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About This Reference Guide
This guide is designed to be used as a general reference during game play. It provides 
information on solar development opportunities and challenges associated with each 
land-use type in the Town of Sunnyside, and it describes how each game piece relates 
to a specific type of solar installation. Additionally, the guide contains descriptions of 
community stakeholder characters and discussions of community priorities, zoning 
approaches, and financial realities.

About the SunShot Solar Outreach Partnership
The U.S. Department of Energy SunShot Solar Outreach Partnership (SolarOPs) is a 
collaborative national effort by the American Planning Association (APA), the Inter-
national City/County Management Association (ICMA), the National Association of 
Regional Councils (NARC), and the ICLEI-Local Governments for Sustainability and its 
partners, to dramatically reduce the cost of solar energy before the end of the decade. 
For more information visit the SolarOPs website.

About the American Planning Association
The American Planning Association provides leadership in the development of vital 
communities by advocating excellence in community planning, promoting education 
and citizen empowerment, and providing the tools and support necessary to effect 
positive change.

Acknowledgment
This material is based upon work supported by the U.S. Department of Energy under 
Award Number DEEE0003526.

Disclaimer 
This guide was prepared as an account of work sponsored by an agency of the Unit-
ed States Government. Neither the United States Government nor any agency there-
of, nor any of their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would 
not infringe privately owned rights. Reference herein to any specific commercial prod-
uct, process, or service by trade name, trademark, manufacturer, or otherwise does 
not necessarily constitute or imply its endorsement, recommendation, or favoring 
by the United States Government or any agency thereof. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United States 
Government or any agency thereof.

© 2016 by the American Planning Association
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Land-Use Types 

All communities are made up of a 
mixture of different types of land uses: 
houses, stores, schools, and so on. And 
the fictional Town of Sunnyside is no 
different. It has a dense town center, with 
a mix of residential, commercial, industri-
al, and commercial uses, but outside of 
this central area, Sunnyside is more rural 
in character, with large swaths of open 
space and more isolated areas of residen-
tial development. Near the western edge 
of town, Sunnyside has a capped landfill, 
and toward its northern border, it has a 
small college campus. There are even a 
few remaining working farms within the 
town. In total, there are 14 land-use types 
represented on the game board. The fol-
lowing section describes each land use; 
lists the types of solar energy systems 
that are appropriate for placing in that 
land use; and describes the opportu-
nities, the challenges, and additional con-
siderations that each land use presents 
for solar energy development.
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Open Space

What Is It?  Lands in an undeveloped state; for example, natural areas, city or regional 
parks, or large tracts of undeveloped property. 

Solar Energy System Options:  5 and 25 kW freestanding systems; 100 kW  
community solar systems; 1 MW solar farms.

Opportunities 
• Large areas of undeveloped land can provide space for utility-scale solar farms, 

which need large amounts of land. 
• Open space has no preexisting residential or other development that could be 

negatively impacted by large solar farm uses.
• The potential exists for solar deployment on infrastructure (e.g., parking lots, 

visitor centers) serving city and regional parks.
Challenges 
• Open space areas lack the existing grid and transportation infrastructure that is 

needed for utility solar farm construction and power conveyance.
• Existing trees and vegetation may need to be cleared to site solar panels.
• Developing open space areas as solar farms can cause loss of productive wildlife 

habitat and the ecological functions and services of those areas.
•  Solar farms can decrease the aesthetics of, or mar viewsheds within, natural areas.
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Farmland

What Is It?  Lands currently or recently used for growing vegetables or crops  
or raising livestock.

Solar Energy System Options:  5 and 25 kW rooftop and freestanding systems; 100 
kW community solar systems; 1 MW solar farms.

Opportunities 
• Farmland typically consists of large, flat areas unshaded by trees, which are good 

sites for large-scale solar farm uses. 
• Farmland has already been altered by humans, so siting large-scale solar farms on 

farmland is less ecologically disruptive than siting them on undeveloped natural 
open space. 

• Farms may also choose to install accessory solar energy systems (in some cases, 
large systems) to power on-site operations.

Challenges 
• Use of farmland for solar arrays prevents its use as productive agricultural land. 
• Farms are often in rural areas that, like open space areas, lack existing grid infra-

structure and capacity needed for power conveyance.  
 
Other Considerations 
• Large-scale solar installations could be an appropriate use for marginal or 

less-productive farmland.
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Single-Family Low-Density Residential

What Is It?  Single-family homes on larger lots, often built as a planned subdivision or 
community. 

Solar Energy System Options:  5 kW rooftop and freestanding systems.

Opportunities/Benefits 
• The rooftops of these properties are prime locations for accessory rooftop solar 

energy systems. 
• Larger lots may also be able to host freestanding solar energy systems. 
• Low-density single-family homes are generally sited far enough apart that shad-

ing from adjacent buildings is not a problem. 
• Most large-lot single-family homes are owned, not rented, so owners can make 

the decisions to install solar energy systems on their own properties.

Constraints/Challenges
• Private subdivisions may be governed by a home owners association (HOA) with 

covenants, rules, and restrictions (CC&Rs) addressing property upkeep and aes-
thetics that may prohibit or limit the installation of solar energy systems. 

• Home owners must have adequate financial resources and willingness to invest 
in solar energy systems for their properties. 

 
 

Other Considerations 
• Solar orientation of development—street layouts, lot configurations, and build-

ing placement that maximize southern exposure—can increase solar access and 
maximize solar potential.  

• Strong state or local financial incentive programs for solar energy system instal-
lation, or the presence of third-party companies with programs offering to “rent” 
rooftops for distributed solar energy system installations—where the company 
covers the cost and permitting aspects of the installation and takes a cut of the 
returns from the solar energy production—can help overcome financial barriers.
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Single-Family Medium/High-Density Residential

What Is It?  Single-family homes on smaller lots, sometimes in older neighborhoods.  

Solar Energy System Options:  5 kW rooftop systems. 

Opportunities 
• The rooftops of these properties may be appropriate locations for accessory 

rooftop solar energy systems. 
• Most single-family homes are owned, not rented, so owners can make the  

decisions to install solar energy systems on their own properties.

Challenges
• Smaller lots mean that homes are closer together and rooftops may be shaded 

by adjacent structures. 
• While the lot may be large enough to accommodate a freestanding array, limited 

space may mean trade-offs between these installations and other accessory struc-
tures or uses. 

• Private subdivisions may be governed by a home owners association (HOA) with 
covenants, rules, and restrictions (CC&Rs) addressing property upkeep and aes-
thetics that may prohibit or limit the installation of solar energy systems. 

• Home owners must have adequate financial resources and willingness to invest 
in solar energy systems for their properties. 

 

Other Considerations 
• Solar orientation of development—street layouts, lot configurations, and build-

ing placement that maximize southern exposure—can increase solar access and 
maximize solar potential.  

• Strong state or local financial incentive programs for solar energy system instal-
lation, or the presence of third-party companies with programs offering to “rent” 
rooftops for distributed solar energy system installations—where the company 
covers the cost and permitting aspects of the installation and takes a cut of the 
returns from the solar energy production—can help overcome financial barriers.
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Multifamily Residential

What Is It?  Apartment buildings or condominiums that include multiple dwelling 
units within the same structure; they typically have multiple stories.

Solar Energy System Options:  5 and 25 kW rooftop systems; 100 kW community 
solar systems.

Opportunities 
• These structures offer larger rooftop areas than single-family homes for siting 

solar energy systems. 
• Multifamily residential buildings are typically taller than single-family structures 

and may be taller than other adjacent buildings, resulting in less rooftop shading 
conflicts with trees or other buildings.

