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Numerous recent calls have been made for policy design research to embed itself throughout the policy process and explore avenues for matching tools and targets. These calls have argued that policy design research, while emphasizing the content and the choice of design, has been under-leveraged, particularly in exploring rationales for effectiveness. In this paper, we conduct a comparative case study to explore variation in participation rates for two similarly categorized solar policies across two mid-sized cities. In this regard, three contextual factors are examined, including the population characteristics, the existing configuration of policies, and the physical environment, which all contribute to shaping policy effectiveness. We argue that policy design is situated within an explicit context and that without capturing the context, the effectiveness of policies may not translate if diffused.
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1. Introduction

The growing interest in policy design has focused on demonstrating that specific design features influence how target participants perceive the policy and its effectiveness (Howlett, 2018; Curley et al., 2020). Most current research in policy selection is being conducted from rational and/or behavioral perspectives. Rational policy design integrates an analysis of the problem, information about the instruments used for intervention, and the barriers and values addressed by the potential intervention. The behavioral approach to policy selection argues for appropriately matching specific individuals or households with policy tools (Howlett, 2019). The effort to match tools to targets can be viewed as an enhanced rational policy tool choice effort because it considers the sociodemographic context in which the policy is enacted. While much research exploring these phenomena utilizes binary data to measure policy presence, there have been more recent efforts to develop measures for nuance and variation in design features (see Siddiki and Curley, 2022 for further discussion).

Despite these changes to measuring policy design content, the incorporation of context has been mainly limited to studies of implementation. Policy enactment, for example, has made great strides in understanding the implications of the context of a successful implementation process (Braun et al., 2011). Policy enactment refers to the idea that administrators interpret and translates policy into the current implementing environment. Ball et al. (2011) refer to four elements of context in policy enactment: “situated contexts, professional cultures, material contexts, and external contexts and expectations from broader policy context” (p.21). In policy enactment research, the focus is often on the context of the implementing body in a local environment that determines and shapes policy implementation. In most instances, context is treated as a limitation to the generalizability of policy research. These elements combined suggest that we need to better understand the role of context, this paper focuses on the characteristics of the target population, the configuration of existing policies, and the physical environment in which the policy will be implemented. We do this with an explicit effort to understand the how context of a policy design might influence policy effectiveness.

This paper utilizes a comparative case analysis of solar (or photovoltaic, PV) policy selection in two mid-sized cities to demonstrate the benefit of taking a more holistic and contextualized approach to policy design and tool choice. Through this exploratory study, we discover four key takeaways for understanding the context in a policy design necessary for research. In order to identify these key takeaways, we lean on the literature to identify three contextual factors critical to understanding the success of policy designs for solar PV policy: population characteristics, the configuration of existing institutions and policies, and the physical characteristics of the environment within each community. While these contextual factors in policy design might be moderately different depending on the policy topic, we suppose that these are relevant contexts for solar policy design and effectiveness.



2. Literature overview: solar policy

Previous research on U.S. solar policy has included both state-level policy design and incentives (Sarzynski et al., 2012; Yi and Feiock, 2012; Shrimali and Jenner, 2013; Cheng and Yi, 2017; Koski and Siddiki, 2022) and local solar policy tools such as green purchasing projects (Simcoe and Toffel, 2014), adopting solar arrays for governments [EERE (Office of Energy Efficiency and Renewable Energy), 2020], land use and zoning for renewables (Becker, 2019), expedited permitting (Li and Yi, 2014), education and outreach initiatives (Li and Yi, 2014), and financial incentives to residents (Li and Yi, 2014). The financial incentives bucket of policy tools includes rebates, direct grants, direct loans/low-interest loans (Kelly, 2016), feed-in-tariffs (FIT), productions-based incentives (other than FIT), interest rate buy-downs, property tax credits and abatements (Borenstein and Davis, 2016; Matisoff and Johnson, 2017), and sales tax incentives. Financial policy tools aim to make accessing solar technology easier by reducing the cost barrier (Li and Yi, 2014). These solar policies are often part of more extensive sustainability efforts (e.g., climate action plans). Local governments are motivated to adopt climate action plans and solar policies due to political factors (Yi and Feiock, 2012), citizen demands (Devine-Wright, 2011; Graff et al., 2018), economic opportunities or costs (Sawhney and Rahul, 2014), and related regional policy adoption (Simcoe and Toffel, 2014). In response to these pressures, local policymakers develop consumer-focused solar policies to increase rooftop solar and/or community solar farms (Hsu, 2018; Peters et al., 2018).

Rooftop PV is the installation of solar panels on the roof of a building. These types of panels may be purchased or leased. This strategy allows individuals to generate electricity using the area on their roofs. Net-metering is a commonly used policy to incentivize rooftop PV. This practice allows customers to offset their electricity consumption and possibly earn money from ‘selling’ their overproduction back to the utility.

Community solar farms are large arrays of PV panels, sited on public or private lands, from which customers purchase energy. Four primary models for community solar exist: utility-sponsored model, on-bill crediting, special purpose entity model, and non-profit “buy a brick” model [SEIA (Solar Energy Industries Association), 2020]. Unlike rooftop PV, the community solar farm approach does not typically allow individuals to earn money from overproduction.

