside of
the Historic Cores. The number of
properties that can have solar are already
limited due to roof orientation and lack of

yard space to place arrays.

Prohibiting arrays from being seen from a
public way, when outside of the
Residential Old Historic Core and
‘Sconset Old Historic Core, is detrimental
to the promotion of solar PV by the
Town of Nantucket. We understand that
Nantucket is home to the largest
collection of pre-civil war era buildings,
which is why we respect the HDC’s
opinion when it comes to renewable
energies in the Historic Cores; however,
outside of those core districts, if the

guidelines are more lenient towards solar




PV systems, the number of PV

installations should increase.

We propose that the Historic District
Commission develop a revised set of
guidelines that clearly describe HDC rules
and expectations regarding solar PV
installations. The most up-to-date
guidelines are from 2009. Since then,
solar PV technology has changed in
efficiency and aesthetics due to new
technologies. These current set of
guidelines push for a solar PV system to
have a low visual impact and give
recommendations, however fail to set any
distinct rules for installers and owners to
follow. We recommend that rules are set
in place so that decisions on whether or
not to install a solar PV system is not
decided based on the HDC’s subjectivity,
but because the installed system fails to

follow these set rules.

Recommendations for the
Nantucket Energy Office

We conclude that there is a lack of
communication between town permitting

bodies and the Nantucket Energy Office.

We recommend that the Town of
Nantucket Energy Office take the lead in
establishing better communication with
the Historic District Commission to
gather data on solar PV installations.
Currently, the town’s records are mostly
paper files. Changing to a digital file
system would help significantly, however
we realize that this may not be an option.
‘With that consideration, we propose that
the Town Energy Office use the HDC
final inspection data to confirm sites to
add to the owner database and update the

solar map.

This will require the HDC to
communicate with the Energy Office to
acknowledge when an installation’s final

inspection has been passed.

We also conclude that there is a lack of
awareness regarding PV and the process of

permitting and installation on Nantucket.

We advise that the Town of Nantucket
Energy Oftice utilize the enhanced eftorts
of public outreach developed in the
course of this project. During our project
we produced an interactive map that
shows where each solar installation is on
the island. Additionally, we created solar
PV owner profiles and built an FAQ
section that are on a web page located on
the Town of Nantucket's website. This
information is available to the public and,
with the distribution of its existence to

local residents, will become a useful tool.




We recommend the Town of Nantucket
Energy Office update the owner database
and interactive map with new solar PV
installations using the directions given in
Appendix F. With the data obtained from
the HDC inspections, the Energy Office
will be able to keep the solar map and
owner database up-to-date with new

installations making full use of the tool.
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Appendix A: Owner Interview Questions and General Interview Protocols

PREAMBLE:

We are students from Worcester Polytechnic Institute working with the Nantucket Energy Office on a project to assist the promotion of solar PV on
the Island of Nantucket. We would like to conduct an interview that should Iast about 20 minutes. All information and quotations from this
interview will only be used to aid us in our project. The interview will be kept anonymous unless you give us permission to use your name in our
report. If we use any information or quotations from this interview we will send you a copy of our report via email to review. In addition, would it
be acceptable if we record this interview for future reference? During the interview, you may skip any questions you do not wish to answer and can
end the interview at any time. Do you have any questions or concerns before we begin?

Solar-PV Owner Interview:

1) How many years have you lived on this property?
a. Pre-Install?
2) What were the primary factors that influenced your decision to use solar?
a. Reduce energy bill
b. Live green and/or reduce carbon footprint
c. Reduce dependence on outside energy sources
3) What kind of solar PV system do you have?
a. Ground mounted or roof mounted?
b. Why did you decide to install this type?
4) What is the installed capacity of your system?
a.  What is the date of your installation?
5) Can you tell us about your process of finding and selecting your installation company?
6) How was your experience with the solar installation process?
7) Did you encounter any specific barriers during the installation process?
a. Installation
b. Permitting
c. Cost
d. Inspections
Availability of Materials




Shading

Roof Orientation

=@ o

Installer

Electric Panel

-

j-  Homeowner’s Association (HDC)
k. Inverter
8) Have there been any unexpected problems that have come up since installing solar on your property?
9) What can be done to make it easier/faster for someone interested in solar to install it?
10) What was/were the most important rebates toward your financial savings?
11) Do you have any other technologies that were installed either before or in conjunction with your solar installation?
a. Home Energy Assessment (MassSave)
b. Electric Vehicle
Solar Hot Water
Energy Efficient Appliances
Insulation
Tankless Water Heater
HVAC
Shade Trees

Water Conservation Measures

B ot oo

-

j-  Electrical Upgrades
k. Battery Storage
12) Are you more conscious of your energy use after installing your solar system? Do you actively monitor the performance of your system?
13) What kinds of questions/comments/concerns have you received from neighbors/friends/family?
14) Do you feel you are saving money on your electric bill as a result of your solar installation?
a.  What was the cost of your system?
b. What financing plan did you use?
c.  What is your expected payback period?
15) Would you expect your solar installation to change the value of your home?

16) What do you think are the misconceptions about solar-energy on Nantucket?