Challenges 
• Complications in ownership structure (whether the building is rental apartments 

or is a condominium with multiple owners) often makes it more difficult to pro-
mote investment in rooftop solar energy systems for these properties. 

• Landlords have little financial incentive to install solar energy systems on apart-
ment buildings if tenants are responsible for paying their own utility bills. 

 

Other Considerations
• Strong state or local financial incentive programs for solar energy system instal-

lation, or the presence of third-party companies with programs offering to “rent” 
rooftops for distributed solar energy system installations—where the company 
covers the cost and permitting aspects of the installation and takes a cut of the 
returns from the solar energy production—can help overcome financial barriers.
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Mixed Residential

What Is It?  Neighborhoods that contain both single-family homes and multifamily 
apartment buildings or condominiums within the same block; these may be older, 
established neighborhoods in urban settings.

Solar Energy System Options:  5 and 25 kW rooftop systems.

Opportunities 
• These areas may present opportunities for installation of residential accessory

rooftop solar energy systems.

Challenges 
• Mixed residential neighborhoods tend to have smaller lot areas with higher

densities, resulting in greater potential for shading of single-family structures by
adjacent taller multifamily structures.

• The smaller lot areas and higher densities typical of these neighborhoods leave 
less available space for freestanding solar energy systems.

• See also constraints/challenges for multifamily residential.
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Auto-Oriented Commercial

What Is It?  Single-story commercial development located adjacent to larger arterial 
or major roadways and featuring large parking lots. “Strip malls” have buildings aligned 
in a row parallel to the street and fronted with large parking lots;  “big-box develop-
ment” features one or more large anchor stores along with other smaller structures 
either attached or on separate pads within the site, all surrounded by parking areas.

Solar Energy System Options:  5 and 25 kW rooftop and freestanding systems; 100 
kW community solar systems.

Opportunities
• The often flat roofs and large floor areas (particularly in big-box development) of 

these structures provide a large site for rooftop solar installations.
• The lack of dense tree cover in these areas and the large roof areas eliminate the 

issue of shading for rooftop installations.
• Corporations may be interested in installing solar energy systems and other 

green features on high-profile flagship store sites to promote their sustainability. 
• Large parking areas, often with minimal tree plantings, provide the opportunity 

for solar shade structures to cover parking.

 

Challenges 
• Low investment, especially in older strip malls, may preclude the installation of 

solar panels on these structures.
• Building owners have little financial incentive to install solar energy systems if 

tenants are responsible for paying their own utility bills. 

Other Considerations 
• Many cities have “over-retailed” strip commercial corridors that cannot be sup-

ported by market demand, resulting in vacant and underutilized land, including 
large parking lots. Such corridors may offer potential for integrated solar deploy-
ment “at scale,” rather than property by property.
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Main Street

What Is It?  The traditional downtown core of many U.S. communities. This is a more 
dense district consisting of multistory buildings lining the main street that often 
feature a mix of uses (retail on the ground floor, professional offices or residential 
units on upper stories). Traditional downtowns are often older and may have historic 
buildings or feature building facades that contribute to local character and a sense 
of place. The density of development and mix of uses often contributes to a more 
walkable character for these areas as compared to auto-oriented commercial strip 
development. 

Solar Energy System Options:  5 and 25 kW rooftop systems.

Opportunities 
• Well-established infrastructure or gaps in the urban fabric (e.g., parking lots) may

offer opportunities for small-scale solar installations.

Challenges 
• Small lot sizes, high density, and varying heights and shapes of buildings may

reduce the number of feasible rooftop installation sites.
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Industrial

What Is It?  Manufacturing, production, warehousing, and other uses that may be 
impact heavy.

Solar Energy System Options:  5 and 25 kW rooftop and freestanding systems; 100 
kW community solar systems.

Opportunities 
• Warehouses and factory buildings often offer large expanses of flat rooftop area

unshaded by trees that is suitable for rooftop solar panel placement.
• Such uses may have large expanses of parking or other paved areas that offer

opportunities for freestanding solar arrays.
• Aesthetics and neighborhood character are not strong in these areas, so there 

may be less resistance to freestanding solar energy systems on industrial sites.
• Industrial districts, with large power needs for production and manufacturing

uses, have appropriate existing infrastructure for connecting larger solar panel
arrays to the power grid.

• Factory owners or corporations might be interested in electricity cost savings
that can be gained from solar energy system installations.

Challenges 
• Similar to auto-oriented commercial, low investment may preclude solar invest-

ment.
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Brownfields

What Is It?  Properties for which expansion, redevelopment, or reuse may be compli-
cated by the presence or potential presence of a hazardous substance, pollutant, or 
contaminant. Typical brownfield sites include abandoned industrial plants, vacant gas 
stations, or capped landfills. 

Solar Energy System Options:  5 and 25 kW freestanding systems; 100 kW commu-
nity solar systems.

Opportunities 
• Power generation facilities are appropriate uses in industrial districts, where many

brownfield sites are located.
• Former industrial sites or factories often have the existing infrastructure required

to connect an energy generation facility to the grid.
• Brownfield sites are often vacant due to weak markets for redevelopment in the 

areas where they are located in addition to the often prohibitively high costs of 
site cleanup and remediation. If long-range visions or plans for the site call for 
higher and better uses when market conditions are supportive, solar energy 
systems may work as a “temporary” land use until the market is ripe for further 
remediation and reuse of the site.
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Challenges 
• Brownfield sites are often abandoned and might be in legal limbo, especially if

contamination exists on the site, which creates an extra barrier to redevelopment
efforts.

• Though cleanup is typically less extensive for this type of use, the extra expense
of environmental remediation can complicate the financing of any projects on
the site.

• Regulatory constraints may exist; local zoning ordinances may prohibit utili-
ty-scale solar energy production facilities on the site.

Other Considerations 
• Brownfield sites are often good potential locations for larger solar energy 

systems. The costs of cleaning the site to the level required for an energy 
generation facility are less than what would be required for recreational, 
commercial, or residential reuse.

• Funding sources for brownfield clean-up and redevelopment could be leveraged 
for solar development.
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Vacant Land Ready for Development

What Is It?  Vacant land ready and waiting for development or redevelopment, 
whether residential, commercial, or industrial. Most communities have an inventory 
of vacant developable property, especially since the Great Recession when many 
pending projects stalled or went into bankruptcy.

Solar Energy System Options:  5 and 25 kW freestanding accessory systems; 100 kW 
community solar systems.

Opportunities 
• Freestanding solar panel arrays may be appropriate temporary or permanent 

uses for these sites. Solar energy systems may work as a temporary land use until 
such time as market conditions support further development of those sites.

• Depending on the size of the vacant site, opportunities may exist for installation
of different types of solar energy systems in different locations, from smaller free-
standing systems to larger community solar systems.

Challenges 
• The uncertainty around the fate of these sites can prevent investment in solar en-

ergy system installations when a higher and better use might soon be possible.
• Regulatory constraints may also be an issue—vacant land may be located in zon-

ing districts where larger solar energy systems are prohibited, or screening 
requirements for freestanding systems might make placement difficult.
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Municipal/Institutional Facilities

What Is It?  Government or nonprofit-owned buildings and facilities such as city halls, 
public parks, municipal buildings, libraries, churches, or community facilities.

Solar Energy System Options: 5 and 25 kW rooftop and freestanding systems; 100 
kW community solar systems.

Opportunities 
• Municipal and institutional buildings are often large and thus may offer generous

roof surface for rooftop solar arrays.
• State or federal funding may be available to assist municipal governments with

solar energy installation costs.
• Many communities have adopted policies to install solar energy systems on 

municipally owned property to further environmental or economic goals. 
Municipal solar development is a direct action local government can take to 
increase renewable energy use, reduce fossil-fuel use, and save money on 
energy use.