In Section 3, we detail the solar policy instruments present in our case study cities. To inform our analysis of these policy instruments, in the following sections, we identify and explore existing research on contextual variables that have been demonstrated or hypothesized to relate to policy design and effectiveness. Specifically, we discuss characteristics of the target population and the physical environment, as well as the compatibility of existing policy instruments. This research was foundational to our inductive analysis of the specific solar policies in place in Tallahassee and Fort Collins with a focus on the relation between contextual variables and policy design and effectiveness.


2.1. Context of policy design




Policy design research has unfolded in two primary avenues; the first is designing the policy itself, while the second is exploring the designed policy’s content (Siddiki and Curley, 2022). The process of designing has often centered on the choices of designers. This might include exploring political motives (May, 1991) and emphasizing tool choice and the characteristics of those tools (Hood, 1983; Salamon, 2002). These tools have also been connected to expectations regarding behavior change of the targeted population (Capano and Howlett, 2020). Similarly, research into policy bundling and mixes suggests that some tools can complement or limit another tool’s effectiveness (Rogge and Reichardt, 2016; Howlett and Mukherjee, 2017). Despite this, there is little known about well-designed policy mixes. This may be partly due to the difficulty of distinguishing the impact of design attributes from the contextual environments that enable them to succeed. While the implementation gap has been clearly noted as a mechanism for designs to fail, policy design research has yet to unpack context’s role in the success (or failure) of policy as designed. The following sections explore the potential for the target population’s characteristics, the configuration of existing institutions and policies, and the physical environment to influence the efficacy of policy design.


2.1.1. Configuration of existing institutions and policies

Policymakers utilize a mix of policy tools when attempting to affect the behavior of the target population. Policy tools can be used to regulate and alter the behavior of actors on both the supply and demand sides of a market. Regulations achieve their objective by requiring or banning certain activities (Krause et al., 2019); they typically are not favored among the target population because they operate by constraining choice. In contrast, incentives influence behavior by increasing the marginal cost of undesirable activities or goods and decreasing the cost of desirable ones while continuing to offer target populations a choice (Krause et al., 2019).

Policy mixes are often needed because one tool alone cannot achieve the desired public good (Krause et al., 2019). However, the tools included in a policy mix can have interactive effects (Yi and Feiock, 2012)—they can intentionally or unintentionally compete with (Kern et al., 2017) or complement (Rogge and Reichardt, 2016) one another. This can occur due to silos within the organization, and to the piecemeal accumulation of policies over time. Additionally, the political self-interest of a policymaker can lead to the selection of a policy tool motivated by the political payoff, with little to no care given to whether it will be effective or how it may interact with existing policies (Flanagan et al., 2011). In extreme cases, policymakers may intentionally stunt effective policy to serve their political self-interests.

Despite efforts to understand cohesion in policy tools (Howlett and Rayner, 2007), the ability to identify policies that work together or against one another is limited (Gasteiger, 2018; Capano and Howlett, 2020). Extant research on policy mixes emphasizes the temporality of adoption (Rayner et al., 2017; Halász, 2019), tool interactions that enhance (Lecuyer and Bibas, 2012) or interfere with (Grabosky, 1995) policy outcomes, and the rationality of patching and packaging policies (Howlett and Rayner, 2007; Kern et al., 2017). However, existing efforts to compare policy mix effectiveness do not consider the impact of contextual factors beyond the policies within the mix, such as alternative policy arrays, political or physical environments, and social contexts (such as Kern et al., 2017). Thus, this previous research assumes that the effectiveness of policy mixes does not vary as a function of their context.



2.1.2. Characteristics of the target population

Target populations are considered an element of rational policy design (Schneider and Sidney, 2009). Research on target populations unpacks the distribution of burdens and benefits based on existing social constructions. This body of work, highlighted in a review by Pierce et al. (2014), includes income (Brucker, 2007; Gollust and Lynch, 2011), race (Sidney, 2001, 2005; Garrow, 2012), immigration status (Yoo, 2001, 2008; DiAlto, 2005), employment sectors (Schroedel and Jordan, 1998; Patterson and Keefe, 2008; Ingram and Schneider, 2011), age (Campbell, 2003; Lockhart et al., 2008; Bushouse, 2009; Hudson, 2013), homeownership (Hunter and Nixon, 1999), sexual orientation (Donovan, 1993, 1997), offender status (Miller, 2012), and gender identity (Bensonsmith, 2005). Research in this area often focuses on who gets what – after the policy is designed and selected. However, recent work from Krause et al. (2019) suggests that community characteristics relating to the social construction of the targeted groups, including “race, political leaning, income, and population,” influence and shape which policy tool is selected (p. 477). Krause’s work connects the previous studies on targets with the argument that targets are intentionally and rationally chosen to achieve a specific goal. While targets may be deliberately selected, tools may be chosen based on the perceived deservingness of those targets; more pointedly, the social construction of the target population may determine the distribution of benefits and burdens via tool choice (Capano and Lippi, 2017; Krause et al., 2019). This implies that the targets and the larger context of community characteristics and the community’s perception of the target population likely influence the policy’s design and the efficacy of the match between tool and target.

