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1 Executive Summary 

Enough sunlight falls on the Earth in one hour to power the world's energy needs for a 

year (Brown, 2015). It has been estimated that we could meet that demand by covering a parcel 

of land the size of Spain, about 123 million acres, in solar panels (Land Art Generator Initiative, 

2009). Since using one contiguous parcel is not feasible, it is necessary to find ways to install 

solar on many smaller, non-contiguous parcels of land. In the U.S., Renewable Portfolio 

Standards (RPSs) offer one way to help us get closer to installing solar on suitable parcels of 

land. In 2007, North Carolina passed a Renewable Energy Portfolio Standard (REPS), the first in 

the Southeast. The REPS mandated that 12.5% of the state’s electricity demand be met with 

renewable energy by 2021. Twenty-nine states, Washington D.C., and three territories also have 

RPSs. The REPS, combined with North Carolina’s interpretation of the 1978 Public Utility 

Regulatory Policies Act (PURPA), have unleashed a torrent of activity in the state, making it 

second in the nation for installed solar photovoltaic (PV) infrastructure.  

Development of renewable energy projects involves various processes, and one among 

them is siting. Site location is crucial from both a geographic and an economic perspective. In 

2016-2017, a team of graduate students at Duke University completed a Master's Project on the 

siting of utility-scale solar projects. Their objectives were the following: (1) to develop a 

transferable methodology for locating potential utility-scale solar PV development sites, and (2) 

to apply this methodology to an examination of potential land for solar projects and PV capacity 

in North Carolina.  

Our Master’s Project both refines and expands upon the previous project. Our project has 

three goals: (1) to develop a methodology for the siting of utility-scale solar in North Carolina, 

given a set of physical constraints, (2) to apply this methodology to North Carolina, and (3) to 

generate supply curves for those selected sites, given a set of economic considerations. Our 

research employs only publicly available data to develop this methodology for a screening tool. 

While privately available data is available to solar developers and utilities, our research allows 

stakeholders other than solar developers or utilities to better understand the decision-making 

process around the siting of utility-scale solar. This methodology can be used by city planning 

boards, zoning commissions, policy analysts, interested citizens, and others to help make project 

development processes smoother, facilitating better environmental outcomes and supporting 

sustainable economic growth in North Carolina and the U.S.  Local planning entities can also use 
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our methodology to estimate potential solar installation capacity and related land use 

requirements for a region of their interest.  

The previous project analyzed all 100 counties in North Carolina. The current project 

analyzed nine selected counties in North Carolina. Using Durham County, home to Duke 

University, as a starting point, the configuration of Durham County’s property tax records served 

as a template. Three types of parcels found in the property tax records – vacant, agricultural, and 

forest – were chosen as suitable for further analysis. Of the counties which had similar 

configurations and completeness for their parcel data, eight more were selected for further study, 

for a total of nine counties in this analysis. 

 This project modifies some of the geographical constraints from the previous year's 

study. Using a geographic information system (GIS) to identify suitable parcels of land, our 

model considers the following about each parcel: size, whether it is in a floodplain, whether it is 

a wetland, the slope and aspect of the parcel, whether it is protected land, whether it is private or 

public forest, the current land use, proximity to airports, and proximity to transmission facilities.  

Adding in four economic considerations– installation costs, land acquisition costs, 

substation interconnection fees, and forest clearing costs (if applicable), we create supply curves 

for our selected parcels from the output of our GIS model. The supply curves estimate the 

potential capacity and cost of solar projects. Our model's baseline is fixed-tilt solar PVs 

generating  ≥ 5 MWAC, but we have also conducted sensitivity analyses for both ≥ 1 MWAC and 

≥ 40 MWAC capacities. 