Appendix B: Installer Interview Questions

1) How, why, for how long did you get into the business?
a. Tell us a little about yourself and your company
2) How many systems have you installed on Nantucket, and how long have you been working on Nantucket?
a.  When did you install your first system?
b. How have things changed?
1. Local permitting
i1. Incentive programs
3) Are there specific challenges that come with being a solar installer on the island?
4) What barriers prevent or discourage people from putting in solar? Have these changed over time?
a. Permitting issues and experiences
b. Customer motivations
c. Cost
d. Regulations (Panels on buildings in-town)
5) What were the primary factors that influenced your customers’ decision to use solar?
a. Reduce energy bill
b. Live green and/or reduce carbon footprint
c. Reduce dependence on outside energy sources
6) How do you market your services locally?
7) Financing plans
a. How does 100% financing work with no out of pocket costs?
8) How would you encourage the adoption of more PV on Nantucket?
9) How will the new rebate programs impact your business?
10) How many revisions do you go through with the HDC on average to fulfill their opinions?
11) Have your clients hear of the SOLAR Rebate program? Has it resulted in more sales calls?




Appendix C: Survey Questions

4. What is your approximate average monthly electric bill?

Public Survey: Solar Energy Mark only one oval.

We are students from Worcester Polytechnic Institute working with () $0-8$150 (0-700 kWh)

the Town of Nantucket Energy Office on a project to gauge public (") $150 - $220 (701-1000 kWh)
opinions of solar photovoltaic (PV) systems on Nantucket. This () $220 - $330 (1001-1500 kWh)
survey should take less than 5 minutes. () $330- $440 (1501-2000 kWh)

* Required (") $440 - $880 (2001-4000 kWh)
(") $880+ (4000+ kWh)

1. lunderstand that participation in this survey is voluntary 5. How many people live in your
and my responses will be completely anonymous. * household?

Mark only one oval.

() lunderstand and agree
6. What is the year of your

birth?
2. What is your residential status?

Mark only one oval.
7. Are you retired?

(") lown ahome and live there year-round. Mark only one oval.
() lownahome but only live there seasonally. () Yes
() Irentahome/apartment and can make improvements to O Ne

the property.
property. 8. What Nantucket

(") Irenta home/apartment but cannot make improvements neighborhood do you live in?
to the property.

() Other:
9. Can you install solar where you live?
Mark only one oval.
3. What is the approximate ) Yes
value of your prope in $)?
your property (in $) O Mo

() Unsure




13. How concerning are the following if you were to consider
10. If no, why not? solar PV for your Nantucket property?

Mark only one oval per row.

Con\ézrl};\ing Concerning cosnlci:%rr]::i);g concr:\l;tning
Initial cost/
obtaining a ) ) - -
competitive price
Finding a
trustworthy ) ) ) )
contractor
Local permitting
11. How knowledgeable are you on the topic of solar PV? (HDC) - - - -
Mark only one oval. Sf?'a_r e
erciency in
(") Ido not know anything about solar PV. Nantucket - - - -
climate/fog
| know what solar PV is but | do not know the details. Reliability/
- e s - - - -
(") I'have done some research and understand the basics. Technology may
. become obsolete Q Q Q D
(") I'have done extensive research. too quickly
Unsuitable roof/ Q Q @ @

ground space
12. Have you considered installing a solar PV system on your

house in the past? 14. Other concerns that were not listed above:
Mark only one oval.

() No
() Yes

() Ihave already installed solar PV




16. Please indicate how strongly you agree or disagree with
the following statements:

Mark only one oval per row.

15. How important are these potential benefits if you were to
consider installing solar PV?

Mark only one oval per row.

Strongl : Strongl
Very jmpodant Slightly Not gy Agree Neutral Disagree Disag?ei
Important Important Important My electric bill is )
2 s too high.
Reducing electric So|ar?)ane|s
bills and saving should not be
money publicly visible.
It is more

Environmentally
responsible
Battery storage/
backup power
Self-sufficiency

Long-term
financial
investment
Using latest and
most innovative
technology

Set an example/
local benefits:
defer 3rd cable

000000

0000000
0000000
0000000

expensive to
install solar PV
on Nantucket
than on the
mainland.

The HDC is
reasonable when
approving solar
panels.
Nantucket is not
sunny enough
for solar PV to
be viable.

There should be
more solar
installations on
Nantucket.

000 0 004
o 00 0 00
000 0 00
000 0 00

0 0 0 O

17. Local residents are now purchasing solar PV systems
through a low-interest loan, for up to 100% of the total
system cost. Does this financing option change your
opinion about the affordability of installing solar PV?

Mark only one oval.

Q Yes
o
() Other:




18. The Town of Nantucket is now offering local residents a
$2,500 rebate to install solar PV. With this incentive, simple
payback periods for Nantucket PV systems are reduced to
as little as 5 years. How does this extra incentive change
your opinion about installing solar PV?

Mark only one oval.
() The incentive definitely makes solar PV more appealing.

() The incentive isn’t enough to make the economics
achievable for me.

() 1am not concerned with system cost.