Challenges 
• Municipal governments must be willing to make the investment in solar energy

facilities or host third-party-owned solar energy systems; sustainability or climate
change must be high on their policy agendas.

• Municipal governments must have the financial resources to make the invest-
ment in solar energy facilities.

Other Considerations 
• Municipal solar installations can be used as demonstration projects or education-

al opportunities to showcase solar technologies to residents and students and
spread awareness about renewable energy generation within the community.
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School

What Is It?  Elementary, junior high, and high schools. 

Solar Energy System Options:  5 and 25 kW rooftop and freestanding systems; 100 
kW community solar systems.

Opportunities 
• School properties often consist of one or more large, flat-roofed buildings 

surrounded by recreational space or parking lots, resulting in large expanses of 
unshaded rooftop area that may be good sites for midsized or large rooftop solar 
panel arrays. 

• Parking lots associated with schools may also be appropriate sites for solar shad-
ing canopies. 

• Schools may be able to seek state, federal, or philanthropic funding to cover the 
costs of solar installations. 

Challenges 
• The local school district and facility administrators must be willing to make the 

investment in solar energy facilities or host third-party-owned solar energy 
systems.

• The local school district and facility administrators must find the financial resourc-
es to make the investment in solar energy facilities. 

 

Other Considerations 
• Solar panel installations on schools have the dual benefits of providing energy 

and costs savings for those facilities as well as offering educational opportunities 
for the students at those schools through kiosks or programs that track real-time 
energy generation and cost savings. Such systems can be worked into science or 
other curricula and used to engage students on a variety of related topics. 

• Though constrained school budgets may preclude solar investment, long-term 
energy savings may be a positive incentive.
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College Campus

What Is It?  College and university campuses.

Solar Energy System Options:  5 and 25 kW rooftop and freestanding systems; 100 
kW community solar systems.

Opportunities 
• These sites often contain multiple large buildings with open space and parking 

lots that may offer substantial amounts of rooftop area for potential rooftop solar 
energy systems.

• Colleges and universities may also own additional properties or land that may 
provide space for freestanding or freestanding solar energy systems.

• Many colleges and universities have adopted sustainability plans and goals that 
may address reduction of greenhouse gas emissions and use of renewable 
energy, so solar installations at these facilities can help meet multiple goals.

• Colleges and universities may be able to seek state, federal, or philanthropic fund-
ing to cover the costs of solar installations.

Challenges 
• The college or university administration must be willing to make the investment

in solar energy facilities or host third-party-owned solar energy systems.
• The college or university must have the financial resources to make the invest-

ment in solar energy facilities.

Other Considerations 
• As is the case with school installations, solar energy systems on college cam-

puses have the dual benefits of providing energy and costs savings for those 
facilities as well as offering educational opportunities for the students at those 
schools through kiosks or programs that track real-time energy generation and 
cost savings.

• Solar installations could make institutions more attractive to students interested
in sustainability in an environment where colleges and universities are compet-
ing for the best students.
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System Types (Game Pieces)

Solar energy systems can be sorted 
into several different categories. For this 
game, they are sorted by rated power 
output capacity, which corresponds to 
size, and by their placement, either on 
rooftops or freestanding on the ground. 

In this game, you will be deciding where 
(and if ) to place 5 kW rooftop and 
freestanding pieces; 25 kW rooftop and 
freestanding pieces; 100 kW communi-
ty solar systems, which may be either 
placed on rooftops or freestanding; and 
1MW freestanding solar farms. 
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5 kW Rooftop Solar Energy System

What Is It?  A residential-scale solar panel installation placed on the roof of a structure 
that typically generates electricity for on-site use.

Opportunities 
• These systems can potentially be installed on any lot with a structure that has 

enough roof space to host the panels.
• Many local zoning codes allow rooftop solar energy systems by right as accessory 

uses in all zoning districts and provide flexibility in height restrictions to accom-
modate their placement.

Challenges 
• The existing orientation of the structure and its roof planes can limit appropriate 

locations for rooftop solar installations.
• The presence of other rooftop equipment or appurtenances can limit space for 

rooftop solar installations. 
• Shading from nearby trees or adjacent structures can limit locations and space 

for rooftop solar installations.
• Local zoning codes may limit rooftop solar installations through onerous permit-

ting requirements or strict placement restrictions.
• Home owners must have the financial ability to afford the substantial up-front 

costs of system installation, as well as willingness to invest those funds in solar 
energy system improvements. 

 

Other Considerations 
• The 5 kW accessory rooftop array, the average size of a residential PV system in 

the U.S., requires about 500 square feet of space. 
• Accessory solar energy systems can be the cornerstones of a decentralized 

renewable energy generation program, but many individual small systems are 
needed to equal the capacity of community or utility solar installations. 

• Economic benefits include savings on energy bills and may include increases in 
property values. 

• In many instances, access to incentives or grant funding, as well as the presence 
of third-party companies who will “rent” private rooftops for solar panel installa-
tions, can help defray up-front installation costs.

Annual Power Production: 7,400 kWh

Estimated Space Required: 500 square feet

Estimated Number of Homes Powered: 0.5
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5 kW Freestanding Solar Energy System

What Is It?  A residential-scale ground- or pole-mounted solar panel installation that 
typically generates electricity for on-site use.

Opportunities 
• These systems can potentially be installed on any lot that has enough unshaded

yard space to host the panels.
• Some local zoning codes allow freestanding solar energy systems by right

as accessory uses in all zoning districts, subject to standards, and may provide 
flexibility in yard encroachments to accommodate their placement

Challenges 
• Freestanding systems are subject to more site and regulatory constraints than

rooftop solar energy systems, which can limit options for placement on a lot. 
Zoning regulations may prohibit their encroachment into required setbacks, 
restrict their placement to side or rear yards, and require system screening. Other 
restrictions may include minimum lot sizes, maximum array square footage, or 
total prohibition in certain zoning districts.

• A larger lot is needed to provide adequate space to host the solar panel array.
• Shading by trees and other structures is more likely for systems at ground level,

which may further limit location options.
• Safety and security may be a greater concern, and fencing to protect panels from

accidental or intentional damage, as well as to keep children and others away
from these power-generating facilities, may be necessary.

Other Considerations 
• Many individual small systems are needed to equal the capacity of community or

utility solar installations.
• Installation depends on the financial ability of home owners to afford the sub-

stantial up-front costs of system installation, as well as their willingness to invest 
those funds in solar energy system improvements. 

• Economic benefits include savings on energy bills and may include increases in
property values. 

• In many instances, access to incentives or grant funding can help defray up-front
installation costs. 

Annual Power Production: 7,400 kWh

Estimated Space Required: 500 square feet

Estimated Number of Homes Powered: 0.5
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25 kW Rooftop Solar Energy System

What Is It?  A larger rooftop system, often located on nonresidential properties, that 
typically generates electricity for on-site use.

Opportunities 
• Larger accessory rooftop systems are appropriate for multifamily residential, 

commercial, institutional, or industrial structures, as these structures are typically 
larger than single-family residential structures with a greater electricity demand 
and have more rooftop space to host larger solar energy systems.

Challenges 
• Site constraints are similar to residential properties—building orientation, the 

presence of other rooftop equipment, and shading by vegetation or adjacent 
buildings—though as these structures are often larger and taller than residential 
buildings and surrounded by parking and public space, rooftop shading may be 
less of an issue.

Other Considerations 
• A 25 kW-system will require about 2,500 square feet of space. 
• Similarly to accessory residential arrays, installations depend on the financial 

ability of building owners to afford the substantial up-front costs of these larger 
system installations, as well as their willingness to invest those funds in solar 
energy system improvements. This may depend on context; for example, the 
owner of an older commercial structure that rents space to tenants may not have 
the financial resources or willingness to invest in a solar energy system, while a 
corporation or institution might do so in order to meet sustainability goals or 
gain “green” credibility. 

