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Commitiee Statement & Town Council Charge

Charge

The committee shall explore opportunities to provide alternative energy to municipal and school
buildings and vehicles. This includes a look at utilization of town and school land and buildings
for solar energy opportunities. lts work product shall be a report to the town council providing
specific proposals and cost estimates. Any proposals with cost impacts shall include the cost to
implement as well as projected costs savings, future energy cost projections, and a risks section
which identifies and quantifies all risks associated with the use, lease, rental or financing of a
system including operation, performance, maintenance, guarantees, indemnities (including
taxes and changes to Tax Law and/or Net Metering) and credit (vendors and financing parties).
(TC,1.2016)

Alternative Energy Committee Mission Statement (created by Committes, July 2016)
To facilitate delivery of the best available decision-making information to empower the town
council and inspire the community to engage in low risk/high reward projects that capture
immediate and long-lasting benefits from energy efficiency and renewable energy technology by
significantly reducing our energy costs and carbon emissions. (adopted by the AEC, 7.2016)

Committee Statement

Community participation in decisions on how the town pays for utilities is uncommon, but in the
case of renewable energy, everybody is going to be interested in why, how and how much of
any kind of an investment the town will make in a solar system, big or small. It is critical that
communications for any project between the town government and the community be handled
well so as to pave the way for future expansion and diversification of our energy assets.
Fortunately, the impulse for creating the Alternative Energy Committee was a town forum where
the subject of several townspeople wanting municipal solar array was raised and made the list
of the council investigations. The work of the Alternative committee has followed the new town
rules of meetings and disclosure, and in addition, has shared a great deal of information on its
section of the town website pertinent to its work, however, we do not expect townspeople to sift

through this materials, or even to read this report.
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Executive Summary

The Cape Elizabeth Town Council approved the formation of an Ad Hoc Committee on January 4, 2016
to explore alternative energy solutions for the Town of Cape Elizabeth as well for the Cape Elizabeth
School Department. The Alternative Energy Committee would be made up of 5 voting community
members, a non-voting Town Council liaison, and a non-voting Town staff liaison with a committee
budget of $10,000 for studies or engineering services. The Town of Cape Elizabeth and Town Council
requested community members to submit an application if they wanted to be a part of the committee
with the Town Council interviewing perspective committee members. On March 14, 2016 the Town
Council appointed the following committee: of Mr. Wes Doane, Dr. James Masi, Mr. Laurenz Schmidt,
Ms Julia Bassett Schwerin, and Mr. Richard Smith. The Town Council assigned Town Councilor Ms
Patty Grennon as the Town Council liaison and Director of Facilities, Mr. Greg Marles as the Town Staff

liaison.

The first meeting of the Alternative Energy Committee was held on March 29, 2016 at 7:00pm in the
Town Hall lower level conference room. The Assistant Town Manager Ms. Debra Lane as well as
Town Councilor Ms. Patty Grennon reviewed the Cape Elizabeth Town Council committee charge and
rules for conducting meetings. The first order of business was to elect a committee chair. Ms Julia
Bassett Schwerin was nominated and elected by a unanimous vote of the committee members.

The committee created a mission statement in July of 2016:

“To facilitate delivery of the best available decision making information to empower the Town Council
and inspire the community to engage in low risk/high rewards projects that capture immediate and long
lasting benefit from energy efficiency and renewable energy technology by significantly reducing our

energy costs and carbon emissions”

The committee met over a seven (7) month period conducting eleven (11) regular meetings and two (2)
sub-committee meetings. The committee reviewed the findings of the last energy audit dated
December 2008 conducted by CM3 Building Solutions of Fort Washington, PA. The commitiee
collected data on existing Town and School facilities, utility costs and usage, and available open land in
Cape Elizabeth. Each member was tasked with providing the committee with information on other
communities within Greater Portland as well as communities throughout New England on their
municipal energy reporting, projects, and other measures for alternative energy and carbon footprint
reduction. All collected data was posted to the Town of Cape Elizabeth website under a special
resource tab for the Alternative Energy Committee. An extensive review of energy incentives, grants
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and other funding opportunities was also undertaken by the committee in an effort to find alternative
funding methods to fund projects in Cape Elizabeth. Another important area of review by the
committee was educational opportunities for students and community members for any systems that

may be recommended.

Having collected data, reference materials, inviting in an alternative energy contractor to do a
presentation, and researched possible funding opportunities, the committee deliberated on what types
of projects would make the best sense for the community of Cape Elizabeth. The committee felt after
reviewing ail data that their efforts should be focused around solar solutions for the community.

The town and school facilities receive grid energy via forty-two (42) meters with an annual consumption
of five million-six hundred thirty thousand (5,630,000) kilowatt-hours (kWh). The schools and pool
which are served by one meter consumes approximately ninety (90) percent of the total energy or four
million-eight hundred thousand kilowatt-hours (kWh), comparing this to the next largest community
user, Town Center Fire Station uses less than 5% of that amount, at one hundred-sixty thousand
(160,000) kilowatt-hours. With all of the collected data the committee worked toward a solar solution

for Cape Elizabeth.

Cape Elizabeth Facilities

The Cape Elizabeth Facilities and Transportation Department manages all of the physical plants and
sport fields for the town and schools. This equates to thirty-seven (37) different buildings,
approximately seven hundred-fifty thousand (750,000) square feet of facilities, 7 athletic fields, and a
turf field.

In 2010 a major relamping project was conducted in many of the town and school facilities with a focus
in cost electricity usages. The cost for this program was offset with a large rebate from Efficiency
Maine with a payback period of three to five (3 to 5) years. The Department has a policy established
regarding lighting upgrades that shall be the latest in energy efficiency fixtures and a large focus on
LED lighting. Over the past seven (7) years the community has continued to see a decrease in
electrical costs in our facilities due to the completion of projects with rapid investment returns. During
the summer of 2011, the School Department upgraded the boiler plants at the high school with a first
year fuel oil saving of twenty thousand (20,000) gallons; this will provide a payback period of nine (9)
years. In 2014 the School Department upgraded the boiler piants for Pond Cove and the Middle school
with first year oil saving of fourteen thousand (14,000) gallons; this will provide a payback of fourteen

(14) years.
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During the high school boiler upgrade project, both the high school and middle school were outfitted
with an evacuated tube domestic hot water pre-heating solar arrays. These systems have a payback
for the investment of approximately nine (9) years. The middle school system has been able to provide
for all of the domestic hot water for most of the summer from June to August and into September

depending on the weather.

In 2016, Donald Richards Pool underwent a major mechanical renovation, including a new
dehumidification unit, gas fired boilers, and chiorinating system. The new equipment is more
operational efficient thus saving energy costs. We put measures in place that will aliow us to operate
the heating side of the system by propane or heating oil, depending on which fuel cost less to heat the
pool water. These operational changes give the community a saving in energy costs as well as

reducing our greenhouse gases emissions.

Cape Elizabeth has opportunities to meet the goals of energy and greenhouse reductions with the
addition of solar arrays on buildings, possible Microgrid or another type of system that can provide the
community with a good return on their investment. The committee reviewed several options to meet

the goals of energy cost saving and greenhouse gas emission reductions.

Natural Gas

The committee reviewed the opfion of bringing natural gas to the town center which could be used for
facility heating, domestic water heating, and possibly vehicle fueling. It was determined that although
the use of natural gas has a lesser impact on the environment than heéting oil, the cost to bring the line
from South Portland to Cape Elizabeth would, at this time, produce a negative return on investment.
The committee focus was on creating options that significantly reduce greenhouse gas emissions as
well as moving away from fossil fuel options. The committee rejected this option for further

consideration.

Biomass

The committee reviewed the option of biomass type fuel products such as wood chips, wood pellets, or
reclaimed wood materials to provide energy for town and school facilities. The committee rejected this
option due to the possibility of supply interruptions, infrastructure upgrade costs, and increased local
traffic from large delivery vehicles. The committee also had concerns about an on-going debate that

still continues about the true reduction in greenhouse gas emissions.
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Biofuels

The committee looked at biofuels for trucks, buses, and other vehicles owned and operated by the town
and schools. They also explored the idea of using biofuels for heating of town and school facilities. The
committee rejected this option for further consideration based the cost to upgrade fuel tanks for heating
and the possible issues surrounding converting existing vehicles from regular diesel to a biofue!l source.
Concerns centered at the cost of biofuels being at a higher rate than the community is currently paying

and the lack of true greenhouse emission reductions.

Geothermal Systems

The committee reviewed the equipment needs and cost of installation of geothermal systems for town
and school facilities. The committee rejected this option for further consideration, as the system would
not be cost effective for existing facilities. The committee is recommending that the town or
schools look into geothermal systems for major renovations or new building construction.

Power Generation and Heating

The committee considered a Microgrid system that would generate power which would be sold back to
the power company as well as creating a grid independent Microgrid system for town and school
facilities. These systems could not only generate electricity but the by-product of the generation
process creates heat that could be used to provide heating to the facility. The committee rejected this
option from further consideration because: 1) intensive labor to operate these systems, 2) existing
equipment is not well tested in the market place, and 3) the equipment necessary to operate a fully

functional system is very expensive.

Wind
The committee decided not to consider wind energy based on the inconsistent data for smaller scale

projects and the results for other projects in the general area.