() Other:

19. Do you have any final thoughts regarding solar PV or this
survey that you'd like to share with us?




Appendix D: Timeline for Project Completion

Objectives/tasks Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
12345678910111213141515171819202122?32425262728293031'323334353637383940414243“454647484950515253545555

Objective 1

Draft Survey Questions
Code and Analyze Survey Data

Draft Interview Script
Pilot Test / Revise Script
hedule Interviews
Conduct Interviews
Code and Analyze Interview Data

Objective 2
Identi

GIS and Google Maps to ID PV
Draft Interview Script
Pilot Test / Revise Script
Cross Databases

Schedule Interviews ™ Break
Conduct Interviews
Code and Analyze Content
Objective 3
Design interactive map
Input data to map
Draft profiles
Report
Goals and Objectives -
Background - -
Methods
Introduction
Findings and Conclusions
Executive Summary and Abstract | | | |

Please note that the last three weeks of the term was mainly used to edit and write major sections of the report as well as the final presentation. All
three objectives and their respective tasks were finished before Thanksgiving break with minor changes to the final deliverables (such as the profiles

and interactive map) were made in the week and a half after the break.




Appendix E: 2009 Historic District Commission Guidelines

Solar Technologies

Photovoltaic Systems

At the ime of publication of this addendum, there are only two prevailing types of
photovoltasc (PV) collectors: photovoltasc panels and buikdmg mtegrated photovoltaics (BIPV).
Both systems exist to convert the sun’s energy mto electricaty. BIPV can be considered because 1t
typically makes less of a visual impact on a structure. Unfortunately, thes technology = currently
not as efficient as photovoltaic panels. The following gusdelines should therefore be applied to
any style of PV system that has been deemed appropriate according to cach buslding owner’s
unsque circumstances, keeping m mand that it 1s always preferable 1o use the kast vissble
technology.

Solar Thermal Systems

Solar Thermal refers to any system that harnesses the power of the sun to beat a bqud
medium for specific applicatons such as domestic hot water, space heatmng, and pool beating. As
of the publxcation of this addendum, there are a number of different technologies that are
desagned to help lower energy bills by utilizing solar thermal systems. Some technologies are
available that allow collectors to be hadden entirely withan the roof structure, and should be
considered (especially for new constructson) because of their minimal visibalsty. However, this
gusdeline wall primanly focus on technologies incorporating collectors (whether evacuated tubes
or panels) that require direct sunhight.

i

Placement & Design of Photovoltaic and Solar Thermal Systems

The utlzation of “energy producing”™ technologies,
such as photovoltaics and solar thermal, should only be Recommended

considered after every effort to reduce a structure’s energy

consumption have been made. It is appropriate to consader
placement of PV or solar thermal amays elsewhere on the \
property before consadering mounting this technology oato the \
primary structure. This 1s especially important in Nantucket's
Old Historic Dastrict, in Smasconset’s Old Histore Distnict, on
contnbuting buikdings or m historcally important landscapes,
where the use of this technology may have a hagher degree of
visual impact. When determanng where to place PV or solar

thermal collectors, it is important to attempt o minimize any
adverse effects upon a structure's existing faboc, as well as to

mitigate the vismal impact these panels and all of their
supplementary equipment may have upon the surrounding — ey,
arca. As eventual wearing out of parts 15 expected with these y = Yy
technologies # is important to note that equipment must be .
replaced with lhike kind, The HDC wall coasxder any

that is not U][nm

Not Recommended | cxactly like the original to be

a change in design, which r'"':"""‘"'""_""‘"
\ TequITes a new ?pllcahun of
—={ | When beginning an investigation regarding where best
-I,-_ to incorporate PV or solar thermal collectors onto a property,
-'_‘_‘_-».1 / the owner of any structure should always fully consider the
= principles of minimum intervention and reversibulity.” The

—

| !

-

Figare 10 Panels an lower 10 of reel. entire site must be fully examuned for its potentmal to
accommodate these technologies effectively. The most

preferable placements for these technologies will have no
physscal impact on the primary structure and have negligsble
visual impact upon the site as a whole. Therefore whenever
possible, the least wvisible mstallabon of ground arrays 1s
preferred. If it 1s necessary for an amay to be placed on a
structure, 1t is enmcouraged that the array to be placed
somewhere other than on the primary structure. For example,
placement on any nonecontributing ancallary structures (such as

i v dmpmay A& detached garages or sheds) would stand a greater chance of

approval than an mstallatson proposed oanly on the primary

" Minismues intervention & B principle that the less chamge o aliesation doos 1o & b the moee
micgrity thal resource retams. Reversibility is the peinciple that sothisg should be done 1 2 Ristonic resource that
can cannot be wdone of reversed wilhout p dasn, the

=

14




buslding.” The creative placement of PV and solar thermal collectors may be encouraged, if such
placement limits any adverse impact of the amray (e.g. in an existng skylight).

Because the sloped roofs typecal of Nantucket's built environment are sich a character
defiming feature of the sknd's cultural hentage, rooftop equipment stallations should be
carefully desagned and posstoned on any roof. The basic elements of desagn to consider are:
balance, propoction, color, thythm, and scale. Additionally, PV and solar thermal collectors
should be kept on the same plane as the roof, with the color of the panels in keeping with the
surrounding roofing matenials.

