Solar Canopies in Connecticut:

Draft Report, June 2021

N\
PACE

y People’siAction for Clean Energy




BAC : Page |1

People’s/Action for Clean Energy

Acknowledgments

This report was produced by People's Action for Clean E{BA@EN consultation with multiple stakeholders in
Connecticut. The principal authors of this project are PACE Operations Manager Kieren Rudge and PACE President M
Scully. Additional team nmebers PACE Vice President Bernard Pelletier and Operations Manager Humna Sharif
contributed to the success of this project.

Significant support was provided by outside organizations consulting on study methodologies, solar installation
practices, policgonsiderations, and other key insights. This study would not have been possible without input from
Synapse Energy Economics, Greenskies Clean Energy, Lodestar Energy, and TitanGen Energy. Additional meetings v
the Windham Clean Energy Task Force wehealde in developing this study following a pilot study in Windh@he
inspiration for this work came in part from a study of the potential of solar carports in the Lower Hudson Valley
conducted by Laura Burkhardt and sponsored by Rockland Goes Green.

This work was made possible through funding from the Common Sense Fund.

Image SourceSunWatts(Solar Carport mount for 32 panels)



https://sunwatts.com/solar-carport-mount-for-32-panels/

®  People’s'/Action for Clean Energy

Contents
Acknowledgments
Contents

Executive Summary

Introduction
Background on Solar Canopies

Study Key Findings
Town Case Studies

Practicd Implementation
Challenges
Financing
Design Consierations

Policy Considerations
Existing Policies in CT
Incentives in Neighboring States
Policy Recommendations

Conclusion
Glossary

Appendices
Appendix A:Extended Methodology
Appendix B: Data Table of All Towns

Page |2

10
13

18
18
19
20

23
23
24
25

25
26

28
28
34



PAG Page |3

People’s/Action for Clean Energy

Executive Summary

Connecticut aims to have a zecarbon electric sector by 2040 and has developed plans and recommendations to
facilitate this energy transitiohMeeting this target will require a range of renewable sources, with solar playing a
significant role. As the cost of solar panels continues to fall, arrays are being built at an increasing pace across the stat
¢2 YSSG GKS ail (S ararragsdh residéntiabafid comntfertial BSt&pR padkihd lots, as well as

larger, utility-scale projects on brownfields, gravel pits and other land parcels.

As expected, the search for sites for larger solar projects has led to conflicts between teststd# clean energy and
the preservation of prime agricultural land and foresdme way to avoid or minimize these inevitable conflicts is to site
a2t FNJFNNFrea 2y I yR (dgbtably parkiagldtst NS Ré 0SSy aRS3INI RSR

While thed (i I plédyéfeence the production of solar energy in multiple different wapere is no mention of solar
canopies as a part of the 100% renewable energy sécldnis is a significant oversight as solar canopies have many
unique benefits and can produce a signifitamount of energy in Connecticut. While the positive impacts of solar
canopies are well understood, there has not been research quantifying the potential of this type of solar energy in
Connecticut.

Remaining Demand

14.0%

People's Action for Clean Energy conducted this sty
to fill this crucial gap in knowledge by analyzing t
amount of energy that solar canopies could potentia| solar canopies
produce throughout the stte. This study wagy 37.8%
completed to demonstrate that solar canopies can
a major component of the future electric sector i
Connecticut and that implementation of thig
technology needs to be supported by public policy. T
study used geospatial analysis I®do examine large
parking lots in every town in Connecticut and estima
the number of solar canopy arrays that could be sites'
in each lot.

Rooftop Solar

48.2%

Fig. 1 Future Potential Energy Portfolio of SolamGpies and
Rooftop Solar in Connecticut

The results of this study demonstrate that there are 8,416 potentially viable sites &woosecticut. The combined
capacity of all sites is 7,021 MW. The total estimated annual production is 9,226 GWh. These figures represent a
substantial amount of the state's potential energy portfolio. The estimated annual production from solar canopies is
equivalent to 37.8% of current statewide energy consumption. This amount of energy would be able to power roughly
870,000 homed When combined with estimates of rooftop solar installation potential, 86% of current statewide energy
consumption can be produced.