Annual Power Production: 36,900 kWh

Estimated Space Required: 2,500 square feet

Estimated Number of Homes Powered: 3
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25 kW Freestanding Solar Energy System

What Is It?  A larger freestanding system that typically generates electricity for on-site 
use. This includes parking-lot canopy structures, where the supporting structure exists 
primarily to support the solar panels. 

Opportunities 
• These systems may be appropriate for commercial, institutional, or industrial sites, 

as these properties typically have greater energy needs and larger parcel sizes 
with the space needed to host larger solar panel arrays.

Challenges 
• As with smaller accessory freestanding arrays, shading by trees, vegetation, and 

other structures may be a more significant constraint for systems at ground level, 
and safety and security concerns may call for fencing to protect panels from 
accidental or intentional damage.

Other Considerations 
• A 25 kW-system will require about 2,500 square feet of space. 
• Similarly to accessory residential arrays, installations depend on the financial 

ability of building owners to afford the substantial up-front costs of these larger 
system installations, as well as their willingness to invest those funds in solar 
energy system improvements. This may depend on context; for example, the 
owner of an older commercial structure that rents space to tenants may not have 
the financial resources or willingness to invest in a solar energy system, while a 
corporation or institution might do so in order to meet sustainability goals or 
gain “green” credibility.

Annual Power Production: 37,200 kWh

Estimated Space Required: 2,500 square feet

Estimated Number of Homes Powered: 3
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100 kW Community Solar Energy System

What Is It?  A medium-sized freestanding solar energy system that typically generates 
electricity for local system owners or utility customers. These systems are sometimes 
called “solar gardens” to distinguish them from larger, utility-scale “solar farms.” Com-
munity solar projects have multiple owners or subscribers that purchase shares in the 
project or receive a credit on their electric bill for their portion of the power produced.

Opportunities 
• Solar gardens may be built in a variety of sizes — for example, Colorado’s solar 

gardens range in size from 10 kW to 2 MW. 
• Because of this flexibility, these systems may fit well on smaller vacant, undevel-

oped, or brownfield sites within a community. 

Challenges 
•  Some types of community solar installations may be classified as securities by the 

Securities Exchange Commission. And in some states, existing utility regulatory 
frameworks make non-utility sponsored community solar projects challenging. A 
minority of states have explicitly enabled community solar projects through laws 
that either explicitly enable community solar installations or authorize virtual net 
metering. 

• Local regulatory constraints can be a concern. Zoning codes may only address 
accessory solar energy systems, defined as those providing power for on-site use 
only, and not allow for larger systems or those that produce power for off-site 
use. Or local codes may include provisions for utility-scale solar farms intended 
to closely restrict where such large commercial facilities are permitted, and not 
allow for flexibility in siting solar gardens, with their smaller footprints and limited 
impacts, throughout the community.

Other Considerations 
• Community solar allows those who would otherwise not be able to invest in their 

own solar energy systems (e.g., those who rent their homes, or home owners 
who do not have enough capital to install a system on their own property) to 
participate in the benefits of solar energy production.

Annual Power Production: 148,900 kWh

Estimated Space Required: 0.5 acres

Estimated Number of Homes Powered: 14
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1 MW Solar Farm

What Is It?  A large commercial utility solar energy system that generates and feeds 
electricity directly into the grid for off-site use. The solar farm is the principal use of 
the site.

Opportunities/Benefits 
• A solar farm is the most efficient way to produce a large amount of energy 

through one installation. 
• One solar farm can go a long way toward meeting a community renewable 

energy production goal. 

Constraints/Challenges 
• Possible value conflicts for siting these large facilities may arise if extensive tree 

clearing is required to ensure solar access to the site, or if prime agricultural farm-
land is proposed to be taken out of production for siting a solar farm. 

• Regulatory constraints may also be a concern. To protect communities against 
potential negative impacts of these large facilities, local codes typically require 
conditional or special use approvals for solar farms and restrict them to certain 
zoning districts, typically rural or agricultural districts and industrial districts.  

Other Considerations 
• The number of homes that can be powered by 1 MW depends on the perfor-

mance of the solar energy system, which varies by location, as well as the energy 
consumption of the homes in that area.

• About five acres of land is needed for 1 MW of solar panel capacity, so parcel size 
is an important consideration for siting solar farms. 

• Another consideration is existing infrastructure to connect the solar panels to the 
grid. Though rural, undeveloped areas have plenty of space, they do not have the 
existing infrastructure required, so construction of this infrastructure can be an 
additional project cost and have additional impacts. 

• Acres of freestanding solar panels may impact wildlife habitat and require 
stormwater management measures. Aesthetics, visual impacts, and glare may be 
issues. Accessory and utility structures and equipment may also have aesthetic 
or noise impacts. The construction phase of the project may cause truck traffic 
concerns and damage to local roads. 

• For safety and access concerns, facilities should be securely fenced with appropri-
ate warning signs.

Annual Power Production: 1,875,600 kWh

Estimated Space Required: 5 acres

Estimated Number of Homes Powered: 170
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Characters
Every community contains a range of 
stakeholders, some of whom may be 
enthusiastic about solar energy develop-
ment and some who may be skeptical 
or even opposed. The same person may 
support solar development in some con-
texts or in some forms, but want to restrict 
certain types of solar systems or their 
placement in certain areas. Understanding 
the range of community interests and 
concerns is important in planning for solar 
energy implementation. 

The game presents eight different types 
of stakeholders that might be found 
in a typical community. This section 
describes the interests they might have 
in supporting solar energy development, 
as well as the concerns they might have 
about these systems. Different characters 
support different types of solar instal-
lations and may prefer to see them in 
some land-use types over others. Some 
characters may end up working together 
to advocate for solar development. In 
this game, you will take on the persona 
of one of these characters as you work 
together to place solar energy systems 
on the map to meet your solar power 
production goals.
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Farmer

Interests: The farmer is constantly on the 
lookout for ways to diversify the farm’s 
revenue streams and is intrigued by the 
solar developer’s offer to lease farmland 
for a solar farm. The farmer is also inter-
ested in the idea of installing a rooftop 
or freestanding solar system to help cut 
energy costs for operations. 

Concerns:  The farmer values the farm’s 
land and doesn’t want to limit future 
production opportunities by committing 
too much acreage to a solar farm, and is 
also concerned about glare, noise, or oth-
er possible impacts of living next door to 
a solar farm. 
 

 

Home Owner

Interests: The home owner has heard 
about solar energy but doesn’t know 
very much about it, but is intrigued by 
the idea of lowering energy bill costs 
through a rooftop solar energy system. 
As a parent, the home owner thinks a 
demonstration project at the local school 
would be a great educational opportu-
nity. 

Concerns:  The home owner thinks that 
the cost of solar energy systems makes 
them unaffordable and impractical for 
most residents, and doesn’t know if solar 
energy system installation is appropri-
ate for his or her property. The owner 
wouldn’t want to be the only one to have 
a solar energy system installed. The home 
owner is concerned about property val-
ues and worries that “ugly” solar energy 
systems might reduce property values. 
The owner also likes the open spaces 
around the town and doesn’t want to see 
the views marred by freestanding solar 
energy systems. 
 

 Renter

Interests: The renter is generally in favor 
of solar energy as an alternative energy 
source, but does not own property or 
have enough capital for a personal solar 
energy system. The renter has heard 
about community solar energy systems 
and would like the opportunity to buy 
a share from a local community solar 
project in Sunnyside.  