Clean Fuel Vehicles

The Town Council requested the committee also look at reducing environmental impact of town and
school vehicles. The committee took an ancillary look at different vehicle options such as biofuels,
propane, natural gas, battery-electric, and hydrogen-electric, but due to the complexities of the subject,
the committee decided it would be better to focus on a building based type of energy programs.
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Solar Thermal and Photovoltaic

The committee looked at several different options for solar within Cape Elizabeth that would reduce
and/or stabilize energy costs while reducing greenhouse gas emissions. It was the decision of the
committee to focus on solar-based systems due to rate of return on the investments, the ability to
reduce or stay cost neutral for energy, and areas of availability for a system installation. Several
different options were reviewed such as Greenfield photovoltaic solar systems which generate
electricity that can be directly utilized for town and school facilities, roof mounted photovoltaic solar
systems which offer the same results as Greenfield solar but at small scale, and roof mounted thermal

solar systems that wouid heat the pool water.

Thermal Solar with Photovoltaic Pool Facility

An analysis of the application of solar thermal energy was undertaken for the Richards Community
Pool/Spa and associated electrical energy needs. The supporting documents describe the rationale,
data, references/resources, and conclusions regarding the concurrent use of solar thermal and
photovoltaic installations for this specific energy intensive segment of our study (pool, pool pumps and
photovoltaic, spa, spa pumps, compressors, etc.). The parametric data used in these documents are
taken from the actual pool and spa known values. Other losses, financial, and unknown parameters

are best estimates.

The town pays roughily thirty-four thousand ($34,000) each year to (i) heat the water in the swimming
pool and (ii) purchase electricity to power existing pumps to circulate the pool water. This report
recommends (i) heating the water with sofar thermal panels that cost approximately twenty-seven
thousand ($27,000) (including heat exchanger and associated pump to heat exchanger)(see diagram
on p. 11; and (ji) recommends supplying the forty-six (46) kilowatt hours (kWh) electricity for the pumps
with propane driven generators’ costing (up front) approximately sixteen thousand three hundred
($16,300) plus labor, plus approximately seventeen thousand ($17,000) yearly for fuel to cover non-
solar and unforeseen outages. The total investment would be roughly sixty two thousand
($62,000) for the solar thermal panels and propane backup plus one hundred twenty two
thousand ($122,000) for the PV solar daytime running of the pumps (48kW x $2.55/watt,
installed), pool, and SPA.

! Kohier 48 kW Generator, 48RCLA single or three phase, Natural Gas/LPG, $16,236 MSRP* plus installation
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If the town adopts the recommendations in this report, the town will pay roughly seventeen thousand
($17,000) each year to heat and circulate the pool's water, a savings of seventeen thousand ($17,000)

per year (assuming grid tie for 50% of system operation).

The annual savings results in a payback period for the one hundred eighty four thousand ($184,000)
investment (PV + solar thermal) of approximately 11 years. In the absence of the PV panels, the
payback for the sixty two thousand ($62,000) would be 4 years. However, this assumes the combined

use of grid and propane generation backup.

Greenfield Photovoltaic Installation:

Designated area: (transfer station capped Greenfield) 1.8 acres max
Available nameplate capacity from this area: 350 kW 2
Annual output from a 350 kW installation (first year) 439,000 kWh +*?
Output over the life of the system (.5% annual degradation, 40 years) 15,960,000 kWh £*
Utility price (first year) $.135
Utifity rate escalation (annually) 1.5% p.a.
Power Purchase Agreement (PPA) price (first year) $.130°
Power Purchase Agreement (PPA) rate escalation (annually) 1.5% p.a.
Cost estimate of the system all-in $ 858,800
IRR to the investor 8.97%
Non-discounted cash flow breakeven 7.8 years

Cumulative benefit to the municipality over lifetime of the system

Perpetual Power Purchase Agreement (PPA) (NOT RECOMMENDED) $ 107,201
Power Purchase Agreement (PPA) 7 years buy out @ $ 515,200 $ 1,651,600

Environmental benefit for either economic scenario over the life of the system (40 years)

Reductions of local emissions

CO, emission avoidance 18,860,000 pounds
S0, emission avoidance 4,500 pounds
NOy emission avoidance 6,900 pounds

*2The numbers shown are fairly accurate estimates based on the accuracy of available geographical, macro
topological and meteorological data. The exact numbers will depend on the amount of shading resulting from the
specific micro topography, exact layout of the field and any efficiency advantages gained by technology
improvements between now and the installation of the field. The actual numbers should be within 5%z range.

% The current minimum market investor rate of return (IRR) for an investor and highly rated buyer of
power is 9%. A Power purchase agreement (PPA} kWh price of .13$kWh is needed to get close to the
required 9%; Cape Elizabeth would qualify as highly rated.
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The 7 Year Power Purchase Agreement (PPA) along with a buy-out for a Greenfield installation
meets the economic criteria is doable and does not require any net metering income or offset. It
produces a conservative return of one million seven hundred thousand ($1,700,000) over forty
{(40) years with no front-loading. We recommend that solution.

The method employed for the comparative analysis was to use National Renewable Energy Laboratory
(NREL), National Aeronautics and Space Administration (NASA), and Department of Energy (DOE)
databases to obtain specific solar energy availability for the selected location. These databases allow
calculating the typical energy output considering geographical location, seasonal impact (temperature
and wind), meteorological conditions at the location and topography. We considered the panels to be
mounted on a fixed framework with a tilt of 32° South. The cost of project development, panels,
inverters, wiring and interconnections was taken from actually existing projects of comparable size in
the New England region and prorated to the project size in question. No property tax burden was
assumed for the Greenfield installation as the land is currently owned by the municipality and does not
pay taxes. Any property tax burden would be passed through to the sole beneficiary of the power
output, the municipality. Hence, for the sake of analyzing the economic impact on the town, the tax
burden would be zero. Note that due to unknown variables like soil condition, change orders, etc. the
final numbers can be influenced. These numbers are not a quote but rather a best effort estimate based

on actual, life projects, to which quotes can later be compared.

The committee would like to thank the professionals in the community who gave their expertise pro
bono to the highly sophisticated modeling of the data used by the committee. Additionally, the
committee would especially thank Mr. Greg Marles and Ms. Patty Grennon for their diligent work and

positive attitudes throughout the process of creating this report.

Respectfully submitted,
2016 Alternative Energy Committee
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Conclusions & Recommendations

CONCLUSIONS

The committee has reviewed many different options for the town and schools facilities of Cape
Elizabeth: looked at rate of return on investments, long term maintenance and operational costs,
environmental benefits to the community, and necessary installation requirements for different types of

systems.

These results and detailed research indicated that the best opportunity for the community is:
1. athermal solar pool water heating system with a photovoltaic system to provide power to the
pumping systems
2. aphotovoltaic solar grid to be located at the transfer station capped Greenfield area to supply

energy o town or school facilities.

Thermal solar with photovoltaic:

The thermal solar with photovoltaic system shows that an investment of one hundred eighty-four
thousand ($184,000) with a rate of return on the investment of eleven (11) years and a life cycle
expectancy of twenty (20) to twenty-five (25) years. Should the Town Council decide to only go with a
thermal solar water heating system, the cost would be sixty two thousand ($62,000) with a rate of return

on the investment of four (4) years and a life cycle expectancy of twenty (20) to twenty-five (25) years.

Greenfield photovoltaic:

The Greenfield photovoltaic system would require no upfront investment from the community if a power
purchase agreement (PPA) is utilized to construct system with the vendor taking advantage of available
tax incentives directly as they are not available to the Town of Cape Elizabeth. It is recommended that
a PPA agreement be utilized with a buy-out provision at seven (7) years with the Town taking over
operations of the system. With the seven (7) year buy-out clause, the town and schools would realize a
one million seven hundred thousand ($1,700,000) saving over the life expectancy of the system. If the
town decides not to buy-out the PPA contract after seven (7) years the total realized saving over the
same period would be one hundred seven thousand ($107,000). The PPA buy-out at seven (7) years
would cost the town and schools five hundred fifteen thousand {$515,000) which has been calculated

into the rate of retumn over the life cycle of the project.
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RECOMMENDATIONS

The 2016 Alternative Energy Committee recommends that the Town of Cape Elizabseth and Cape
Elizabeth Town Council move forward with the two (2) projects detailed in this report with the thermal
solar system having an investment of one hundred eighty-four ($184,000) and a power purchase
agreement with no cash or upfront investment until the completion of year seven (7) of the operating
system. The Committee understands that these projects will have permitting and regulatory approval
processes to go through before their completion. The committee feels that the sooner this process can
begin the quicker the Town of Cape Elizabeth can start to realize a return of their investment as well as

reducing our current impact on the environment.

In addition to the solar recommendations, the 2016 Alternative Energy Committee requests that the
Town Council authorize the committee to continue into 2017. The Committee would focus on
monitoring and providing guidance to help facilitate the project process. The Committee also requests
permission to publish a series of articles regarding the solar projects, with workshops aimed at various

groups within the community of Cape Elizabeth.

Please see page 12 for the Project Reference Guide.
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Glossary of Solar Photovoltaic Thermal Terms

ABBREVIATIONS

AC - Alternating Current

ACP - Alternative Compliance Payment

DC - Direct Current

DG - Distributed Generation

ITC - Investment Tax Credit

kW - Kilowatt

kWh - Kilowatt-hour

LCoE - Levelized Cost of Electricity

LSEs -Load Serving Entities

MACRS - Modified Accelerated Cost Recovery System
MW - Megawatt

MWh - Megawatt-hour

O&M - Operations and Maintenance

NREL - National Renewable Energy Laboratory
PPA - Power Purchase Agreement

PV - Photovoltaic

REC - Renewable Energy Credit

RPS - Renewable Portfolio Standard

SREC - Solar Renewable Energy Credit

GENERAL TERMS

Battery Storage - batteries that capture energy produced by solar panels at one time for use
later

Compliance Entities - Entities that must comply with the Renewable Portfolio Standard by
providing a percentage of their load from renewable sources. Also referred to as Retail
Electricity Suppliers and Load Serving Entities.