For the selected nine counties, this model has identified 3,692 parcels generating 5 

MWAC or above, which is 18,089 acres of land, as suitable lands for developing utility-scale 

solar projects. The total capacity from these projects sums up to 117,577 MWDC, and the average 

size of these potential projects is 31.85 MWAC. The cost of developing these projects ranges from 

$0.73/WDC to $2.07/WDC and the average cost is $1.40/WDC. Assuming a 33.85% capacity factor, 

total generation from just these projects, in nine selected counties, should be able to satisfy 

150.5% of North Carolina's current electricity consumption.  
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2 Introduction 

Enough sunlight falls on the Earth in one hour to power the world’s energy needs for a 

year. (Brown, 2015). It has been estimated that we could meet that demand by covering a parcel 

of land the size of Spain, about 123 million acres, in solar panels (Land Art Generator Initiative, 

2009). If we scale that down to the U.S., the area needed would be just under 12 million acres, or 

about one third of the 34 million acres that make up North Carolina. How do we get there from 

here? Since it is not feasible to kick all the residents out of a 123 million or even a 12 million 

acre parcel of land, it is worth looking at what is actually feasible in terms of siting renewable 

energy projects. Our project looks at both geographic and economic constraints as a way of 

determining which parcels of land are most suitable for utility-scale solar development. 

In the U.S., Renewable Portfolio Standards (RPSs) offer one way to help us get closer to 

installing solar on suitable parcels of land. In 2007, North Carolina passed a Renewable Energy 

Portfolio Standard (REPS), the first in the Southeast. The REPS mandated that 12.5% of the 

state’s electricity demand be met with renewable energy by 2021. Twenty-nine states, 

Washington D.C., and three territories also have RPSs. The REPS, combined with North 

Carolina’s interpretation of the 1978 Public Utility Regulatory Policies Act (PURPA), have 

unleashed a torrent of activity in the state, making it second in the nation for installed solar 

photovoltaic (PV) infrastructure.  

3 Overview of Our Master's Project 

This Master’s Project builds upon a previous 2016-2017 Master’s Project on siting 

utility-scale solar projects in North Carolina (Brawner et al., 2017). The previous project was an 

analysis which successively narrowed down the available land for siting utility-scale solar in 

North Carolina by using a set of physical land constraints. This project expands and refines that 
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analysis by incorporating additional geographic constraints, as well as the costs associated with 

deploying utility-scale PV facilities on parcels identified as suitable for development.  These 

expansions to the previous model provide a more realistic picture of the potential for PV 

development and also facilitate the creation of PV supply curves that show the cost of 

developing various levels of capacity. 

This project produces a methodology for the siting of utility-scale solar projects. One use 

of our model is to provide a screening tool for public officials engaging in city planning, zoning 

commissions, environmental groups, and solar developers interested in locating potential solar 

PV development sites. Another use is to provide a tool for estimating total deployable solar PV 

capacity in a given region (when land availability is the most significant determinant) for those 

who are interested in renewable policies and the role that renewable energy might play in 

meeting energy needs and/or sustainability goals. Yet another use is to provide a means of 

estimating the cost of installing different levels of solar PV capacity for a given region, again 

largely for those who are interested in policies and decision making. Therefore, the audience for 

this project is: (1) decision makers, such as solar developers and planning officials, and (2) those 

who are interested in policy at a higher, social level, such as clean energy advocates and policy 

makers.  

This project acquires data that is readily available to the public, and does not require 

special applications, subscriptions, or licensing costs. This is important because any parties that 

are interested in the solar projects will have a publicly available methodology to determine the 

feasibility of utility-scale solar projects in their region of interest. As a whole, this project serves 

as an aid to speeding up the development and implementation of utility-scale solar projects, so 

that North Carolina, and the U.S., can more quickly enjoy the benefits of renewable energy.  
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In the rest of this report, we lay out the methodology we used for our analysis, look at key 

findings from our model, and then examine and discuss conclusions drawn from our findings. In 

Section 5, we talk about our methodology. We look into our GIS model by explaining each 

geographical constraint and the geographical analysis tools we used. After the discussion of 

geographical analysis, we discuss four types of economic costs that we used in our economic 

analysis, as well as capacity sizes and the selected counties. In Section 6, we show the results of 

both the geographical and economic analyses. In Section 7, we analyze our results by: 

• comparing potential generation from solar PV in our model with electricity demand in the 

state, under the two main balancing authorities, Duke Energy Progress (DEP) and Duke 

Energy Carolinas (DEC)	

• considering the renewable energy targets under North Carolina's REPS and their current 

status	

• looking at the social cost of CO2 emissions from fossil fuel plants in North Carolina	

• comparing CO2 sequestration by trees vs. avoided CO2 emissions from solar PV electricity 

generation	

• conducting sensitivity analyses for different thresholds of project sizes 	

• talking about some of the limitations of our study and potential areas for future research  	
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4 Background 

4.1 Trends in Utility-Scale Solar 

In recent years, several analyses have been produced which show that global and U.S. 

energy demand can be met exclusively through 100% clean and renewable energy (Carey, 2015). 