Policy tool selection is a process that includes anticipating the target population’s barriers to participation, response to the specific tool, and a resulting behavioral change in line with desired policy goals (Howlett and Ramesh, 2003). Despite the importance of policy targets in the policy tool selection process (Howlett, 2018; Maor, 2020; Paddeu and Aditjandra, 2020), relatively little is known about what motivates targets (Capano and Howlett, 2020). Howlett (2018) characterized the process of matching the policy tool to the target population as “calibrating incentives and disincentives to achieve expected levels of compliance and outcomes” (pp. 6). However, this often proves more difficult than policy actors expect (Howlett, 2018), suggesting that they need to develop a greater understanding of the target audience’s motivations rather than relying on intuition.



2.1.3. Physical environment

Physical environments can both affect and be affected by public policy. Possible relevant physical characteristics include the existing built environment, the slope of the land, the presence of natural structures such as bodies of water and trees, and local climate considerations. For any policy that is dependent (directly or indirectly) on land use and weather-related factors, the regional physical characteristics of the environment may have implications for success. For example, health policies that incentivize walking or riding bikes as alternate transit may be less effective in locations that receive frequent rain or snow. If policymakers do not consider the physical environment during policy design and selection, the policy is unlikely to have the desired effect.

Policies such as land use and zoning (Wilson et al., 2003), streets and sidewalks (Lopez and Hynes, 2006), public park formation (Simis et al., 2016), and even site selection for power plants (Czarnowska and Frangopoulos, 2012) directly impact the physical environment. Moreover, through their influence on the physical environment, these policies can influence health (Lopez and Hynes, 2006; Wilson et al., 2008b), the ability to work (Guthrie et al., 2019), and overall happiness (Cloutier et al., 2018) of individuals in that environment. For example, the field of environmental justice research links the built environment to outcomes such as healthy behaviors (Wilkie et al., 2018), education access (Shirazi and Keivani, 2017), racial justice (Wilson et al., 2008a), and pollution exposure (King, 2015). Each policy that shapes the physical environment has long-standing ramifications for the ability of new policies to be effective. However, the link between historical policy decisions and other policies’ ability to be effective is less well understood (Li et al., 2017; Capano and Howlett, 2020). In addition, changes in the physical environment can hold important implications for the transferability of effective policy tools between locations, particularly when seeking to manage common Pool resources (Ruddle, 1998; Khan, 2005). Therefore, it is surprising that the physical environment’s role in policy outcomes has received scant attention in the policy choice (selection and design) literature.



2.1.4. Summary

In theory, a policy is designed to meet the needs of a given community, but every community’s needs will differ according to the contextual environment, which suggests that policies cannot transfer into a new environment without considerable alteration. This argumentation suggests that policy designs themselves should be developed based on the context of the community. In other words, a policy should be intentionally re-designed by altering the design according to a series of factors. The current rationale for re-designing policy is that the context of the tool (i.e., target population, local environment, politics, technology, and the policy mix) has changed and is limiting its effectiveness (Edmondson et al., 2019). However, there is little evidence that these contextual factors – community populations, configurations of the existing policy, and physical environment – are considered during policy design (Chapman et al., 2016) and tool selection. The following section overviews existing solar policy research to provide background for our exploratory comparative case study of solar policy effectiveness in two communities.





3. Methodology

Given our emphasis on understanding how context informs outcomes, we utilize a comparative case-study approach (Yin, 2003). Case studies are essential in building “context-dependent knowledge” (Flyvbjerg, 2006, pg. 6), and qualitative comparative case studies are considered helpful in theory development (Baxter and Jack, 2008). Our goal is not to draw large-scale generalizations but to demonstrate how energy policy effectiveness depends on the context of policy choices. Our comprehensive case studies include an exhaustive review of documents published on government websites related to existing policies and solar program participation data gathered through a partnership with the respective utilities.

Our case cities are Fort Collins, Colorado, and Tallahassee, Florida. We selected two cities with council-manager forms of government and similar population sizes, both of which are served by a municipally owned electric utility (MOU). These factors combine to suggest that the city governments should have similar levels of control and capacity to offer solar programs. Furthermore, by focusing on two cities with MOUs, we can ensure that they have the same internal capacity related to the programming and do not face investor-owned utilities’ barriers (Homsy, 2016; Curley et al., 2021).

Both communities have solar power policy bundles to promote participation in rooftop solar and community solar farms. However, the utilities differ based on electric distribution and generation status: Fort Collins is a non-generating, distributive utility, whereas Tallahassee is a generating and distributing utility. Previous research suggests that utilities experience different barriers to implementing renewables if they are distributive but non-generating (Krause, 2011). Appendix A1 provides further details about the MOUs (City of Tallahassee Utilities, TU; City of Fort Collins Utilities, FCU).



4. Case description

The following sections detail participation in solar programs in Tallahassee and Fort Collins and the contextual factors that may account for observed differences across the two cases. Specifically, we report on the contextual factors in these two cities regarding their solar policies, population characteristics, and physical environments as they might relate to solar policy design, selection, and effectiveness.


4.1. Policy descriptions: rooftop PV


4.1.1. Tallahassee

Tallahassee Utilities expanded its low-interest loan program to allow residential customers to borrow up to $20,000.00 to install rooftop PV systems. To qualify for the solar loan program, Tallahassee Utilities requires that all solar installers are FSEC certified, and that the customer participates in a Tallahassee Utilities energy audit before installing the loan item. TU offers net metering but does not allow a customer’s bill below zero dollars. Any additional credits can be transferred to the next month but expire at the end of the year (defined by the net metering anniversary date).