Customer Sited (or behind the meter) - Refers to technology that provides electricity directly to
a customer on site and not from a utility central power plant. A common form of distributed
generation (DG), or electricity generated close to its use, is customer-sited DG.

Derate - To lower the rated output of a Solar PV system due to external factors, roof pitch, size,
etc.

Greenfield - Previously undeveloped sites for commercial development or exploitation

Grid Parity (or socket parity) - Grid parity (or socket parity) occurs when an alternative energy
source can generate electricity at a levelized cost of electricity (LCoE) that is less than or
equal to the price of purchasing power at a retail price from the electricity grid. Simplified, it
means the cost of renewable electricity equivalent to the retail price of utility supplied
electricity.
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Inverter - Converts the variable direct current (DC) output from photovoltaic solar panel
into alternating current (AC) that can be fed into a commercial electric grid

IRR - Metric used in measuring the probability of a potential investment

Levelized Cost of Energy (LCoE) - The constant price per unit of electricity that causes
the investment to break even. The calculation will often consider capital costs,
operations and maintenance (O&M), performance, and fuel costs and could include
financing issues, discount issues, future replacement, or degradation costs.

Microgrid - A localized grouping of electricity sources that normally operates connected to and
synchronous with the traditional centralized electrical grid, but can disconnect and function
autonomously as physical and/or economic conditions dictate. In this instance, a Microgrid
would include Solar PV and Energy Storage.

Name Plate Capacity - the intended full-load sustained output of a facility

Retail Electricity Supplier - A company that sells retail electricity (electricity to the consumer).
In Massachusetts, regulated utilities and competitive electric suppliers can sell retail
electricity. (Delivery of electricity remains with the distribution companies). Also referred to
as Load Serving Entities (LSEs) and Compliance Entities.

Solar Photovoltaic (Solar PV) - Technology that converts solar energy to usable electricity that
can be used, stored, or converted for long-distance transmission. A photovoltaic system
minimally includes an array of solar panels, an inverter, and interconnection wiring.

Solar Thermal - Technology that converts direct and indirect solar energy into thermal energy to
provide usable heat for a number of applications including but not limited to water heating,
space heating and cooling, and process heat.

Utility Price - Price the municipality is currently paying for electricity from the Utility
Utility Rate Escalation - Estimate of how much utility electricity rates will increase each year

Utility Scale (or utility side of the meter) - Renewable energy generation that feeds directly into
the electric grid (such as 1 MW or greater stand alone solar PV projects). This is in direct
contrast to customer-sited distributed generation.

MEASUREMENT TERMS

Watt - A derived unit of power. A watt is a measure of electrical power.

Kilowatt (kW) - 1,000 watts. A typical residential sized solar PV system is 5-7 kW.

Kilowatt-hour (kWh) - A kilowatt-hour is a unit of energy that measures the amount of power
used over a given period of time. Electricity bills are provided to customers in kWh. In
2010, Massachusetts’s residents on average used 633 kWh of electricity monthly.

Megawatt (MW) - 1,000 kW or 1,000,000 Watts

Megawatt-hour (MWh) - A unit of energy that measures the amount of power used over a
given time. in 2010, the average annual electricity consumption for a U.S. residential
utility customer was 11.5 MWh (or 11,496 kWh).
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STATE POLICY TERMS:

Alternative Compliance Payment (ACP) - A payment that utilities must pay if they are not
able to produce enough renewable energy to satisfy the State’s renewable electricity
mandate (RPS).

Net Metering - Net metering is a state regulation allowing customers to receive retail value
during periods when their eligible on-site distributed generation (such as a solar array)
generates more electricity than they use. That is, the electric meter runs backward
whenever a customer’s net metered facility is producing more power than is being
consumed and the customer receives on bill net metering credits for the net excess
generation.

Renewable Energy Credit (REC) - REC (pronounced: rék) represents the property rights to the
environmental, social, and other non-power qualities of renewable electricity. A renewable
energy system owner is eligible to receive one REC for every MWh of renewable energy
generated.

Renewable Portfolio Standard (RPS) - A state program requiring a certain percentage of the
instate energy load served by Retail Electric Suppliers (RES) to come from renewable
energy resources such as wind, solar, biomass, and geothermal.

Solar Renewable Energy Credit (SREC) - REC generated from solar energy technologies.

.SOLAR FINANCING TERMS

Investment Tax Credit (ITC) - The federal Investment tax credit (ITC) is a 30 percent tax
credit for renewable energy systems on residential and commercial properties. The ITC
reduces the tax liability for individuals or businesses that purchase qualifying energy
technologies.

Modified Accelerated Cost Recovery System (MACRS) - The capitalized cost (basis) of
tangible property is recovered over a specified life by annual deductions for depreciation.
The lives are specified broadly in the Internal Revenue Code. The IRS publishes detailed
tables of lives by classes of assets.

Power Purchase Agreement (PPA) - A PPA is a financial arrangement in which a third-party
developer owns, operates, and maintains an energy generating system, and a host
customer agrees to site the system on its property and purchases the system’s electricity
output from the third-party owner for a predetermined period and price. This is a common
mechanism that aliows commercial and residential customers to, in effect, lease solar
energy on site.
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Solar Thermal Pool Heating and Pumping Analysis

An analysis of the application of solar thermai energy was undertaken for the Cape Elizabeth High
School Pool/Spa and associated electrical energy needs. These related documents describe the
rationale, data, references/resources, and conclusions regarding the concurrent use of solar thermal
and photovoitaic installations for this specific energy intensive segment of our study (pool, pool pumps
an PV, spa, spa pumps, compressors, etc.). The parametric data used in these documents are taken
from the actual POOL and SPA known values. Other losses, financial, and unknown parameters are

best estimates. The detailed calculations are shown on pages 20-26.

The town pays roughly thirty four thousand ($34,000) each year to (i) heat the water in the swimming
pool and (i) purchase electricity to power existing pumps to circulate the pool water. This report
recommends (i) heating the water with solar thermal panels that cost approximately twenty seven
thousand ($27,000) (including heat exchanger and associated pump to heat exchanger; see diagram
on p. 27); and (ii) recommends supplying the forty six (46) kW electricity for the pumps with propane
driven generators’ costing (up front) approximately sixteen thousand three hundred ($18,300) pius
labor*, plus approximately seventeen thousand ($17,000) yearly for fuel to cover non-solar and
unforeseen outages. The total investment would be roughly sixty two thousand ($62,000) for the

solar thermal panels and propane backup plus one hundred twenty two thousand ($122,000) for
the PV solar daytime running of the pumps (48kW x $2.55/watt, installed), pool, and SPA.

If the town adopts the recommendations in this report, the town will pay roughly seventeen thousand
($17,000) each year to heat and circulate the pool's water, a savings of seventeen thousand ($17,000)

per year (assuming grid tie for 50% of system operation).

The annual savings result in a payback period for the one hundred eighty four thousand
($184,000) (PV + solar thermal) investment of approximately 11 years. In the absence of the PV
panels, the payback for the sixty two thousand ($62,000) would be 4 years. However, this
assumes the combined use of grid and propane generation backup.

! Kohler 48 kW Generator, 48RCLA Single Phase or Three Phase, NATURAL GAS|LPG, $16,236.00
MSRP* plus installation
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CONCLUSIONS:

The initial data shown in the attached calculations show results which favor the adoption of solar
thermal panels for heating the POOL and SPA (p.24) and associated PV water pumping (p. 20)
and propane generators used as backup for grid power outage and unforeseen downtime.
Discourage the application of solar PV energy and battery storage ($350/kW-h), at this time, to
the system and compressors (p.26).

The cost of the thermal panels and associated balance and engineering is approximately twenty
seven thousand ($ 27,000). The payback time, after operational stability, is approximately two
years (p.24).

The cost of the associated pumping photovoltaic electrical power is approximately one hundred
twenty two thousand four hundred ($122,400) ($2.55/installed watt)(p. 26). This is highly
recommended for the project.

The proposed location of the panels for the POOL project is the rooftop of the pool area.

There are no thermal storage costs, since the pool itself is the water storage.

A PPA is recommended, since the costs of the buyout are only slightly over one hundred eighty
four thousand ($184,000) for the PV/PROPANE STORAGE complete system.

Due to the near lack of financial incentives in Maine, financing calculations are less than
adequate and should be revisited when adoption of the thermal section is nearer to reality.
Perhaps the renewable energy attitudes and funding in Maine will become a reality once again.
The data calculations/simulations should be run again as more financial information is made

available.

The references that follow describe the rational, model, and sources for pages 20-26.

NOTES.
The solar water heating models calculate the thermal output of the system, assuming that it displaces

electricity that would normally heat water in a conventional electric water heating system. NREL
System Advisor's detailed photovoltaic, PV Watts, solar water heating, and functional models, used for

these calculations, can perform sub-hourly simulations for advanced analyses, but require sub-hourly

weather data to do so.