1 Executive Order No. Governor Ned Lamont, State of Connecticut. 2019.

2 Draft Integrated Resource PlaReport. Department oEnergy and Environmental Protection, State of Connecticut. 2020.

3U.S. Energy Information Administration (EIA). "Frequently Asked Questions (FAQs)." Accessed January 2021. https://witoelsitagev
4"Project Sunroof." Accessed January 2021. httpsmiv.google.com/get/sunroofi.
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The annual production estimates vary between the 169 towns in Connecticut. However, each town can produce some
energy fromsolar canopies. Towlevel annual production as a percentage of energy consumption ranges from 5.8% to
180%, with an average percentage of 40.1%. The production of solar canopies by town can be seen in Figures 1 and 2
with a detailed table for each towavailable in the appendix.

P ss% | | soa%-75% [ 25.1%-50% [ <25%
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Solar Canopies Annual Production as % of Current Use
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This study demonstrates that solar canopies have significant potential as a component of Connecticut's energy portfoli
In addition to praluction levels, there are multiple benefits associated with solar canopies. These benefits are strong on
their own but can be significantly more effective with policy that supports the implementation of solar canopies.

Benefits of Solar Canopies

1. Preservation of Agricultural Land and Forests
Unlike large solar farms, solar canopies can be sited on existing impervious surfaces. T
removes the need to infringe upon valuable natural resources.

2. Local, Distributed Energy Generation
Parking lotsand other sites where solar canopies can be installed are generally close to 4
energy sink. This reduces losses from l®rgn transmission and fosters grid resilience.

3. Pairing with Electric Vehicles and Battery Storage
Solar canopies can be made withati vehicle (EV) compatibility, enabling a transition to
clean transportation sector. Battery storage can also be integrated to support EVs and €
use at any time of day.

4. Reducing Urban Heat Island Effect
Solar canopies can reduce urban heat dmeréfore help to reduce dangerous heat waves.
This is especially the case when canopies are sited over impervious surfaces that retain
amounts of heat.

5. Environmental Justice Implications
When sited thoughtfully, solar canopies cameliorate current inequitable conditions by
converting impervious surfaces into more beneficial uses for local communities. Solar
canopies that follow shared ownership models can be more accessible than installations
benefit property owners only.

6. Rediced Energy Costs
With current economic market projections solar power, and canopies specifically will say
consumers money on their electricity use. This can be supplemented with goveriraeked
incentive programs.

7. Protection fom Elements
Solarcarports can protect cars and paved surfaces from weather that may damage them
saving money for lot owners and patrons.
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Multiple policy mechanisms can be implemented to support solar canopies in Connecticut. Policies have been passed
the neighboring states of Rhode Island, Massachusetts, and New York. If passed in Connecticut these policies would
enable expanded solar canopy adoption by public and private entities and support a transition away from centralized
energy production via fosdilels.

Policy Recommendations

1. Create Adder Incentives for Solar Canopies and Related Infrastructure
Adder incentives can support specific types of renewable energy production such as sol
canopies. This added incentive would offset costs and could eagetsolar canopies, battef
storage, or other types of systems. Rhode Island and Massachusetts both have solar ca
adders of $0.06 pekWh produced.

2. Expand Virtual Net Metering Eligibility
Virtual net metering is currently limited to a $10 million aapthe total amount of electricity
produced statewide that is eligible for the program. States such as Massachusetts have
expanded their cap in recent years, and Connecticut should follow suit. Additionally, virt
net metering should be expanded include individual systems with larger capacities.

3. Support Equitable and Modern Grid
PURA is assessing proposals to update policies related to Connecticut's electric grid. Pq
that support distributed energy systems (DERS), including salarpies should be prioritizec
These include decreasing the cost of interconnecting with the grid, facilitating connectio
DERs, and incorporating solar canopies into regional plans.