4.1.2. Fort Collins

Fort Collins’ solar policy toolkit for rooftop PV includes Fort Collins’ Solar Rebate Program (SRP), solar loans, and net metering (bill credits; City of Fort Collins, 2019a). The city’s solar installation sizing limitation is relevant to each, dictating that the size may not exceed 120% of the typical annual use. Through SRP, residential customers can receive rebates for their solar installation, with rebate amounts calculated based on $0.50/Watt of generation capacity and total rebates possibly varying each year (City of Fort Collins, 2019b,c). These rebates are in addition to federal incentives. The loan program allows customers to receive a loan for 100% of the project cost for solar installations. Participants repay their loans through their monthly utility bills (City of Fort Collins, 2019c). Finally, the FCU net metering program provides bill credits that vary based on Time-of-Day pricing. Thus, solar energy reduces the customer’s bill by the rate at that time of day, with excess generated solar energy credited at a slightly lower rate (City of Fort Collins, 2019c); there is no direct cap on the credits; however, the sizing limitations of existing solar installations ultimately set an upper limit on the credits.




4.2. Policy descriptions: community solar


4.2.1. Tallahassee

Tallahassee has two solar farms that provide customers with community solar. Solar farm #1 became operational in 2018 and was installed at roughly $33.2 million. It spreads over 120 acres near Tallahassee Airport (Hamlin, 2018). Solar farm #1 is 20 megawatts (American Cities Climate Challenge, 2020). The utility offered three enrollment levels; customers can use solar for 25, 50, or 100 percent of their monthly electricity consumption. In addition, they provide a fixed 0.05 cent fuel charge for 20 years instead of the natural gas fuel charge (035 cents), which fluctuates over time. Solar farm #2, which became operational in January 2020, is a 40-megawatt facility (American Cities Climate Challenge, 2020) and spans 240 acres by the Tallahassee Airport (Woolson, 2020). The solar farm operation guidelines are documented in the city ordinances via Sec. 21–24. More information regarding these and other solar-related policies is discussed in Appendix A.3.



4.2.2. Fort Collins

The Fort Collins community solar program began in 2015. Customers participating in the Community Solar Program receive bill credits based on their subscription level, associated solar array production amount, and time-of-day pricing, ranging from 5.23 cents per kilowatt-hour to 22.92 cents per kilowatt-hour (City of Fort Collins, 2020b). The city of Fort Collins Utility has priced these 305-watt panels, including a 1$ per watt rebate, paired with federal incentives, bringing the panel cost down to $484.95 (Ferrier, 2015). There is an operation and maintenance fee of 9.38375% for the net solar credits generated by the array (City of Fort Collins, 2020e). The Riverside Community Solar Array was installed as a pilot program in partnership with the Clean Energy Collective. The 0.632-megawatt (632 kW) PV facility spans 6 acres (Braun, 2017). Thus, the community solar arrays in Tallahassee generate nearly 100 times as much electricity as the array in Fort Collins.




4.3. Program participation

Figure 1 documents actual participation rates in the respective programs for each city. Participation in the Solar Rooftop PV programs is much higher in Fort Collins than it is in Tallahassee. However, we see the opposite pattern for Community Solar.

[image: Figure 1]

FIGURE 1
 Policy participation comparison.


The first solar farm reached maximum capacity in Tallahassee before it was active. Upon opt-in, participants per kWh rate increased by 43% (from 0.035 to 0.05). This means that participants are actively charged more, with no ability to engage in net metering, to participate in the Tallahassee Community Solar program. Despite this, demand for solar energy in the city was still high, and Tallahassee had a waitlist for the next solar farm rollout in Tallahassee. Tallahassee had enough participation in the community solar programs to reach total capacity for solar subscriptions at the end of 2019 before the second solar farm was operational.

Interest in community solar is also strong in Fort Collins. There is a waitlist to join the Fort Collins Community Solar Program (City of Fort Collins, 2020a). Participation in community solar is limited by capacity constraints, although community solar capacity growth is motivated by customer interest and demand. However, the community solar program in Fort Collins requires upfront participant buy-in. This means that people essentially buy a panel for a specific amount of money and are then credited for the power those panels produce. Both of these programs are labeled as community solar; however, they operate functionally differently. This is likely due in part to the nature of Fort Collins Municipal utility as a distributional, non-generating utility; as a result, Fort Collins Utility likely faces additional barriers in expanding its community solar program.

We see that residential customer subscriptions are much higher in Tallahassee than in Fort Collins, and there has been a significant increase in Tallahassee’s community solar program in a much shorter time than the Fort Collins program. In Fort Collins, the participation rate for rooftop solar programs is much higher than that seen in Tallahassee. Given the interest in Tallahassee for the community solar program, it suggests that the interest is present within the community for increasing rooftop solar participation. The following sections will explore the contextual factors that might help to explain the variation in participation rates despite the perceived demand for solar-focused programs.




