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Introduction
Intent of This Study
The intent of this study is to support the Village in appropriate and effective renewable energy goalsetting within the Vil-
lage’s Climate Action Planning process. This study seeks also to support the Village establish strategies addressing renew-
able energy development. The primary focus of this study is to establish the Community-Wide rooftop solar pv potential
throughout the Village, including economic and environmental benefits. This report includes recommended near and long
-term renewable energy targets and recommended implementation strategies for consideration through the Climate Ac-
tion Planning process. As detailed in the report, this effort has included:
1) Collect Village-wide satellite data (NREL, NOAA, and NASA data).
2) Determine building roof stock characteristics and solar suitable buildings, calculate total suitable areas by roof
configuration/orientation.
3) Calculate total rooftop solar capacity and annual energy generation by roof configuration/orientation
4) ldentify cost efficient annual energy generation potential.
5) Research solar market at national, State and regional levels. Identify low, medium, and high solar market
absorption rates and Village-wide solar pv goals.
6) Identify environmental and economic benefit of solar including economic development and job creation
potential (NREL JEDI model)

About paleBLUEdot

paleBLUEdot, a Minnesota LLC and S/WBE Certified Business, is a climate action, carbon management, and renewable en-
ergy consultancy firm established in 2014. Our mission is to support the transition to a low-carbon economy through an
array of sustainability assessments, consultancy, and planning services, and through education that increases awareness
and enhances public dialogue.

paleBLUEdot has extensive renewable energy, carbon, and climate planning experience fromthe scale of individual sites
tocommunity wide efforts. Withinthe lasttwoyearsalone, paleBLUEdot has produced solarfeasibility assessmentsand
concept designs on over 350 sites as well as 16 community-wide solar feasibility assessments for government and
community clients.
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Introduction

The following are additional considerations build-
ing owners should be aware of before “going
solar”.

How Solar PV Works

Solar electricity is created using Solar Photovolta-
ic panels, or Solar PV for short. The word photo-
voltaic, or PV, comes from the process of con-
verting light (photons) to electricity (voltage),
which is called the PV effect. The key to a solar PV
panel is the semiconductor material.

Solar PV semiconductors combine properties of
some metals and properties of insulators - mak-
ing them uniquely capable of converting light into
electricity. The simple explanation of how solar
panels create electricity is that as sunlight
(specifically UV light) strikes the semiconductor
materials in the PV cell, the energy knocks loose
electrons. Those electrons then move back and
forth between semiconductor plates producing
an electric current.

Structural Capacity for Rooftop Arrays

The assessments included in this report do not
include assessments of rooftops tructures to ac-
cept the additional loading of a solar pv array.
Projects which anticipate rooftop arrays should
have a preliminary structural assessment to con-
firm solar pv loading can be adequately handled
by the existing structure. The weight of a PV sys-
tem varies based on the panel and racking sys-
tems selected. For rooftop arrays, two racking
system configurations are common: flush or tilted
mechanically fastened racking types (which re-
quire roof penetrations, or clamp on standing
seams); and ballasted racking types (which use
weighted components to make the array station-
ary through gravity and typically do not require
roof penetrations). Areasonable “rule of thumb”
for solar PV array assembly structural loading is 2
-4lbs per square foot for typical flush or tilted
racking systems, or 5-9lbs for ballasted racking
systems.

paleBLUEdoT i«

HOW DO SOLAR PANELS MAKE

ELECTRICITY?

Sunlight passes through the
glass surface of the panel.

The sunlight strikes the atoms in
the silicon and literally knock
electrons loose.

Once loose, the electrons are
pushed to the metal conductive
plates - and a DC electric current
has begun!

L
/ Inverters then convert DC power
g into AC power for use.

hs

When solar production exceeds
building electric use, the meter
measures your excess and you
receive a credit.

Any surplus electricity simply flows
into the main grid for use
elsewhere.
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Introduction

Net Metering

The site concepts in this report are based on grid-connected systems with net metering. Net metering tracks the amount
of energy generated on site, as well as the amount of energy consumed from the grid. Net metering allows customers to
get credit on their energy bill from excess energy generation, when the amount of energy a solar panel system generates
is greater than the amount of energy consumed from the electric utility. Such interconnection is considered non-
incentivized, meaning that the site/solar array owner will retain the renewable energy credit that the PV system produces
and will offset the cost of energy needed when the solar panels are not producing energy (nighttime, short and cloudy
days). According to Duke Energy “It has been shown that customers with net metering systems tend to be much more
aware of their energy consumption, so they usually consume less energy than the average retail customer. Net metering is
also a way to increase the energy in the power grid to keep up with increases in demand during peak power-use times.”

Net Metering in Northbrook

The lllinois net metering program began April 1, 2008. Commonwealth Edison, the Ameren lllinois Utilities, and MidAmeri-
can Energy Company must now offer customers credits on their electric bills for electricity generated by renewable energy
systems. Applications for the program are accepted on a first-come, first-serve basis. Under Illinois rules, eligible renewa-
ble generators of 40 kW or less receive a one-to-one retail rate credit. These customers will be compensated for excess
electricity generated by their renewable energy systems at the same rate that they pay when buying electricity from their
utility. These credits will be carried over month-to-month, with the annual period running from May to April, or November
to October, at the customer's discretion.

HOW NET METERING WORKS

Solar panels
- convertsunlight
‘1\ into energy

g
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..J The SMART METER measures the amount of energy
FROM the smart grid and excess energy TO the smart grid
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The INVERTER converts solar energy from Energy FROM the smart gr|f__ Excess energy sent

direct current (DC) into alternating current B i — - 4 | TO the smart grid
{AC) to power your home or business =

e —

e ————————— s —— —

1 Whatis“Net Metering"?
Whenyou participate inNet Metering, you can lower your energy bill by producing
some ofthe energy you use withan eligible, private solarenargy systeminstalled at
your home. Your energy bills will reflect the netamount of energy youuse (i.e., the
amount of energy delivered to you minus the excess energy sent to the smart grid).
“NetMetering " also allows you ta receive net metering credits onyour energy bill
when you produce more energy than youuse.