Photovoltaic and Solar Thermal Guidelines

Applxcations for Photovoltasc and Solar Thermal systems in the Old Hsstonie Dstrict, Siasconset
Old Hsstoric District, and those on contrsbuting properties are likely 1o attract a higher level of
scrutiny. Thes also is true for installations on contributing buiklings, and where lack of
vegetation makes an installation visible from surroundmg areas,

Existing B

ulldings and New Construction:
The least visible application of technologses and their supplementary equipment is

‘A Py

miaial il i pact.

is defined as 2 building, wiich is not an strusion But docs not add 1o 2 hiskeic

Mﬂmduu,ﬂ;xwmw

15

Recommended

p——— 7 I N . ’%
| il [T 0] m S (]
mnu:n—t--—n-,;-. Figure 13: Pasehs placed with Vigure 14: Pasel placed as nes-contribusiog

recommended. If the array 15 located on the ground, appropriate screening may be

m,’.

* Applications of these systems as a ground array or on nonecontnibuting ancillary
structures (as opposed to on the primary structure) are encouraged.

* The approprsteness of a photovoltaic o solar thermal system will be based upon the
historic character and archstectural significance of the individual structure and ats
relation 1o its surroundings.

* Photovoltaic and solar thermal mstallabons need to be designed carefully and
positioned 1o be in scale with the structure's roofline, while mamtanang a balance,
scale, proportion, and rirythm wath other features of that elevation,

*  Systems should be on the same plane as the roof with the color of the panels in
keeping with the surrounding roofing matenals.

Recommended Application Materials:

Applxcations for remewable emergy systems should include matenals adequate to describe the
proposed equipment, the structure, and the surrounding area. These may often include:

A sample of the product and supporting documentation if available.

Photographs of the mstallaton ste and surrounding area.

A scaled drawing of the proposed system including all supplementary equipment.

1f the system is being proposed on the pnmary structure the applicant should be
prepared to discuss why placements with less visibalaty o less impact-were not used.




Appendix F: Instructions for Updating the Interactive Solar Map

Adding a Row to the Data Table
1. Left click on three vertical dots next to the layer you want to add a point to and then left click on “Open data table”.

Nantucket Solar Map : Residential Solar PV A
This map is designed to show the user the numer- L.
ous solar PV and hot water installations across Find in table 1-350f35
the island of Nantucket. It is owned by the Nan-
more o
506 views GIS-ID Owner Email
All changes saved in Drive
1 29159 Audax Group - Marcus Wolpow
® Addlayer L+ Share @ Preview 2 66192  JohnMurray pujo56@yahoo.com
¥ Residential Solar PV - PN / 3 67766 Jonathon Featherstone "Josh” Witty ~ svironie@hotmail.con
Rename this layer \ .
4 59.4 89 Cheryl Emery cherylemery@hotmail’
Delete this layer
Open data table Beacl 5 80112 Tamara Grenier tamgren@gmail.com
2011 (1) 6 68 458 Mark Dawson fogisland@comcast.r
2012 (3) 4%
2013 (2 7 67336.6  Susan Berman soupeey@yahoo.com
2014.(0) 7w, ; l 8 63421 Jeff Lucier pjeffreylucier@gmail..
2015 (4) )
2016 (7) & 9 671153  Jamie Ranney jamie@nantucketlaw.
2017 (9) Y
10 201 Caleb Cressman calebcressman@gma

11 67164 Tobias Glidden integrity11@gmail.co




2. Right click on any data box and then left click on “Add row”. This will add a row to the data table and you can fill in the appropriate

data, and once you add in the address it will add a point to the corresponding address.

Residential Solar PV

Nant Nant Residential Solar PV
ris m; Find in table anti ) )
This mi Find in table
'):esiz::il ous sol
ﬁore GIS-ID Owner En theisla GIS-ID Owner

more

0evie 2 9124 Jim Thomas jim o0 Vi‘

All chai | All chal
- 79213 Dot Oulosd rol 2 29159 Audax Group - Marcus Wolpow

*®™ Ad 24 m Add row rbe ® A 3 66192  JohnMuray
Delete row 4 67766 Jonathon Featherstone "Josh" Wit
/R 25 68495 o Y Re i
= i 5 59489 Cheryl Emery
i 26 79109 Margareta Layton mi

6 80112 Tamara Grenier

27 66 350 William Foote
7 68 458 Mark Dawson

28 63 67 John Kilgallon 8 67 336.6  Susan Berman

29 54146 Flint Ranney 9 63421 Jeff Lucier




Adding a Column to the Data Table
1. Left click on three vertical dots next to the layer you want to add a point to and then left click on “Open data table”.