At present renewable energy accounts for about 17.1% of the electricity generated in the U.S. 

(Energy Information Administration, 2018), with solar accounting for only 1.3% of total 

electricity generation in the country (Energy Information Administration, 2018). North Carolina, 

as the state with the second highest amount of installed solar capacity in the U.S., stands at 

4.42% of electricity generation from solar (Solar Energy Industries Association, 2018). 

Solar energy generation technologies have become globally cost-competitive as a source 

of renewable energy. Solar PV module prices have decreased by 81%, along with reductions in 

balance of system costs, since the end of 2009 (International Renewable Energy Agency, 2018). 

Thanks to this trend, the global weighted average levelized cost of electricity (LCOE) of utility-

scale solar PV declined by 73% between 2010 and 2017, from $ 0.36 per kWh to $ 0.10 per kWh 

(International Renewable Energy Agency, 2018). As shown in Figure 1, the declines in the 

global LCOE of solar technologies are the most significant among different types of renewable 

energy technologies. As the cost declines show, utility-scale solar technologies offer significant 

opportunities for business, in addition to significant benefits for the environment.     
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Figure 1 Global Levelized Cost of Electricity by Renewable Generation Resources  

(International Renewable Energy Agency, 2018) 

 
 
 
 

Figure 2 Utility-Scale Solar PV Total Installed Cost Trends in Selected Countries, 2010-2017  

(International Renewable Energy Agency, 2018) 
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As shown in Figure 2 above, from 2010 to 2017, installation costs per kW of capacity 

have declined enormously around the world, with costs in many markets decreasing by more 

than 70%. In the same time frame in the U.S., cost declines lagged while still decreasing by 52% 

(International Renewable Energy Agency, 2018).  

The move toward renewable energy generation is warranted for many reasons. Emissions 

from coal-powered plants – which include sulfur dioxide, nitrogen oxides, particulate matter, and 

mercury – are linked to detrimental effects on human health (Union of Concerned Scientists, 

2017). These plants are also major emitters of CO2 and other greenhouse gases; the increase in 

atmospheric concentrations of greenhouse gases is the primary cause of climate change. Waste 

products from coal plants can also cause major environmental problems, leading to negative 

effects on human health, and issues with cleanup. In 2017, a federal judge ordered the Tennessee 

Valley Authority (TVA) to remove coal ash polluting the Cumberland River from the Gallatin 

Fossil Plant in Tennessee due to the violation of Clean Water Act (Mattise, 2017). TVA stated 

that it would cost $2 billion to do so. In 2014 in North Carolina, coal ash ponds at Duke Energy’s 

Dan River Steam Station spilled into the Dan River, coating 70 miles of the river with toxic 

sludge containing arsenic, selenium, and boron (DeWitt, 2015). To date, Duke Energy has pled 

guilty to the violation and paid $102 million in fines and restitution as a result of the spill, and 

faces more costs and challenges in cleaning up the rest of its coal ash storage ponds in the state 

(Semuels, 2017). Changes in policy frameworks around energy issues associated with these 

environmental impacts also support renewable energy development.  

Furthermore, many corporations are interested in renewable energy procurement and 

their project sizes are typically large. Major corporations have signed deals for more than 7 GW 

of renewable energy since 2015 (Lacey, 2018). Some renewable energy power suppliers are 
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targeting companies with data centers, which typically consume a lot of energy. Corporations are 

looking at the various benefits of renewable energy procurement, such as positive publicity, 

energy savings, lower costs, lower emissions, and electricity price stability. Cost savings are 

especially important and are a significant driver of the implementation of renewable energy.   