2 What arenet metering credits?

Anynet metering credits that appear on your energy bill retlect the value
orthe amount of the excess energy sent tothe smart grid.
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Renewable Energy Credits (RECs) are tradable, non-tangible energy commodities that represent proof that a quantity of
electricity was generated from an eligible renewable energy resource. RECs represent all of the “green” or clean energy
attributes of electricity produced from renewable resources like solar PV. A REC includes everything that differentiates the
effects of generating electricity with renewable resources instead of using other types of resources. It is important to re-
member that a REC also embodies the claim to the greenness attributes of renewable electricity generation, and only the
ultimate consumer of the REC has rights to the claim; once a producer or owner of a REC has sold it, rather than consum-
ing it themselves, they have sold the claim and cannot truthfully state that they are using renewable electricity, or that the
electricity that was produced with the REC is renewable.

The owner and user of a Renewable Energy Certificate (REC) is the only party that can claim the environmental benefits of
that REC and claim to be using renewable energy because of that REC. Naturally, issues of REC ownership, validity of cer-
tain claims and avoiding double counting are central to a robust voluntary renewable energy market.

Many building owners interested in pursuing the installation of a solar pv system on their property are motivated from an
interest in using (and claiming) renewable energy for operations. When all such motivated organizations are engaging in
the purchase of solar pv arrays or the purchase of solar power, very careful understanding of a project’s Renewable Ener-
gy Credits and the status of their ownership is critical. Failure to carefully define ownership of REC may cause the inability
of a building owner to claim the renewable benefits they wish to obtain. Building owners should assume that RECs will
not be available for any projects which are delivered through a “third party” project delivery method, community solar
subscription, or any project which utilizes a utility subsidized approach. In those project delivery methods, the building
owner would assume that all RECs will be purchased by the electric utility as a part of the finalized interconnection agree-
ment. It may be possible for building owners to retain REC credits, however, and paleBLUEdot recommends that any
building owner looking into “third party” solar arrays explore the retention of all REC credits produced by the recommend-
ed projects if financially feasible.

From a Greenhouse Gas accounting perspective, this means that facilities served through community solar subscriptions
or third party ownership structures will not be able to account for emissions reductions due to renewable energy use un-
less REC credits are purchased. In this situation, without the purchase of REC credits, the Village’s GHG Inventory will
need to use the regional electric grid emissions factors for calculation of emissions.

There are many options for pursuing solar projects on your business or residential property including:

Purchasing a System:

Paying for your system yourself is the simplest path for owning your solar system, but the initial cost of a solar panel sys-
tem can be the biggest hurdle. Through a direct purchase, or “cash option”, you purchase the solar system just as you
would a car or house.

Solar Lease:

A Solar Lease is one of the options for “third party ownership” where the system is owned by the leasing company and
typically installed with no “up front” costs. In a solar lease the customer typically pays a set monthly rate for your solar
panel system, but receive free electricity from the panels that offsets the monthly cost of the lease. Solar leases are allow-
able in many States, however, not all jurisdictions allow solar leases. The State of Illinois does allow for Solar Leases.

Power Purchasing Agreement (PPA):

A solar power purchase agreement (PPA) is a financial agreement where a developer arranges for the design, permitting,
financing, and installation of a solar array on a customer’s property. The developer sells the power generated to the host
customer —typically at a fixed rate that is lower than the local utility’s retail rate. Payments within a PPA agreement are
based on the actual energy produced by the solar array every month. This lower electricity price serves to offset the cus-
tomer’s purchase of electricity from the grid. The developer receives the income from the sales of the electricity as well as
any tax credits and other incentives generated from the system. Customer’s entering into a PPA who wish to claim the
“green attributes” of the solar energy will need to negotiate with the solar developer to retain the solar Renewable Energy
Credits.

pOleBLUEdOTLL Northbrook Renewable Energy Potentials Study 1-5



Introduction

Peak Shaving and Demand Charges

Customers pay for electricity in one of two ways: consumption, measured in kilowatt-hours (kWh); and demand, meas-
ured in kilowatts (kW). Most residential customers only pay for consumption. Many commercial customers are on demand
charge tariffs and they pay for both demand and consumption. With demand charge billing the customer pays for the
highest power load reached — the peak demand. Peak demand is defined as the highest average load during a specific time
interval (usually 15 minutes) in each billing cycle. Utilities use demand charges to help recover costs associated with run-
ning power plants or buying power from other utilities on the energy spot market. Demand charges also help utilities re-
cover transmission costs to customers with large energy needs.

Not all utility customers are on demand charge tariffs, but for large consumers of electricity those charges can be a signifi-
cant part of a monthly utility bill. Utility customers who do have demand charge tariffs can see a large portion of their
monthly electric bill going towards demand charges (30% to 70% is not uncommon).

The most effective way to manage utility costs for customers with demand charges is a practice called peak shaving. Peak
shaving involves proactively managing overall demand to eliminate short-term demand spikes, which set a higher peak.
This process lowers and smooths out the electric use “curve” and reduces peak loads, which reduces the overall cost of
demand charges. Solar arrays with a battery energy storage system allows customers to peak shave. Battery energy stor-
age systems are dispatchable; they can be configured to strategically charge and discharge at the optimal times to reduce
demand charges. Sophisticated control software with learning algorithms differentiates battery energy storage systems
from regular batteries. These algorithms learn a customer’s load profile, anticipate peak demand, and switch from the grid
to batteries when needed most - reducing the customer’s peak load and saving on demand charge costs.

Peak Shaving and Local Utilities

Many local electric utilities and electric co-ops do not generate their own power. Instead, these utilities often purchase
power from large electric generators and then distribute that electricity to their consumers. In this situation, local elec-
tric utilities typically have long-term electric purchase agreements with their electricity suppliers. In some instances, the
pricing defined in the local utility’s power purchase agreement imposes increased rates for peak demand timeframes, like
the peak demand rates end customers may experience. For local electric utilities which have peak power purchase rates
defined, the deployment of solar arrays and solar storage systems within their local electric service area reduce the local
electric grid’s peak demand and avoid costs associated with peak demand power purchase.