Concerns: The renter thinks home 
owners should all install solar energy 
systems on their homes, but is worried 
that if landlords start installing solar on 
their apartment buildings, rents will start 
to rise and will no longer be affordable in 
Sunnyside.
 

 

Mayor

Interests: The mayor is interested 
in learning more about solar energy 
development, because it could be great 
“green” marketing for Sunnyside. The 
mayor also thinks solar energy devel-
opment might help meet sustainability 
goals added to Sunnyside’s comprehen-
sive plan in the last update process.

Concerns:  The mayor isn’t sure what all 
his constituents think about solar energy 
development, and wants to be sure not 
to alienate any voters by seeming too 
much in favor. The mayor also has seen 
pictures of solar farms in California and 
doesn’t think that the farms and forests 
outside of Sunnyside are quite appropri-
ate for such large solar developments.
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Business Owner

Interests: The business owner represents 
the local business community and sees 
some potential “green” marketing bene-
fits for the town from promoting solar in-
stallations. The owner also thinks some of 
the larger corporate retail establishments 
may be interested in solar installations to 
promote their own sustainability creden-
tials. The business owner has heard about 
solar parking canopies and thinks that 
this type of installation might help shade 
parking lots and make consumers feel 
good about shopping in Sunnyside. 

Concerns:  The business representative 
is a little skeptical that business owners 
will want to invest in solar energy. Many 
owners of older or obsolete retail prop-
erties will definitely not be interested 
in this investment, and those who rent 
commercial space to tenants that pay 
utility bills have no incentive to install so-
lar. The business owner also worries that 
if owners do put solar energy systems on 
their buildings, it will prevent them from 
making major renovations or rehab proj-
ects that could make Sunnyside’s retail 
offerings more modern and attractive.

Environmentalist

Interests: The environmentalist is 
strongly in favor of the idea of solar ener-
gy to reduce dependence on fossil fuels 
and lower greenhouse gas emissions to 
combat climate change. 

Concerns:  The environmentalist values 
open space and wildlife habitat, so is op-
posed to solar farms that would destroy 
open space. The environmentalist is also 
a local food systems advocate and does 
not want to see good farmland taken 
out of production with solar installations. 
The environmentalist also promotes the 
many benefits of trees, so doesn’t want 
to see trees removed for solar energy 
systems. 

 

Land Developer

Interests: The land developer has 
several plans for future developments 
in Sunnyside. The developer has heard 
that accessory solar energy systems raise 
property values, so would like to see 
more local home owners install systems 
on their rooftops. The land developer is 
also thinking of installing solar energy 
systems on the next project. 

Concerns:  The land developer does 
not want to see solar farms construct-
ed on open space or farmland that he 
could potentially develop, and is also 
concerned that the industrial nature of 
a solar farm might harm rural character 
and reduce homes sales in Sunnyside.

 

Solar Developer

Interests:  The solar developer buys or 
leases land to install freestanding solar 
energy system, and installs rooftop 
systems of all sizes on homes and busi-
nesses. The solar developer would like to 
purchase or lease land owned by local 
farmers to install freestanding solar ener-
gy systems in the community, and would 
also like to sell or lease freestanding solar 
energy systems to home owners and 
business owners. 

Concerns:  The solar developer doesn’t 
want to waste any time trying to market 
solar energy in a community where the 
local residents are not receptive.  
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Balancing Community Priorities

Solar energy development is not the only 
priority that communities may decide to 
pursue. Depending on history, culture, 
geographic location, environment, eco-
nomics, or other factors, residents may set 
a wide range of community goals and ob-
jectives, and they may seek to implement 
those goals through a number of poli-
cies or actions. But sometimes different 
community priorities may bump up again 
each other, and residents may need to 
decide how to balance those issues. Solar 
energy is no different. 

Three other priorities that communities 
may need to balance against solar energy 
development are tree canopy and the 
urban forest, historic preservation, and 
urban redevelopment. Local officials, plan-
ners, and other community stakeholders 
will need to think about how solar devel-
opment can be accommodated in their 
communities while minimizing conflicts 
with these three additional community 
values. This section defines each of these 
community priorities, explains how each 
can conflict with solar energy develop-
ment, and describes how communities 
can work to balance these priorities. 

In the second round of the game, you 
will examine how balancing solar energy 
development with each priority may af-
fect the number of solar energy systems 
you have placed on the board and where 
you have decided to place them. 

Historic Preservation Districts

What Is It? Historic preservation ordinances allow communities to protect the special 
character of sites, neighborhoods, or specific areas due to their architectural, histor-
ic, or cultural importance. Within a historic district, historic preservation regulations 
typically require special approvals for any alteration or addition to a building’s exterior 
and prohibit changes to the appearance of the building in ways not in keeping with 
established historic character.

The Challenge: Solar panel installations can come into conflict with historic pres-
ervation ordinances due to the prohibition on changes to building exteriors. Some 
ordinances may prohibit solar energy installations outright in historic districts, or 
may limit the allowable placement of solar panels to rear yards screened from public 
view or roof planes not visible from any public right-of-way. Depending on other site 
constraints, this may severely restrict or remove the feasibility of solar installations for 
that property. 

The Impact: Move half of all the solar energy systems located within Sunnyside’s 
historic district to other locations outside of the historic district.  

The Balancing Act: Communities can work with solar advocates and historic pres-
ervationists to come up with clear approval processes and design guidelines that 
streamline and simplify appropriate solar energy system installations on historic prop-
erties. Though solar panels might not be a feasible option for all historic buildings, 
by proactively identifying potential conflicts and solutions communities can remove 
barriers to appropriate solar energy system installations in historic districts. 
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Tree Cover and the Urban Forest

What Is It? The urban forest is made up of the trees that line city streets, provide 
shade in parks and on other public lands, and grace the yards of private properties. 
The urban forest brings a host of benefits to cities and towns: Tree cover mitigates the 
urban heat island effect, helps reduce stormwater runoff, cleans the air we breathe, 
and provides wildlife habitat. Studies have shown that trees may also improve proper-
ty values, lower stress levels, and reduce crime. 

The Challenge: The canopy shading that provides the important benefits of the 
urban forest poses a direct conflict to solar energy system performance. Shading 
from tree cover within a community can limit available sites for solar energy system 
installations, especially in older residential neighborhoods, where street and yard trees 
are long-established and plentiful, and single-family structures are not tall enough 
to escape shading from vegetation.  Conversely, urban forest advocates may see a 
threat from solar energy installations with solar access protections, which can limit the 
allowable locations and growth of trees and other vegetation. 

The Impact: Look carefully at the placement of all the pins of the board. Move any 
solar energy system that has been placed on a tree or in a shaded area to a rooftop or 
area without trees or shading.  

The Balancing Act: Communities can work with solar advocates and urban forest-
ers to identify potential areas of conflict between solar energy and tree cover and 
establish processes for mediating potential conflicts. They may amend their landscape 
ordinances to require more solar-friendly species and planting patterns in areas where 
solar energy installations are designated as a higher priority. In other areas where tree 
cover is more highly valued, they may establish additional protections for urban trees.  

 

Urban Redevelopment

What Is It? Urban redevelopment is the construction of new development on vacant 
or underutilized properties within existing urban districts and neighborhoods. In con-
trast to sprawling greenfield development, which requires investments in new roads 
and infrastructure, may be auto-dependent, and removes the benefits of agricultural 
land or open space from the community, such urban redevelopment takes advantage 
of existing infrastructure and is often built at higher densities and in a more compact 
pattern than the development it replaces.   

The Challenge: The higher density and more compact nature of urban redevelop-
ment mean that new buildings are often taller than the structures (or vacant lots) 
that they replace. This can introduce new shading constraints on adjacent buildings 
or parcels for the siting of solar energy systems. Conversely, regulations that establish 
solar energy protections for lots, or easements that protect solar access to existing 
or planned systems, can act as a restriction on appropriately dense or tall redevelop-
ment where it is beneficial to the community as a whole. 