Nantucket Solar Map : Residential Solar PV X
This map is designed to show the user the numer- s 2
ous solar PV and hot water installations across Find in table 1-350f35
the island of Nantucket. It is owned by the Nan-
more .
506 views GIS-ID Owner Email
All changes saved in Drive 1 | 29159 Audax Group - Marcus Wolpow
® Addlayer L+ Share @) Preview 2 66192 John Murray pujo56@yahoo.com
¥ Residential Solar PV - il ; 3 67 766 Jonathon Featherstone "Josh” Witty  svironie@hotmail.con
v ! %, .
R his | .
ename this tayer B 59.4 89 Cheryl Emery cherylemery@hotmail’
Delete this layer
o 5 80112 Tamara Grenier tamgren@gmail.com
2011 (1) 6 68 458 Mark Dawson fogisland@comcast.r
2012 (3) 2A%%
& 7 67 336.6  Susan Berman soupeey@yahoo.com
2013 (2)
2014 (1) N 4 8 63421 Jeff Lucier pjeffreylucier@gmail.i
2015 (4) ol
2016 () 9 671153  Jamie Ranney jamie@nantucketlaw.
2017 ®) % 10 201 Caleb Cressman calebcressman@gma

11 67164 Tobias Glidden integrity11@gmail.co




2. Left click on the arrow next to a column name header and left click on either “Insert column before” or “Insert column after”.

v
1-350f35 <

Email Phone Number Owner Sample En

oup - Marcus Wolpow SOEA=S 2 228-7140 Audax Group - Marcus Wolpow
SortZ—A
rray 228 - 0437 John Murray pu
| Featherstone ‘I Insert column before 415-6381 Jonathon Featherstone "Josh” Witty svi
nery Insert column after 262-2014 Cheryl Emery ch
. Duplicate .

jrenier 255-1738 Tamara Grenier tar
vson Delete column 228-1818 Mark Dawson fo
'rman Set as title column 228 - 8467 Susan Berman sol
ar pjeffreylucier@gmail.com (508) 325 - 4937 Jeff Lucier pj€
inney jamie@nantucketlaw.pro (508) 228 - 0140 Jamie Ranney jar
1ssman calebcressman@gmail.com (508) 228 - 6464 Caleb Cressman ca
lidden integrity11@gmail.com (508) 228 - 6237 Tobias Glidden int

Adding a Point to the Map from Data Table

1. When adding a row to the data table, once you add an address to the address column, it will generate a point at that address.




Adding a Point to the Map from the Map
1. Left click on the layer you want to add the point to. Make sure the layer has a blue line running down the side (this means it is
selected).

Nantucket Solar Map :

This map is designed to show the user the numer-
ous solar PV and hot water installations across
the island of Nantucket. It is owned by the Nan-
more

506 views

All changes saved in Drive

* Add layer 2+ Share @) Preview

v/ Residential Solar PV :
-.—' Styled by Year of Installation

2007 (1)
2008 (1)
2009 (1)

‘ 2011 (1)
2012 (3)
2013 (2)
2014 (1)
(

(

2015 (4)
2016 (7)

2. Then left click the marker point next to the hand icon near the top of the page. This will change your cursor to a plus sign.

oSS

Nan- %
s)

z
s




3. Left click on the spot you want to add the point and it will give you a text box with fields to input the appropriate information.

v/ GIS-ID
Owner
v/ Sample
Email
Phone Number
v Capacity (kW)
SREC Factor
Operation Date
v/ Year of Installation
v/ Installer

L A, .
SuptalyogalNantucket
‘}.?w-) e 220
&

Alife Massage#

Adding a point into the data table will automatically update the map, and visa versa.




Changing Header Name in Data Sheet

1. Left click on three vertical dots next to the layer you want to change header name and then left click on “Open data table”.

Nantucket Solar Map Residential Solar PV X
This map is designed to show the user the numer- oy _
ous solar PV and hot water installations across Find in table 1-350f 35
the island of Nantucket. It is owned by the Nan-
oo GIS-ID - Owner Email
Views
All changes saved in Drive 1 29159 Audax Group - Marcus Wolpow
* Add layer 2+ Share @) Preview 2 6619.2 John Murray pujo56@yahoo.com
v" Residential Solar PV - i " 3 67766 Jonathon Featherstone "Josh” Witty  svironie@hotmail.con
Rename this layer A, 4 59489 Cheryl Emery cherylemery@hotmail’
Delete this layer
5 80112 Tamara Grenier tamgren@gmail.com
Open data table
o 6 68 458 Mark Dawson fogisland@comcast.r
(1)
2012 (3) . ‘, 7  67336.6 SusanBerman soupeey@yahoo.com
2013 (2) O _'
2014 (1) R : 8 63421 Jeff Lucier pjeffreylucier@gmail.i
2015 (4) ' : _
9 671153  Jamie Ranney jamie@nantucketlaw.
2016 (7) /
2017 (9) 10 20Mm Caleb Cressman calebcressman@gma

11 67164 Tobias Glidden integrity11@gmail.co




2. Next to the header name left click the drop-down arrow and select “Duplicate”.

] Residential Solar PV

;  Findin table
|
! Owner Sample
! ] 29159 SortA—Z
| SortZ — A
2 6619.2
| 3 67 766 Insert column before
z 4 50.489 Insert column after
Q Duplicat:
| 5 uplicate
6 68 458 Delete column
7 67 336.€

Set as title column

8 63 42.1 Jeff Lucier
9 671153  Jamie Ranney
10 201 Caleb Cressman

1 67 164 Tobias Glidden

3. You can change the name in the box under “New Column Name”. Then select the “Add” button.

X
Duplicate Column

New Column Name

Name cannot be the same as any other column
or longer than 64 characters and cannot contain
characters"<>{}|

‘ Copy of GIS-ID

Type

4

Text




4. Once the new column has been added you can delete the original column.

Residential Solar PV

Find in table
Q' Sample Duplicate Owner
1 |20159  SotA=Z arcus
2 66102 oA
3 67 766 Insert column before rston
4 50.4 89 Insert column after
5 80112 Duplicate
6 ‘ Delete column
u 67336.6 Set as title column
8 63 42.1 63 42.1 Jeff Lucier
9 671153 671153 Jamie Ranney
10 20M 2011 Caleb Cressman

11 67 164 67 164 Tobias Glidden




Public Viewable Information vs. Private Viewable Information
1. Left click on a point on the map to bring up the information box. Then left click the “Pencil” icon to edit the information.