4. Zoning and Local Ordinances
Explicitly defining and mentioning solar canopies in local ordinances and zoning codes
increases the likelihood thahey will be installed. Additionally, measures can be incorpora
to enable solar canopies. Examples that have been implemented include allowing solar
canopies to exceed height restrictions and making clear standards that differentiate
requirements for roftop solar versus solar canopies.

This study concludes that locally sited solar canopies can genarsignificant amount of energy in the state of
Connecticut and that statkevel policies would enable a more effective renewable energy transition. Incorporating solar
canopies into key statewide plans such as the Integrated Resources Plan would alieeticat to avoid overreliance

on largescale production facilities that compete for space with vital natural resources. The community economic
benefits of solar canopies are also abundant and need to be taken into consideration when deciding how tbthigpo
type of renewable energy.
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Introduction

Connecticut aims to have a zecarbon electric sector by 2040 and has developed plans and recommendations to
facilitate this energy transition. While these plans reference the production of sotaggivia multiple pathways there

is no mention of solar canopies as a part of the 100% renewable energy sector. This is a significant oversight as solar
canopies have many unique benefits and can produce a significant amount of energy in Connecticuhe/ploisitive
impacts of solar canopies are well understood, there has not been research quantifying the potential of this type of sole
energy in Connecticut.

People's Action for Clean Energy conducted this study to fill this crucial gap in knowledge by analyzing the amount of
energy that solar canopies could potentially produce throughout the state. This study was completed to demonstrate
that solar canopies cabe a major component of the future electric sector in Connecticut and that implementation of
this technology needs to be supported by public policy.

The study used geospatial analysis tools to examine large parking lots in every town in Connectstitvzatd the

number of solar canopy arrays that could be sited in each lot. This study began by conducting a random sample of 100
parking lots throughout the state to understand the average proportion of parking lot area that was usable for solar
canopies This data on usable areas were then used in conjunction with existing information on common solar panel
capacity factors and climatic data for Connecticut to calculate potential energy production. This process was applied to
an existing database of athpervious surfaces in Connecticut that was filtered via a visual site assessment to determine
which sites were viable. Using these methods we were able to find viable sites in every town in Connecticut, and
estimate solar canopy production potential foreey site. Please refer to Appendix A for the extended methodology.

Background on Solar Canopies

Solar canopies are a form of solar array that is constructed on developed surfaces and built to allow space underneath
for cars or pedestrians (see Fig. 4)e3éarrays differ from grounhounted solar due to their elevated construction.

These arrays can be sited as a part of a lagde solar project that supports energy use of a large energy sink like a
school or might be very smaitale supporting the emgy use of a few electric vehicle charging stations or a small
building. Due to the additional infrastructure associated with solar canopy construction, there are additional financial
costs to the installation of these arrays as opposed to gremodinted ®lar. However, there are multiple benefits to

solar canopies that should be considered when comparing different forms of solar and developing policy tools.

Preservation of Agricultural Land

Unlike large solar farms, solar canopies can be sited on existpeyvious surfaces. This removes the need to infringe
upon valuable natural resources. Multiple conflicts have occurred between different groups of environmentalists over
solar projects that would have negative environmental consequences on local emosy$hile largescale solar farms

will still be necessary to make a transition to a zeasbon electric sector, limiting reliance on them will be important to
protect natural resources. Solar canopies can be appealing to a diverse array of stakel®ottiessdo not have

negative consequences on the undeveloped environment or small farmers who are dependent on their land.



Page |8

People’s/Action for Clean Energy

Local, distributed energy generation

Local, distributed energy generation is another benefit of solar canopies that are a deviatinfafgescale solar

arrays. The current energy grid is reliant upon a few large production plants that have severely negative impacts throuc
the burning of fossil fuels, or controversial production methods like nuclear power. Aside from the inherestdfarm

these production sources, they also support a centralized grid, which has drawbacks, such as energy losses due to lon
transmission lines, and greater susceptibility to severe storms. A decentralized grid addresses these problems by siting
energy geneation locally in communities, thereby limiting lowdlistance energy losses, and creating a network of power
sources that can be drawn upon if individual power lines go down. These benefits are similarly reproduced by rooftop
based solar power as well aslar canopies.