The Impact: Move any solar energy system located in Sunnyside’s Urban Redevelop-
ment District to locations outside the district. 

The Balancing Act: Because of its many benefits, a community may decide to prior-
itize urban development and infill within certain districts, such as downtown areas, 
and focus on prioritizing solar installations in other areas.  
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Adopting Zoning

One very important factor that can either support or hinder solar energy develop-
ment is local zoning. Solar-friendly land-use regulations and codes that clearly define 
solar energy systems, establish them as by-right uses in most or all zoning districts 
subject to reasonable standards, and streamline permitting processes can make it 
easier for residents, business owners, and other community stakeholders to use solar 
energy. In contrast, several different types of regulatory constraints can act as barriers 
to solar development. 

Most contemporary zoning codes take one of three basic approaches to regulating 
solar energy systems: 

1. They don’t mention solar energy systems at all (i.e., regulatory silence);
2. They draw distinctions between systems that are accessory to other on-site 

uses and systems that serve as primary land uses (i.e., accessory versus primary 
distinctions); or 

3. They draw distinctions among different types and sizes of systems, without con-
sidering the relationship to other on-site uses (i.e., system type distinctions). 

Each of these approaches has trade-offs, and different communities will naturally 
reach different conclusions about which approach is right for them. This section brief-
ly explains these zoning alternatives and highlights arguments for and against each 
approach.

After you’ve taken a shot at balancing community priorities, you will have a chance to 
explore how different regulatory approaches can impact solar development within a 
community.

 

Regulatory Silence

What Is It? Many local zoning codes make no reference to solar energy systems. In 
some cases this is because the local government is deferring to state building codes 
or solar rights laws that preempt discretionary reviews for rooftop systems that 
provide on-site power. In other cases, local officials may or may not have considered 
adding explicit definitions or use permissions for solar energy systems to the local 
zoning code.

Pros: This approach does not require any regulatory changes. Many cities and coun-
ties have had success treating rooftop systems like other rooftop appurtenances, such 
as HVAC equipment or chimneys.   

Cons: Regulatory silence can create uncertainty about what types of solar develop-
ment will be permissible. Many zoning codes include provisions stating that any use 
not explicitly permitted is prohibited. In other cases, regulatory silence forces staff to 
make ad hoc determinations about whether a particular solar development scenario 
is sufficiently similar to another explicitly permitted use before issuing an approval. 
Given that most communities are not comfortable equating freestanding solar energy 
systems with other uses, property owners and developers wishing to install freestand-
ing systems in these communities may be forced to request a discretionary approval 
through a planned development process. Or they may have no legal recourse. 
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Accessory Versus Primary Distinctions

What Is It? Many local zoning codes explicitly define one or more types of solar 
energy systems as distinct uses and permit these systems in different zoning districts 
based on whether the system is accessory to another on-site use or the primary use 
of the site. For example, a community may permit a rooftop or freestanding system 
in a low-density residential district as an accessory use to a single-family home, but 
prohibit the same system on a lot with no home.

Pros: This approach is consistent with how many communities add new use permis-
sions to their codes. Limiting or prohibiting solar energy systems as primary land uses 
in certain districts can protect the established character of those districts. 

Cons: Drawing distinctions between accessory and primary solar energy systems can 
be simpler in theory than in practice. Many communities define accessory systems as 
those providing power to on-site uses. However, many solar energy systems are con-
nected to the local utility grid, regardless of system size or land-use context. This gives 
these systems the ability to either feed power to the grid or to on-site loads, and most 
communities have no interest in tracking where the electricity produced by a specific 
system is actually used. Furthermore, there may be ambiguity even in instances where 
the electricity taker is not a factor in determining whether or not a specific system is 
accessory or primary. For example, a rooftop system on an otherwise unused build-
ing may fit the definition of a primary use, since the use of the site is now primarily 
for power production. Finally, there is no inherent connection between the land-use 
characteristics of a system (i.e., size, impervious coverage, visual impacts, etc.) and its 
status as either an accessory or primary use. An accessory system may be very large 
and visually obtrusive, just as a primary system may be small and unobtrusive. Conse-
quently, communities that use this approach often feel compelled to adopt extensive 
use-specific standards to ensure compatibility.

 

System Type Distinctions

What Is It? Some local zoning codes define different types and sizes of solar energy 
systems as distinct uses and permit these systems in different zoning districts without 
considering the relationship to other on-site uses. For example, a community may 
permit small freestanding systems in a wider range of zoning districts than large 
freestanding systems.

Pros: This approach keeps the focus on the land-use characteristics of the system 
in question. The two most distinguishable characteristics of any given system are 
where it is mounted (i.e., a rooftop or the ground) and how much space it occupies 
(i.e., its size). Drawing distinctions between different types and sizes of systems can 
provide communities a simple and nuanced way to ensure compatibility between 
new systems and existing uses. Property owners, developers, and other community 
stakeholders have a high degree of certainty about what type of solar development is 
permissible in a given location. 

Cons: Many communities use the rated capacity of a solar energy system as a proxy 
for the physical size of the system. However, as solar technology improves, it is likely 
that smaller and smaller systems will have increasingly higher rated capacities. 
Consequently, size distinctions are more meaningful if they focus on the space a 
system occupies and not the amount of power it produces. It is also important to set 
meaningful thresholds between different size categories, rather than merely adopting 
the thresholds in use in other communities. For example, in a community where the 
average lot size is a quarter of an acre, a freestanding system that takes up a half-acre 
may seem quite large. But the same system in a rural community with 40-acre lots 
may seem quite small.
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Potential Zoning Approaches for Sunnyside

Die Roll Zoning Approach Use Permissions Impact 

1 Regulatory silence Determined on a case-by-case basis. Remove half of all 5 kW, 25 kW, 100 kW, and 1 MW solar ener-
gy systems. 

2 Accessory versus primary distinctions All accessory solar energy systems require special 
approval; primary systems are prohibited.

Remove half of all 5 kW and 25 kW systems;  
remove all 100 kW and 1 MW systems.

3 Accessory versus primary distinctions All accessory solar energy systems are permitted; pri-
mary systems require special approval.

Remove half of all 100 kW and 1 MW solar energy systems.

4 System type distinctions All rooftop solar energy systems are permitted; small 
freestanding systems require special approval; medium 
and large freestanding systems are prohibited.

Remove half of all freestanding 5 kW and 25 kW systems; 
remove all freestanding 100 kW and 1 MW systems.

5 System type distinctions All rooftop and small freestanding solar energy systems 
are permitted; medium and large freestanding systems 
require special approval.

Remove half of all freestanding 100 kW and 1  
MW solar energy systems.

6 System type distinctions Solar energy systems of all types are permitted in all 
districts (subject to use-specific standards).

No systems need to be removed!
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Considering Financial Realities

In addition to land-use impacts and regulations, financial realities also affect the num-
ber, type, and location of solar energy systems in a given community. The cost of solar 
energy has been consistently dropping over the past decade; data shows that in 2016, 
solar energy had reached “grid parity” in 20 states, with 42 states anticipated to reach 
that milestone by 2020 under business-as-usual conditions.  (Grid parity essentially 
means that electricity produced by solar energy systems costs the same to consumers 
as power purchased from the local electric grid.) 

Even though the cost to produce electricity from solar energy is falling, installing a so-
lar energy system requires a substantial up-front capital investment. Happily, the costs 
of solar panel installations have been falling as well. Whereas before 2010 residential 
solar energy systems cost an average of $7–9 per watt to install, the latest numbers 
show that costs for residential systems had fallen to $3.50 per installed watt at the end 
of 2015. The average costs for nonresidential systems were around $2 per installed 
watt, and the average costs for tracking utility systems were about $1.50 per installed 
watt. 

