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Executive Summary 
 

The use of utility-scale solar photovoltaic (PV) systems to generate electricity has 

been increasing substantially in the U.S. over the past decade, especially in North Carolina. 

This growth has been driven by policy mandates and incentives as well as declining solar 

costs. North Carolina is currently ranked second in the nation for installed solar capacity. It 

is also the first state in the Southeast to implement a renewable portfolio standard, which 

requires utilities to generate at least 12.5% of their energy from renewable resources by 

2020.  

 As the use of utility PV grows, the need to find the best locations for solar farms will 

increase as well. Optimally siting PV farms is important for maximizing beneficial 

characteristics of projects while minimizing negative ones. Specifically, optimal siting can 

maximize projects’ power generation while minimizing costs, environmental impacts, and 

social opposition (such as not-in-my-backyard sentiments). Our study develops a method to 

utilize a geographical information system (GIS) to identify lands throughout North Carolina 

that are potentially suitable for solar farms and assesses how siting criteria affect land 

availability. In particular, we assess how the addition of these criteria, one step at a time, 

reduces the availability of suitable land. We also determine an upper-bound for the amount 

of electricity generation possible from utility PV in North Carolina based on the amount of 

viable land we identify. Overall, as the use of utility solar grows in North Carolina, our 

analysis provides a relevant assessment of siting constraints, identifies potential prime 

locations for projects, and quantifies the state’s theoretical potential for this power source. 

 For our analysis, we first identified criteria important for siting utility PV projects. We 

selected our criteria based on a literature review and conversations with Cullen Morris, a 

North Carolina solar developer. We included seven criteria in our model: floodplains, 

wetlands, slope and aspect, land-use-land-cover, protected areas, electrical substations, 

and land-parcel size. All the data we used for these criteria came from publically available 

sources.  

 We used ArcGIS 10.4.1 to develop our GIS model. The model first eliminates lands 

that fall within a wetland or a 100-year floodplain. Next, the model excludes lands with 

unsuitable combinations of slope and aspect. The model then rules out lands with 
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unsuitable land-use-land-cover, such as areas with existing buildings. In this step, two 

separate layers are created: one that includes forested areas as viable lands and another 

that does not. We did this to determine the sensitivity of allowing solar farms to be sited on 

forested lands (assuming the trees would be cleared to build the farms). The next step 

removes lands that fall within protected areas, such as endangered species habitat, national 

parks, and historical monuments. The model then accounts for proximity to the electrical 

grid by removing lands that are not within 3-miles of an electrical substation. Lastly, the 

model requires viable areas to be at least 30 acres and on a single property parcel. 

 After running our model on the entire state, we found 4.6% of the state is viable for 

solar farms if forested land is excluded from consideration. If forested land is included, the 

viable land increases to 8.8%. Our results show that the criteria that constrain available land 

the most are slope and aspect, land-use-land-cover, and the 30-acre parcel requirement. 

On the other hand, protected areas have the least impact on available lands. We also 

compared our results to the geographic distribution of electricity demand and existing 

electrical generation. We found a mismatch exists between areas of high electricity demand 

and those with the most viable land. Specifically, many coastal counties have high amounts 

of viable land, but low electricity demand, while urban regions have high demand but less 

viable land. We also computed solar potential for the state and compared the results to 

North Carolina’s energy consumption. If trees are included, the solar output from the viable 

lands we identified would comprise 267% of the state’s consumption; if trees are not 

included, the solar output would comprise 138%.  

 Overall, our study demonstrates solar has significant potential in North Carolina. 

Future work related to our study might include focusing more on policy and economic 

factors such as zoning laws, land value, and proximity to population centers. We also 

encourage others to use their own data and apply our method to analyze solar potential in 

their own regions of interest. 
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Introduction	
 

Generating electricity from fossil fuels causes significant environmental impacts, 

including air emissions that contribute to climate change and harm human health. 

Increasing the use of renewable-energy, such as solar power, can potentially reduce these 

impacts by replacing the use of fossil fuels. Solar energy can also provide a means to meet 

growing electricity demand and the need to comply with policies that require the use of 

renewable energy (e.g., renewable portfolio standards). The two main technologies used to 

generate solar power are concentrated-solar power and photovoltaic systems. Photovoltaic 

(PV) systems can be further divided into residential and utility-scale systems. Residential 

systems are typically installed on the roofs of houses and are partly incentivized by net 

metering, which allows homeowners to sell excess electricity back to the grid. In contrast, 

utility scale PV systems are built in large arrays on the ground and generate power directly 

for the grid. The focus of this paper is on utility-scale photovoltaic systems and the siting of 

these facilities. 

Siting is a crucial component of developing distributed energy resources such as 

solar and wind and there are some siting considerations that are common to all energy 

generation projects. These aspects include things like maximizing energy output, proximity 

to electrical infrastructure, ecological impacts, and permitting issues. For solar in particular, 

factors involving insolation and solar technology can also affect siting. Solar panels are 

either composed of monocrystalline or polycrystalline cells [1]. Monocrystalline panels are 

made up of one crystal, which is cut into a square and sliced into wafers. Polycrystalline 

cells are comprised of molten silicon and the panels have a multifaceted surface that 

enables them to perform better when the sun’s rays are weaker. These cells are most 

effective when placed facing south in the Northern hemisphere, and facing north in the 

Southern hemisphere. Also, fixing solar panels in one position is currently standard practice, 

but having panels that rotate to track the sun may become increasingly used [2].  

The objective of our analysis is to develop a GIS model to identify lands throughout 

North Carolina that are potentially suitable for solar farms and assess how siting criteria 

affect land availability. The criteria the model considers include physical requirements of 

land, land-use restrictions, and electrical-infrastructure requirements. In the following, we 
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first provide an overview of trends in the solar industry, followed by a look at trends in North 

Carolina. The next section discusses the importance of siting utility PV projects as well as 

siting criteria used in published studies and by a North Carolina solar developer. The 

methods section describes where we obtained our data and each step of our model. 

Results of our model for Durham County and the entire state are presented next. Lastly, we 

discuss the implications of our findings and potential future research. 

  

Solar Energy Trends 
Currently, solar makes up a small proportion of all energy sources used to generate 

electricity in the United States. As shown in Figure 1, coal and natural gas provided about 

64% of the United State’s electricity generation in 2016 while renewables constituted 15% 

[3]. Of renewable sources, hydropower provided the most, followed by wind, and then solar 

[3]. Specifically, solar provided 0.9% of the total U.S. electricity generation in 2016 [3].  

 
Figure 1: U.S. electricity generation in 2016 by energy source (data source: [3]).  

 

 Despite this currently small contribution, solar is quickly increasing in significance. 

Solar-power installations in the United States have grown extraordinarily over the last fifteen 

years, driven by declining technology costs and governmental policies. The federal solar 

Investment Tax Credit (ITC), part of the Energy Policy Act of 2005, has been one key policy 
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[4]. The ITC provides a 30% tax credit to investors when financing residential, commercial, 

and utility solar projects [4]. In 2008, the ITC was expanded and extended, which spurred 

significant growth in solar installations. Figure 2 illustrates this growth, along with a 

projection for future trends up to 2022 [5]. Besides policies like the ITC, declining capital 

costs are also driving solar’s growth. Costs to install solar have decreased by more than 

60% since 2009 and Figure 3 illustrates the inverse relationship between cost and solar 

installations [5]. 

 

 
Figure 2: Annual U.S. solar installations (data source: [5]). 
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Figure 3: Solar installations versus costs (data source: [3]). 

 

Utility Solar in North Carolina 
North Carolina currently ranks second in the nation for installed solar capacity, one 

spot behind California [6]. In addition to the nationwide policies and declining costs as 

discussed above, solar growth in North Carolina is also driven by the state’s Renewable 

Portfolio Standard (RPS). North Carolina is the first state in the Southeast to have an RPS 

and this policy requires utilities to generate 12.5% of their electricity from renewable 

resources by 2020 [7]. This RPS also has a solar carve-out that requires 0.2% of the state’s 

electricity to be generated from solar [8]. This RPS was introduced in 2007 and Figure 4 

shows the generating sources for the state as of 2016. 
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Figure 4: North Carolina electricity generation in 2016 (data source: [9]). 