The solar water-heating model calculates the value of electricity saved by the system, assuming that

heat from the system displaces heat that would be generated by a conventional electric water heater

without the solar system.
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References, Models, and Databases

This topic lists all of the performance models and describes the component-level models and

databases used.

System Performance Models

The system madels represent a complete renewable energy system and were developed by NREL
using algorithms from partners listed below and the team,

Model Name NREL Partner (if any)
Detailed Component models from Sandia National Laboratories and the University of
Photovoltaic Wisconsin
PVWatts

Sélar Water Heating Modifications of S’un‘port Master Spreadsheet

Solar Water Heating University of Wisconsin

Component Performance Models

The detailed photovoltaic and wind power models include options for choosing a component

performance model to represent part of the system.
Model Name

Simple Efficiency Module Model
CEC Performance Model with Module Data base

CEC Performance Model with User Entered
Specifications

Sandia PV A_r'ray Performance Model with Module
Database

Single Point Efficiency Inverter

Sandia Performancs Mode! for Giid Connected PV
Inverters ‘

Component

Photovoltaic
module

Photovolt_alr'.-

module

Photovoltaic
module

Photovoltaic
module

Inverter
Inverter

Developer
NREL

University of Wisconsin

Adapted by NREL

Sangl_:a_ National
Labdratorg_es

NREL

Sandia National
Laboratones.
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Component Parameter Databases

Some of the component models use a library of input parameters to represent the performance
characteristics of the component. The libraries listed below are owned by organizations other than
NREL.

Library Name Component Owner
CEC Modules PV module California Energy Commission
Sandia Inverters Inverter Sandia National Laboratories
Sandia Modules PV module Sandia National Laboratories

Online Financial Model Data

'Syi'ste'm Advisor can automatically download data from the following online databases to populate
values on its financial model input pages.

Database Name Type of Data Database Manager
1 ity F Retail electricity prices and rate NREL and lllinois State
structures University

Online Renewable Resource and Weather Data Sources

éystem Advisor can automatically download renewable energy resource and weather data from the
following online databases.

Database Name Type of Resource Data Database Manager

Solar and Meteorological NREL

Solar Resource Files

NREL System Advisor comes with a database of weather files for the solar performance models.

The solar resource files are in the CSV format and contain data from:
Naliona 150 atabasa (NS TMY3 (1991-2005) and TMY2 (1961-1990)
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DETAILS OF SOLAR POOL CALCULATIONS THERMAL SOLAR DESIGN FOR POOL

Conversion factors:

1 gal HO = 3.79 kg

1 gal/min = 227.27 kg/hr
1 hp = 746 watts

1 gal = 0.0038 m®

°C = 5/9(°F ~ 32)

NEEDS FOR SOLAR THERMAL DESIGN FOR POOL

Pool

Spa

(a) Separate size of storage (if available) N/A

2. Flow rate of water during use; 350 gpm = 79544 .5 kg/hr
3. Desired temperature of water; 82F = 27.8C
4. Power (V, A, phases, PF)/hp/flow design of water pump(s); 208 V, 3f

2-15 hp = 22380 W
1-10 hp = 7460 W

1-5hp = 3730 W

TOTAL ELECTRICAL (POOL) = 33570 W = 33.57 kW

. Other: 40 ton unit, 208 V, 3f, 2-35 hp compressors = 52220 W = 52.22 kW

1. 10,000 gal = 37,900 kg = 144 m®
2. 2-7.5 hp=11,190W= 11.190 kW, 208V, 3f
3. Water 102 F = 38.9C, space 84F = 28.9C

Total power needed for POOL and SPA pumps 33.57 + 11.19 kW = 44.76 kW

PROPANE USAGE FOR DOWN TIME SCENARIOS (in place of PV and storage)

Here are some general numbers we use to estimate propane consumption on generators. Each
generator manufacturer quotes slightly different numbers but these should be close.

45kw - 7.86gph or 720kBTU

7.86 gph x 24 hr x365 days = $68,853.60 fyear 24/7

Considering 12 hr/day = $34,427/yr 12/7

for 4 day downtime: 7.86 gph x 24 hr x 4 = $754.56 per 4-day downtime

JVM 11/29/2016

1. Total capacity of water in pool and ancillary storage; 250,000 gal = 947,000 kg= 3598.6 m®
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rDewnfoad a weather flle from the NREL NSRDB

Click Download and type a street address or latitude and fongitude to download a

E?nwnlo_ad. 2 weather flle fram the NREL NSRDB for United States and some international locations.
5AM adds the downloaded file to the solar rescures library 50 it will appaar In the list
. below,
SSRLE Mar
rChoose a weather file from the solar ce Rbrary

Click a name in the listto choose afile from the library, Type a few letters of the name in the search box to fitter the list. If your location is not in the library, try
downloading a file (see aboye).

Search for: I:I Marme

Name Station ID Latitude Longitude Time zone Elevation
USA ME Millinocket Municipal Ap [TMY3) 726135 A5.65 -68.633 -5 124
- USA LE Maval Air Station (TMY3) 743920 4.6 -68.533 -5 21
; USA ME Morthemn Aroostoak (ThY3) 726083 47.233 -68.317 -5 303
USA& ME Portland (TMY2} 14764 43.65 -70.3167 -3 13
USA ME Portland Intl Ietpart (TMY3} T26063 43.65 -Fa3 -5 14
Lwn PAF Drarmiis lela Elinicdin (TH VI TI70n AR R02 .-FOfE & 1R
—Tools ————
cityl Pertland Inil Jetpest Timezone GIT -2 Latitude S1EEN

View data...

Stuhe Elevaticn 14m Longitude Refresh lirary
Cuuntry Data Source| TM%2 Station ID| 7ZEW! Folder settings

Data ﬁ|e| CLEARY ZNB2.15 sefar_rezource-USA KE Fertland Intt fetport «T1-2¥ 2hes

Cpen librars folder

-Annual Weather Data Surmmary

Direct normal (beam) I:Wh/m;fday Averagewind speed
Difuse hortzonal CW/midny

3

N

rUse a specific weather file or: disk

1

Check the boxt and click Browse to choose a weather file stored an your computer without addirg it to the solar resource library,
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rHot Water Draw

Hourly hot water draw proﬁ!e‘ Edit datz,

kg/hr

Total annual hot water drawf  S€3311e+L7E [kafyear

Scale draw profile to average daily usage [

Average daily hot waterusage|  1.60007e+006 | kg/day

_Syst.:.“
Tiltdeg Diffuse sky model lsut_r;:plc T ] -_l
Armuth[ 180 |deg Imadianceinputs'Beam and Diffuse
Total system flcw rate kg/s Albedo| 2o
Wierking fluid | E:'Iyi:[ _ w! Total system collector area jlml
Number of coliectors Rated system size ;ﬁl W
-5Shadimg -Cortzilment and Availablity
Shading losses  Edit shading Open 3D shatle calculator.., Editlosses. | Constant loss: 0.0 7
Hourly lcsses Flane
Custern periods: None
rCollector
. r-defj llect:
(® Enter user-deﬁ.ned parameters Ll Collector ares I-——_d:ml
O Choose from fibrary Fﬁtﬁlj
FRUL[ ass|wmac
Incidence angle modifier
Testfluid Ghycol -,
Testiiow[ 006 iegfs
& fy i Fizmg

Solar tank height to diameter ratio 0.5
Solar tank heat lose coefficient (U value}‘ 1 Wma.C

28|C

L

Salar tank maxiraurn water tem perature:

H

Outlet set temperature = 35 C

Mechanical room tempemtureC

Name SRCC Number  Type Area 1AM FRta ]
Therme Dynamics Lid. Micro-Flo 532-P 2X3007A Glazed Flat-Plate 2,93 0.34 0.6E5
TisUM LLC TiSUM FM-W 5 4 20070544 Glazed Flat-Plate 255 017 0733
TSUN LLCTiISUN FAZ S 200/052C Glazed Flat-Plate 10,1 I 0732
TISUN LLCTiSUN FA 2 6 20070520 Glazed Flat-Plate 12,1 D 0.7
TiSUN LLCTISUNFA 2 3 20070528 Glazed Flat-Plate 5.1 D D126
TBUNLLCTISUN FAZ 4 20070524 Glazed Flat-Plate 08.08 0 o078
TrendSetter Solar Products Inc, Trendsetter T5-22-5 20070238 Tubular 3.16 005 0.35%
Tsirghua Salar Systems Ltd, Tsinghua Solar SLU-1500 12 200703441 Tubular 1.28 -1.8 0.3 v
< > ]
rSolar Tank and Heat Exchanger
Solar tank volume 3598.6 [m3 Heat exchanger effectiveness 0.1

rPiping and Pumping
20 [m

0.01% |m
0.33 |W/m.C

Total piping length in system
Pipe diamegar

Pipe insulation tonductivity

Pipe insulation thickness m

Pump power 33570 |W
Pump eFFiciencyﬁ.J

rAdvanced

Use custarn mains profile[]

Hgury cuztom mains profile

Use tustom set temperatures (7]

Hourly custom et temperatures Edit data.. C




~Direct Capital Casts

NumberofCoIIe:tcrs Collecior cost 600,00 's,_rmz . ‘ §1C 2000
Storage cnst §/m3 ! 35T

Balance of system £ 4.000.00
Instaliation cost

Cunﬁngencyl 0% " a0 I
Total diract cost
rindirect Capital Costs
% of Direct Cost ~ Ncn-fixed Cost Fixed Cost Total

Engineer, Procure, Construct | 19%] | szaae| | 000] [ t2mingg]

Project, Land, Miscel[aneousl h %J | 5600 | £a00 | | L0805

Sales tax nf appliesto of direct cost
Total indirect cost 8282000

rfotal Installed Costs:

Total Installed Cost excludes financing casts
(if any, see Financing Page)

Total installed cost per capacity (5/WE)

Total instalied cost

EJTTACID

rOperation and Maintenance Costs
First s-ear cost

—
Fized annual cest ‘—' D |S/yr

Fixed cost by capacity ’L::l 59 /KM -yr
Variable ccst by generation o |s/MWh

Escalation rate (above inflation)
2% In Value mode, SAM applies both inflaticn

and escalation to the first year cost tc
calculate out-year ccsts, In Schedule
mode, neither inflation nor escalaticn
applies. See Help for details,

|—System Performance Degradation

Degradation rate h—_" 0.5 IWyear

Applies to the systemn's total annual AC output.