1-6 Northbrook Renewable Energy Potentials Study P



Introduction

Solar Financing and Incentives

Solar energy delivers positive environmental impacts, and contributes to our nation’s energy independence. According to
the Department of Energy, solar provides more jobs in electricity generation nationally (373,800) than coal, natural gas,
oil, nuclear, and other fuels combined (288,000). To encourage the continued expansion of solar, governments, and utili-
ties offer solar tax breaks and financial incentives to make solar more accessible for today’s businesses and homeowners.
The following are some of the incentives available in lllinois:

lllinois' SREC incentive: the Adjustable Block Program

Illinois’ renewable portfolio standard (RPS) means the state is committed to producing 25 percent of its electricity from
renewable resources by 2025. Under the Adjustable Block Program, also known as lllinois Shines, for each megawatt hour
(MWh) of electricity your solar system produces, you will be granted one Solar Renewable Energy Credit (SREC) that you
can then sell in the market, creating a nice income stream for the life of the system. (https://illinoisshines.com/)

ComEd Commercial Solar Rebates

ComEd provides rebates for commercial and industrial (C&I) customers to help decrease the out-of-pocket costs of in-
stalling solar. ComEd customers who install solar on business properties are eligible for $250 per kilowatt (kW) of installed
solar power (up to 2,000KW of installed capacity). (https://www.comed.com/SmartEnergy/MyGreenPowerConnection/
Pages/SolarlncentivesCredits.aspx)

Federal Investment Tax Credit

The federal solar tax credit, also known as the investment tax credit (ITC), allows you to deduct 26 percent of the cost of
installing a solar energy system from your federal taxes. The ITC applies to both residential and commercial systems, and
there is no cap on its value. The deduction allowed by the ITC is currently scheduled to reduce 22% for projects in 2021
and 10% for projects in 2022 and beyond. (https://www.energysage.com/solar/cost-benefit/solar-investment-tax-credit/)

Federal Modified Accelerated Cost Recovery System (MACRS)

The U.S. tax code allows for a tax deduction for the recovery of the cost of tangible property over the useful life of the
property. The Modified Accelerated Cost Recovery System (MACRS) is the current depreciation method for most property.
The market certainty provided by MACRS allows businesses in a variety of economic sectors to continue making long-term
investments and has been found to be a significant driver of private investment for the solar industry and other energy
industries. Businesses can write off the value of their solar energy system through using MACRS, reducing their tax bur-
den and accelerating returns on solar investments. Accelerated depreciation can reduce net system cost by an additional
30 percent. (https://www.irs.gov/businesses/small-businesses-self-employed/a-brief-overview-of-depreciation)

BLIGES TIRRRRS
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Fact: The solar PV cells attached to rooftops use modern

materials perfected in labs. Holes need to be drilled into
aroof to attach solar panels, but your roof can stillbe  ~_
protected. Reputable solar panel installation companies
follow industry best practices, like using quality flashed
mounts to waterproof roof penetrations

RK
IN COLD CLIMATES Y>> —

Fact: If there are any daylight hours in your area, solar panels can still
be effective. This is why Germany—which receives about the same
amount of sunshine as Alaska—is currently a solar superpower. In
fact, even though Utah is known for a long winter season, the state
has enough solar power potential to provide all the electricity the
U.S. needs. Solar panels are built to withstand varying temperatures,
and they can produce electricity from indirect light.

@ SOLAR PANELS DON'T W)

3

Fact: Detailed analysis indicates that the large-scale implementation
of solar has the potential to reduce pollution-related environmental
impacts of electricity production, such as GHG emissions, freshwater
ecotoxicity, eutrophication, and particulate-matter exposure.

The pollution caused by higher material requirements of these
technologies is small compared with the direct emissions

of fossil fuel-fired power plants

@ SOLAR ELECTRICITY HAS A HUGE
A f]

)
CARBON FOOTPRINT ==*¥#]
Fact: The operation of solar pv modules generating electricity
do not produce greenhouse gas emissions. The manufacturing
installation, and on-going maintenance of solar PV does
produce a carbon footprint - what is known as “Lifecycle
emissions”.
The lifecycle emissions of electricity generated by coal has a carbon
footprint of 35.3 ounces per KWh generated, while electricity
generated by natural gas has a carbon footprint of 17.65 ounces per
KWh generated. Meanwhile, the lifecycle emissions for Solar PV
equates to an average of 1.4 ounces of greenhouse gas for every kWh
the panel will produce over its lifetime - a 92% reduction of emissions
over natural gas and a 8% reduction of emissions over coal.

Fact: In the United States, the actual environmental and health
benefits for every solar module (individual panel) installed is:
« 10,600 Ibs of greenhouse gases eliminated
e Equivalent to 94,000 Cubic Feet of Manmade Atmosphere
avoided
© 69,650 gallons of freshwater saved
» Equivalent to the annual water use of 232 households saved
= Creates more jobs: nationally, solar employs 350,000 people
- twice that of the coal industry.
« Elimination of over 5 pounds of particulate air pollution for every solar panel installed.
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Solar in lllinois

As of December 2019, lllinois has a total of 302 megawatts (302,000,000 watts) of solar capacity installed statewide.
There are a total of 17,113 solar installations in the State. The State of lllinois ranks 21st nationally for total solar energy
production capacity.

The State’s solar installation total is enough to power 45,325 homes. The share of the State’s total electricity use that
comes from solar power, however, is less than 0.22%. This indicates great potential for growth throughout the State.

Current solar growth projections for the State equal an additional 1,673 MW over the next 5 years - a growth rate that
ranks 14™ nationally.