Solar Energy System Type Estimated Installation Cost

5 kW rooftop (residential) $17,500

5 kW freestanding (residential) $17,500

25 kW rooftop (nonresidential) $50,000

25 kW freestanding (nonresidential) $50,000

100 kW community solar (nonresidential) $200,000

1 MW solar farm (utility) $1,500,000

 

Residential Solar Installations

What’s the Reality? It is difficult to find data on percentages of solar system installa-
tions by residents in U.S. cities, but although the growth rate in residential installations 
is high (66 percent in 2015), overall numbers of residential systems are still low. In Cal-
ifornia, the leading state for solar energy installations and production, data show that 
San Diego, the leading solar city in the state, recorded 5,328 applications for residen-
tial solar energy installations as of June 2016. With approximately 245,115 owner-oc-
cupied housing units in the city, this corresponds to 2.2 percent of those units.

What about Sunnyside? Calculate the current percentage of residential solar adop-
tion in Sunnyside by dividing the number of systems you have on residential build-
ings by 1,000 residential buildings and multiplying by 100.

Die Roll Conditions Impact 

1 The residential adoption  
rate is 0.5 percent.

Remove systems from residential 
buildings until only five remain.

2 The residential adoption  
rate is 1.0 percent.

Remove systems from residential 
buildings until only 10 remain.

3 The residential adoption  
rate is 1.5 percent.

Remove systems from residential 
buildings until only 15 remain.

4 The residential adoption  
rate is 2.0 percent.

Remove systems from residential 
buildings until only 20 remain.

5 The residential adoption  
rate is 2.5 percent.

Remove systems from residential 
buildings until only 25 remain.

6 The residential adoption  
rate is 3.0 percent.

Remove systems from residential 
buildings until only 30 remain.
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Commercial Solar Installations

What’s the Reality? For nonresidential commercial solar energy installations, large 
corporations are leading the way in both total installed capacity and number of 
installations. As of 2015, Walmart had installed the most individual systems, with 348 
solar installations (totaling 141.99 MW).  Walgreens was second with 245 installations 
(totaling13.65 MW), and Kohl’s was third with 158 (totaling 50.21 MW). Individual 
commercial installations lag behind residential numbers; again using San Diego as an 
example,  this city saw just 134 nonresidential commercial solar installation appli-
cations as of June 2016. As of mid-2014, only 41,803 business, nonprofit, and gov-
ernment locations throughout the U.S. had installed solar energy systems. There are 
nearly 7.5 million business establishments alone in the U.S., making this adoption rate 
considerably less than 0.5 percent.

What about Sunnyside? A major corporate retailer owns the large commercial com-
plex at the northern end of Sunnyside’s commercial strip. Any systems placed here 
may remain. Most other businesses in the town lease space from commercial proper-
ty owners who may or may not be willing or able to install solar energy systems.

Die Roll Conditions Impact 

1 One other property owner  
along Sunnyside’s commercial  
strip is willing to install a solar 
energy system.

Select one other commercial  
property with solar energy systems. 
Remove all systems from remain-
ing commercial buildings.

2 Two other property owners  
along Sunnyside’s commercial  
strip are willing to install a solar 
energy system.

Select two other commercial  
properties with solar energy 
systems. Remove all systems from 
remaining commercial buildings.

3 Three other property owners  
along Sunnyside’s commercial  
strip are willing to install a solar 
energy system.

Select three other commercial 
properties with solar energy 
systems. Remove all systems from 
remaining commercial buildings.

4 Four other property owners  
along Sunnyside’s commercial  
strip are willing to install a solar 
energy system.

Select four other commercial  
properties with solar energy 
systems. Remove all systems from 
remaining commercial buildings.

5 Five other property owners  
along Sunnyside’s commercial  
strip are willing to install a solar 
energy system.

Select five other commercial  
properties with solar energy 
systems. Remove all systems from 
remaining commercial buildings.

6 Six other property owners  
along Sunnyside’s commercial  
strip are willing to install a solar 
energy system.

Select six other commercial  
properties with solar energy 
systems. Remove all systems from 
remaining commercial buildings.
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Institutional Solar Installations

What’s the reality? While many institutional property owners would like to install 
solar energy systems, the upfront costs dissuade many of these institutions from tak-
ing the leap. In an era of tight budgets, most local governments, school districts, and 
colleges are already “making do with less” and may be dependent on donations, grant 
funding, or public-private partnerships in order to afford installation costs.

What about Sunnyside? Sunnyside’s institutions are currently dependent on do-
nations and grant funding to finance solar energy systems. Calculate the costs of all 
solar systems installed on institutional properties by multiplying the number of 25 
kW systems by $50,000 and the number of 100 kW systems by $200,000 and adding 
those figures together.

Die Roll Conditions Impact 

1 Sunnyside’s institutions have 
received $1,000,000 to pay for solar 
energy systems.

Remove systems from institutional 
properties until the total cost of 
those systems equals $1,000,000.

2 Sunnyside’s institutions have 
received $2,000,000 to pay for solar 
energy systems.

Remove systems from institutional 
properties until the total cost of 
those systems equals $2,000,000.

3 Sunnyside’s institutions have 
received $3,000,000 to pay for solar 
energy systems.

Remove systems from institutional 
properties until the total cost of 
those systems equals $3,000,000.

4 Sunnyside’s institutions have 
received $4,000,000 to pay for solar 
energy systems.

Remove systems from institutional 
properties until the total cost of 
those systems equals $4,000,000.

5 Sunnyside’s institutions have 
received $5,000,000 to pay for solar 
energy systems.

Remove systems from institutional 
properties until the total cost of 
those systems equals $5,000,000.

6 Sunnyside’s institutions have 
received $6,000,000 to pay for solar 
energy systems.

Remove systems from institutional 
properties until the total cost of 
those systems equals $6,000,000.
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Utility Solar Installations

What’s the Reality? Utility-scale solar farms, in addition to the costs of solar panels 
and installation, may also require additional investments in power infrastructure 
to convey electricity generated to the grid. These can include upgrades to existing 
power lines, construction of new substations, or the acquisition of right-of-way and 
installation of new high-voltage transmission capacity. In addition to increasing the 
overall construction costs of the project, such infrastructure improvements may 
require additional federal, state, or utility permit approvals, which add additional time 
and costs.  

What about Sunnyside? Sunnyside’s current power infrastructure can only support 
solar farms on property near industrial uses. The costs of extending infrastructure may 
make solar farms in other parts of the town infeasible and must be determined on 
case-by-case basis. 

Die Roll Conditions Impact 

1,3,5 The costs to extend infrastructure 
are too high.

Remove this system.

2,4,6 The costs to extend infrastructure 
are feasible.