5 Arbour Way, Nantucket MA ”
5 Arbour Way, Nantucket MA L V/ GIS-ID 20159

Owner Audax Group - Marcus Wolpow
GIS-ID 20159 i

Email
Sample

i Phone Number (508) 228 - 7140, (508) 228-3128
Capacity (kW) 2.960 Capacity (kW) ) 050
/ Capaci .
Year of Installation 2011 pacity
. SREC Factor

Installer JZ Electric

0 tion Dat
Cost per Watt $17.01 peration Date ' 8/24/2011
Mounting Point Roof v Year of Installation 2011
System Status Connected Vv Installer JZ Electric

Total Cost $50,364.25

9 41.29014,-70.10411 -I’ (oY

ThelBeachside
._on'Nantcket

2. To the left of the data fields there are checkboxes. Checking or unchecking a box will update all data points in the layer.

5 Arbour Way, Nantucket MA
v/pis-ID 20159
wner Audax Group - Marcus Wolpow

ail
one Number (508) 228 - 7140, (508) 228-3128
-I / Chpacity (W) 2.960
EC Factor
Qperation Date 8/24/2011
' Year of Installation 2011

v Ihstaller JZ Electric
otal Cost $50,364.25

| - o |




3. All points checked will be viewable to the public.

5 Arbour Way, Nantucket MA *
v/ GIS-ID 29159
Owner Audax Group - Marcus Wolpow 1
; Email

Phone Number (508) 228 - 7140, (508) 228-3128
v Capacity (kW) 2.960

SREC Factor

Operation Date 8/24/2011
v Year of Installation 2011
v Installer JZ Electric

Total Cost $50,364.25




4. If a point is unchecked then it will only be viewable in private to the owner/updater of the map.

X
5 Arbour Way, Nantucket MA
v/ GIS-ID 20 159
Owner Audax Group - Marcus Wolpow
Email

Phone Number (508) 228 - 7140, (508) 228-3128
/ Capacity (kW) 2.960

SREC Factor

Operation Date 8/24/2011
v/ Year of Installation 2011
Vv Installer JZ Electric

Total Cost $50,364.25

Important Information
RGB Colors for data points
1. Residential (255, 214, 0)
2. Commercial (249, 168, 37)
3. Solar Hot Water (2, 136, 209)




Appendix G: Project Deliverables

In-Depth Profiles

Nantucket

75 Pochick Ave

Mark and Barbara White are retired
teachers who have lived on their
property for thirty-nine years. They
have always been conscious about the
environment. Twenty years ago, they
looked into going green by installing
solar PV on their home, but both
unreliability and the very high cost of
technology back then put renewable 3
energy on the back burner. As time

went on, solar PV technology changed,
becoming much more reliable and Mark and Barbara decided three years ago that they would

affordable, allowing them to install. install solar PV on their property. They attended a workshop to
explore the possibilities and options for solar PV at the time. They
visited Jack Weinhold’s home and discussed the various installers
and different ways they could install on their property. After
exploring all the options, Mark and Barbara decided to use an
on-island local installer, ACK Smart, to install their system. Looking
Capacity per Panel: 300W into different places to install solar, there was not enough land
Total Capacit : 7.2kW space to install a ground mounted system, however, their roof is
Installer: ACK Smart South facing, which is the ideal roof direction for solar panels.

System Specs:

Price: $34,092
Number of Panels: 24

The process of installing the solar PV system took very little
time, although they decided to wait a couple of months for new
panel technology to come out that would increase their efficiency
by about 15%. Installation only took two days and the permitting
process was completed soon afterwards.

Like many people, the Whites were worried about how they
were going to pay for the system because although it helps save
money in the long run, it does have a large upfront cost. The Whites

explored the rebate options provided by state and federal entities,
and decided to install their system, knowing they would receive the
$1,000 state rebate, 30% federal tax credit, and SREC payments.

Overall, the Whites have had a very positive experience with
their solar PV system. Their system produces about 140% of their
electric bill, which they use to net meter to their cottage next door.
They want to see more solar PV installed on the island, to be more
green and to be more self-sufficient.

Nantucket

4 Jennifer Lane

Cary Hazlegrove has lived in her
home in Siasconset since 1980. It is
a single-family, Colonial-style home
built in 1984. Cary choose to install
a roof mounted solar PV system
over a ground mounted system.
This is partly due to the fact that
she did not have much ground
space, but also because, like many
other homes on Nantucket, her roof
was ideal for solar panels. The
south side of Cary’s roof is facing
away from the street. This is great
for solar PV as it allows for her
panels to be hidden from view of
the main road.