Costs for Solar PV installation in the State have declined 40% since 2015. Price declines have been accompanied with in-
creasing rate of investment in solar energy. A total of $753,390,000 has been invested in Solar PV installations. The indus-
try currently employs 5,513 people in 301 companies Statewide.

(sources: Solar Energy Industries Association SEIA, Solar Foundation, Project Sunroof)

3
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ILLINOIS

SOLAR JOBS CENM

US 2018

There are 242,343 Americanz working in solar as of 2018, according to The Solar Foundation’s
latest National Solar Jobs Census. Visit SolarStates.org to view an interactive map of solar jobs in
2018 by state, county, metro area, and congressional district.
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Solar installations up to 2 MW deemed non-
competitive receive compensation for solar sent
back to the grid credited at the retail rate, while
those installations deemed competitive are credited
at the avoided cost rate. The limit to the number of
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Solar in Northbrook

As of August 2020, according to permit records, Northbrook has a total of 76 solar installations totaling 2.07 megawatts
(2,070,000 watts) of installed solar generating capacity. Thisis equal to 0.54% of all solar installations and 0.75% of the

total solar generating capacity in the State, compared to the Village’s 0.26% share of State population (see “Village of
Northbrook’s Solar Share” chart).

The total solar installation capacity in the Village of Northbrook is estimated to generate 2,600,000 kWh annually or more
- enough to power 237 homes. The total share of the Village’s total electricity use that comes from solar power, however,
is less than 0.65%. This indicates great potential for solar pv growth in the Village. The actual breakdown of total installed

capacity in the Village by market sector is shown on the next page (see “Estimated Breakdown of Northbrook’s Solar In-
stallations by Sector”).

As noted in Section 2, costs for Solar PV installation in the State have declined 40% since 2015. The Village of Northbrook
currently has an estimated total of 5 solar companies including 1 installer, 1 project developer, 2 manufacturers, and 1

distributor, or approximately 1.6% of the State’s total solar business entities (approximately 6 times the community’s
share of State population).

Map of Northbrook Solar Installations For 12 Month Period from January 2019 through January 2020
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Solar in Northbrook

Village of Northbrook’s Solar Share

State Northbrook Nothbrook's
Share
Population 12,670,000 33,167 0.26%
Number of Solar Installations 14,188 76 0.54%
Estimated Solar Generating Capacity (MW) 275.77 2.07 0.75%
Average Array Size (KW) 19.44 27.25 140%
Estimated Breakdown of Northbrook’s Solar Installations by Sector
Sector Installed Capacity Number of Average Estimated
Array Installa- Array Size Share of
tions (kW) Sector's
Electricity
Use
Residential 704.8 kW 74 9.5 0.59%
Utility Company 0.0kw 0 N/A
Government 0.0kwW 0 N/A
Commercial 314.3kW 1 3143 0.19%
Industrial / Large Commercial 1052.3 kW 1 11,0523 2.51%
Total Installed Capaicty 2,071 kW 76 27.3 0.18%
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Village Wide Solar Potentials

Methodology and Data

This section calculates the total technical capacity and total generation potential for rooftop solar in the Village. Total
solar PV potential was calculated based on the following input, data, and methodology:

Input Data

Roof plane survey data is provided by
National Renewable Laboratory (NREL).
NREL data is based on lidar data ob-
tained from the U.S. Department of
Homeland Security

(DHS). Insolation levels for annual sun
exposure are based on data from NOAA
and NREL.

337.5° 22.5°

292.5° 67.5°

247.5° 112.5°

202.5° 157.5°

Azimuth Classifications

4-2

Tilt and Azimuth

The orientation (tilt and azimuth) of a
roof plane is important for determining
its suitability for PV and simulating the
productivity of installed modules. For
this study roof plane tilt for each
square meter of roof area within zip
code 60062 were determined using the
lidar data set. Roof tilts are organized
into 5 categories:

Flat (0°-9.5°)

Low (9.5°-21.5°)
Mid-Low (21.5°-34.5°)
Mid-High (34.5°—-47.5°)
High (47.5° and higher)

For this study, the second component
of roof plane orientation -the azimuth
(aspect) — was identified for each
square meter of roof area. Each square
meter was categorized into one of nine
azimuth classes, shown in the graphic
to the right, where tilted roof areas
were assigned one of the eight cardinal
and primary intercardinal directions.

All roof planes with Northwest, North,
and Northeast azimuths were excluded
from this study.

Generation Potential

Use

Residential

Utility Company
Government

Streetlights / Freeway Lights
Commercial

Note: The uncertainty of the
contoured values is generally +10%.
In mountainous and other areas of
complex terrain, the uncertainty may
be higher.

Industrial / Large Commercial

Northbrook Renewable Energy Potentials Study

The potential “Nameplate capacity”
potential per square foot of roof plane
area was calculated. This calculation
assumed a typical 350 watt capacity
panel with a footprint of 79” x 40”.

Next, this nameplate capacity was ad-
justed for assumed system losses in-
cluding shading, heat loss, mismatch,
snow, dirt, etc. Assumed losses were
calculated for each azimuth orientation
and rage from 22% system loss for flat
arrays to 34% for East/Southeast orien-
tations. Additionally, losses were calcu-
lated for roof tilt classifications based
on the System Advisor Model.

Lastly, generation potential was calcu-
lated using the base Energy Production
Factor for the region (annual KWH pro-
duction/KW nameplate capacity), modi-
fied by the loss factors outlined above.

2018 Village Wide Electric

kWh Share of Total
156,067,105 36.6%

0 0.0%
3,656,815 0.9%
1,820,501 0.4%

210,392,954 49.3%
54,473,658 12.8%

Total 426,411,033



Technical capacity represents the total rooftop solar pv potential assuming economics and grid integration are not con-

straints. Based on the input and methodology previously outlined, there are an estimated 12,759 total buildings in North-
brook, of those, it is estimated that 10,433 are “solar suitable” buildings.