 
 As of February 2017, there are approximately 3,016 megawatts of solar photovoltaic 

systems installed in North Carolina [6]. Utility scale solar has always dominated residential 

and commercial solar in the state and Figure 5 shows this trend is expected to continue in 

upcoming years [6]. 
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Figure 5: Annual solar installations in North Carolina (data source: [4]). 

 

 One benefit of solar in North Carolina is that it provides a growing source of 

employment. In 2015, the solar industry added 3,000 jobs to the state, which comprises 

approximately 20% of all North Carolina’s clean energy jobs [10][11]. Overall, North 

Carolina’s solar industry is comprised of 211 companies, of which 38 are manufacturers, 

100 are installers and developers, and 73 are other types of companies [6].  

 While current rates of growth make the future of solar in North Carolina seem 

promising, there has been some pushback from legislators and utilities. In May 2016, 

Senator Bill Cook of Beaufort County sponsored Senate Bill 843, which would require wind 

and solar farms to be built at least 1.5 miles away from property lines. This bill was 

proposed in response to his constituents’ complaints about the safety and aesthetics of the 

Amazon Wind project—the first large-scale wind farm in the state [12]. Also, in November 

2016, Duke Energy proposed changes to the process it uses to develop contracts with solar 

developers. Currently, solar developers have control in the siting process and often chose 

locations that are not ideal for Duke Energy to integrate these systems into the grid. Solar 
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developers prefer flat and inexpensive farmland, however, this land may not be near areas 

of electricity demand. Also, because solar is an intermittent resource, it can be a challenge 

to predict the amount of power it will generate daily and integrate this with generation from 

coal and nuclear plants. Moreover, as more solar power is connected to the grid, this 

challenge increases. In response to these challenges, Duke Energy has proposed reducing 

the size of solar projects and shortening contract lengths with developers [13]. Lastly, in 

February 2017, Currituck County imposed a ban on solar developments. Residents in this 

county are concerned about the aesthetics of solar projects and the loss of agricultural 

lands to solar development. However, some in the county support solar and point to its 

benefits of being a source of employment, income for land owners, and tax revenue [14].  

 

Our Study and its Contribution 
 As the use of utility PV solar grows, especially in North Carolina, the need to find the 

best locations for solar farms will increase as well. Overall, optimally siting PV farms is 

important for maximizing beneficial characteristics of projects while minimizing negative 

ones—both of which will facilitate the growth of utility solar. Our study develops a method to 

utilize GIS to identify lands throughout North Carolina that are potentially suitable for utility 

PV projects and assesses how siting criteria affect land availability. We also determine an 

upper-bound for the amount of electricity generation possible from utility PV in North 

Carolina based on the amount of viable land we identify. We conduct our analysis by first 

identifying criteria important for siting utility PV projects, such as land-cover, slope, and 

proximity to electrical substations. We then assess how the step-wise accumulation of these 

criteria—from most to least stringent—reduces the availability of suitable land across the 

state.  

While a number of studies have used GIS to site utility solar, we are not aware of 

any that have analyzed how the stepwise accumulation of individual criteria restricts the 

quantity of suitable land. In addition, we are aware of only one study that has quantified the 

potential for utility solar across North Carolina [15]. However, this study restricted its focus 

to a small fraction of potential land by only evaluating barren lands and it also used different 

siting criteria and GIS methods [15]. With North Carolina being a leading state in installing 

utility PV, our analysis provides a timely assessment of state-specific siting constraints, 
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identifies promising project locations, and quantifies the state’s theoretical potential for this 

power source. Overall, our analysis seeks to contribute towards optimizing the siting of solar 

projects in North Carolina and beyond to foster the growth of utility PV while minimizing 

adverse impacts. As part of this goal, we present our methodology with the intent that 

others may apply it to their own regions of interest. 
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Siting Utility PV 
 

The Importance of Siting 
Optimally siting utility PV projects is important to minimize projects’ risks and 

negative impacts as well as to maximize beneficial aspects. Specifically, optimal siting can 

maximize power generation while minimizing costs, environmental impacts, and social 

opposition (e.g., not-in-my-backyard sentiments) [16]. Siting can also expedite permitting by 

allowing developers to identify locations that may be pre-screened by regulators or need 

less review compared to other locations [17]. Streamlining and optimizing siting may also 

have a potential to produce significant cost savings for PV projects because their soft costs, 

such as permitting, may be greater than their hardware costs [16]. Overall, the better siting 

can be done, the more it will facilitate the development of utility PV projects and the use of 

this renewable energy source [16].  

Examples of solar siting problems can help demonstrate its importance. One 

example is the Ivanpah System in Nipon, California [18]. This system is a $2.2 billion dollar 

concentrated-solar-power project completed in 2013 [19]. While this technology is different 

than the photovoltaic systems we focus on, siting issues are similar for both. This project 

was built on land occupied by the desert tortoise, an animal protected under the 

Endangered Species Act [18]. Once construction began, significantly more tortoises were 

found than expected [18]. This caused construction to be halted and forced the project to be 

redesigned, which reduced its power output by ten percent [18]. Ultimately, it cost $56 

million to relocate the tortoises and ensure they were not harmed [18]. A second example is 

a planned PV farm in New Jersey. The amusement park company, Six Flags, recently 

proposed building a PV system in a forested area next to their park [20]. This project would 

supply almost all the electricity the park uses; however, it would also involve clearing 

approximately 90 acres containing 15,000 trees [20]. The surrounding community has 

rallied against this project due to concerns about impacts to property values, flooding risks, 

bald eagle habitat, and the loss of open-space [20][21]. Multiple conservation groups are 

currently suing Six Flags over this project, leaving it stalled in court [20]. 
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While solar power has a number of benefits, as the examples above illustrate, utility 

PV projects can have negative impacts. These impacts can occur throughout a project’s life-

span—from construction, to operation, and to after being decommissioned [22]. Ecological 

effects are one of the greatest areas of impact. Projects can harm biodiversity by destroying 

habitat by clearing vegetation at project sites and in connecting transmission corridors [22]. 

Projects can also have regional ecological impacts by causing habitat fragmentation that 

hinders species movement and isolates populations [22]. Besides ecological effects, 

projects can have undesirable social impacts. Visual disturbances caused by projects can 

easily evoke public opposition—particularly if systems are sited near peoples’ houses and 

may reduce their property values [21][23]. Additionally, projects that clear vegetation can 

also provoke social opposition and cause watershed impacts, such as increasing flooding 

risks [21][24]. Lastly, another concern is projects may lead to a loss of valuable types of 

land, like agricultural areas [25]. 

 

Siting on Degraded Lands and Other Innovative Approaches 
 While solar projects can have negative impacts, careful siting can often identify 

sufficient land to achieve solar-energy production targets without causing significant impacts 

[25]. For example, one study in California identified sufficient land to fulfill the state’s solar-

energy goals for both PV and concentrated solar power with minimal associated ecological 

impacts [17]. In general, one of the best ways to minimize impacts is to site projects on 

marginal or degraded lands. These lands are typically defined as areas not suitable for 

agriculture and which do not have high conservation value [26]. Examples of these lands 

include brownfields, closed landfills, abandoned mine lands, and unproductive farm land 

[26]. Also, marginal lands are often easier to identify than lands with high conservation 

value, and for which building on may require expensive impact assessments and mitigation 

and evoke opposition from conservationists [17]. While clearly identifiable areas like nature 

preserves are easy to avoid, the ecological value of other lands is often unclear without field 

surveys or expert analysis [17]. However, the more degraded land is, the less likely it will 

have high conservation value [17]. Overall, there is a significant alignment of interests for 

solar developers and conservationists: both want projects close to roads, existing 

transmission infrastructure, and are interested in using degraded lands to ease permitting 
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and reduce potential conflicts [17]. Degraded lands are also promising areas for regulators 

to allow streamlined permitting and impact assessments [17]. 