4.2 Overview of the PV Development Process 

The PV development process can take up to two years from start to finish. Steps include 

land acquisition, permitting, financing, construction, and interconnection. Land acquisition 

requires the most careful attention. First, developers need to identify land which is suitable in 

terms of slope and aspect, which is not a wetland, and which does not fall under other protected 

land classifications. After identifying potential sites, developers need to see if they can purchase 

or lease the land. In the majority of cases, landowners realize that leasing brings them better 

returns than selling the land, so developers end up leasing suitable land. 

After acquiring land, solar developers need to apply for permits, secure financing for the 

project and arrange construction. If the project is not close enough to existing transmission 

facilities, then the developers also need to make plans to build out additional interconnection 

infrastructure to connect to the nearest transmission facilities. 

4.3 The Significance of Siting 

Renewable energy project development involves multiple processes related to siting, 

environmental impact assessment, stakeholder engagement, permitting/licensing, financing, 

construction, and generation. Due to the number and nature of these processes, project 

management of a renewable energy project can be extensive. Selecting a suitable location is a 

crucial first step for developing a viable solar project and moving the project forward efficiently 

(International Finance Corporation, 2015).  
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In addition, site selection is important when considering the environmental impacts of 

land use. In 2015, the city of Los Angeles cancelled plans to acquire electricity from a solar plant 

in the Mojave Desert due to the negative impacts on 100 bighorn sheep in the area (Sahagun, 

2015). City officials claimed that the solar plant would be on the migration routes of the bighorn 

sheep and in the area where other wild animals, such as desert tortoises, live. Thus, conducting 

an appropriate site selection helps in the efficient development of renewable energy projects, by 

avoiding losses of time and money on the part of both buyers and sellers of electricity. 

To make site selection easier, some developers have their own proprietary, in-house 

screening tools for identifying the potential locations of the projects. Based on various 

considerations related to site selection, these developers determine land suitability. However, 

these tools are privately owned and not accessible by the public, so people outside of the solar 

PV development sector do not have access to them, even if they are interested in the use of such 

screening tools for their decision making and policy development. Therefore, it can be 

challenging for those not in the industry to see the potential of solar energy, or even cause them 

to object to projects. Through our Master's Project, we would like to bridge this gap and make it 

easier to see the great potential of solar energy, so that more people will support solar PV 

development and a more sustainable economy.  

4.4 Previous Research on Geographic Constraints 

Other researchers have conducted site selection research for solar energy projects. For 

example, Farthing et al. (2016) researched the level of suitability for potential sites of utility-

scale solar in South Carolina, based on geographical constraints and solar irradiance. This 

research is similar to the previous year's Master's Project (Brawner et al., 2017). Instead of 

simply identifying the potential suitable sites, Farthing's research assigned a suitability value 
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(from 1 to 100) to each potential site and measured how much land would be under different 

levels of suitability values, concluding that 4.2% of the state land area had a suitability value of 

70 or above (Farthing et al., 2016). In addition, Justin Brewer (2014) classified the factors of 

utility-scale solar projects into four categories: technical, economic, environmental, and social. 

Brewer (2014) chose the following parameters in his spatial analysis in the U.S. Southwest 

region: distance to roads, rivers, and power lines, along with low maximum slopes combined 

with high average daily annual solar irradiance values. Brewer (2014) also took a survey to 

measure the public acceptance of the solar project by neighbors, based on the proximity to the 

project site, and combined the survey results with his spatial analysis as a part of the social 

aspect in his research. Another relevant study of site selection looked at a solar park in Cyprus 

(Georgious et al., 2016). Georgious et al. (2016) classified the following constraints into social, 

environmental, technical, and safety categories: proximity to roads, national forests, urban zones, 

surface waters, airports, archaeological sites, and shorelines, high vegetation, and aspect. Table 1 

presents commonly considered geographic constraints for developing utility-scale solar projects. 