These solar suitable buildings have an estimated 19198 roof planes which are either flat or with an azimuth orientation of
East, Southeast, South, Southwest, or West, with a total estimated square footage of 6.07 million square feet. The chart
below shows a further breakdown of roof orientation by roof tilt classifications as well. The potential installed technical
energy capacity for all rooftops meeting selection criteria totals 113.54 Megawatts DC.

Generation capacity represents the total amount of energy generation potential of the total Technical Capacity of the Vil-
lage. As previously outlined, the generation capacity is calculated using Village-specific annual energy production factor
(annual KWH production/KW nameplate capacity) which is based on the region’s weather patterns and annual insolation
levels (exposure to sun’s energy). This energy production factor is then modified by estimated system losses by azimuth
and estimated system losses by roof tilt.

The chart below illustrates the total generation potential by roof azimuth and by roof tilt classifications. The Grand Total
solar PV energy generation potential for the Village is 122,576,956 KWH annually, approximately 29% of the Village’s total
electric consumption (based on US Energy Information Agency data, ComEd Village of Northbrook community wide energy

consumption data).

Flat Low Tilt Mid-Low Tilt Mid-High Tilt High Tilt
Subtotal Flat
Suitable Buildings 1,944  13sa% 1,044 4] 4] 1] 0
Suitable Roof Planes 3,577 1asa¥| 3,577 0 0 1] 0
Square Footage 1,130,809 13sa% 1,130,809 0 0 (1] [i]
Capacity (KW dc) 21,159 1a3sa%| 21,159 0 0 v] 0
Generation (KWH) 26,406,713 21ssx| 26,406,713 0 0 0 0
Subtotal South Facing
Suitable Buildings 2,719 z25.07% 0 592 1,746 379 2
Suitable Roof Planes 5,004 25.07%| 0 1,090 3,213 697 4
Square Footage 1,581,876  25.07%| 0 344,545 1,015,718 220,366 1,246
Capacity (KW dc) 29,599  25.07% 0 6,447 19,006 4,123 23
Generation (KWH] 32,913,891 268s% 0 6,926,556 21,092,638 4,868,265 26,432
West + Southwest
Suitable Buildings 2,891 27.72% 0 522 1,918 449 3
Suitable Roof Planes 5,320  z7.72%| 0 960 3,529 826 5
Square Footage 1,681,801 z7.72% 0 303,516 1,115,644 261,031 1,610
Capacity (KW dc) 31,469  27.72%| 0 5,679 20,875 4,884 30
Generation (KWH] 32,034,038 26.13% 0 5,573,473 21,161,983 5,267,387 31,194
East + Southeast
Suitable Buildings 2,875 2757% 0 525 1,899 449 3
Switable Roof Planes 5,291 z2757% 0 966 3,494 826 5
Square Footage 1,673,441  z7.58%| 0 305,385 1,104,581 261,864 1,610
Capacity (KW dc) 31,313 2758 0 5,714 20,668 4,500 30
Gensration (KWH) 31,222,315  25.47% 0 5,492,918 20,522,910 5,175,932 30,555
Subtotal: Flat Subtotal: Low Subtotal: Mid- Subtotal: Mid- Subtotal:
Grand Total Roof Tilt Low Tilt High Tilt High Tilt
Suitable Buildings 10,430 1,944  1m6a% 1,639 1571% 5,563 533k 1,277 1234% 8 oo
Suitable Roof Planes 19,192 3,577 136a% 3,016 1571% 10,236  s3.33% 2,349 122a% 14 oo
Square Footage 6,067,927 1,130,809 1ms6a% 953,447 1571% 3,235,944 s5333% 743,261 1235% 4,467 oo7%
Capacity (KW dc) 113,540 21,159  1854% 17,840 1s71% 60,550 s3.33% 13,908 1z25% 84 ootk
Generation ([KWH) 122,576,956 26,406,713 215a%| 17,992,947  1ass% 62,777,531 siaw| 15,311,585 1240w 88,181 ooms
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Though the total energy generation outlined above is reasonably feasible, for purposes of establishing Village Wide poten-
tials expectations it is appropriate to modify the total generation to reflect the likely most cost efficient installation poten-
tials given current technologies and cost parameters. Solar PV installations which have less than ideal orientations cap-
ture less light per panel and therefore generate less energy per dollar spent. Establishing an Optimized Capacity establish-
es the cost effective solar pv installation potential based on current technology.

Identifying the installations most likely to be highly cost effective ultimately requires a site-by-site assessment, however,
typical installation performance characteristics can be extrapolated to establish reasonable Village-wide estimates. For
the latitude and geography of Northbrook, it can be assumed that all solar suitable roof planes that are flat or south facing
should ultimately be reasonably cost effective installations.

For West and Southwest facing roof planes, it is likely that all low and mid-low roof tilt installations would be cost effec-
tive, while mid-high and high roof tilt installations with West or Southwest orientation may produce self-shading for many
of the solar productive hours making those installations viable on a case-by-case basis. Like wise, for East and Southeast
facing roof planes, it is likely that all low roof tilt installations would be cost effective, while mid-low, mid-high, and high
roof tilt installations facing East may produce self-shading, making those installations also viable on a case-by-case basis.

On the chart below, all solar suitable roof planes with roof tilt and azimuth orientation combinations likely to be consist-
ently cost effective are shown and are considered to be the Village’s Optimized Generation Capacity. It should be noted
that installations outside of these selections may still be cost effective but require individual feasibility assessment. The
total Optimized Generation Capacity in Northbrook is estimated to be 91,548,978 KWH annually, approximately 21% of
the Village's total electric consumption.