 As part of reducing project impacts, a number of innovative approaches have 

identified ways to site solar to minimize impacts while providing additional benefits. In 

Gujarat, India, an irrigation canal was covered with 11 megawatts of solar panels, which 

besides generating electricity, also help reduce evaporation from the canal [22][27]. PV 

systems have also been integrated into infrastructure such as noise barriers along roads 

[22]. In California’s San Joaquin Valley, 2.4 gigawatts of solar are planned on former 

agricultural lands that have become contaminated with salt [22]. This project has 

widespread stakeholder support because it has minimal land-use impacts and it frees up 

water for other nearby farms [22]. Lastly, the EPA has a program, RE-Powering America’s 

Land, which fosters renewable energy projects on unused degraded lands such as 

brownfields, closed landfills, superfund sites, and abandoned mine lands [26][28].  

 

Siting with GIS 
Geographical information systems (GIS) are a key tool for analyzing multiple 

geographic criteria and are commonly used for siting energy projects including solar, wind, 

and tidal power facilities [17]. One way GIS can be used is to identify locations across a 

region from which the most promising ones can be chosen for more expensive and 

intensive reviews such as transmission interconnection studies, environmental 

assessments, and public engagement [16]. Several web-based GIS tools are available for 

performing these regional analyses and are intended to assist solar developers, land 

managers, and regulatory authorities in site selection and planning [16]. These websites 

can ease the challenge of conducting siting analyses by providing an expert-identified list of 

siting criteria, serving as an extensive source of compiled siting data, and allowing users 

with minimal GIS skills to perform analyses. Some of these most prominent web-based 

tools include: 

• The Solar Energy Environmental Mapper (http://solarmapper.anl.gov) 

• PVMapper (http://pvmapper.org) 

• The Eastern Interconnection States Planning Commission Energy Zones Mapping 

Tool (https://eispctools.anl.gov) [16][29] 
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In addition to these online tools, numerous studies have researched ways to use GIS 

in solar siting. These studies can generally be divided into two approaches. The first, a 

constraint only approach, uses siting criteria in a Boolean fashion to exclude non-viable 

areas [15][17]. The second approach uses multi-criteria decision analysis to score land from 

worst to best based on its suitability [17][29]. Additionally, some studies use a combination 

of these approaches [16][30]. Results from these studies are most commonly used to 

identify the best locations for projects and to quantify the amount of suitable land available, 

but studies have also compared where suitable areas are to where existing projects are 

located or where policy incentives are most favorable [30].  

Studies using GIS to analyze solar project siting consider a number of criteria. These 

criteria include physical requirements of land, environmental considerations, land-use 

restrictions, social considerations, and electrical-infrastructure requirements [16]. For 

studies doing constraint only analyses, researchers determine cutoff values for siting criteria 

based on literature reviews, expert opinion, or their own judgement. Similarly, for studies 

using multi-criteria decision analysis, instead of using a single cutoff value, researchers 

frequently classify particular criteria into multiple ranges based on suitability (e.g., defining a 

slope below 2% as most suitable, between 2 – 15 % as moderately suitable, and above 

15% as least suitable). Besides using literature or expert opinions to evaluate criteria, one 

study in the southwestern U.S. used values based on the characteristics of 100 existing 

solar projects in the area, using the 85th percentile of different criteria as cutoff values [16]. 

Table 1 lists criteria considered by various studies and details on common criteria are 

further described below: 

• Insolation: This is the amount of solar radiation an area on the Earth’s surface 

receives, typically in kWh/m2 or Btu/ft2 [15]. Insolation can significantly affect the 

power generated from a solar project. For example, a project in the southwestern 

U.S. can generate twice as much electricity as one in the northeast [31]. Generally, 

as insolation increases, the per-kilowatt-hour cost of a project decreases [32]. 

• Slope & Aspect: In general, flat land is most suitable for solar sites [16][33]. Steep 

slopes make construction difficult and more expensive [16][33]. For steep slopes, 

unless they are orientated to the south, the can also cause poor sun exposure and 

panel shading [16]. When the slope of land is high (between 2.5 to 15%), southern 
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aspects are the best, followed by south-western and then south-eastern ones [33]. In 

the literature, there is a wide variation of slope values considered suitable for solar: 

various studies restricted slopes to below 3% [34][35], 5% [17], or 15% [15][30]. 

• Land Use & Land Cover: The types of land use and land cover (LULC) that were 

classified as acceptable varied among studies. Considerations studies used included 

focusing on barren and agricultural lands [35], not using lands that have already 

been built on [36][37], and avoiding areas with vegetation [37]. 

• Roads: Access to project sites by roads is important for both construction and 

maintenance [30]. Because roads are expensive to build, selecting sites closer to 

roads is cheaper and can minimize the environmental impacts associated with 

building new roads [16][33]. 

• Electrical Infrastructure: The proximity to powerlines was considered by a 

moderate number of studies. The closer projects can be to existing power lines, the 

cheaper it will be to connect to the grid and the lower line-loss and transmission 

expenses will be [30][38]. While proximity to electrical-substations is important, it 

was mentioned by only two of the twelve studies we looked at [36][32].  

• Proximity to Electricity Demand: A number of studies considered sites closer to 

areas of high electricity demand (i.e., cities) to be more desirable because they 

minimized the distance electricity would have to travel and associated line-loss and 

transmission expenses [37][38][32][33][34]. 

• Proximity to Residential Areas: While some studies considered it desirable for 

projects to be close to urban areas with high demand for electricity, others 

considered it undesirable for projects to be too close to areas with high populations, 

especially residential areas [37][35][36][30]. The main reasons for this concern were 

the increased potential for not-in-my-backyard (NIMBY) opposition and the possibility 

of impeding urban growth [37][35][36][30].  

• Inundated Lands: Multiple studies excluded projects from being built in inundated 

areas like wetlands, floodplains, and streams [38][36][30]. While it may be possible 

to alter these lands to make them suitable for solar farms, the costs would be 

unfeasible. 
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Table 1: Utility PV siting criteria used by 12 GIS studies. 
Criteria # of Studies Studies 

Slope/Aspect 
10 

[38], [32], [15], [16], [33], [30], [17], 

[34], [35], [36] 

Insolation 
10 

[30], [37], [38], [32], [16], [15], [31], 

[36], [33], [34] 

Land Use / Land Cover 
10 

[37], [38], [16], [35], [36], [37], [33], 

[34], [32], [15] 

Proximity to Roads 
8 

[37], [38], [32], [16], [33], [30], [35], 

[36] 

Proximity to Powerlines  6 [30], [38], [16], [35], [36], [37] 

Sensitive/Protected 

Environmental Areas 6 [38], [32], [36], [30], [34], [15] 

Cultural Sites 5 [38], [32], [16], [36], [34] 

Temperature 5 [37], [32], [36], [33], [34] 

Proximity to Urban Load 

Centers 5 [37], [38], [32], [33], [34] 

Not Too Close to Residential 

Areas 4 [37], [35], [36], [30]  

Floodplain/Streams/Wetlands/

Waterbodies 4 [38], [36], [30], [32] 

Proximity to Substations 2 [32], [36] 

Visual Impacts 2 [32], [36] 

Minimum Parcel Area 2 [15], [36] 

Dams 1 [38] 

Low dust 1 [38] 

Not High Value Agricultural 

Land 1 [34]  

Water Availability 1 [16] 

Ecological Disturbance 1 [17] 
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Solar Siting in North Carolina 
 Besides reviewing the literature on siting utility solar, we also talked with a solar 

developer in North Carolina, Cullen Morris, to determine important aspects of siting utility 

PV systems in the state [39]. Morris, Principal for a North Carolina solar development 

company, has helped develop more than 70 solar farms in the state [40]. Overall, Morris 

said that for North Carolina solar developers, siting is more an issue of electric infrastructure 

and political factors than anything else. Below is a list of important criteria Morris looks for 

when siting projects: 

• Proximity to Electrical Infrastructure: In North Carolina the biggest factor in siting 

solar farms is the proximity to adequate electrical infrastructure. First, a solar farm 

needs to be adjacent to three-phase powerlines, which must have wires large 

enough to conduct the system’s electricity. Second, solar farms must be within 2 – 3 

circuit-miles of a substation that has the capacity to accept additional electricity. 