Table 1 Commonly Considered Geographic Constraints 

	
Geographic Constraints Common Criteria Or Threshold 

Slope and Aspect 
2.5% To 15%, Facing South 

Modified Slope Constraints, Facing 
Southeast or Southwest 

Land Use and Land Cover Barren or Agricultural Land 
Avoiding Area with Vegetation 

Proximity to Roads Closer 
Proximity to Electrical Infrastructure Closer 

Proximity to Electricity Demand Closer 
Sensitive Environmental Protected or 

Cultural Land Avoided 

Insolation Included 
Floodplains/wetlands Excluded 
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These spatial analyses have identified suitable land, sometimes with a ranked level of 

suitability. This is helpful to check locations of suitable parcels, but it does not tell us much 

when considering financing of solar projects on the land. Many studies, such as the ones 

mentioned above, have only conducted geospatial analysis, and have lacked an economic 

evaluation of those suitable lands and the cost of infrastructure in their research.  

4.5 Previous Research on Economic Considerations 

In economics, a supply curve shows the relationship between the unit price of a product 

and a quantity of that product. For energy projects, a supply curve shows the relationship 

between the cost of implementing a project per unit of capacity or generation, and the cumulative 

quantity of projects' capacity or generation. As one moves from left to right along the horizontal 

axis, the capacity of each additional project is added to the previous total capacity. As one moves 

up along the vertical axis, the unit price simply increases, and is not cumulative. In addition, a 

supply curve could show the relationship between the levelized cost of electricity (LCOE) and 

the cumulative generation of an energy project. LCOE shows the net present value of the cost of 

the power generation over its lifetime; LCOE thus considers the discounting of money's value 

over its lifetime.  These supply curves help researchers and/or developers understand how much 

the project would cost to implement, and whether the project is cost-effective compared to other 

alternatives. 

Sustainable Energy Advantage, LLC (SEA), a consulting firm in Massachusetts, has 

conducted a study for the cost of wind energy generation in New England; SEA’s study 

generated several supply curves (Sustainable Energy Advantage, 2011). The supply curves show 

the LCOE of three different contract terms (10, 15, and 20 years) for two different start years 

(2016 and 2020). The cost inputs in the study include: installed capital cost (excluding the cost of 
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interconnection); operations and maintenance costs; direct interconnection costs, which depend 

on the distance from the point of interconnection to the transmission system; and project size. 

The study excludes some locations based on types of protected land and land use. The report of 

the study does not include a map showing locations of wind energy. Therefore, it is hard for 

wind developers to use this data in their decision making for the siting of wind energy, although 

this study is a great place for them to see how much different wind energy projects would 

generate under varying contract terms and be useful for policy analysis, especially when looking 

at different CO2 mitigation options. 

5 Methodology 

5.1 Overview 

The project can be divided into two stages. In the first stage, the GIS model takes publicly 

available data and selects suitable land based on the geographic constraints. In the second stage, 

the economic model checks the data of each selected parcel and calculates associated costs to 

generate a supply curve. Figure 3 provides a general concept of the methodology of this project.  

Figure 3 Methodology of This Study 
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5.2 GIS Model Design 

5.2.1 Criteria Selected in This Project 

Table 2 shows the comparison between our model and the previous model from last 

year's project. We discuss each constraint in detail below.  

Table 2 Comparison of Geographic Constraints in This Project and Previous Project 

No. Constraint This Project Previous Project 

1 Land use and land 
cover 

Land use: included agricultural, 
vacant, wild, forest, and 

horticulture 

Land cover:  included open 
fields and pastures 

2 Floodplain Excluded Excluded 
3 Wetland Excluded Excluded 
4 Slope/Aspect Good aspect and slope* Good aspect and slope* 
5 Protected land Excluded Excluded 

6 Forest Excluded public forests 
Included private forests Sensitivity analysis 

7-A Proximity to 
substation** Within 2 miles of a substation Within 3 miles of a substation 

7-B Proximity to 
transmission lines** 

Within 2 miles of transmission 
lines N/A 

8 Distance from airport More than 5 miles from an 
airport N/A 

*Notes:  

1. Good aspect and slope is defined as “Slope is either 2.5 degrees, or between 2.5 to 10 degrees. 
Aspect is South, south-west, or south-east facing” (Brawner et al., 2017). 