Flat Low Tilt Mid-Low Tilt Mid-High Tilt High Tilt
Subtotal Flat
Suitable Buildings 1,944 25.48% 1,944 0 0 0 0
Suitable Roof Planes 3,577  25.48%) 3,577 0 0 0 0
Sguare Footage 1,130,809 2s5.2a%| 1,130,809 1] Q 0 0
Capacity (KW dc) 21,1539  z5.23%| 21,159 [0} Q 0 0
Generation (KWH) 26,406,713  z3ssx| 26,406,713 0 0 0 0
Subtotal South Facing
Suitable Buildings 2,719  35.65%] 0] 502 1,746 379 2
Suitable Roof Planes 5,004  3565% 4] 1,090 3,213 697 q
Square Footage 1,581,876 35.85% 0 344,545 1,015,718 220,366 1,246
Capacity (KW dc) 29,599  3565% 0 6,447 19,006 4,123 23
Generation (KWH) 32,913,891  3505% 0 6,926,556 21,002,638 4,868,265 26,432
West + Southwest
Suitable Buildings 2,440  31.08% 4] 522 1,918
Suitable Roof Flanes 4,489 31 08%| o 960 3,529
Sguare Footage 1,419,160 3108%) o 303,516 1,115,644
Capacity (KW dc) 26,535 31.08%| (4] 5,679 20,875
Generation (KWH) 26,735,456  20.20% 0 5,573,473 21,161,983
East + Southeast
Suitable Buildings 525 6.68%)| 0] 525
Suitable Roof Planes 966 6.88%)| 0 9266
Sguare Footage 305,385 5.58%| 4] 305,385
Capacity (KW dc) 5714  ses% 0 5,714
Generation (KWH) 5,492,918 6.00%| 0 5,492,918
Subtotal: Flat Subtotal: Low Subtotal: Mid- Subtotal: Mid- Subtotal:
Grand Total Roof Tilt Low Tilt High Tilt High Tilt
Suitable Buildings 7,628 1,944  25.23% 1,639 21.a0% 3,664 aso03% 379  a97% 2 o03%
Suitable Roof Planes 14,036 3,577 25.48% 3,016 21.a9% 6,742 aso3% 697  a97% 4 po3%
Square Footage 4,437,230 1,130,809 2s5.43% 953,447 31.40% 2,131,362 asso0aw 220,366  soms 1,246 oo3w
Capacity (KW dc) 83,028 21,159 zs.a3% 17,840 z1.as% 39,881 aso3n 4,123 a5t 23 oosk
Generation (KWH) 91,548,978 26,406,713 2ssa%| 17,992,947 1s9.6s% 42,254,621 518k 4,868,260 s32% 26,432 o3
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Village Wide Solar Potentials

Market Capacity

Adequately anticipating the potential for new solar PV installations must consider not only the potential technical and
generation capacities, but also the likely market capacity. As an emerging energy sector, there is little data upon which to
base projections for likely installation of rooftop solar PV in the private sector. Additionally, the solar PV market is rapidly
changing in both sophistication as well as in pricing and cost effectiveness. As noted in the Solar in lllinois section of this
report, the installed cost of solar PV in the state has dropped 40% since 2015 and is expected to continue to decline in the
coming years. Projections of solar PV installations should anticipate a continued increase in the number of solar pv instal-
lations year over year.

Market History

According to the Department of Energy, since 2005 the residential solar PV market has grown at an annual rate of 51%. A
growth rate that has resulted in a residential solar PV capacity 95 times larger in just 12 years. In the State of lllinois, the
new installed capacity that went on line in 2019 was nearly 106 MW; equal to 63% of the cumulative total of all solar PV
installations in the state for all previous years.

According to Village of Northbrook permit records, there are a total of 76 existing solar PV installations totaling 2,071 KW
capacity, approximately 0.54% of the State total number of installations, or 0.75% of total generation capacity (compared
to the Village of Northbrook’s population at 0.26% of State total). These numbers indicate the Village of Northbrook’s
solar pv adoption rates are approximately 2 times higher than the State average adoption rates in terms of numbers of
installations per capita and nearly three times higher in terms of installed capacity per capita.

State Market Projections

The Solar Energy Industries Association (SEIA) projects solar PV installation capacity in the State to increase 1,710 MW by
2025. This is equal to a sustained compound increase of installed capacity of 62% annually. The timeframe of this projec-
tion overlaps with the currently established Federal Income Tax incentive program. For years 2022 and beyond, the tax
incentive is expected to be phased out for residential solar pv installations, but a smaller incentive (10%) will remain for
commercial property owners while cost projections anticipate a continued decrease in installation costs.
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Village Wide Solar Potentials

Northbrook Market Absorption Projections

Scenario A: Northbrook Rooftop Solar PV Projection Based on Population Share of Statewide KW Installed Projections
Scenario A simply anticipating the Village’s future solar pv installation rates match the projected State-wide increase in
solar installations based on a per-capita share. This scenario would mean an increase of approximately 4,500 KW of in-
stalled capacity within the Village by 2025, approximately 33% annual increase over that timeframe. This would result in

around 6,500 KW of installed capacity, equivalent to approximately 5.7 of the total rooftop technical capacity potential or
7.8% of the optimized capacity potential within the Village.

As the market continues to mature through the 2020’s it may be reasonable to assume a reduction in the growth rate of
new installed capacity beginning in year 2031. For purposes of this study, we recommend a 50% reduction of the annual
rate of growth for 2030. This would result in a growth rate of 16.5% through 2030 and a 8.3% growth rate for years 2030
through 2040. The chart below shows projections through 2040 using the assumptions outlined above.

Scenario A: Northbrook Rooftop Solar PV Pro-
jection Based on Population Share of
Statewide KW Installed Projections
(33% Initial Annual Increase)

Cumulative Annual Gener- % of Village This is Equiva- Or Equivalent Or Equivalent to
Installed (KW) ation (KWH) Electric lentto adding toadding(x) adding (x) Ar-
Consumption (x) Average Res- Commercial  rays Annually
idential Arrays Arrays Annual- with Average

Annually: ly: Array Size Equal
to Current Com-
Year munity Ave:
2025 6,480 6,995,918 1.64% 130 22.0 324
2030 13,906 15,013,238 3.52% 218 37 54.5
2040 30,725 33,170,607 7.78% 247 42 61.7

NOTE: This projection does not include distributed ground-mounted solar pv potentials nor utility scale solar pv installation potential.
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As noted earlier, the Village of Northbrook has a higher than State average adoption rate in terms of number of arrays
installed per capita, as well as generating capacity (KW) installed per capita. Scenario B assumes maintaining the Village’s
leadership position in its share of the statewide number of arrays anticipated over the next 5 years, but decreasing, slight-
ly, the Village’s leading pace in terms of share of the statewide generating capacity (KW) installed per capita. This sce-
nario results in an increase of nearly 6,900 KW of installed capacity within the City by 2025 for a total of 8,960 KW Village

Wide. This is equivalent to approximately 7.9% of the total rooftop technical capacity potential or 10.8% of the optimized
capacity potential within the Village.