Also, the utility that owns a particular substation plays a role in determining if a solar 

farm can plug into it. In North Carolina, there is a formal process for connecting to a 

substation that involves the utility conducting a study on the impact the project will 

have on the grid. There is currently a backlog of 6 -7 gigawatts of proposed PV 

projects waiting on these studies. Duke and Progress Energy publish the current 

status of this project queue, which shows how many projects are in line for each 

substation. When a new solar farm is proposed, it must take its place at the end of 

the line for a particular substation. Overall, utilities in North Carolina have different 

views on connecting third-party solar farms to the grid and they may not be eager to 

connect these projects without an incentive to do so. 

• Zoning: This is one of the biggest challenges for solar developers. Because zoning 

is a public process and decision makers are locally elected, it is often unpredictable. 

In general, solar is usually allowed in agricultural and industrial districts, and 

sometimes in residential ones. Projects are also more likely to be successful if they 

do not visually impact people nearby. To express this sentiment, Morris stated, 

“Everyone is in favor of solar if it is not right in their face” [39]. Also, lands for solar 

farms need to generally be of low value. Solar can compete with agriculture, but not 

with commercially valuable sites like potential locations for big-box stores.  
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• Slope and Aspect: Sites should be flat or moderately sloped (less than 10%). For 

sites that are sloped, they need to be south facing. 

• Floodplains and Wetlands: It is not legal to build in the 100-year flood plain in 

North Carolina. Also, wetlands are not feasible to build on because doing so would 

require high construction and mitigation costs. 

• Parcel Size: To accommodate a solar farm, sites should be on land parcels that are 

at least 30 acres. 

• Vegetation: While building on clear land is ideal, in North Carolina, it is economically 

viable to clear forests and other vegetation to build solar farms. One exception to this 

is lands where valuable hardwood trees are grown.  

In comparing the siting criteria important to a North Carolina solar developer and 

those in the literature, there are both similarities and differences. The criteria that are the 

biggest issues to the solar developer, electrical infrastructure and zoning, were not main 

considerations in the literature. Specifically, only half the studies we looked at considered 

proximity to powerlines in their analyses, and only ten percent considered substations. 

Moreover, while many studies considered land-use and protected areas—which incorporate 

aspects of zoning—none directly used municipal zoning information. Perhaps these 

differences are due to the academic literature being more theoretically focused while the 

solar developer’s focus is more pragmatic. Also, these studies were located all over the 

world, so some differences could be due to geographic variations. Despite these 

differences, there were also similarities. In particular, criteria like slope, aspect, floodplains, 

and wetlands were important to both.  

 

  

 

 

 

 

  



   
 

  23 
 

Methods  
 

Choosing Siting Criteria 
 After reviewing the literature and interviewing a solar developer, we chose seven 

criteria to use for our analysis, which are listed in Table 2. The criteria we chose were based 

largely on those used by the solar developer we talked to [39]. We decided to follow 

Morris’s criteria because he does solar siting regularly for his job and is therefore a 

knowledgeable and reliable source of information. We also followed his criteria because 

they are ones used specifically in North Carolina. 

 

Table 2: Siting criteria used for our analysis. 
Step Criteria 

0 Total study area 
1 Not in 100-year floodplain 
2 Not in wetland 
3 Slope < 2.5 or 2.5 to 10 and south facing 
4 Suitable land-use-land-cover 
5 Not in protected areas 
6 Within 3 miles of a substation 
7 Parcel size > 30 acres 

 

 There are other criteria we did not include in our analysis but that are relevant to 

solar siting. The most important criterion we did not include is proximity to power lines. 

While Morris said the proximity to three-phase power lines is critical for siting solar systems, 

GIS data on the locations of power lines is not easily available. In particular, obtaining this 

data both costs money and requires a security clearance. Due to these challenges, we did 

not use power lines as a criterion. However, we were able to obtain data on electrical 

substations and, in addition to serving as a criterion in their own right, we believe 

substations also serve as a decent proxy for power lines. Specifically, wherever substations 

are located, power lines will be present as well. Another criterion we did not include was 

insolation. While insolation was one of the most common factors identified in the literature, 

we assumed insolation would be sufficient throughout the state because the variation of 



   
 

  24 
 

latitude across North Carolina is relatively small. Also, due to time constraints, we did not 

include criteria for zoning and roads. Zoning data in particular would likely have been 

challenging to obtain for the entire state since zoning occurs at the municipal level. While 

including these criteria would have been beneficial, we do not believe they would have 

substantially changed our results. For example, if a project is located near a substation, it 

will also be near roads. Overall, an opportunity for future work would be to incorporate these 

and perhaps other criteria into our analysis. 

 

Overall Process 
 With our criteria selected, we first performed our analysis for Durham County and 

then expanded it to the whole of North Carolina. Our analysis consisted of filtering land in a 

stepwise process of adding criteria one at a time until all were included. Doing this allowed 

us to determine the reduction in available land at each step and to produce a final result 

identifying lands that met all our criteria. We chose the order for evaluating criteria based on 

putting physical constraints first and then things that may be more policy related, such as 

substations and land parcel boundaries, last. Using this approach allows us to first see how 

much land is suitable for solar based on fundamental physical constraints and then see how 

other more policy-related criteria affect land availability—and which could perhaps be 

changed if desired.  

 In approaching this analysis, we wanted it to be replicable elsewhere in the world, 

should the geospatial data be available. To that end, we used publicly available data that 

can at least be found for most parts of the U.S. We did need to manipulate some of our 

layers to suit our needs, but those steps are described below. Generally, we hope anyone 

looking to recreate this analysis for a different region should be able to do so without too 

much difficulty. 

 

Data Sources and Preparation 
 Our analysis relied on geospatial data consisting of shapefiles, feature datasets, and 

rasters. All of our data was cropped to the extent of the state. We also projected our data 

into the North Carolina State Plane FIPS 3200 projection to ensure the accuracy of area 

calculations [41]. The data sources used in our analysis are listed in Table 3. 



   
 

  25 
 

 

Table 3: List of criteria used and associated datasets. 
Step Criteria Provider Dataset Website 

0 Total study area  U.S. Census Bureau   States [42] https://www.census.
gov/geo/maps-
data/data/tiger-
line.html  

1 Not in 100-year 
floodplain 

Federal Emergency 
Management 
Agency 

National Flood 
Hazard Layer [43] 

https://data.femadata
.com/FIMA/Risk_M
AP/NFHL/  

2 Not in wetland U.S. Fish & 
Wildlife Service 

National Wetland 
Inventory [44] 

https://www.fws.gov
/wetlands/Data/State
-Downloads.html  

3 Slope < 2.5 or 2.5 to 
10 and south facing 

North Carolina 
State University 

nc_20ft_grid.zip [45] http://geodata.lib.ncs
u.edu/NcElev/  

4 Suitable land-use-
land-cover 

U.S. Geological 
Survey 

National Land Cover 
Database [46] 

https://viewer.nation
almap.gov/basic/  

5 Not in protected 
areas 

Multiple sources see Table 4 see Table 4 

6 Within 3 miles of a 
substation 

Open Street Map; 
NC One Map 

substation locations  
[47]; NC Parcel 
Boundaries and 
Standard Fields [48] 

http://www.openstre
etmap.org/; 
http://www.nconema
p.com  

7 Parcel size > 30 
acres 

NC One Map 
  

NC Parcel 
Boundaries and 
Standard Fields 
(NC_Parcels_fgdb.zi
p) [48] 

http://www.nconema
p.com  

 

We obtained 100-year floodplain data from the Federal Emergency Management 

Agency’s National Flood Hazard dataset [43]. We created a layer from this dataset by 

selecting areas in the 100-year floodplain. Wetland information came from the U.S. Fish and 

Wildlife Service’s National Wetlands Inventory [44].  