System Specs:

Price: $41,888
Number of Panels: 35
Capacity per Panel: 320W
Total Capacity: 11.2kW
Installer: Cotuit Solar

Cary’s primary motivation behind installing solar PV was
reducing her environmental impact. Cary also composts and
collects rainwater, as well as participated in a Mass Save home
energy assessment. As a result, they replaced old incandescent
light bulbs with energy efficient and long lasting LED light bulbs as
well as installed new smart thermostats.

While looking into different solar system installers, Cary
chose to use Cotuit Solar as her installer. Like anyone who is
making a big investment, she wanted to use an installer that was
trustworthy and dependable. To finance her system, Cary was
pointed toward a low interest loan for 100% of the cost offered
through BlueWave, a Massachusetts bank. With the financing, she
was able to keep her initial expenses low, and pay back her loan
after her system started saving her money. The payback period of
her system is projected to be only five and a half years, which is
less than the national average of six to eight years. This is great,
as her system will basically pay for itself after that five and a half
year period.

When asked about the installation process, Cary told us
that it was easy and convenient. The whole installation process
took only a couple of days to complete and was "clean and quiet
with awesome people.” Cotuit Solar brought their own electricians
and carpenters and managed all of the paperwork. The only work
Cary had to do was go to an HDC meeting for the approval of her
HDC application.

Cary has only had her system installed for a few months
and is already very pleased with the savings she is seeing. Since
installing, her electric bill has been reduced from over $200 to less
than $20 a month. She anticipates little to no maintenance
moving forward and is excited to see more local residents adopt
solar PV.




Nantucket

11 R South
Shore Road

Jack Weinhold, a respected and

outspoken resident of Nantucket, has

lived at 11 R South Shore Road in the
heart of Nantucket for twenty-five
years. During that time he has
become a model for energy
sustainability. Jack is one of the
island’s most vocal residents
regarding energy sustainability, not
only embracing Nantucket’s famous
landscape through photography but
also trying to protect the
environment through renewable
energies.

System Specs:

Price: $45,000
Number of Panels: 36
Capacity per Panel: 270W
Total Capacity: 10kW
Installer: ACK Smart

Jack began investing in sustainable energy starting in
January of 2015 with the completion of his solar PV system. Using an
on-island installation company, ACK Smart, Jack installed a 10kW
solar PV system on a large ground mounted array. By installing a
ground mounted system, Jack was able to receive energy savings
and enjoy ease-of-access for maintenance. In addition, he installed
a moderate-sized solar hot water system that harnesses the power
of the sun to heat his home’s supply of hot water. In 2016, Jack
purchased a Nissan Leaf, further reducing is carbon footprint.

Jack's main motivation for installing these systems was the
environment. The environment is a large aspect of the community
here on Nantucket and as such, residents like Jack desire to reduce
their impact on it through the adoption of technologies like solar PV
and solar hot water.

Like many, Jack was concerned with how long it would take
to recover his solar investment. Low interest financing options were
not available at the time. Prospective owners had two options: pay
for the system out of pocket, or obtain a bank loan. Nowadays,
owners have numerous options including a zero money down, 100%
loan.

Jack’s installation is far enough from the public view that the
HDC had little issues and approved it almost immediately. As long
as the public cannot see the panels and the installation looks sleek
and professional, the HDC is usually quick to approve. His system
heats and cools his house and studio, supplements the solar hot
water system and charges his Nissan Leaf. Jack is very enthusiastic
about solar PV and residents like him will start a wave of adoption
on Nantucket. According to Jack, “Solar PV is easy, it's quick, and it's
not as expensive as you'd think.”




Frequently Asked Questions

1. Does solar PV system require snow removal?
With the amount of snowfall on Nantucket, as long as panels are on a roof or high enough off the ground for ground-mounted systems, snow

should not need to be removed. The solar panels do a good job of naturally melting any snow that doesn’t slide off of them.

2. Do I have to clean my solar panels?
Cleaning solar panels is not regularly needed. A good rain should clean them oft with no problem. If they do get dirty enough to affect their

efficiency, they can be cleaned with a non-abrasive wash just like you would clean your windows.

3. How much money is it annually to maintain my system?
As long as your solar PV system is under warranty, replacement parts should be of no cost to you. With modern solar technologies systems

rarely have issues with components, so any maintenance should be uncommon.

4. Will a roof mounted system cause leaks?

If installed properly, roof mounted systems will not cause roof damage that could potentially cause leaks.

5. How long until the technology becomes obsolete?
Technology is constantly evolving, and solar panels will inevitably become more efficient in the future. Current solar technology is efficient

enough for people to greatly reduce their electric bills to a few dollars a month to even no cost per month.




6. How long do warranties last?
The solar panels themselves have a manufacturer warranty generally around 20-25 years, while Installers have a labor warranty around 5 years.
Both of these warranties are dependent on manufacturer and installer and need to be taken into consideration when investing in a solar PV

system.

7. What solar energy rebates and incentives are available?
Currently there is a federal tax rebate of 30% oft of your system cost.
There is a state rebate of 15% up to $1000.
There is a Nantucket Town SOLAR Rebate of $2500.

Quarterly net-metering payments called SRECS.

8. What is the payback period for solar PV on Nantucket?
Average payback period of a system on Nantucket is around 6.5 years. This means that on average the solar PV system will pay for itself in, on

average, around 6.5 years.