As with Scenario A, we recommend a 50% reduction of the annual rate of growth for 2030. This would result in a growth
rate of 22% through 2030 and a 11% growth rate for years 2030 through 2040. The chart below shows projections
through 2040 using the assumptions outlined above.

Scenario B: Northbrook Rooftop Solar PV
Share of Statewide Projections Based on
Current Share of Installed Arrays
(44% Initial Annual Increase)

Cumulative  Annual % of Village Elec- This is Equiva- Or Equivalent to Or Equivalent to add-
Installed Generation tric Consump- lentto adding adding (x) Com- ing (x) Arrays Annually

(KW) (KWH) tion (x) Average  mercial Arrays  with Average Array
Residential Annually: Size Equal to Current
Arrays Annu- Community Ave:
Year ally:
2025 8,960 9,673,413 2.27% 203 344 50.6
2030 24,328 26,264,257 6.16% 525 64 112.8
2040 69,426 74,951,171 17.58% 816 113 165.5

NOTE: This projection does not include distributed ground-mounted solar pv potentials nor utility scale solar pv installation potential.

Similar to Scenario B, this scenario also assumes maintaining the City’s leadership position in its share of the statewide
number of arrays anticipated over the next 5 years while also maintaining the Village’s leadership position in terms of its
share of the statewide installed generating capacity (KW). By 2025, this Scenario results in a total installed capacity equal

to approximately 12.6% of the total rooftop technical capacity potential or 17.2% of the optimized capacity potential with-
in the Village.

The chart below shows projections through 2040 using the assumptions outlined above.
Scenario C: Northbrook Rooftop Solar PV
Share of Statewide Projections Based on
Current Share of Installed KW Capacity
(62% Initial Annual Increase)

Cumulative Annual % of Village This is Equiva- Or Equivalent to Or Equivalent to add-
Installed Generation Electric Con- lentto adding adding (x) Com- ing (x) Arrays Annual-

(KW) (KWH) sumption (x) Average Res- mercial Arrays ly with Average Array
idential Arrays Annually: Size Equal to Current
Year Annually: Community Ave:
2024 14,264 15,399,202 3.61% 359 61.0 89.5
2030 38728 41810332 9.81% 948 124 179.6
2040 110,519 119,315,514 27.98% 1,421 215 263.5

NOTE: This projection does not include distributed ground-mounted solar pv potentials nor utility scale solar pv installation potential.
above.
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As with all energy sources, solar PV installations require investment up-front for construction and installation as well as
annual maintenance costs. When measured on a per unit of energy consumed, these costs are similar, or more competi-
tive than, the costs associated with other energy sources. Unlike almost all other forms of electricity, however, a signifi-
cant portion of the initial and on-going costs associated with solar PV are capable of remaining in the local economy. This
means that for communities who plan carefully for the increase in renewable energy, a local economic development po-
tential exists.

According to the National Renewable Energy Laboratory (NREL), the additional solar pv capacity which could be installed
in the Village by 2040 has a total construction value of $185 million (2020 dollars). The potential share of those invest-
ments for the local economy totals 212 jobs and $19 million in local income potential during construction and 42 jobs and
$2.9 million in local income potential for maintenance annually through the lifetime of the installations. Below is a
breakout of the Northbrook Economic Development potential of new installed solar pv capacity through 2040 based on
population share of Statewide market absorption projection numbers:

Northbrook Local Economic Impacts - Summary Results Based on Scenario B

Jobs Earnings Output Value Added
During construction period Million$ 2020 Million$ 2020 Million$ 2020
Project Development and Onsite
Labor Impacts 74 $10.34 $14.11 $11.51
Construction and Interconnection
Labor 48 $8.91
Construction Related Services 27 $1.43
Equipment and Supply Chain Im-
pacts 74 $4.88 $19.89 $9.81
Induced Impacts 64 $3.87 $10.71 $5.83
Total Impacts 212 $19.09 $44.71 $27.15
Annual Annual Annual Annual
Jobs Earnings Output Output
During operating years (annual) Million$ 2020 Million$ 2020 Million$ 2020
Onsite Labor Impacts 30 $2.10 $2.10 $2.10
Local Revenue and Supply Chain
Impacts 5 $0.37 $1.09 $0.72
Induced Impacts 6 $0.42 $1.15 $0.62
Total Impacts 42 $2.88 $4.33 $3.43

In addition to the local re-investment share of the construction and maintenance costs, Northbrook residents and busi-
ness owners who invest in solar PV will have direct economic benefit in the form of savings. These savings represent in-
creased economic potential within the Village and include:

1) All residents and businesses who install solar PV prior to the phase out of the Federal Tax Incentive will be able to
save 10-26% of the cost of installation. At the projected additional installation through 2022 outlined in the pre-
vious section, this could mean $2.2 million up to $5 million in savings and local re-investment potential.

2) Many owners who install solar pv see a decrease in their annual energy costs (including solar pv project finance
costs). Though savings vary, a reasonable estimate of the out-of-pocket savings for residents and businesses in
Northbrook is $97,000 to $200,000 annually by 2025 (assuming third party ownership structure, long-term sav-
ings for direct ownership can be significantly higher).
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The core environmental benefits of Solar PV electric energy generation relate to improved air quality, reduced greenhouse

gas emissions, and reduced water consumption.