In Value mode, the degradaticn rate applies to the system's
tetal annual kiWh output for the previous year starting in Year
2, In Schedule mode, each year's rate applies to the Year 1
value. 5ee Help for detail=.
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rProject Term Debt

Debt percent G|%
Loan term 0 |years
R T

The weighted average cost of capital (WACC)

Met capital cost 4 is displayed for reference. SAM dees not use
the value for calculations.
Debt §042
oe
e WOI%  Fora praject with no debt, set the debt pencent
to zere.

rAnzlysis Parameters

Analysis period Ijlyears

Irflation rate 0 |2tyear
Real discount rate 0 | 2a/year
Nominal discount rate %Jyear

rTax and Insurance Rates

Federal incomatax rate D | %year
State incoma tax rate a I‘}S/year

Insurance rate (annual)

=Property Tax:

Assesred percentage % of installed cost
Assessed value LIFT20

Sales ta:.%oftutal direct cost Arinual decline 3 f'.” ear

%e of inctalled cost

Property tax rate III Sofyear

Salvage Value
{' MNet salvagevalue% of installed cost End of anatysis period value £
’-Deprec'atiou
Federal State
18 No depreciation (® No depreciation
OO 5-yr MACRS O 5-yr MACRS
() Straight line years O Straight line years
) Custemn ~ Edit., percentages O Custem - Edit.. percentages

The depreciable basis i= the sum of total installed cost from the Systern Coste page and total canstruction financing east from the Financing page, less the
surn of investment-bared incentives (IBI) and 50% of any investmant tax credits {ITC).
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g nputiiimesSer ':.l-'.-.-.ﬁ.-".':er..=:"_]

rElectric Load Data

Energy usage

Scaling factor (optional)

Edit data... . KW [ Normalize supplied laad profile to monthly utility bill data
Monthly energy usage kWh
View lcad data.,
-Annuat Adfustment:

-Monthly Load Summary

Energy (kWh)  Paak (kW)
Jan [ 2saem] 4314 |
Feb [ 222s.:24] 452
Mar[ 22 zo1.62] 77|
Apr| a7 5653
May | 2BEAT3| |
un | mae s £5.53 |

Jut | masas| 141
LY EREE | 7 |
Sep | 2705 || &0
Oct| 2zt 51.3€ |
Nov | 25€3717 || £2.5]

Dec | cmagsm| 45,06
Annual | 3znase | 7.

Load growth rate 5;:4 0 [%/yr

In Value mode, the growth rate applies to the previous
year's znnual kWh load ctarting in Year 2, In Schedule
maode, each year's rate appliss to the Year 1 kWh value,
Sae Help for details.

CE PV COST FOR POOL/SPA NEEDS ($122,000 NECESSARY FOR DAYLIGHT POOL PUMPING)
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Total PV Cost

rDirect Capital Costs
Module| Vunits [ 1220 |kWdcrunit | 1327 hewde | o7 sowde . v | 512350000 ]
Inverter| 1 [units | 1364 [Wactunit | 1364 |lwac | 0.21 | sAwdc ~ h.500.00]
5 §/Wdc
Bafance of system equipmentl 200 l_ 057 I | §BE 000G |
Installation labor | 000 | + | 0.15 = | § 22,5000 |
Installer margin and overhead | aoe] | 275 ] [ S112520R|
Subtotal § 2525580 |
-Contingency
Contingency I:l % of subtotal I_ i '.E'
Total direct cost | 535550000 |
-Indirect Capital Costs
% of direct cost §/\Nde 5
Permitting and emvironmental studiesL O I I 0,96 | I 0,90 I I 30000
Engineering and developer overheadl Sl + l J.DDl + ] O‘DDI = | ST
Grid intercnnnectiunl DI | ﬁ' !_ 0.00 | L % '.EI
-Land Costs
Land purchase | o] [ o] | 00| | co0]
+ )
Land prep, & transmission L _al I G.Dﬂl | .00 I I $ 000
—Sales Tax
Sales tax basiz, percent of direct costlj % Sales tax rate% I £ ELLED I
Tatalindirect cost | £13,63650]
(Tatal Installed Cost
Total installed cast | PR |
Total installed ccst per capacityl £ 2.55/%de |
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Collector/System Operation

Step 1: The evacuated tube solar collector converts sunlight into heat. A circulation pump (powered by
integral/dedicated PV panels) moves liquid through the collector, carrying heat back to the heat
exchanger.

Step 2: Gradually throughout the day the water in the POOL is heated up, either directly or via a heat
exchanger (as shown).

Step 3: Circulation pumps exchangeffilter (as described on p. 7) the pool water and sensors control the
operation to maintain the desired temperature, flow, mode switching.

NOTE: A similar system is employed from the solar thermal panels for heating the SPA water to a slightly
higher temperature than the pool

E—
jo I E——— »
Seat . s
Il | Tachanges’ EATED WATIR
-
- COLD H/BRETLIAN
o P

FIALPS
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Qil & Gas and the General Impact on Cape Elizabeth

The United States depends less and less on foreign sources of oil and gas. The widespread use
of fracking to extract U.S. reserves of oil and natural gas is the primary reason for this trend, but
it is not the only reason. As a country, we are turning to vehicles, heating and cooling
equipment, industrial and office equipment and personal habits that make more efficient use of
petroleum-based products and electricity. We are reducing the rate of growth in demand for
these energy sources and can reasonably hope for a day when our actual consumption will stop
its annual rise without reducing our economic output. Simultanecusly, we are reducing the rate
of increase in our production of air and water polfuting chemicals associated with the production

distribution and use of energy generally.

Like municipalities everywhere, Cape Elizabeth's contribution to these fossil fuel use and
pollution reduction trends is small but cumulative with those of other municipalities. As the
committee looked at the town’s energy consumption we asked what other sources of fuel and
electricity might be used to accelerate these national trends. As noted elsewhere in this report,
the town’s present Director of Facilities has focused his efforts on acquiring efficient equipment
and adopting energy use reduction practices. His successful efforts will continue, and the town,
through other committees, may decide to work with him to increase the town’s implementation
of energy efficiency strategies and assure future facilities directors will continue them. This
committee’s charge, however, is not energy efficiency, but alternative energy production, and

we will ook at the town’s energy use through that lens.

The town’s municipal buildings receive grid electric energy through forty two (42) electric meters
showing an annual consumption of approximately five million three hundred sixty thousand
(5,360,000) kilowatt-hours (kWh). Ninety percent (90%) of that amount, 4,840,000 kWh, comes
through one meter at the school complex. Only one other town owned building or building
complex uses more than one hundred thousand (100,000) kWh per year, the town center fire
station at about 160,000 kWh. The town also uses thirty five thousand (35,000} galions of
propane each year, eighteen thousand (18,000) of which is used to heat the pool. These facts
have clear implications for the selection of a source of electricity other than the grid.

If our objective were to maximize the number of town-owned buildings that benefit from

receiving renewable power, we would be limited to two very different energy production models:
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(i) on-site generation at each building; picture rooftop solar arrays either photovoltaic to
generate electricity or solar thermal to provide hot water, or small wind machines at each site;
and, (ii) a centralized wind farm or ground-mounted solar photovoltaic array connected to all of
the town’s buildings using CMP’s lines. Installing new dedicated lines to each building has a
theoretical appeal, but the committee sees that option as too expense too warrant further
consideration. Both of these energy production models have drawbacks of sufficient magnitude
to warrant deferring consideration of these options until the town has developed some
experience with renewable energy generation in less complicated systems. The primary
drawback of the each-building model is administrative; too many low-power systems, each with
its own idiosyncratic monitoring and maintenance needs for a small staff to handle. The primary
drawback of the centralized all-building method is regulatory. in order for a centralized system to
serve all buildings, the generation facility would not be on the same lot as the buildings using
the power. That is the definition of a utility, requiring licensing at the state level as a municipal
utility, and proper zoning at the local level. At this writing, there is no zone in Cape Elizabeth in

which a utility generating operation would be allowed.