For the slope and aspect criterion, we assumed that the solar panels are fixed on 

their mounting and must therefore be built facing south to capture as much sunlight as 

possible. To determine slope and aspect, we used a Digital Elevation Model (DEM), which 

provided elevations in 20 x 20 feet pixels across the whole state [45]. To reduce the size of 

this file and make it easier to process, we resampled the DEM to have a pixel size of 

approximately 25 x 25 meters. From this data, we calculated the slope and aspect of each 
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pixel using the elevation of neighboring pixels. We then identified suitable areas where the 

slope is either under 2.5 degrees, or between 2.5 to 10 degrees and south, south-west, or 

south-east facing. 

 

Table 4: Lands and data sources used for protected areas criterion. 
  Exclusion Areas Provider Dataset Website 
1 Federal Wilderness 

Areas 
Wilderness.net Wilderness Boundary 

Data [49]  
http://www.wilderness
.net/nwps/geography    

2 U.S. Fish & 
Wildlife Service 
Lands 

U.S. Fish & 
Wildlife Service 

National Wildlife Refuge 
System (NWRS) 
Boundary Data [50] 

https://www.fws.gov/g
is/data/national/  

3 Endangered 
Species Act 
Critical Habitat 

U.S. Fish & 
Wildlife Service 

FWS Critical Habitat for 
Threatened and 
Endangered Species 
Dataset [51] 

https://catalog.data.go
v/dataset/fws-critical-
habitat-for-threatened-
and-endangered-
species-datasetf6b00  

4 Conservation 
Easements 

National 
Conservation 
Easement Database 

NCED [52] http://conservationeas
ement.us  

5 NC State Parks and 
other State owned 
natural areas 

NC One Map Managed Areas in North 
Carolina [53] 

http://data.nconemap.g
ov/  

6 National Parks 
Service Lands 

National Parks 
Service 

Administrative 
Boundaries of National 
Park System Units 
3/31/2017 [54] 

https://irma.nps.gov/D
ataStore/Reference/Pr
ofile/2224545?lnv=Tr
ue  

7 Lands in Protected 
Areas Database 

U.S. Geological 
Survey 

PAD-US [55] https://gapanalysis.usg
s.gov/padus/data/  

8 Dedicated Nature 
Preserves  

North Carolina 
Natural Heritage 
Program 

Dedicated Nature 
Preserves (DNP) [56] 

https://ncnhde.natures
erve.org/content/data-
download  

9 Historical Areas North Carolina 
State Historic 
Preservation Office 

NCHPO_GISdata_2017-
04-03.zip [57] 

http://www.hpo.ncdcr.
gov/gis/CountyDisclai
mers.html#DataDownl
oad 

 

For step 4, to find land-use-land-cover types suitable for construction, we used the 

National Land Cover Map created by the U.S. Geological Survey [46]. This dataset 

classifies 30 x 30 meter areas of land based on land-use-land-cover. We labeled as suitable 

lands areas that were classified as open fields or pastures and unsuitable lands as areas 

with buildings or other land types where construction would prove difficult. All areas with 
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tree cover were labeled separately to serve in a sensitivity analysis on the effects of 

allowing solar to be sited in areas with trees, which is discussed in more detail later. 

 For step 5, we created a layer of environmentally sensitive areas and other restricted 

lands that needed to be removed from consideration and which are shown in Table 4. 

These areas represent lands where environmental concerns or governmental regulations 

would make construction difficult, if not impossible. To create this layer, we merged all of 

these various areas into one layer.  

 For step 6, we used two data sources to create a layer of substation locations. One 

source of data came from Open Street Map which has 1,111 substations marked in North 

Carolina [47]. We also looked for substations by identifying land parcels owned by the 

state’s electric utilities (using the same land-parcel data as in step 7 [48]). After we found 

land parcels owned by electric utilities, we manually looked at satellite imagery for each 

parcel to determine if it was a substation. Based on both these sources, we ultimately 

identified 1,688 substations across the state. We also estimate in reality there may be 

closer to 1,807 substations. This estimate is based on the percent of substations we 

identified from our parcel search that were missing from the Open Street Map data. 

Specifically, our substation search using parcel data identified 1,498 substations and was 

missing 17.1% of the substations in Open Street Map. Assuming the Open Street Map 

substations are a random sample of all substations in NC (which may not be entirely 

accurate) we can estimate this search was missing 17.1% of all the substations in North 

Carolina. Thus, we can approximate the true number of substations as shown in Equation 1. 

 

Equation 1: Estimating the true number of substations in North Carolina. 
𝑎𝑙𝑙	𝑠𝑢𝑏𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 − 𝑎𝑙𝑙	𝑠𝑢𝑏𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 ∗ 17.1%	 = 𝑠𝑢𝑏𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠	𝑓𝑟𝑜𝑚	𝑝𝑎𝑟𝑐𝑒𝑙	𝑠𝑒𝑎𝑟𝑐ℎ 

	𝑎𝑙𝑙	𝑠𝑢𝑏𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 ∗ 100% − 17.1% = 1,498 

𝑎𝑙𝑙	𝑠𝑢𝑏𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 = 1,807 

 

Lastly, for step 7, we used tax parcel information obtained from the State of North 

Carolina, which created this data with an EPA grant [48]. This data includes all property 

boundaries in the state, their owner, their assessed value, as well other factors less relevant 
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to our study. We used this information to segment suitable lands by ownership in order to 

identify land parcels that had at least 30 acres of viable land.  

 

GIS Modeling 
To perform our analysis, we created an automated model using Model Builder in 

ArcMap 10.4.1. The Python script of our model is provided in Appendix A. As the model 

progresses through each siting criterion, it primarily uses the Erase and Clip tools to retain 

suitable lands from the total amount of land in our study area. After running through all our 

criteria, the model’s final output is a layer of all lands suitable for solar PV construction. 

 Our first few steps were straightforward disqualification of land based on physical 

criteria. We first removed lands in floodplains, wetlands, and areas with greater than 10% 

slope and non-south facing 2.5-10% slope. We then hit a split point when ruling out non-

viable land-use-land-cover. We were interested in determining the sensitivity of ruling out all 

forested land from our analysis. Our thinking was that trees can be cleared, but doing so 

could incur additional expenses, evoke social opposition, and cause environmental harm. 

As mentioned above, we classified lands into three categories based on land-use-land-

cover data: non-viable, viable, and viable with tree cutting. For lands that met our prior 

criteria, in one analysis we only kept areas that did not have trees present, while in a 

second, we retained areas with trees. Regardless of the specific option taken, we next 

removed land in protected and environmentally sensitive areas. We then split the remaining 

area according to tax parcel boundaries. Disjointed slivers of viable land falling within the 

same parcel were grouped together, while continuous land falling into multiple parcels was 

split. We then removed all parcels with viable land that did not have at least a part of their 

boundary within 3-miles of a substation. Finally, we computed how much viable area was 

contained within each parcel, and filtered out parcels with less than 30 acres of suitable 

land. This ensured that if a parcel is purchased, it would have at least 30 viable acres to 

build on. This left us with our end result, a list of tax parcels that each contain 30 or more 

acres of suitable land for constructing solar farms.  
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Results 
 

Durham County 
 For demonstration purposes, we first ran our model on Durham County because it is 

smaller in scope than the entire state and allows a more detailed depiction of our results. A 

key finding for Durham County was that land-use-land-cover and parcel size were the most 

significant criteria for determining available lands. Our model’s output, shown in Figure 6, 

consists of seven layers showing how viable areas for solar farms shrink through the 

cumulative addition of individual criteria. As can be seen, the final area is very limited (only 

35 parcels remain after step 7). Also, Table 5 outlines each step of our analysis. 