Pairing with electric vehicles and battery storage

Solar canopies can be made with electric vehicle (EV) compatibility, enabling a transition to a clean transportation
sector. Solar canopies are already used as EV charging stations, aqghasien of these pairings could support growth

in the EV sector. Battery storage can also be integrated to support EVs and energy use at any time of day. Integration
with battery storage is paramount to creating a renewable energy sector, as it enables mobe used during times

when a significant amount of sunlight is not available. Solar plus storage can also provide services to the wider electric
IANRAR YR 0S02YS LI NI 27F f-baskd flaw congistingdofdiale ¢omhidatibfEohahgeddf I y G €
distributed power generators and storage.) Another use of combined solar and storage is a public resilience station,
providing EV charging, community ¥Miaccess and electronics charging in the event of a grid outage.

Reduce urban heat

Theurban heat island effect creates hotter conditions in urbanized areas than surrounding areas. This effect is due to
infrastructure such as paved roads and tall buildings that trap heat. Climate change is exacerbating this effect and
making heat waves molatense, especially in urban areas. Solar canopies can reduce urban heat by increasing the
amount of sunlight that is reflected away from the ground. This can help to reduce dangerous heat waves and cool
cities. The impact of canopies is especially potemén they are sited over dark impervious surfaces, such as asphalt
that retain large amounts of heat.

Addressing environmental justice

When sited thoughtfully, solar canopies can ameliorate current inequitable conditions by converting impervious surface
into more beneficial uses for local communities. Solar canopies that follow shared ownership models can be more
accessible than installations that benefit property owners only. Through financing mechanisms like subsidized power
purchase agreements and grarfor lowincome communities solar canopies can be constructed and save energy costs
for communities. The impacts of decentralizing the grid and reducing urban heat also can have major environmental
justice benefits. Solar canopies also have the potetdialddress some barriers to access associated with rooftop solar,

as homeowners are the main beneficiaries of those projects, while solar canopies can help to create corsinauaiy

solar or other beneficial energy systems.
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Protection from the elements

Solar carports can protect cars and paved surfaces from weather that may damage them, saving money for lot owners
and patrons. This can be especially beneficial for business owners that requae=d outdoor spaces, such as car
dealerships. Municipalities may also benefit by supporting outdoor community spaces like farmers' markets.

Aesthetic Considerations

While beauty is in the eye of the beholder, when sited responsibly, canopies can aetiaely eyecatching structures.
When designing new structures in highly visible locations, close attention should be paid to aesthetics. Options inclu
hiding all wiring, using enclosed posts and beams instead of inddsinidhg tbeams, and attracti finishes including
powder coating, among others.
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Study Key Findings

The figures calculated in this study represent a theoretical potential that accounts for multiple physical, and
geographical concerns, ardlditionally addresses some technical issues. The included criteria are such features as
shading, land use type, crowding of panels, and others. Notably, this analysis did not consider geotechnical factors tha
would need to be included in a site assessirterdecide the feasibility of construction on a particular site. The results

will provide a starting point for further geotechnical studies on a more detailed level of analysis, which would be done
on a townby-town or individual site scale of investigati.

The results of this study demonstrate that there are 8,416 potentially viable sites across Connecticut. The combined
capacity of all sites is 7,021 MW. The total estimated annual production is 9,226 GWh. These figures represent a
substantial amount ofhe state's potential energy portfolio. The estimated annual production from solar canopies is
equivalent to 37.8% of current statewide energy consumption. This amount of energy would be able to power roughly
870,000 homes.When combined with estimatesf rooftop solar installation potential, 86% of current statewide energy
consumption can be produced.

Remaining Demand
14.0%

Solar Canopies
37.8%

Rooftop Solar
48.2%

The annual production estimates vary between the 1@8ns in Connecticut. However, each town is able to produce
some energy from solar canopies. Tolgmel annual production as a percentage of energy consumption ranges from
5.8% to 180%, with an average percentage of 40.1%. The prodoétsmtar canopieby town can be seen in Figures 1
and 2, with a detailed table for each town available in Appendix B.