These considerations lead directly to the committee’s recommendations. As described in detail
elsewhere in this report, the committee is recommending the use of (i} a solar thermal array on
the school rooftop to supply hot water to the pool: and (ii) a photovoltaic array installed on a
small (1.8 acre) site to generate approximately four hundred thousand (400,000) kWh per year
to be used at the school complex. The administrative monitoring and maintenance burden is
limited to two installations and the zoning and regulatory issues are eliminated because the 1.8-
acre site for the array and the school complex site are on contiguous parcels of town-owned
land, so the power being generated on the site is used at that site, and is therefore not a utility
that would require a license. The size of the proposed system is important, too. Because the
solar array will be generating less electricity than the school complex uses, even in the summer
months, there will never be a need to “sell power back to the grid” and the economics of the
system are therefore not dependent on the political vagaries of net metering. The system does
require running a dedicated line from the array to the school complex. However, even with the
cost of this line, the town can use energy production to reduce its carbon footprint on a cost-

effective basis.
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The committee was also charged with seeking alternatives to the gasoline and diesel used in
the town's vehicles, the only fossil-fuel-free alternatives being hydrogen-electric drive, battery
electric drive and 100% bio-diesel. Town and school vehicle categories presents different
challenges for fossil-free fuel use: the school bus category offers most desirable combination of
greenhouse gas reduction and cost-effectiveness through biodiesel; sedans and small vehicles,
the best opportunity for either battery electric or hydrogen electric drive; and the SUVs the best
opportunity for hydrogen electric drive. Exploring the details of each of these opportunities
requires far more time than that allotted to this ad hoc committee and further study on each is

highly recommended.

The problem common to all of the fossil-fuel-free solutions is the availability of the fuel.

Electricity is easy to get, but 100% fossil-free electricity requires either relying on a bookkeeping
entry (and higher per kWh cost) to be able to say that wind power alone produced the electricity
being used; or, requires that the town’s photovoltaic power production be sufficient to charge
any electric vehicles it chooses to buy. That is possible as an adjunct to the recommended
system but should not be attempted until the own gains experience with the basic system.

Hydrogen fill stations, though becoming more common in California, are not expected in New
England until 2018 when AirLiquide and Toyota will be building ten to twelve stations in the
Hartford-Boston corridor (with Portland being considered) in connection with the New England
roli-out of the Toyota Mirai hydrogen electric sedan. There are eight hundred (800) 2015-2016
Mirai sedans on the road in California along with scores of SUV-sized vehicles from Hyundai,
GM and Toyota. For Cape Elizabeth, these vehicles fit best with a micro-grid for the school and
adjacent town building complex that the committee suggests deferred to future years. In that
system, the hydrogen would be made on-site from the town’s own solar power and water as part

of a fuel cell combined heat and power installation.

Even biodiesel, especially 100% bio-diesel, has spotty availability and, like battery-electric drive,

results in substantially diminished winter weather performance.
[n summation, the opportunities for the town to reduce its vehicular carbon footprint on a cost-

effective basis require further study and are not likely to be implemented successfully until the
2018-2023 time frame.
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Other Benefits of Renewable Energy for the Town

Regardiess of the cost per kilowatt hour or cost per fuel oil or gasoline gallon equivalent, the
solar energy project recommended by the committee will provide Cape Elizabeth with a range of
financial, educational and environmental benefits. The project will:

1. Provide price stability, a hedge against future fuel and power price increases and
winter's price spikes

2. Provide hands-on curriculum enhancement opportunities in both STEM (science,
technology, engineering & math) and sustainability, public policy and government

studies programs

3. Reduce harmful greenhouse gas emissions

4. Reduce air-polluting particulate matter, sulphur dioxide and nitrous oxides

5. Potentially lower the rate of asthma cases, especially for children

6. Potentially lower the rate of bioaccumulation of toxic substances in seafood, birds and
other animal species

7. Lessen the demand for fracking and for pipelines for natural gas

Keep energy dollars in the local job market and local economy generally
Contribute to achieving Cape Elizabeth’s sustainability goals as a municipality and a
community

10. Lay the foundation for future fire, police and school resiliency projects

Price Stability

Municipal solar systems provide long-term price stability, which can be beneficial in setting and
keeping consistent municipal budgets. Having a fixed power purchase agreement reduces the
negative impacts of electricity price volatility and long-term price increases. Once the solar
system is paid for, considering either the term of a lease agreement, or a power purchase
agreement, the municipality typically is able to purchase the solar system based on a residual
valuation. In some cases, the system can be transferred for a nominal cost. Once the ownership
of the system is transferred to the municipality, the cost of electricity is reduced to the cost of
annual maintenance, insurance and a reserve for replacement of inverters and damaged

panels, any or all of which may be part of other budget items.
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Curricutum Enhancement Opportunities

The committee does not presume to advise the town’s school administrators and teachers on
how to design curricula or lesson plans. A schoo! does not need a solar power installation in
order to provide engaging offerings on alternative energy. The committee simply notes that
monitoring the output of such a system provides an easy to understand and perhaps more
engaging way to introduce students to certain types of engineering concepts, calculations and
data presentation skills. Similarfy, public policy discussions related to alternative energy,
sustainability and environmental impacts can be more meaningful when students have access

to both the final result of the policy-makers’ decisions and to the decision-makers themselves.

Other school systems using on-site solar power, or solar power from municipal utility-size solar
arrays, have created a wide range of resources that may be available to Cape Elizabeth’s
educators. The committee would add to those possible sources the resources of the National
Renewable Energy Laboratory (NREL) that has been helpful to the committee in other aspects
of its work. By way of example, NREL offers materials at the elementary school level that
include: Fun With the Sun, Getting Energized, Make a Solar Cooker, Solar Coloring Book,
Solar Water Heating; at the middle school level that include How to Build an Energy Efficient
Home, School Energy Audit, NESEA Solar Kit Lessons, Renewable Energy Activities - Choices
for Tomorrow, How Solar Celis Convert Light to Energy, Solar Energy Science Projects; and, at
the high school level that include Introduction to Renewable Energy Technology; Renewable
Energy Science Projects, History of Solar Cells, How Solar Cells Convert Light to Energy,
Photovoltaics in the Classroom, Solar Energy Science Projects and NESEA Cars of Tomorrow.
Corresponding materials for teaching the teachers are also available.

Reduction in Emissions and Greenhouse Gasses

The operation of a solar energy system generating approximately four hundred thirty nine
thousand (439,000) kWh per year will reduce the amount of electricity Cape Elizabeth needs to
purchase from the grid. Based on the actual emissions associated with using electricity in Cape
Elizabeth, a reduction in the use of four hundred thirty nine thousand (439,000) kWh of grid
power by Cape Elizabeth would reduce NOx by one hundred eighty nine (189) pounds per year,;
SO by one hundred twenty three (123) pounds per year and CO, by three hundred sixty eight
thousand (368,000) pounds per year. Oxides of Nitrogen (NOXx) contribute to acid rain adversely
impacting aquatic species, especially trout, and produce ground level ozone causing damage to

lung tissue, worsening respiratory diseases such as emphysema and bronchitis, and
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aggravating pre-existing heart disease. They also reduce crop yields. Sulphur Dioxide (SO,) n
the atmosphere has a range of adverse health impacts, including the respiratory system and
premature mortality. It disproportionately impacts the elderly and the young, especially those
already suffering from respiratory ailments including asthma. The mechanisms taken by sulfur
dioxide are indirect, with secondary chemical compounds, chiefly sulfate aerosols in particulate
form, finding their way deep into the puimonary system. Sulfur dioxide aiso forms sulfuric acid
that precipitates into rivers and lakes and lowers the pH of aquatic ecosystems.

During forty years of operation, the recommended system will eliminate over seventy three
thousand (73000) tons of carbon dioxide, one of a host of greenhouse gasses (GHG). Among
other impacts GHG contributes to increases in seawater temperature. The Gulf of Maine
Research Institute reports that the temperatures in the Gulf of Maine have risen faster that 99
percent of the world’s other oceans, rising at a rate of 0.23 degrees Celsius per year over the
past 10 years. The result of this sea temperature rise on New England fisheries and aquatic
species has been dramatic. Cod stocks in the Gulf of Maine are on the verge of collapse,
hovering around levels that are 3 to 4 percent of what are considered sustainable population
levels. Green crabs are moving northward into the Gulf of Maine, which is decimating the state’s
soft-shell clams and sea grass meadows. Black sea bass are showing up in lobster traps, which
had never occurred before 2012, creating a concern for fobster stocks as the sea bass may be
developing a taste for juvenile lobsters. The shrimp catch, already completely depleted in
Massachusetts, is also experiencing a collapse in Guif of Maine. There is also concern that
lobsters are experiencing earlier and earlier moltings associated with temperature rise, and are
now subject to shell disease that has moved northwards to effect lobsters in the Gulf of Maine.
There are also concerns that lobsters along with other shellfish may be impacted by rising
ocean acidification associated with increasing carbon dioxide and resultant carbonic acid in the
ocean. Recent research showed that juvenile lobsters grow more slowly as the levels of
carbonic acid increase. Land temperatures are on the rise, too, with a myriad of impacts, the
most notable of which for Cape Elizabeth is the increased incidence of Lyme disease with
reported cases statewide skyrocketing from one hundred eight (108) reported cases in 2001 to
one thousand three hundred seventy seven (1,377) cases reported in 2013, an increase of
1,376%! This is due in part to the expanded habitat that is suitable for deer ticks and deer.

Natural Gas Impacts
As noted eisewhere in the committee’ report, the committee does not view natural gas as a
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sufficiently clean energy source to warrant Cape Elizabeth’s support on environmental or
sustainability grounds. It is a fossil fuel and does generate GHG and other pollutants, despite
being well recognized as a substantially cleaner fuel than coal, oil and even propane. Without
wading into political waters too deeply, the committee simply notes that a solar facility in Cape
Elizabeth will reduce regional demand for natural gas and associated demand for expanded
natural gas exploration, production, transmission, meaning less fracking and fewer new
pipelines. Although these technologies have contributed to dramatically lower natural gas and
grid electricity prices, those lower prices are constantly at risk from the possibility of a significant
adverse environmental event heralded by, among other trends, the over 40,000% increase in

earthquakes in a fracking-dense areas of Oklahoma.