5. Assessing contextual factors

The following section will explore the three factors that we identified through the literature overview as potentially relevant to defining appropriate context for policy design. The existing solar policies at the state level that promote the residential use of solar energy in each community are described in Sections 3.1.2.1 through 3.1.2.3. These policies are summarized and compared in Appendix A.1. Complimentary policies are described in Section 3.1.2.4. In addition to state policies, the federal government offers an additional 30% tax credit on purchasing solar electric systems (City of Fort Collins, 2019c; Solar Energy Industries Association, 2021). After the configuration of existing policies (section 4.1), the target population characteristics (section 4.2), and the physical environment (section 4.3) are assessed below. These sections are then summarized and used to provide key takeaways in section 5.


5.1. Configuration of existing policies


5.1.1. Existing solar policy – state level


5.1.1.1. Florida

Each city’s desire and ability to adopt solar programs is likely shaped by state-level policy, as suggested in our literature review above. Florida was ranked 8th in 2018 (3rd in 2017) for its total solar generation, with 252,597 homes powered by solar, and roughly 1% of the state’s electricity use comes from solar. Florida does not have a renewable portfolio standard. However, as of 2019, Florida had eight renewable energy incentives (DSIRE, 2020d). This includes a) a sales tax exemption, which provides relief from the financial burden of purchasing solar systems by decreasing the overall cost, and b) a property tax exemption for certain eligible technologies, including solar water heaters, solar PV, wind, and geothermal heat pumps (DSIRE, 2020a). The tax incentive amount is 100% of the added property value of the technology for residential installations and 80% for non-residential. Several regulations oversee all solar systems (approved by the Florida Solar Energy Center), and installing contractors meet licensing requirements. Florida also instituted rules that prevent homeowners’ associations from limiting the ability of homeowners to install rooftop solar on their properties.



5.1.1.2. Colorado

When Colorado adopted its Renewable Energy Standards (RES) in 2004, it was the first state in the U.S. to institute such initiatives due to a public vote. Colorado’s RES requires a percentage of utility power to be generated by renewable sources. Specifically, investor-owned utility power should be 30% renewable, while cooperatives and municipal utility’s renewable share depends on facility size, ranging from 10 to 20% (National Conference of State Legislatures, 2019). At the time of this study, Colorado residents were exempt from 100% of the sales and use taxes that result from residential solar system installations. Colorado also offers property tax incentives for residential, commercial, industrial, and agricultural properties. For residential solar, owners are exempt from paying taxes on any increase in property values added by installing solar technology and other renewable energy technologies are exempt as well (DSIRE, 2020a,b,c). Colorado was ranked 8th in solar energy generation in 2014 (12th in 2018), with roughly 3% of total electricity use powered by solar and about 215,974 homes utilizing solar. As of 2019, Colorado had 13 renewable energy incentives (DSIRE, 2020e). Appendix A.2 provides additional context and synthesis of state-level policy offerings.




5.1.2. Complementary policies

Both cities have a webpage dedicated to sustainability and the activities undertaken to achieve sustainability. Fort Collins has a single department-the Sustainability Services Area-dedicated to environmental sustainability and addresses economic and social sustainability (City of Fort Collins, 2020d). This department reports to one of the Deputy City Managers and operationalizes sustainability as the synergy that results from economic health, environmental protection, and intentional equitable policy; each of these has a dedicated budget line and a total of 28 full-time equivalents between them (City of Fort Collins, 2019a). The City of Tallahassee has a sustainability director and emphasizes community preservation (City of Tallahassee, 2020a). Still, it does not have a dedicated sustainability department (City of Tallahassee, 2019a) or associated budget (City of Tallahassee, 2019c).

Differences in policies regulating the built and natural environmental elements that influence solar panel feasibility, placement, and productivity will impact solar uptake. Specific examples include land use policies limiting the placement of solar panels, building codes specific to roofing regulations, and urban tree policies and programming.


5.1.2.1. Solar zoning ordinances

The siting of rooftop (residential) and community solar panels is regulated at the city and county levels for Tallahassee and Fort Collins. The county and city ordinances combined primarily define panel installation classifications, height and setback requirements, approved zoning districts, the application process, and the pricing structure for energy produced for each city. There are multiple notable differences between the zoning ordinances, both in design and stipulations, that may impact the adoption of solar. Appendix A.3 gives a complete list of each city’s requirements in the ordinance’s original language and a detailed narrative of the differences and their implications for solar adoption.

In Tallahassee, Leon County takes on most responsibility for the ordinance structure, with the city outlining the energy production pricing structure. Tallahassee has three ordinances covering price, and Leon County has one solar ordinance that details the rest. In contrast, a Fort Collins municipal code search returns 44 codes and regulations that mention solar. In Fort Collins, the structure of the zoning code relevant to solar panels results in the applicable ordinances being scattered throughout the city codes, which increases complexity and introduces a potential barrier to adoption.

In addition to differences in the complexity of the codes, there are differences in their content. For example, the communities differ in their attention to protecting access to sunlight for solar energy production. Whereas Tallahassee provides a statement about the ability to obtain a solar easement, Fort Collins devotes more effort and specificity to protecting solar access. This solar access provision removes barriers to rooftop/residential PV and community solar adoption in Fort Collins.