Retain this system.
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References

Metric Actual Figure Rounded or  
Referenced Figure

Source

Estimated dwelling units in Sunnyside 1,900 1,900 Rough count based on model

U.S. average population per dwelling unit  
(2010–2014)

2.63 2.63 U.S. Census Bureau (http://quickfacts.census.gov/qfd/states/00000.html)

Estimated population of Sunnyside 4,997 5,000 Est. DUs * Average Pop./DU

U.S. population estimate 2014 318,857,056 318,900,000 U.S. Census Bureau (http://quickfacts.census.gov/qfd/states/00000.html)

Annual U.S. retail electricity consumption  
2014 (kWh)

3,764,700,000,000 3,764,700,000,000 United States Energy Information Administration  
(http://www.eia.gov/state/seds/data.cfm?incfile=/state/seds/sep_fuel/html/
fuel_use_es.html&sid=US)

Annual per-capita electricity consumption (kWh) 11,807 11,800 Retail consumption/Population

Annual electricity consumption in Sunnyside 
(kWh)

58,998,870 59,000,000 Annual per-capita electricity consumption*Town Population

High solar power goal (kWh/year) 8,849,830 8,850,000 Annual town electricity consumption*0.15 (15% local solar power)

Medium solar power goal (kWh/year) 5,899,887 5,900,000 Annual town electricity consumption*0.10 (10% local solar power)

Low solar power goal (kWh/year) 2,949,943 2,950,000 Annual town electricity consumption*0.05 (5% local solar power)

5 kW rooftop system annual production (kWh) 7,378 7,400 PV Watts, default inputs for fixed rooftop system located near geographic 
center of continental U.S. (http://pvwatts.nrel.gov/pvwatts.php)

5 kW freestanding system annual production 
(kWh)

7,447 7,400 PV Watts, default inputs for fixed open-rack system located near geographic 
center of continental U.S. (http://pvwatts.nrel.gov/pvwatts.php)

25 kW rooftop system annual production (kWh) 36,890 36,900 PV Watts, default inputs for fixed rooftop system located near geographic 
center of continental U.S. (http://pvwatts.nrel.gov/pvwatts.php)

25 kW freestanding system annual production 
(kWh)

37,237 37,200 PV Watts, default inputs for fixed open-rack system located near geographic 
center of continental U.S. (http://pvwatts.nrel.gov/pvwatts.php)

100 kW community system annual production 
(kWh)

148,949 148,900 PV Watts, default inputs for fixed open-rack system located near geographic 
center of continental U.S. (http://pvwatts.nrel.gov/pvwatts.php)

1 MW solar farm annual production (kWh) 1,875,598 1,875,600 PV Watts, default inputs for 1-axis tracking system located near geographic 
center of continental U.S. (http://pvwatts.nrel.gov/pvwatts.php)

Approximate space per 1 kW rated  
capacity system (square feet)

100 Rule of thumb based on prevailing technology

Estimated space required for 5 kW system  
(square feet)

500 Approximate space per 1 kW rated capacity system x 5
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Metric Actual Figure Rounded or  
Referenced Figure

Source

Estimated space required for 25 kW system 
(square feet)

2,500 Approximate space per 1 kW rated capacity system x 25

Estimated space required for 100 kW system 
(acres)

0.5 Approximate space per 1 kW rated capacity system x 100/43,560 (rounded 
up for additional equipment/access space associated with larger systems)

Estimated space required for 1 MW system (acres) 5 Approximate space per 1 kW rated capacity system x 1,000/43,560 (rounded 
up for additional equipment/access space associated with larger systems)

Average household electricity  
consumption 2014 (kWh)

10,932 11,000 U.S. Energy Information Administration (https://www.eia.gov/tools/faqs/faq.
cfm?id=97&t=3)

Estimated dwelling units powered  
by 5 kW rooftop system

0.67 0.5 5 kW rooftop system annual production/average household electricity 
consumption

Estimated dwelling units powered  
by 5 kW freestanding system

0.68 0.5 5 kW freestanding system annual production/average household electricity 
consumption

Estimated dwelling units powered  
by 25 kW rooftop system

3.37 3 25 kW rooftop system annual production/average household electricity 
consumption

Estimated dwelling units powered  
by 25 kW freestanding system

3.41 3 25 kW freestanding system annual production/average household electrici-
ty consumption

Estimated dwelling units powered  
by 100 kW community system

13.63 14 100 kW community system annual production/average household electrici-
ty consumption

Estimated dwelling units powered  
by 1 MW solar farm

171.57 170 1 MW community system annual production/average household electricity 
consumption

States that have reached grid parity as of 2016 24 24 GTM Research. 2016. U.S. Residential Solar Economic Outlook 2016–2020: 
Grid Parity, Rate Design and Net Metering Risk. Available at http://www.
greentechmedia.com/research/report/us-residential-solar-economic-out-
look-2016-2020.

States that will reach grid parity by 2020 42 42 GTM Research. 2016. U.S. Residential Solar Economic Outlook 2016–2020: 
Grid Parity, Rate Design and Net Metering Risk. Available at http://www.
greentechmedia.com/research/report/us-residential-solar-economic-out-
look-2016-2020.

Average cost per watt for residential rooftop  
systems at the end of 2015

$3.50 GTM Research and SEIA. 2016. U.S. Solar Market Insight Executive Summary: 
2015 Year-in-Review. Available at http://www.seia.org/research-resources/
solar-market-insight-2015-q4.
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Metric Actual Figure Rounded or  
Referenced Figure

Source

Average cost per watt for nonresidential systems 
at the end of 2016

$2.00 GTM Research and SEIA. 2016. U.S. Solar Market Insight Executive Summary: 
2015 Year-in-Review. Available at http://www.seia.org/research-resources/
solar-market-insight-2015-q4.

Average cost per watt for utility solar systems with 
tracking at the end of 2015

$1.50 GTM Research and SEIA. 2016. U.S. Solar Market Insight Executive Summary: 
2015 Year-in-Review. Available at http://www.seia.org/research-resources/
solar-market-insight-2015-q4.

Growth rate of residential installations in 2015 66% GTM Research and SEIA. 2016. U.S. Solar Market Insight Executive Summary: 
2015 Year-in-Review. Available at http://www.seia.org/research-resources/
solar-market-insight-2015-q4.

Number of applications for residential solar energy 
systems in San Diego through June 2016

5,328 Go Solar California. 2016. “California Solar Statistics: Geographical Statistics.” 
Available at www.californiasolarstatistics.ca.gov/reports/locale_stats/.

Number of housing units in San Diego 2010 516,033 516,033 U.S. Census Bureau. “QuickFacts: San Diego City.” Available at https://www.
census.gov/quickfacts/table/PST045215/0666000,00.

Owner-occupied housing rate in San Diego,  
2010-2014

47.5% 47.5% U.S. Census Bureau. “QuickFacts: San Diego City.” Available at https://www.
census.gov/quickfacts/table/PST045215/0666000,00.

Approximate number of owner-occupied  
residences in San Diego

245,115 Number of housing units in San Diego 2010 x owner-occupied housing rate 
in San Diego, 201032014

Number of solar installations by Walmart 2015 348 348 SEIA. 2015. “Solar Means Business 2015: Top Corporate U.S. Solar Users.” Avail-
able at http://www.seia.org/research-resources/solar-means-business-2015-
top-us-corporate-solar-users.

Number of solar installations by Walgreens 2015 245 245 SEIA. 2015. “Solar Means Business 2015: Top Corporate U.S. Solar Users.” Avail-
able at http://www.seia.org/research-resources/solar-means-business-2015-
top-us-corporate-solar-users.

Number of solar installations by Kohl’s 2015 158 158 SEIA. 2015. “Solar Means Business 2015: Top Corporate U.S. Solar Users.” Avail-
able at http://www.seia.org/research-resources/solar-means-business-2015-
top-us-corporate-solar-users.

Number of business, nonprofit, and government 
locations with solar energy systems 2014

41,803 41,803 SEIA. 2015. “Solar Means Business 2014: Top U.S. Commercial Solar Users.” 
Available at www.seia.org/research-resources/solar-means-business-2014-
top-us-commercial-solar-users.

Number of business establishments in the U.S. 
2013

7,488,353 7,500,000 U.S. Census Bureau. 2016. Statistics of U.S. Businesses. “Number of Firms, 
Number of Establishments, Employment, and Annual Payroll by Enterprise 
Employment Size for the United States and States, Totals:  2013.” Available at 
http://www.census.gov/econ/susb/.