Greenhouse gas emissions form, primarily, from the burning
of fossil fuels. The carbon footprint of electricity is the total
greenhouse gas emissions throughout the life-cycle from
source fuel extraction through to end user electricity. Ac-
cording to the Intergovernmental Panel on Climate Change
(IPCC), the median greenhouse gas emission, measured in
metric tonnes, for 1 Gwh of electricity by fuel type is as fol-
lows:

Water and energy are inextricably linked in our current
modern infrastructure. Water is used in all phases of ener-
gy production. Energy is required to extract, pump and de-
liver water for use, and to treat waste-water so it can be
safely returned to the environment. The cumulative impact
of electricity generation on our water sources can be signifi-
cant, and varies by fuel source. According to The River Net-
work, the average fresh water use for 1 Gwh of electricity
by fuel type is as follows:

Electricity Source

Metric Tonnes

GHG/GWh
Hydroelectric 4
Wind 12
Nuclear 16
Biomass 18
Geothermal 45
Solar PV 46
Natural gas 469
Coal 1001

Electricity Source Gallons/GWh
Hydroelectric 29,920,000
Wind 1,000
Nuclear 2,995,000
Biomass 2,000
Geothermal 2,000

Solar PV 2,000
Natural gas 1,512,000
Coal 7,143,000

According to the US EPA, based on the Electricity Supply by Energy Source for their Upper Midwest region, the average
greenhouse gas emissions per 1 Gwh of electricity is 365 Metric Tonnes. Using the River Network average fresh water use
by fuel type, the average water use per 1 Gwh of electricity in the city is 5,306,500 gallons.

Based on these numbers, by 2025 the additional solar pv installed in the Village of Northbrook can reduce its Greenhouse
Gas emissions by 6,588 metric tons (130,722,448 cubic feet of man-made greenhouse atmosphere), and its water foot-

print by 51.31 Million Gallons.

Scenario B: Carbon and Water Footprint Reduction Potential

Annual Generation GHG Emission GHG Emission Water Footprint
(GWH) Reduction Reduction (Cubic Reduction
(mTons) Feet of Atmos- (Mgallons)
Year phere)
2024 9.67 6,588 130,722,448 51.31
2030 26.26 17,888 354,924,155 139.32
2040 74.95 51,048 1,012,858,693 397.58
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In support of the Village’s interest in Greenhouse Gas emissions reductions and increase in renewable energy generation,
we recommend the following:

1)Maximize new installations in years 2021 and 2022 for both Residential and Commercial scale projects in order to
leverage the greatest potential for local cost savings from the Federal Solar Investment Tax Credit. Actions to
support this include:

a) Develop and distribute information on the advantages of solar with a particular focus on the current tax
incentive savings available for both homeowners and businesses. Information should also include detailed
information on incentives and opportunities for financing.

b) Develop and provide a solar benefits educational seminar for residents and businesses, content to in-
clude information on the tax incentive savings potential as well as tools and resources for solar procurement
and financing.

¢) Conduct a “Solar Top 50” study to identify the top 50 commercial and industrial properties for on-site
solar generation. Develop feasibility assessments for each property illustrating energy generation potential
and estimated return on investment. Combine feasibility information with information developed in item a
above and provide to each subject property owner.

d) Organize and lead a Commercial Group Purchasing campaign in 2021 and 2022 to competitively bid con-
tractors to offer maximum cost savings based on power of quantity buying. This program could focus on the
Solar Top 50 sites identified in item c above as well as combined with municipal facilities. Program should
explore the inclusion of cash purchase as well as third party purchase options.

e) Organize and lead a Residential Group Purchasing campaign in 2021 and 2022 to competitively bid con-
tractors to offer maximum cost savings based on power of quantity buying.

f) Develop and distribute a “Solar Ready Guide” outlining steps building owners can take for new construc-
tion and renovation projects to make buildings solar ready and decrease the cost of future installations.

g) Establish a requirement that all municipal owned new construction projects and significant renovation
projects as well as any projects which receive Village funding are to be Solar Ready (based on City’s Solar
Ready Guide see item f above).

h) Establish a requirement that all municipal owned new construction projects and significant renovation
projects as well as any projects which receive Village funding are to include a detailed solar feasibility as-
sessment with projected financial payback (cash purchase and 3™ party ownership options) to be included
at time of building permit application. (Strategy encourages awareness of solar potential and potential long
-term economic savings)
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2) Maximize new installations in years 2023 and beyond. Actions to support this include:
i) Begin the process to become a SolSmart Gold designated community in by 2023.

j) Establish an incentive for all privately owned new construction projects and significant renovation pro-
jects that are designed to Village’s Solar Ready Guidelines developed in item f above (incentive may in-
clude credit on building permit application and/or expedited permit processing)

k) Establish a requirement that all new construction projects requiring a Conditional Use Permit or Planned
Unit Development be designed to the Village’s Solar Ready Guidelines developed in item f on previous

page.

I) Establish a requirement that new construction projects and significant renovation projects within the
Village (private and publicly owned) are to include a detailed solar feasibility assessment with projected
financial payback (cash purchase and 3™ party ownership options) to be included at time of building permit
application. (Strategy encourages awareness of solar potential and potential long-term economic savings)

m) Establish a requirement that all private or public projects receiving Village funding be constructed as
fully solar ready and include an on-site solar pv array.

n) Coordinate with County to explore the development of new incentive programs, particularly those
aimed at low and moderate income residents. Program opportunities may include development of Low
Income Home Energy Assistance Program (LIHEAP) based funding sources.

p) Conduct a Green Economy Business and Economic Development Potentials study to identify strategies in
leveraging economic opportunities in the Green Economy and emerging renewable energy field. Study
should focus not only on national, state, and metro area trends, but should identify strengths, weaknesses,
opportunities, and threats unique to the community. The goal of establishing a robust business atmos-
phere capable not only of serving the community’s renewable energy and green economy needs but ful-
filling a unique economic niche within the region.
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