Additional ordinances that impact community solar adoption include the set-back, fencing, and landscaping requirements that protect viewsheds and land quality while promoting safety. Height limits for rooftop PV, set-back requirements, and the permit process appear to be more stringent in Fort Collins. Implementation influences how these code differences will impact solar uptake. Greater stringency may enhance solar adoption by guaranteeing appropriate installation and placement or act as a barrier to adoption due to challenges in achieving compliance. One area where Tallahassee’s code is stricter is the Leon County Ordinance No 2020–01 specification that building-mounted solar systems must endure a wind load of 120 miles per hour, which adds a requirement to the permitting process. Community solar may face further obstacles in Tallahassee, given additional restrictions against placement in agricultural/silvicultural/conservation or preservation areas. However, while such regulations may impact the ability to develop a community solar farm, they do not have implications for resident participation in a community solar program once established. Table 1A in Appendix A.3 compares the solar zoning ordinances of Leon County/Tallahassee and Fort Collins.



5.1.2.2. Building regulations

Neither city specifies roofing regulations; however, the building codes for Florida and Colorado provide a list of allowed roofing materials. Each state lists the following allowable materials: asphalt shingles, concrete and clay tile, metal roof shingles, mineral-surfaced roll roofing, slate shingles, wood shingles, wood shakes, and photovoltaic shingles (International Code Council, 2020; UpCodes, 2020). Colorado also provides one additional allowable material, metal panels. The variety of acceptable materials may suggest that city building regulations do not appear to hinder solar adoption. However, restrictions set forth by Homeowners’ Associations may add an extra level of complexity to rooftop solar installations in both locations.



5.1.2.3. Tree protections

The city of Tallahassee has clear guidelines about protected tree status and appears to have stricter rules around tree protection. Within Tallahassee’s tree canopy ordinance, each tree has a critical protection zone to prevent root damage from digging and soil compaction during construction. The ordinances also outline a tree credit system based on the size of the tree, which is applied when the removal of a tree is subject to reforestation requirements. These protections extend to essentially any tree greater than 4 inches in diameter, particularly in areas of development. In addition, certified arborists in Tallahassee can grant tree protection beyond those currently listed. These regulations act as additional burdens to land selection for solar development; this is particularly important for community solar.

The City of Fort Collins’ ordinance also establishes a process to protect trees during development. It designates a 6-inch or greater diameter to establish protection; however, Fort Collins does not appear to have as many protections as Tallahassee. The tree protection plan in Fort Collins does establish protection and dictates tree replacement but does not utilize a point system as presented in the City of Tallahassee. Fort Collins appears to have fewer protections and greater built-in flexibility than Tallahassee.



5.1.2.4. Forestry programs

The city of Tallahassee houses an Urban Forestry focus within its Planning Department. The 2018 Urban Forest Master Plan guides the department’s conservation of the current tree canopy and implements strategies to help it grow. Canopy protection occurs through community education and outreach efforts, the Leon County Canopy Roads committee, and the Adopt-A-Tree program’s implementation, allowing Tallahassee residents who live along a city-or county-maintained roadway to have a tree planted for free.

The parks department houses Fort Collins’ forestry focus. The department summarizes its primary activities as follows: pruning the urban forest, conducting a risk assessment for community trees, tree replacement, identifying and controlling insects and disease, using industry standards and licensed arborists, collaborating with developers and landscapers to preserve plant diversity, and engaging in public outreach and information campaigns (City of Fort Collins, 2020c).





5.2. Population characteristics

Table 1 offers an overview of population characteristics for Tallahassee and Fort Collins. They are both similarly sized cities with universities and a population with high levels of education; however, Tallahassee tends to be more racially diverse with lower levels of owner-occupied housing than Fort Collins. In addition, the county-level voter registration data suggests that Tallahassee is more Democratic than Fort Collins; however, each city appears to have the same degree of support for renewable energy as measured by the Yale Climate Opinion Map 2020 for renewable energy support (Howe et al., 2015). The remaining data for Table 1 comes from the U.S. Census quick facts website (Census Bureau, 2019), the MOUs website for each city, and the departments of state websites for voter registration (Colorado Secretary of State, 2021; Florida Department of State, 2021).



TABLE 1 Comparing city demographics.
[image: Table1]

This section demonstrates that each city likely has unique population characteristics that might shape their ability to engage in the policies. Lower rates of home ownership in Tallahassee means the eligible number of participants in a policy design that requires homeownership will already be lower than can be observed in Fort Collins.



5.3. Physical environment

The following Sub-sections focus on the role of climate and tree cover as they are relevant to solar policy. We recognize that the context of the physical environment can refer to a much broader field of elements relevant to the specific policy issue itself.


5.3.1. Climate

Florida has a subtropical climate characterized by heat and humidity. Temperatures frequently exceed 90°F during 6 months of the year and are accompanied by a relative humidity of 50% or greater. These conditions result from abundant sunlight (particularly April through November), an average of nearly 60 inches of rainfall per year, and proximity to large bodies of water. Tallahassee is in Northern Florida and is moderately cooler than more Southern parts of the state, experiencing an average of 18 days below freezing from November through March (Black, 2003). The average temperature in Tallahassee is 67°F, with an average high of 81°F in the hottest month (July) and an average low of 51°F in the coldest month (January; Climate Data, 2020b). The city’s average wind speeds range from 5 to 7.5 miles per hour (Florida Climate Center, 2020). However, Tallahassee can also be subject to strong winds from tropical storms and hurricanes. Hurricane season officially begins in Florida in June and ends in November. Depending on the storm category, wind speeds during hurricanes can range from 74 to 157 miles per hour or higher (Collins et al., 2017).