Jobs and Economic Impact

The economic impact of a solar project is broader than simply creating construction and
maintenance jobs. The New England energy economy sits at the end of a very long energy
supply chain, with natural gas coming from the Gulf Coast, Louisiana and Pennsylvania,
electricity coming from New York and Quebec, and oil coming from North Dakota and
Venezuela, among other sources. As such, New England dollars end up leaving New England
to pay for these energy resources. The installation of a solar system on Cape Elizabeth provides
the opportunity to keep our dollars at home, and to pay for local resources, including installation
and maintenance labor. This strengthens the local economy, creating jobs and tax revenues.
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Facility Initiatives Currently in Place

The Cape Elizabeth Facilities and Transportation Department manages all of the physical plants
and sport fields for the town and schools. This equates to thirty-seven (37) different buildings at
approximately seven hundred fifty thousand (750,000) square feet of facilities, 7 athletic fields,
and a turf field managed within the department. The Facilities and Transportation Department
works with all school and town administrators and departments with a large working relationship

with the Public Works Department as a part of its regular operations.

The Facilities and Transportation Department was created in 2009 during the budget process
and placed into operation in 2010. Since its inception it has a large focus on long-term facility
management, energy reductions, and updating our infrastructure throughout the community.

In 2010 a major relamping project was conducted in many of the town and school facilities with
a focus in cost electricity usages. The cost for this program was offset with a large rebate from
Efficiency Maine with a payback period of 3 to 5 years. Since then a departmental policy has
been established regarding lighting upgrades that requires any lighting upgrades shall be the
latest in energy efficiency fixtures with a large focus on LED lighting. Over the past 7 years the
community has continued o see a decrease in electrical costs in our facilities. During the
summer of 2011 the department upgraded the boiler plants at the high school with a first year
fuel oil saving of twenty thousand (20,000) gallons, which has provided a payback period of nine
(9) years. The same format was undertaken for Pond Cove and the middle school in 2014 and

has represented a reduction in the first season of fourteen thousand (14,000) gallons.

During the high school boiler upgrade project both the high school and middle school were
outfitted with an evacuated tube domestic hot water pre-heating solar array. These systems
have a payback term of nine (9) years. The middle school system has been able to provide for
all of the domestic hot water needs for most of the summer from June to August and into

September depending on the weather.

The Department also handles all energy purchasing, except for road fuels, for all town and
school facilities. Over the past year we were able to reduce our costs for electricity by .01 per
KwH, oil pricing has trended down for the past several years with a 2016/2017 heating season
rate of $1.49 per gallon and $1.92 per gallon for propane. We continue to watch the markets
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and purchase energy related commodities when the price is low thus saving the community

thousands of dollars annually.

In 2016 the Donald Richards Pool underwent a major mechanical renovation, this includes a
new dehumidification unit, gas fired boilers, and chlorinating system. The new equipment is not
only much more operational efficient, we put measures in place which will allow us to operate
the heating side of the system by propane or heating oil, whichever one is cheaper at any given
time. These operational changes not only give the community a savings in energy costs but

also reduce our green house gases emissions.

As we go forward we continue to look at different options to not only reduce energy costs, but
additionally green house gases emissions reducing our carbon footprint. Cape Elizabeth has
opportunities to meet these goals with the addition of solar arrays on buildings, possible micro
grid or another type of system that can provide the community with a good return on their

investment.
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Neighboring Municipalities Initiatives

Portland
Then Mayor James Cohen, Jill Duson and Nathan Smith formed the Sustainable Portland
Taskforce in 2006. In 2007 the Taskforce submitted the Sustainable Portland Report to the City and

many of the initiatives outlined therein have since been carried out. The City has a green building
ordinance that requires all new and/or major renovations to City buildings over a certain size to be
certified LEED Silver through the USGBC rating system. Portland's Regional Transit District is a
Compressed Natural Gas Fleet. Portland's School Department is a Compressed Natural Gas fleet
of school buses. Portland's Parking Enforcement and Police Department use bicycles in the
summer to carry out their duties. In 2014 the City added a CNG trash collection vehicle and an
electric car. The City operates a number of solar installations at City facilities which all range in size
from 1-2 KW. These facilities are located on school buildings and are used for educational
purposes.

Portland is currently in final negotiations on a 1 MW solar project that will be financed

through a Power Purchase Agreement.

Scarborough
The town of Scarborough, ME installed a 42 kW photovoltaic array in 2014. Scarborough

has an Energy Committee similar to the Cape Elizabeth Alternative Energy Committee that is
currently meeting every month in order to make recommendations to the town council. They have
focused on looking at conservation such as expanded use of LED lighting, creating energy goals,
and other energy options. The Town has been additionally looking into solar, tri-generation, bio-

diesel for vehicles, and expanding educational programming to the community.

Falmouth

Falmouth has set a target to reduce their emissions an average of 2% every year.
They signed the Cool Counties Climate Stabilization Initiative that includes forty (40) other
counties in Maine as part of this initiative. The high school has received a grant to install a
photovoltaic system and the new Elementary School will be installing a biomass boiler. The
town has a Recycling and Energy Advisory Committee that advises the Town Council on solid
waste recycling, energy efficiency and related matters. Falmouth also has a full time Sustainability

Coordinator.
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Saco

Saco installed multiple wind, solar and geothermal projects between 2006 and 2010. The
wind projects under delivered which extended their payback period to the town. Saco has made
many efficiency upgrades to the largest consumer of town energy, the waste treatment facility.
Saco has an energy committee of its own which currently meets monthly. Their goals include
reducing fossil fuel dependence, promoting conservation and maximizing the use of renewable

energy.

South Portland

In 2007 the City of South Portland signed onto the U.S. Conference of Mayors Climate
Protection Agreement, pledging to reduce its carbon footprint 17% by 2017. The city had its own
Recycling & Energy Committee that submitted its Climate Action Plan to the town council in 2014.

South Portland’s Sustainability Office has been tasked with carrying out the recommendations
made in the Climate Action Plan. in addition to the 17% reduction in carbon footprint by 2017, they
have set a goal to increase the recycling rate to 40% by 2020. The city has already installed a solar
array on the Planning & Development Department. South Portland has also added four new electric
vehicles to its fleet with five charging stations installed throughout the city. In addition, they have
approved funding in 2016 to replace all city streetlights with LED’s. The city is currently in final
negotiations on a 1 MW solar project to be installed on the town landfill that will be financed through

a Power Purchase Agreement.
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Solar Explained

Basics

Energy from the sun

The sun hes produced enengy for billons of yaars anc is the uitimate source for gl of the energy sources and fueis that
we use today. Pecpie have used the sun's ravs {solar radiation} for thousends of years for warmih and to dry meat,
fruit, and grains. Over tima, peop's deva cped devices (lechnaiogies) 1o colact soier enangy for heat and o convert it
irto electricity.

Collecting and using solar thermal {heat) energy Redian: erergy fom the sun ha‘s powared
An example of en early solar energy collection device is the soiar oven |15 20 880 for many miliens 2f yaars
{a box for coliecting and absorbing sunfight). in the 1830's, British
astronomer John Herschei used a solar oven to cook food during an
expedition o Africa. Peeple now use many different technologies for
coiesting end convarting soiar radiation info usaful heat energy fora
variety of purposas.

We use solar thermal energy systems to

» heat water for use in homes, bul'dings, or swimming pools
= heat the inside of homes, greenhouses, and other bulldings
® neat Tuigs to high temperatures in solar thermal power plants

Solar photovoltaic systems convert suntight into
electricity

Solar photovoitaic (PV) devices. or soiar celis, change sunlight directy
into electricity. Smail PV ce's cap powar calcuiaters, watchas, and Soame: KRS

othar emali electronic davices. Arrangements of many soiar ¢elis in PV

pangis and errangemants of multiple PV panels in PV grrays can

croguce elactncity for an entire house. Soma PV power piants have large amays Inat cover many &C7es to groducse
electricity for thoysands of homes.

Solar energy has benefits and some limitations
The two main benefits of using soler anargy are

u Solar angrgy systers co not produc? air pol utants of catton doxids,
m Sgclar enargy systems on buiigings neve minmal inpest on the envirsnment.

The main limitations of soler anegy ara

n Tive amount of sunlign: that arives at e aath's surfece 5 not constant. The amount of sunlight vanes
depanding on ipcation, ime of 28y, geasco of tna year, anc weainer conditions.

= The amcunt of suniight reaching 2 squeare foot of *he cenn's surface is relatively sma'l, so a large surface area
is necessary to absorz or 20l.e2 2 use'ul amount of energy

Learn More

= Solar Enengy Basics --- hitp/fwww.nrel.govieamingire_solar.ntmi
» Sunshot |nitiatve — hitpfenergy.govieeraisunshot/'sunshot-initative

Smprrimdee e o S

eia’ 1S, Energy Information

Last Updated: December 14, 208 Adrninistration

hitp:/iwww.cia govienergyexplained’index ¢frm?page=soiar_home
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Solar Explained

Where Solar Is Found - Basics

Solar energy is sunshine

This amount of solar ansrgy that the eanh recaives ash day s many
times greatsr than the totel amourt of all anargy that people tonsume.
However, on the surface of the earth, solér enargy is 8 vanable ang g
intermittent anergy source. Tha amount of sunight anc the intensity of
suniight varies by time of day and (ocation. Waather and climate
conditiens affect the avallabiity of suriight on a gally and seascre!
basie. The type ard size of a solar anargy oo-laction and conversion
sysiem datermines how mach of the avaiahe solar anargy we can
eonvert inte useful anengy.