5U.S. Energy Information Administration (EIA). "Frequently Asked Questions (FAQs)." Accessed January 2021. https://wioelsitagsv
6"Project Sunroof." Accessed January 2021. https://www.google.com/get/sunroof/.
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The study also looked at different types of census tracts thnougthe state to understand any potential patterns. The
analysis of marginalized census tracts across Connecticut revealed differences between the various types of tracts
shown in Figure 6. In loimcome census tracts, a total of 574 GWh can be produget?B solar canopy sites. Majority
non-White census tracts can produce 1,085 GWh across 727 sites. Census tracts that are fithrosvand majority
non-White can produce 269 GWh across 221 sites. These production values for the three groups of aetssasetr
equivalent to the energy consumption of 53,900 households, 101,900 households, and 25,290 households respectively
The production values were compared to current energy consumption in each group of census\reags.all low

income census ti@s, 48.4% of current energy use can be produced. For the majorig\fiute census tracts 58.5% of
current energy use can be produced. For census tracts that are botitmme and majority noiwWhite 35.3% of

current energy use can be produced.
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Fig 7. Percentage of Current Energy Consumption that can be Produced by Si
Canopies in Different Types of Census Tracts across in Connecticut

7U.SEnergy Information Administration (EIA). "Frequently Asked Questions (FAQs)." Accessed January 2021. https://www.egfgqs/tool
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Town Case Studies

In addition to analyzing solar canopy potential on a statewide level, PACE workedeaitrenergy task forces in
multiple towns to investigate local sites in greater depth. This study has laid the foundation for towns to gain an
understanding of their solar canopy potential. The following examples demonstratelesghsolar potential, awell as
specific site maps created in the solar installer tool Helioséope.

Windham, CT

The town of Windham was chosen for further study due to high interest from the clean energy task force, resulting in ar
ongoing working relationshifhroughout the process. This town has a population of about 24,000, which is near to the
average population of towns in Connecticut of about 21,000. Windham is representative of a small city and has feature
of a suburban area with some rural elements.

Within Windham there are 76 potential solar canopy sites with a total capacity of 64 MW, producing 84 GWh of energy
per year. While the current solar installations in Windham produce only 2.3% of current energy usage, solar canopies
have the potential to gemate 57% of present demand. When combined with solar on rooftops the theoretical potential
exceeds current energy demand, producing 172 GWh or 116% of the city's current energy use. These estimates leave
out geotechnical variables and social considerati@ugh as patterns of adoption. However, the potential of solar
canopies within this city should not be undervalued. Figures X and Y demonstrate maps of all solar sites within the tow
of Windham and ranges on the capacity of each system. These maps eplibated for any town in Connecticut to

provide municipal government bodies or commuritgsed organizations with valuable insights regarding solar

canopies. These maps demonstrate that a variety of sites can be developed across Windham with thy ohajoeit

having a capacity between 150 and 1,000 kW. The sites are more commonly located in downtown areas with multiple
businesses. This result makes sense with the layout of town where retail clusters will have ample parking space for the
customers.

8 Folsom Labs. HelioScope: Advanced Solar Design Software. Accessed January 2021. https://www.helioscope.com/.
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The following two figures provide a detailed sigxel analysis of two locations in Windham. Theseritgs can provide
stakeholders with a tangible goal and a clear connection between energy production and demand by adjacent building:
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Hartford, CT

As the state capital and an urban center, Hartford presents an important case study of solar canopiiy. i¥ llee

fourth largest in Connecticut with a population of about 122,000. Hartford has diverse land uses and multiple dense
areas and is representative of a large city relative to others in Connecticut. Within Hartford there are 164 potential solal
caropy sites with a total capacity of 210 MW, producing 276 GWh of energy per year. Solar canopies have the potentia
to generate 28% of present demand. When combined with solar on rooftops the theoretical potential produces 686
GWh or 70% of the city's cumkenergy use. Similar to Windham, the following figures provide maps of all solar sites
within Hartford and ranges on the capacity of each system.


























