Fort Collins is a cold semi-arid climate (Climate Data, 2020a). The warmest month is July, with an average high temperature of 85°F, and in January, the coldest month, the average low temperature is 13°F. The annual average precipitation is 15.08 inches, and the average annual snowfall is 47 inches, with the highest average snowfall of 10.2 inches in March (Western Regional Climate Center, 2020).



5.3.2. Tree cover

As of 2015, based on LIDAR data, Tallahassee has an overall tree canopy coverage of 55% (City of Tallahassee, 2020c). Based on a 2020 analysis of 2016 LIDAR data, Fort Collins has tree canopy coverage of 21.62% (Rasmussen, 2020). The canopy coverage difference of approximately 33% is evident in the aerial images shown in Figures 2A,B, these images come from Google Maps (2018, 2019).

[image: Figure 2]

FIGURE 2
 (A) Tree cover in Tallahassee. Tallahassee: 10/11/2018; 24.73 miles up. (B) Tree cover in Fort Collins. Fort Collins: 7/17/2019; 24.12 miles up.





5.4. Summary of contextual factors

The discussion above unpacks some evident variation in existing environments that likely contribute to variation in policy participation. First, the current policy bundle for solar panels is more extensive in Fort Collins than in Tallahassee, presumably increasing participation rates in rooftop solar for Fort Collins. Second, variation across population characteristics (i.e., homeownership, median income) suggests that rooftop solar policy participation is more likely in Fort Collins. Lastly, tree cover is higher in Tallahassee, which means that conditions for rooftop solar may be less conducive, and siting community solar may be more complicated than in Fort Collins.

Residential solar installations often require tree removal to maximize generation from the PV array. The necessity for tree removal could discourage some homeowners from pursuing rooftop PV because of the resulting loss of cooling and aesthetics. Given the denser tree canopy and higher number of cooling days in Tallahassee, this would appear to be a greater issue. Thus, the physical environment may help explain variation in participation rates and address alternative policy designs that could increase solar installation. Table 2 below compares how these contextualizing factors might shape policy participation.



TABLE 2 Contextual factor supports which policy: community or rooftop?
[image: Table2]

In addition, potential costs associated with weather events, such as hurricanes and possible wind damage to the panels, may limit residential willingness to invest in solar panels in Tallahassee. Unlike Tallahassee, Fort Collins does not have frequent significant wind or hurricane events. However, Fort Collins does experience strong wind events and hailstorms that can result in replacing roofing, requiring the removal and re-installment of solar systems to do so. While most insurance companies will treat solar panels as part of the home structure, some insurance policies may not cover roofs or the attached solar panels once installed (Hurtibise, 2016). In addition, most insurance companies increase insurance rates to protect solar panels. The increasing financial burden and risks of placing solar panels on one’s roof in Tallahassee may decrease participation. Given the barriers to involvement in rooftop solar in Tallahassee, it is no wonder that community solar provides opportunities for participation without the additional costs related to hurricane losses, increasing insurance costs, tree removal, etc. Despite having similar levels of demand for the policy and the existence of solar incentives, the contextual environment (i.e., characteristics of the population, configuration of policy bundles, and physical environment) influence the designed policy from being equally effective in both cities. Alternative policy mechanisms, such as city or state insurance coverage for solar panels and reimagining rooftop solar ownership (rather than community solar), may be considered by policymakers to help overcome the barriers of instituting an effective rooftop solar program in Tallahassee.




6. Discussion


6.1. Alignment between context and effectiveness

Some key factors contribute to lower rooftop PV participation in Tallahassee than Fort Collins. First, the existing solar and complementary policy configuration suggests that Tallahassee will have fewer participants in the rooftop PV program than Fort Collins. More specifically, the financial incentives are smaller for Tallahassee residents, and participants are not allowed to net meter beyond zero (the utility does not pay the household for credits). The second is that tree protection and forestry programs shape the physical environment; Tallahassee has an older canopy that suggests that homes are heavily shaded and not ideal for rooftop PV installation. However, Fort Collins, which is more newly developed, has a younger tree canopy in many residential spaces which might make rooftop PV more appealing. Third, the community characteristics suggest that home ownership and racial homogeneity are higher in Fort Collins, consistent with previous findings that white, upper-middle-income, and highly educated individuals appear to participate in these programs at higher rates than other groups (Wolske, 2020). The collective impact of the above contextualizing factors suggests that rooftop PV would likely be a more effective policy in Fort Collins than in Tallahassee. The contexts described above for Tallahassee, such as shaded roofs, zoning rules, lower homeownership rates, and a lower median income, are likely to limit the effectiveness of large-scale rooftop solar incentives.



6.2. Contextualizing policy design

Based on the case comparison conducted above, we have identified specific factors that are likely relevant to policy design effectiveness. This section outlines those specific features and offers a series of takeaways that should be explored in alternative policy contexts for their generalizability. These takeaways explicate the potential avenues in which policy design should consider community context prior to implementation. Doing this will likely help target scarce resources into more effective policy.