 

 
Figure 6: Stepwise reduction in viable land for solar farms in Durham County (without-trees 

scenario).  
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Table 5: Summary of steps in analysis. 
Steps Description 

Step 0 Full study area 

Step 1  100-year floodplain excluded 

Step 2 Wetlands excluded 

Step 3 Lands with unsuitable slope and aspect excluded 

Step 4 Unsuitable land-use-land-cover excluded 

Step 5 Protected areas excluded 

Step 6 Lands more than 3-mile from substations excluded 

Step 7 Lands on parcels < 30 acres excluded  

 

 To examine which criteria cause significant reductions in viable land, we calculated 

the percent of land reduced from one step to the next. These results are shown in Table 6. 

We calculated the percentage change as the area reduced in one step relative to the 

remaining area from the previous one. This relative metric is more robust than the absolute 

stepwise area reduction, which is sensitive to the order criteria are applied in the model. For 

instance, in Table 6, the absolute acreage change from the wetland criterion is greater than 

the substation criterion. However, if we had used substations in the second step, it would 

have reduced more acreage than wetlands. Using the percentage change relative to the last 

step resolves this problem and results in the percentage change of the substation criterion 

being significantly greater than the wetland criterion one. Based on these percentages in 

Table 6, we found that land-use-land-cover and parcel size removed a significant amount of 

lands relative to their previous steps. Figure 7 further illustrates the large percentage 

reduction from these steps—which both exceed 80%—while the other steps are all below 

50%.  
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Table 6: Stepwise area changes for Durham County (without-trees scenario). 
Durham County   

Criteria (Steps) 
Remaining Acreage 

After this Step  

Acreage Change 

in this Step 

Percentage Change 

by Last Step 

Full county 190,619 NA NA 

Floodplains 162,936          27,684  14.52% 

Wetlands 159,762            3,210  1.95% 

Slope & Aspect 96,579          63,147  39.55% 

LULC 17,112          79,467  82.28% 

Protected areas 15,104            2,008  11.74% 

Substations 12,513            2,591  17.15% 

Parcel size greater than 30 acre 1,671          10,841  86.64% 

   

 
Figure 7: Stepwise area change chart for Durham County (without-trees scenario). 

 

 To assess the sensitivity of our results to allowing solar farms to be built on lands 

with trees, we reran the model with areas with trees included as suitable land cover in step 

4. If areas with trees are considered potentially viable, our model found there would be six 
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times as much available land in Durham County for solar farms. Table 7 enumerates these 

results and shows that by including areas with trees, land shrinkage from the land-use-land-

cover criterion decreased from 82% to 43%. Also, from Map 1 and Map 2 in Figure 8, we 

can see a clear increase in viable land by including areas with trees. In Map 3, we zoom in 

to a certain area, which is dominated by yellow forested lands, while the without-trees viable 

lands (in green) only account for a small proportion of this area.  

 

Table 7: Comparison of area changes between with-trees and without-trees scenarios. 

Criteria (steps) Without Trees 
Percentage Change 

by Last Step 
With Trees 

Percentage Change 

by Last Step 

Full county 190,619.62  190,619.62  

Floodplains 162,936.36 14.52% 162,936.36 14.52% 

Wetlands 159,762.12 1.95% 159,762.12 1.95% 

Slope & Aspect 96,579.15 39.55% 96,579.15 39.55% 

LULC 17,112.57 82.28% 54,643.90 43.42% 

Protected areas 15,104.07 11.74% 44,736.46 18.13% 

Substations 12,513.16 17.15% 39,377.77 11.98% 

Parcel size greater than 30 acres 1,671.95 86.64% 9,591.19 75.64% 
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Figure 8: Forested areas not included (Map 1), forested areas included (Map 2), and 

comparison map in a selected region (Map 3) [58].  
 

 As mentioned above, the criterion requiring parcels to be greater than 30 acres 

significantly restricted viable lands. A closer analysis reveals this criterion—as we 

intended—disqualifies patches of otherwise viable land that cross multiple parcels. Figure 8 

illustrates this phenomenon. The yellow area in the figure is the viable land after step 6 and 

is 70 acres. However, 21 parcels divide this area, making the amount of viable land in each 

parcel less than 30 acres. Thus, all the yellow area does not meet the parcel criteria and 

does not qualify as viable lands. From the aerial photo on the right, we can see a large area 

of cleared land suitable for siting solar, but the 30-acre parcel criterion excludes this region. 

While this last criterion might be overly conservative, it at least guarantees the solar siting 
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process only requires interacting with a single landowner, which would reduce transaction 

costs in practice.  

 

 
Figure 9: Parcel boundaries overlain on contiguous viable lands identified from step 6 [58]. 

  

North Carolina 
 After analyzing Durham County, we ran our model on the entire state. We still broke 

our model into two parts based on including or excluding forested areas (the with-trees and 

without-trees scenarios). Maps displaying the step-by-step results for both scenarios are 

shown in Figure 10 and Figure 11. Figure 10 shows the with-trees scenario in which 

forested areas were allowed. The final area shown in step 7 is 8.8% of the total state and 

contains over 2.8 million land parcels. Figure 11 shows results for the without-trees 

scenario. In this case, the final area is 4.6% of the state and the final area in Map 7 is 
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significantly smaller than that of Figure 10. Also, for this scenario, the number of land 

parcels left after step 7 is about 1.45 million. Further details on the amount of area 

remaining after each step for both scenarios are shown in Figure 12 and Table 8. 

 

 
Figure 10: Viable lands remaining after each step for statewide analysis (with-trees 

scenario). 
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Figure 11: Viable lands remaining after each step for statewide analysis (without-trees 
scenario). 
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Figure 12: Acreage change by each step for statewide analysis. 

 

Table 8: Acreage and percentage of area remaining after each step for statewide analysis. 

Steps Criteria 
With Trees Without Trees 

Acreage Percent of Full State Acreage Percent of Full State 

0 Full State 31,770,504 100.0% 31,770,504  100.0% 

1 Floodplains 26,807,836 84.4% 26,807,836  84.4% 

2 Wetlands 24,960,241        78.6% 24,960,241  78.6% 

3 Slope & Aspect       15,208,765  47.9% 15,208,765  47.9% 

4 LULC       12,338,874  38.8%   7,439,738  23.4% 

5 Protected Areas       11,738,228  36.9%   7,217,329  22.7% 

6 Substations  5,710,903  18.0%   3,386,440  10.7% 

7 Parcel > 30 Acre  2,804,819  8.8%   1,445,649  4.6% 

 

Important Criteria 
 As part of our statewide analysis, we identified which criteria had the most impact on 

reducing available land. Using the same percentage metric as we did for Durham County, 

Figure 13 shows results from both the with-trees and without-trees scenarios. Figure 13 and 

the Durham County results in Figure 7 share some similar traits. The without-trees scenario 

for the whole state is significantly more restrictive than the with-trees one and thus the 
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impact of the land-use-land-cover criterion is quite similar in both Durham County and the 

entire state. The parcel size criterion for the whole state is also similarly quite restrictive.  

 

 

Figure 13: Percent land reduction relative to previous step for statewide analysis. 
 

 Besides land-use-land-cover and parcel size, the step involving slope and aspect 

was also significant. The percent area decrease from the slope and aspect criterion is about 

39% (it applies to both tree scenarios because it comes before the land-use-land-cover 

criterion). Figure 14 shows the distribution of areas with suitable slope and aspects in North 

Carolina. As can be seen, the eastern coastal region of the state has a much greater area 

with appropriate slope and aspect than the western mountain region. For developers who 

want to build solar farms in eastern counties of the state, finding flat or south-facing lands 

may be their greatest challenge.  
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Figure 14: Lands in North Carolina with suitable slope and aspect for solar farms. 