2. The logic statement between the proximity to substations and proximity to transmission lines 
criteria is “or”. 

 
• Constraint 1: Land use and land cover 

One of the biggest differences between geographic constraints in the two projects is how 

land use and land cover is taken into consideration. This project has employed land use data. The 

land use is defined as how people use the landscape – whether for development, conservation, or 

mixed uses (National Oceanic and Atmospheric Administration, 2017). On the other hand, the 

previous project used land cover data, which only shows physical land types.  
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Land use type data for this study was obtained for North Carolina from the NC OneMap 

GeoSpatial Portal (NC OneMap Geospatial Portal, 2017). Land use codes classify lands into 

various types, as seen below in Table 3. Each state has different numbers of land use codes in 

each category, but the format of the codes is typically a 3-digit code. Thus, when researching a 

different state, it is important to know the land use codes in the state.   

Table 3 Land Use Code and Type in NC 

Land Use Code Level Land Use Type 
100 Residential 
200 Agricultural 
300 Vacant Land 
400 Commercial 
500 Recreation, Entertainment, and Amusement 
600 Community Services 
700 Industrial 
800 Public Services 
900 Wild, Forests, Conservation Lands, and Public Parks 

 

Among these categories, agricultural, vacant, wild or forests, and present use lands are 

assumed to be appropriate for developing utility-scale solar projects. 

• Constraint 2: Floodplain 

 The previous project obtained 100-year floodplain data from the Federal Emergency 

Management Agency’s National Flood Hazard Layer and created a shapefile data set showing 

the area in the 100-year floodplain (Brawner et al., 2017). Our project keeps this data and 

excludes this area, as the previous project did.   

• Constraint 3: Wetland 

 The previous project obtained wetland information from the U.S. Fish and Wildlife 

Service’s National Wetlands Inventory (Brawner et al., 2017). Our project keeps this data and 

excludes wetlands.   
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• Constraint 4: Slope and Aspect 

 For the slope and aspect criteria, this project uses the assumption from the previous 

project that the solar panels are fixed on their mounting and face south to capture as much 

sunlight as possible (Brawner et al., 2017). The previous project used Digital Elevation Model 

(DEM) data from North Carolina State University, which provides elevations in 20 by 20 feet 

pixels (North Carolina State University, 2014). To reduce the size of the file and for convenience 

for its operation, the previous project resampled the data and enlarged the size of the pixels to 

roughly 25 by 25 meters. Using this data, they calculated the slope and aspect of each pixel using 

the elevation of neighboring pixels. The criteria of suitable lands for solar projects was areas 

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

south-east facing. Our project uses the same criteria and dataset.  

• Constraint 5: Protected Land 

The previous project removed environmentally sensitive areas and other restricted lands 

from their analysis.  Table 4 shows detailed information about excluded areas. Our project keeps 

this and uses their assumptions.  
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 Table 4 Protected Areas Excluded 

 Exclusion Areas Provider Dataset Source 

1 Federal Wilderness 
Areas Wilderness.net Wilderness Boundary 

Data 
http://www.wilderness.n
et/nwps/geography    

2 
U.S. Fish & 

Wildlife Service 
Lands 

U.S. Fish & Wildlife 
Service 

National Wildlife Refuge 
System (NWRS)	
 Boundary Data 

https://www.fws.gov/gis
/data/national/ 

3 Endangered Species 
Act Critical Habitat 

U.S. Fish & Wildlife 
Service 

FWS Critical Habitat for 
Threatened and 

Endangered Species 
Dataset 

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

4 Conservation 
Easements 

National 
Conservation 

Easement Database 
NCED http://conservationease

ment.us 

5 
NC State Parks and 
other State owned 

natural areas 
NC One Map Managed Areas in North 

Carolina 
http://data.nconemap.go
v/ 

6 National Park 
Service Lands 

National Park 
Service 

Administrative 
Boundaries of National 

Park System Units 
3/31/2017 

https://irma.nps.gov/Dat
aStore/Reference/Profile
/2224545?lnv=True 

7 Lands in Protected 
Areas Database 

U.S. Geological 
Survey PAD-US https://gapanalysis.usgs.