6.2.1. Population characteristics

refer largely to the potential Pool of participants. Contextualizing this group means understanding the limitations and considerations of the potential targets. In this case, elements of the population’s financial capabilities and homeownership are likely to directly impact participation based on the proposed policy design. Therefore, communities with higher rates of homeownership and higher median income are likely more able to engage in residential rooftop solar policies. Given that we see higher rates of homeownership and more expensive homes in Fort Collins, we could expect higher rates of participation in programs that require more upfront Capital and access to the property. This suggests that matching the characteristics of the community to the policy tool is likely important for design effectiveness.


Takeaway 1: Considering population characteristics in tool selection will help to increase policy effectiveness.




6.2.2. Existing policy configuration

refers to the idea that policy design can be hindered or amplified by existing policy within a community. This means that prior to selecting a design preference, the configuration of potentially impactful policies is needed. In the case of the policies described here, Tallahassee, Florida does not have the same degree of benefits that can be offered to incentivize residents of Fort Collins, Colorado. This makes it more likely that an additional inducement in Fort Collins is likely to have a significant impact on adoption rates and that owning solar panels might be a more relevant factor than simply green energy. This seems to be evident in the design of their community solar program which still centers solar panel ownership, which likely activates state-level benefits as well.


Takeaway 2: The full slate of existing policies is likely to interact, potentially in complementary ways that increase the effectiveness of a policy design.


However, policy configurations can also limit the effectiveness of a particular policy. We see this through the included building regulations and tree protections that are put into place. Specifically, in Tallahassee where building codes related to roofing and higher protections for trees might limit the ability of solar rooftops to be effective, we might suspect lower participation in rooftop PV programs.


Takeaway 3: The existing configurations of related policies are likely to interact with the proposed policy design, potentially in conflicting ways that decrease the effectiveness of the proposed policy design.




6.2.3. Physical environment

refers to the actual characteristics of the geographic location where the policy is being considered. In this case, we are looking at two different communities, one in Northern Florida and the other in Colorado. The weather and physical conditions of the locality are relevant for considering policy design. In the state of Florida there are hurricane events that can lead to unstable insurance markets, Colorado has the potential for blizzard conditions. While technology can be installed to help melt snow from the solar panels, large-scale wind events (such as hurricanes) can create additional risks for solar panel installation, particularly with the need for additional insurance riders in complicated insurance markets. Another potentially complicated physical environment constraint is tree cover. Roof-top solar power requires homes to have spaces with high degrees of shade, however, the city of Tallahassee has a very strong tree protection policy compared to Fort Collins (as discussed above). This suggests that both elements like available sunshine, lack of shading, and weather might act as potential barriers for policies that emphasize individual ownership of rooftop PV.


Takeaway 4: The physical environment, such as tree cover and weather, influences the ability of some policy design strategies to be limited in their effectiveness.




6.2.4. Putting it all together

The above discussions suggest that there are four factors that contextualize the ability of specific policy designs to be effective. We see evidence in this case that elements such as characteristics of the population, existing policies, and the physical environment can interact and contribute to varied levels of policy effectiveness. In the City of Tallahassee, we see population characteristics such as lower house values and homeownership rates, combined with strong tree protections, fewer policy incentives, and high rates of tree cover and more risk from severe weather limit the effectiveness of rooftop PV programs. However, the demand for solar energy still exists, it simply needs to be met through more innovative policy design or alternative policy solutions, which we see through high rates of participation in community solar. Alternatively, Fort Collins experiences higher levels of home ownership and larger incentives, with fewer physical environment barriers, which appears to be related to much higher levels of increased participation in their rooftop solar program and much lower levels of participation and engagement in community solar.




6.3. Implications for policy design

In this paper, we compare two solar policies across two communities to identify what contextual factors influence the effectiveness of solar policy design. This comparative case study specifically demonstrates that policy participation and effectiveness are impacted by the relevance of design choices related to contextual factors of population characteristics, existing policy configurations, and physical environments. The interaction of these factors, coupled with the program’s design features, are likely to inform and potentially predict policy effectiveness in a more complete way than is typically captured by current research. These factors significantly affect research on policy adoption, design, and implementation.

Given the apparent relevance of contextual factors identified in this paper, policies may diffuse in ways that are inconsistent with their ability to be effective. Policy transfer research hints at this, that contexts of communities are relevant for policy effectiveness, however, if these contextual factors were considered during the design stage inappropriate policy transfer could be avoided. This suggests that there should be a role for integrating design features, these contextual factors, and the theoretical lenses of diffusion to best understand which policy (or design feature) is most appropriate for any given community. While these factors emphasize the need of policy adoption, policy enactment predominately emphasizes the organizational and situational needs for implementing policy; however, this research might argue that successful implementation depends on having a clear understanding of the potential contextual factors that might act as barriers to participation. These contextual factors can help to alter policy design or encourage the adoption of additional strategies to overcome ineffective design transfer.

Although studies on policy implementation (enactment), policy learning (failure), and policy transfer may consider some of the factors explicitly addressed here, their inclusion in policy design, especially rational policy tool choice research, is limited. In this study, we have laid out a series of key takeaways for how we might expect these contextual factors to be relevant to policy design. However, the present study is limited by its exploratory nature, and future research should examine the quantitative impact of these contextual features on policy choices and effectiveness more systematically. Integrating these elements in the study of policy design, particularly policy choice, may enable policymakers and scholars to enhance policy effectiveness, improve equity in distributing and delivering public goods and services, and decrease inefficiencies in government spending.
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