 

For the whole state analysis, substations were also an important criterion. For the 

with-trees scenario, the substation criterion caused a 51% reduction in area from the 

previous step, making it the most restrictive criterion by this measure. In the without-trees 

case, substations had a 53% reduction relative to the last step, ranking it second. Figure 15 

shows the eastern part of the state, which has a scattered distribution of substations. The 

map illustrates how viable lands in blue need to be within a 3-mile radius of substations. (In 

the model, if part of a viable land parcel intersects with a substation buffer circle, the part of 

the parcel that is not contained in the circle still counts as viable land.) As can be seen in 

this map, access to electrical infrastructure plays an important role in siting solar projects, 

particularly in the eastern part of the state. 
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Figure 15: Map of viable lands and 3-mile substation buffers (with-trees scenario). 
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Discussion 
 

NC Counties with the Most Area for Siting Solar Projects 
 After we obtained our results, we identified counties with large amounts of viable 

land for siting solar projects. We ranked the results of the 100 counties of North Carolina by 

both the absolute acreage and percent of viable lands. In addition, we considered with-trees 

and without-trees results separately.  Figure 16 shows four charts that list the top ten 

counties across these different combinations. Robeson County is the second largest county 

in the state and, largely as a result, it ranked first in viable acreage in both the with-trees 

and without-trees cases. Moreover, seven out of the ten largest counties in North Carolina 

are in the top ten lists of viable acreage in both the with-trees and without-trees cases. For 

smaller counties, absolute acreage is not a good measure for the potential of siting new 

solar projects, which is why we also the percent area.  Figure 16 a and Figure 16 b show 

the ten counties that have the highest percentage of viable lands under both tree scenarios.  

To further examine the distribution of viable lands by county, we created multiple 

maps. Figure 17 shows a map of the ten counties with the largest percentage of without-

trees viable lands. With the exception of Robeson County, these are all coastal counties. 

Figure 18 shows the top-ten counties with the highest percentage of with-trees viable lands. 

Similarly, these are mostly coastal counties (except for Robeson, Nash, and Union 

counties). In particular, it is worth noting there are six contiguous northeastern counties—

Hertford, Bertie, Gates, Chowan, Perquimans, and Pasquotank—with large amounts of 

suitable land.  
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 Figure 16: a) Ten counties with greatest percentage of with-trees viable lands; b) Ten 
counties with greatest percentage of without-trees viable lands; c) Ten counties with the 
greatest acreage of with-trees viable lands; d) Ten counties with the greatest acreage of 

without-trees viable lands. 
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Figure 17: Map of the top ten counties with the greatest percentage of viable land under the 
without-trees scenario [58]. 
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Figure 18: Map of the top ten counties with the greatest percentage of viable land under the 
with-trees scenario [58]. 

 

Estimation of Annual Solar Generation from Potential Lands 
Based on our results, we also assessed the maximum annual electricity generation 

possible if solar farms occupied all the viable lands we identified. We determined this 

number as shown in Equation 2. From our conversation with Cullen Morris, we estimated 

60% of the total viable lands would be occupied by PV panels since solar farms have some 

spacing between panels. We obtained daily insolation data from Solar Energy Local [59]. 

PV panel efficiency ranges from 15% to 30% and we used a conservative number of 18% 

[60]. Also, the derating from AC to DC we used was 90% [61]. Results of this calculation are 

shown in Table 9.  
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Equation 2: Annual PV Output 
𝑬𝒏𝒆𝒓𝒈𝒚	𝑶𝒖𝒕𝒑𝒖𝒕 = 𝑼𝒔𝒂𝒃𝒍𝒆	𝑨𝒓𝒆𝒂 ∗ 𝑰𝒏𝒔𝒐𝒍𝒂𝒕𝒊𝒐𝒏/𝒅𝒂𝒚 ∗ 𝑷𝒂𝒏𝒆𝒍	𝑬𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚 ∗ 𝑫𝒆𝒓𝒂𝒕𝒊𝒏𝒈	 

∗ 𝑫𝒂𝒚𝒔	𝒊𝒏	𝑴𝒐𝒏𝒕𝒉 

 

Table 9: Estimated total annual electricity generation from identified viable lands. 

Total energy consumption of NC in 2015 (GWh) [62] 748,796 

Estimated electricity generation With Trees Without Trees 

Total Viable Land Area (km2) 11,350.71 5,850.34  

Usable PV Panel Area (km2, 60% of total area) 6,810.43 3,510.20  

Annual Solar Output (GWh) 2,000,413.07 1,031,045.50 

As a percentage of consumption 267% 138% 

 

Based on this calculation, if solar farms were built on all with-trees viable lands, 

which is 8.8% of North Carolina, these farms would generate 267% of North Carolina’s 

annual energy demand. For the without-trees case, the annual generation would account for 

138% of North Carolina’s annual energy demand. While these numbers are theoretical 

upper-bounds for the amount of solar generation possible in the state, they show the 

significant potential for solar to contribute to North Carolina’s electricity supply.  

 

Other Important Factors for Siting Solar Projects 
Many of the criteria we used in the model are physical and environmental factors. 

However, there are multiple other criteria solar developers need to consider, particularly 

ones related to economics, demographics, and electrical-infrastructure. Three important 

factors we did not incorporate in our model are population, existing solar farms, and existing 

overall electricity generation and their relation to our results are discussed below.  
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Population 
 It is hard to obtain electricity demand data by county. However, electricity demand is 

correlated with population and we therefore used county population data to reflect regional 

residential electricity demand. Figure 19 shows population by county overlain with the with-

trees viable lands we identified. From this figure we can see there is a mismatch in the 

northeastern counties between their high availability of suitable lands and low population 

levels. Additionally, a mismatch exists when considering densely-populated counties. 

Municipal centers such as Wake County and Mecklenburg County have high population and 

electricity demand. However, the acreage of viable lands for these counties ranked 17th and 

46th in the state, respectively, and their percentage of viable lands ranked 47th and 54th. 

Thus, while these densely-populated counties have high electricity demand, they have 

limited amounts of viable land for solar farms.  

 
Figure 19: Map of with-trees viable lands and population by county. 
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Existing Utility-Scale Solar Generation 
In general, regions with low levels of existing solar generation are preferable for new 

solar development because these areas would be less affected by grid-stability problems 

and competition from other solar developers. Figure 20 shows the comparison between 

with-trees viable lands and annual utility-scale solar generation (based on the 

Environmental Protection Agency’s eGRID 2014 data [63]). This map shows coastal areas 

may be promising locations for new development because they have low to medium levels 

of existing solar installations and large amounts of viable land.  

 
Figure 20: Map of with-trees viable lands and existing solar generation [63]. 
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Existing Total Electricity Generation 
The last factor we discuss is the total existing annual electricity generation, which 

reflects regional electricity supply. Solar farms provide a cleaner source of electricity than 

conventional coal or natural gas power plants. Since a significant portion of baseload power 

is provided by plants using fossil fuels, incorporating new solar farms in areas supplied by 

existing generating facilities could reduce emission and improve the flexibility of electricity 

supply. Figure 21 shows the with-trees viable lands and total annual electricity generation 

by county. 

 
Figure 21: Map of with-trees viable lands and total annual electricity generation. 

 



   
 

  49 
 

Conclusion 
 

As the development of utility-scale solar continues to grow, the search for suitable 

land to build new projects will intensify. Understanding and optimizing this siting process is 

becoming ever more important to minimize negative aspects of projects and maximize 

beneficial ones. Rapidly evaluating lands over large geographic extents by analyzing spatial 

data can help developers speed up their search for viable sites, inform planners on where to 

potentially expect new development, and ultimately facilitate the growth of utility solar while 

minimizing adverse impacts. 