9. Is it more expensive to install solar PV on the island of Nantucket than the mainland?
Like many other things on Nantucket, it is more expensive to install solar PV on Nantucket due to cost of transportation of materials and
additional labor costs. The $2500 SOLAR Rebate was created to help alleviate these extra cost. But even though the system is more

expensive, it is still an economically viable option to saving money.




10. Does Nantucket get enough sun for solar photovoltaics to work?
Although Nantucket may not get as much sun as mainland areas, these systems do generate enough electricity for owners to greatly reduce

their electric bills without having to install more expensive systems.

11. Is my roof suitable for solar PV?
The optimal roof orientation for installing solar PV 1s 180 degrees due south. Roof pitch can be accounted for with the system mounting

brackets. Although asphalt shingles are prefered when installing roof mounted systems, roofs with cedar shingles can still be used.

12. How easy is it to monitor my system’s electrical generation?
Many installers use smart apps that communicate to your solar PV system through wifi or ethernet that allow you to manage and track your

system output in real time.

13. Can I install solar PV on my property in the Historic Core Districts?
Rarely can solar panels be installed inside the Historic Cores on Nantucket. Like any home improvement inside the Historic Cores, projects

need to contribute to keeping these zones historically accurate. Systems can’t be visible from any view, and can’t impact the historical integrity

of the building.

14. Can I install solar PV on my property outside the Historic Core Districts?
Yes, as long as the solar panels are visibly hidden from public view or are considered to not make a negative visual impact, they can be

installed on your property.




15. Do I need to get HDC approval even if I don’t live in a Historic Core?
Yes, you do need HDC approval before installing solar PV outside of a Historic Core, but they are more lenient when it comes to the

aesthetics of the system, as long as it is not in view of a public way.

16. Do I have to talk to my local Homeowners Association when considering installing solar PV?
It's recommended that you talk to your local Homeowners Association before talking to the HDC when looking to install solar PV. You

won’t have to fill out and pay for an application before finding out whether or not you are allowed to install solar PV where you live.

17. How do I choose an installer?
When looking to install a system on island it is important to talk to multiple installers to get a system and company that works well for your
situation. Make sure to consider the overall cost of the system, the expected payback period, system and labor warranties, and how well they

communicate.




HDC Permitting Process Timeline

HDC application may take up to a month
depending on when you submit your
application form

These may take up to a week for review

Installation will take on average 2-3 days to
complete

Inspections will take up to a couple weeks for an
inspector to access the work done

This will take up to a month or more for
Natioanl Grid to inspect the system and hook it
up to the electrical grid

Final inspection will take up to a couple months
to make sure origianl plans for installation were
followed
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Appendix H: Summative Team Assessment

Team Monitoring
Throughout the semester our team worked effectively for the majority of the time. Before writing a new section, or developing a deliverable,
we would brainstorm the main ideas or actions needed as a group. Whenever we needed to make a decision on a matter or an argument in our
paper, we took into account each other's opinions and thoughts so that we came to an agreeable conclusion together. To maximize efficiency,
we would make a weekly agenda at the beginning of each week and followed it closely to stay on schedule. This was very helpful with keeping
us on task during the week and also let our advisors and sponsor know our plans for the week. In addition, to keep track of interviews,
meetings, and assignment deadlines, we created an excel sheet that was setup to be a schedule. This had dates as well as time slots for each day

and allowed us to keep track of our schedule and, at a glance, see what times we were available.

At first, we would distribute each assignment into four equal or so parts; however, as the term went on, we learned each other’s strength and
were able to split work up accordingly. This was especially helpful when more work was to be done in areas outside the physical report such as

conducting interviews, various meetings, emails, scheduling, and working on our project deliverables.

Toward the end of project, tensions tended to run high causing us not to be as respectful to each other as we were earlier in the project. This
did not get in the way of productivity or our relationship as a team, however. We were all stressed, like many teams are at the end of their
IQPs, and we think we did a great job of pushing through. At times there would be banter between all group members, but it was never

anything that anyone took personally.




Team critique and conflict identification
We are pretty open to one another when it comes to criticizing each other’s effectiveness. We try to keep one another on track and constantly
update one another on the progress of our sections. Additionally, we set due dates for project work that wasn’t given a due date by our advisors.

We did a good job all semester on keeping each other productive.

Although we have worked well as a group communicating individual opinions and ideas, for the first three weeks on Nantucket, we had some
problems communicating with our advisors. We would receive edits on our report, and if we did not agree with a comment, we would leave
the original and not discuss the problem with the advisor who made the edit. Later on, we fixed this by communicating our concerns in a cover
letter outlining the edits we made as well as discussing specific comments we disagreed with. After our Thanksgiving break, we all reflected on
our midterm reviews and increased our communication with our advisors. Specifically, if we had questions or concerns on report comments, we
would ask to meet with our advisors to discuss them. This worked very well and helped us get a clear understanding of any comments or

concerns.

In addition, our communication could have been better with our sponsor. We worked in the same office building so we met and emailed quite
a bit; however, we had problems communicating objectives and opinions to one another. Looking back, we think that both our group and our

sponsor could have taken initiatives to increase our communication especially in regards to our survey.
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