Soclar thermal collectors
Low-temparature so'ar therma: colectors ebsort the sun's heat
enargy to hest water or o heet homes, offices, and other buiidings.

ot Eneagy

Concentrating collectors

Concentrating soiar enengy technologies use mirrors to refiact and
concentrate sunfight onto racsivers that absort solar energy and
convert i to heat Wa use this thermal energy for hasating homes angd
buildings or to produce egotricity with 2 steam furbing or 8 heat
engire that drives a generator.

Photovoliaic systems

Photovoltale (PV] ca'le convert suniight directly into electricity, PV
systems can range from systams that provide iny amounts of
electricity for watches and calculators to systems that provige the
amaunt of electricity that hundreds of homes use.

Millions of houses and bui'dings arcund the word have FV systems Saue: Natizwal Renewan ¢ Exargvbstammiay L3 Lasammant
on thair roofs. Many muli-megawatt PV power piants have aigo beer  OERW

built. Covering 4% of the wor'd's desert greas with photovaiteios could

supply tho ogquivalent of all of the worid's caily electricity use. #orls mag of soiar rescuses

=iy A

- i
e
tromre Lniled Hatons Ens roneint Prognirma IUKNER. NASS,
Somame rretnemizyy and Sxar Enprgy (%515 2088,

Learn More

= SunShot Inttiative — htpiweww.anergy.govieererenewablesisoiar!

= Solar enongy basics — hittp2iwww.nrel gowleaming/re_solar.htm|

= Splar rosource information — hitpofiwww.nrel. govimede/solar_resource himl

= Aricles on solar energy — hitp:iwww. eia.goviiodayirenargy/indox cfm?tg=%20sc ar

) US ooy Toormas

L Bergy inlormation
Last Usdated: January 10, 2017 ela Addministratinn
hitpfiwww.sio. govienergyexpia nediindex.c'mipage=sclar_wnere

Section 13

p-47



- ALTERNATIVE ENERGY COMMITTEE 2016 REPORT -

| Electricity Explained
Electricity in the United States - Basics

Kast of the electricity in the United States is produced using steam turbines

A turding converts tha kinetic enargy of & meving fluigd (lguid or gas) to mechan cal energy. In 8 steam wrbing, stgam
is forced egaine! a series of biades mountad on 2 shaft. The steam rotates the sna%t connected to the gencrator, Tre
genaratlon n tum, cenverts its mechanical energy 1o aiectricai anergy based on the re'ationship cetweer magretism
and slectriciy.

In steam turbines powerad by fossi fuels fcoal, petroleum, and natiral gas), the Yl is Surned in a furnace 1 heat
water in 2 baiiar to produce sieam.

Most of U.S_ electricity is generated using fossit fuels
In 2015, coal was used for about 33% of the 4 trilion kiiowathours of alectricity generated in the United States.

In addition to being bumed to heat water for steam, natural gas can

also be burnad to produce hot combusticn gases that pass directly Sourcas of U.S. viactricity """"“’"'" 018

through z natural gas turbine, spinning the turbine's biades to S e
genarate electricity. Natural gas turbines are commonly used whan e o )

glectricity usa is in high demand. In 2015, nearly 33% ofUS. =

electricity was fueled by natural gas. el B

Petroleam can be burned to produce hot combustion geses fotum a
turbing or io make steam that turns a turbine. Residual fuel oif and
petrofeum coke, products from refining cruda oil, ane the main
petroleum fuels used in steam turbines. Dishiate for diesel) fuel ofl iz
used in digsel-angine generaters. Petroleum was used io generate

less than 1% of ail electricity in the United Statas in 2015. —
{ Nuclear power provides about one-fifth of U.5. More data
| electriciey

1 Nuclear powsr plants produce siectricity with nuclear fission to create
steam that spins a turbine o gansrate electricity. Most U.S. nuciear power plants are located in states cast of the

Mississippi River. Nuclear power was usad %o generate neany 20% of ail U.8. electricity in 2015.

Renewable energy sources provide 13% of U.S. electricity

Hygropower, the source of about 8% of U.S. electricity generation in 2015, is a process in which flowing water is used
to spin @ turbine connected to a generator. Most hydropower is produced at large faciiies built by the federal
governmert, ke the Grand Coulee Dam. The West has many of the largest hydros'sctric dams, but thene are many
hydropower facilities operating all arpund the country

Wind power is produced by converting wind anergy into elsctricity. Electricity generation from wind has increased
significantly in the United States since 1570, Wind power provided amost 5% of U.S. electricity gencration in 2015,

Biomass is material derived from plants or animals and inciudas lumber and paper mil wastes. fooC scraps, grass,
leaves, paper. and wood in municipal s0'id waste igarbage). Biomass is also denved from %erestry ond egricuitarel
resigues such as wood chips. com cobe, and wheat straw. These matena's can be burned directly in st2ame-giectic
power plarts, of they can be convened 1o @ oas that can be burned in steam generaiors, 9as titkings, or interna
combustion enging-ganerators. Biomass accounted for about 2% of the electicity generated in e United States in
2018.

Geothennal power comas from heat energy buried beneath the surface of the eanh. in some araas of the United
States, enough heat rises close enough to the surface of the earth to nest underground water into steam, which can
be tapped for use ot steam-turbine plants. Geotherma: powar genarated less than 1% of the o eclritity in the United
Elates in 2015,

Spdsr v is derived from anergy from 1he san. Photovataic [PV and sciarthermal a'ectric ere the two main types
ot e mdm@!ugfes Jsed 10 conver soer anengy to electncity. PV corversion prodaces esctiicity diracty from sunight in a
photoveiaic [scar) ca’. Solar-therma: electric goneralons concentrate soiar energy to haat & %uid and proguce steemn
to drive turbines. in 2015, nearly 1% of U.§. gectrizity goreration came from soar power,
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Learn More
» Eleetric Power Monin v — Mo iwww BiE covieiestrcity/menth yincex. sfm

» Elgeiric Sales, Revarus and Swprogs Price — hitpiiveaw €13 govi/a.ecticity/'sa es_rovenJds_orice!
n Electic Power Annup! — nasAwew 8IS gov/elasnary anndal

n U8 Energy Mapping & 5tan -~ NP Cwkw. 28,90y statemans o6

» Powrpr Profiler — nutoiropsouh epa.govitowarnieni_sask onetls

a Electrichty data. aralyzis, and groieclions — O3S weadlie.govieloctricity’

» Arficles on gipelicity — nnn Awww.2i2 oy todayinenergyiindex sno?ig=electricity

4-. ‘i."-_-'- ke, o Te i
U.5. Energy Idurmation
Last Updated: Merch 25 2246 e}.a Administration

hitpfiwww eia govienergyexplainediindex cfm?page=electricity_in_the_anited_states
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Solar thermal system installed on high school roof in Cape Elizabeth
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Proposed Greenfield Solar Photovoltaic Grid
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Example of Solar Thermal Collector

retreived January 12, 2017 from www.greenoptomistic.com
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Example of Solar Photovoltaic Collector

retreived January 12, 2017 from www.linesolar.com
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Full Town Council Charge

Approved by the Town Council 1/4/2016

Cape Elizabeth Alternative Energy Committee
Purpose and Charge

Committee Structure

The Cape Elizabeth Alternative Energy Committee will consist of five citizens appointed
by the town council utilizing its appointments committee process. The committee shall
elect its own chair and secretary. Any vacancy on the committee after the initial
appointees have first met shall be filled by the town council chair after consultation with
the appointments committee chair. The facilities manager shall serve as a non-voting ex-
officioc member of the committee and shall provide staff services to the committee. No
one of the committee shall have a personal financial interest in any proposal.

Committee Purpose

The committee shall explore opportunities to provide alternative energy to municipal and
school buildings and vehicles. This includes a look at utilization of town and school land
and buildings for solar energy opportunities. Its work product shall be a report to the
town council providing specific proposals and cost estimates. Any proposals with cost
impacts shall include the cost to implement as well as projected costs savings, future
energy cost projections, and a risks section which identifies and quantifies all risks
associated with the use, lease, rental or financing of a system including operation,
performance, maintenance, guarantees, indemnities (including taxes and changes to Tax
Law and/er Net Metering} and credit (vendors and financing parties).

Duration of Committee
The committee shall continue in existence until December 31, 2016 unless its term is
extending by the town council. [Term extended to January 31, 2017].

Funding and Staff Resources Needed

The town council will make available $10,000 for the town manager to consider
authorizing any technical reviews requested by the committee and for any costs relating
to report writing, legal review and miscellaneous committee expenses. The anticipated
staff time for the committee is 44 hours. This consists of six meetings at four hours each
including preparation time and 16 hours of miscellaneous activity related to the work of
the committee for the principal staff Haison and 10 hours for the town manager. In
addition, the town council will spend an estimated two hours each reviewing the
committee report for a total of 14 hours. The committee members will be anticipated to
spend approximately 28 hours each for a total of 140 hours. It is not known if school
board time will be needed. This will depend on the direction of the committee.

Summary

$10,000 cash expense

50 hours staff time

14 hours council time
140 hours volunteer time
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