 As presented above, in this study we first conducted a literature review to identify the 

most common siting criteria considered in existing studies. We also interviewed a solar 

developer in North Carolina to further understand siting issues in the state. Based on this 

research, we selected seven criteria that we considered to be the most broadly applicable, 

and for which spatial data was publicly available. We then built a GIS model to sort through 

a chosen study area and filter land step-by-step to meet our criteria. Next, we applied our 

model to both Durham County and all of North Carolina. The results of our analysis show 

there is around 5% of total land within the state that meets our baseline suitability criteria, 

and close to 9% if we include forested areas. Interested parties can use these results to see 

where viable parcels are located, identify particular parcels of interest, and perform their 

own further site evaluations.  

Future work related to our study might include focusing more on policy and 

economic factors such as zoning laws, land value, and proximity to population centers. 

Along these lines, because our model already uses tax-parcel information, it could be 

straightforward to create a cost curve showing the amount of suitable land for solar in North 

Carolina versus land value based on parcels’ assessed property-tax values. Another area 

for future work could be to determine which of the viable areas we identified are on 

degraded lands (e.g., brownfields, closed landfills, etc.) and where developing solar farms 

would have minimal impacts. Additionally, our model can be easily adapted to include other 

siting criteria or different threshold parameters. Lastly, should spatial data be available, 

looking at other parts of the country or even the world could provide insight to other 

locations experiencing significant solar PV development.   
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Appendix A 
 

Python script to select user-defined study area 
# selectCounty.py | by Yifu Wang | Feb 18th 2017 
# create StudyArea polygon (single or multiple counties of NC) 
# create Study parcel data 
 
import os, sys, arcpy 
 
# Global Environment Setup 
scriptPath=sys.argv[0] #Finds the first item to get the full path 
scriptWS=os.path.dirname(scriptPath) #Gets the script folder 
rootWS=os.path.dirname(scriptWS) #Finds the project root folder 
dataWS=os.path.join(rootWS,"DataForModel\\DataForModel.gdb") #Gets the Data 
folder from the root folder 
tempWS=os.path.join(rootWS,"Scratch\\Scratch.gdb") #Gets the Scratch folder 
from the root folder 
 
arcpy.env.workspace = dataWS # set arcpy working sapce to scratch folder 
arcpy.env.scratchWorkspace = tempWS # set arcpy scratch space 
arcpy.env.overwriteOutput = True # enable overwriting 
 
 
multiInput = arcpy.GetParameterAsText(0) # take in the input list of county 
names 
inputList = multiInput.split(";") # convert multiVariable input into usable 
list 
outPoly = arcpy.GetParameterAsText(1) 
outParcel = arcpy.GetParameterAsText(2) 
 
arcpy.MakeFeatureLayer_management('NCCounties', 'lyr') # create a new working 
lyr to select counties 
arcpy.MakeFeatureLayer_management('Step7_NC_Parcels', 'plyr') # create a new 
working lyr to select parcels 
arcpy.AddMessage('NC county layer and NC parcel layer successfully 
created...') 
 
upperCounties = []; 
for i in range(0, len(inputList)): 
    upperCounties.append(inputList[i]) # name of input list 
 
  
for name in upperCounties: 
    if name != "'New Hanover'": 
        arcpy.SelectLayerByAttribute_management('lyr', 'ADD_TO_SELECTION', 
'"NAME" = \''+name+'\'') # right hand side need to be quoted by '' 
        arcpy.AddMessage('Begin selecting county boundary of ' + name + 
'...') 
        arcpy.SelectLayerByAttribute_management('plyr', 'ADD_TO_SELECTION', 
'"CNTYNAME" = \'' +name+ '\'') 
        arcpy.AddMessage('Begin selecting parcel of ' + name + '...') 
 
    else: 
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        arcpy.SelectLayerByAttribute_management('lyr', 'ADD_TO_SELECTION', 
'"NAME" = ' + name) # right hand side need to be quoted by '' 
        arcpy.AddMessage('Begin selecting county boundary of ' + name + 
'...') 
        arcpy.SelectLayerByAttribute_management('plyr', 'ADD_TO_SELECTION', 
'"CNTYNAME" = ' + name) 
        arcpy.AddMessage('Begin selecting parcel of ' + name + '...') 
 
arcpy.CopyFeatures_management('lyr', outPoly) # create the study area feature 
arcpy.AddMessage('StudyArea feature successfully created!') 
arcpy.CopyFeatures_management('plyr', outParcel) # create the study parcels 
feature 
arcpy.AddMessage('StudyParcels feature succesfully created') 
 
 

Python script for tool validator in the model 
 
# toolValidator.py 
 
import arcpy, os, sys 
""" the following list of counties was created by transfering the original 
list into a python list format 
the original list txt file (nc_counties.txt), the transfering code 
(countiesToList.py) and 
the output txt file(countiesList.txt) are stored in the Script folder """ 
 
 
countyList =['Alamance', 
    'Alexander', 
    'Alleghany', 
    'Anson', 
    'Ashe', 
    'Avery', 
    'Beaufort', 
    'Bertie', 
    'Bladen', 
    'Brunswick', 
    'Buncombe', 
    'Burke', 
    'Cabarrus', 
    'Caldwell', 
    'Camden', 
    'Carteret', 
    'Caswell', 
    'Catawba', 
    'Chatham', 
    'Cherokee', 
    'Chowan', 
    'Clay', 
    'Cleveland', 
    'Columbus', 
    'Craven', 
    'Cumberland', 
    'Currituck', 
    'Dare', 
    'Davidson', 
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    'Davie', 
    'Duplin', 
    'Durham', 
    'Edgecombe', 
    'Forsyth', 
    'Franklin', 
    'Gaston', 
    'Gates', 
    'Graham', 
    'Granville', 
    'Greene', 
    'Guilford', 
    'Halifax', 
    'Harnett', 
    'Haywood', 
    'Henderson', 
    'Hertford', 
    'Hoke', 
    'Hyde', 
    'Iredell', 
    'Jackson', 
    'Johnston', 
    'Jones', 
    'Lee', 
    'Lenoir', 
    'Lincoln', 
    'Macon', 
    'Madison', 
    'Martin', 
    'McDowell', 
    'Mecklenburg', 
    'Mitchell', 
    'Montgomery', 
    'Moore', 
    'Nash', 
    'New Hanover', 
    'Northampton', 
    'Onslow', 
    'Orange', 
    'Pamlico', 
    'Pasquotank', 
    'Pender', 
    'Perquimans', 
    'Person', 
    'Pitt', 
    'Polk', 
    'Randolph', 
    'Richmond', 
    'Robeson', 
    'Rockingham', 
    'Rowan', 
    'Rutherford', 
    'Sampson', 
    'Scotland', 
    'Stanly', 
    'Stokes', 
    'Surry', 
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    'Swain', 
    'Transylvania', 
    'Tyrrell', 
    'Union', 
    'Vance', 
    'Wake', 
    'Warren', 
    'Washington', 
    'Watauga', 
    'Wayne', 
    'Wilkes', 
    'Wilson', 
    'Yadkin', 
    'Yancey'] 
class ToolValidator(object): 
  """Class for validating a tool's parameter values and controlling 
  the behavior of the tool's dialog.""" 
   
   
  def __init__(self): 
    """Setup arcpy and the list of tool parameters.""" 
    self.params = arcpy.GetParameterInfo() 
 
  def initializeParameters(self): 
    """Refine the properties of a tool's parameters.  This method is 
    called when the tool is opened.""" 
    self.params[0].filter.list = countyList # use the global county list for 
the script to take in parameters 
 
    # set default output parcel data name 
    return 
 
  def updateParameters(self): 
    """Modify the values and properties of parameters before internal 
    validation is performed.  This method is called whenever a parameter 
    has been changed.""" 
     
    return 
 
  def updateMessages(self): 
    """Modify the messages created by internal validation for each tool 
    parameter.  This method is called after internal validation.""" 

return 
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GIS Model Diagram 

 