gov/padus/data/ 

8 Dedicated Nature 
Preserves 

North Carolina 
Natural Heritage 

Program 

Dedicated Nature 
Preserves (DNP) 

https://ncnhde.natureser
ve.org/content/data-
download 

9 Historical Areas 
North Carolina State 
Historic Preservation 

Office 

NCHPO_GISdata_2017-
04-03.zip 

http://www.hpo.ncdcr.g
ov/gis/CountyDisclaime
rs.html#DataDownload 

 

• Constraint 6: Forest Land 

Shading is problematic for solar energy generation. Trees could create shading and cause 

solar PV systems to generate much less energy, or no energy at all. However, shading by trees or 

forests is not a sufficient condition for blocking solar projects. The land can be made available 

for solar projects by clearing the trees. The previous project conducted a sensitivity analysis with 

and without tree cover (Brawner et al., 2017). Instead of conducting the sensitivity analysis, this 

project has included private forests in the model. As for public forests, it is assumed that public 

forest areas, including federal, state and tribal, would not be available for commercial use, so 
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public forests are excluded. For private forests, it is possible to develop projects after clearing the 

forest. Thus, this project assumes that private forests are appropriate and a clearing cost has been 

assigned when calculating the cost associated with development. The data of forests and their 

types are obtained from US Department of Agriculture (US Department of Agriculture, 2014). In 

addition, in the Discussion Section below, we have discussed carbon sequestration from trees 

and the carbon emissions avoided by using solar PV for generation of electricity.  

• Constraint 7: Proximity to Transmission Facilities (substations and transmission lines) 

Access to existing substations is important for solar development. Solar projects need to 

be close transmission facilities because projects need to be connected to the grid. Thus, the close 

proximity to transmission facilities is ideal for solar project development. This is also related to 

the interconnection fees. The previous project identified suitable land within a 3-mile radius from 

substations (Brawner et al., 2017). This project tightened this constraint and narrowed down the 

proximity to substations to 2 miles because we found that the threshold of 3 miles to substations 

captured too much land when we ran the model, especially after also including buffer areas near 

transmission lines. Our project uses the substation location data that the previous Master's 

Project created using OpenStreetMap and NC OneMap  (Brawner, et al., 2017; Open Street Map, 

2016; NC OneMap, 2016). 

Access to transmission lines is also crucial for solar development. This criterion is not 

included in the previous project due to the lack of availability of this data in previous years. After 

obtaining transmission line data from the U.S. Department of Homeland Security, this project 

includes this data as part of the transmission facility proximity constraints (US Department of 

Homeland Security, 2017). As mentioned above, the closer to the transmission facilities the 

better, because it would be easier and cheaper to connect with those facilities. Thus, the area 
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within 2 miles of a transmission line is also assumed to be appropriate for solar development in 

this model. 

• Constraint 8: Proximity to airports 

Reflection from solar panels could affect visibility for pilots in airplanes. Thus, there is a 

certain distance necessary between an airport and a solar farm for safety concerns. The Federal 

Aviation Administration (FAA) regulates the solar projects near airports and requires developers 

to obtain an approval from them (U.S. Government Publishing Office, 2013). The FAA requires 

the use of the Solar Glare Hazard Analysis Tool (SGHAT), which is a tool assessing solar glare 

and flux, in order to prove that solar projects do not negatively affect pilots' vision in the air.  

With the update in 2017, SGHAT became only available to the military, state governments and 

the federal government (Sandia National Laboratories, 2017). This restriction does not match our 

project’s objective of using publicly available data. Therefore, determining an appropriate 

distance between an airport and a solar farm using information from the FAA and SGHAT will 

not be possible.  

However, the National Renewable Energy Laboratory (NREL) suggests that solar energy 

systems by airports should have no potential for glare or have "low potential for afterimage" 

along the final approach path, which is 2 miles away from the area that is 50 feet above the 

landing threshold. The landing threshold is at the end of the runway for airplanes, using a 

standard 3-degree guide path (National Renewable Energy Laboratory, 2014). In the analysis 

here, we assumed that the runway length would be roughly 2.4 miles, using data from the Dayton 

International Airport (Landrum & Brown Inc., 2005).  Therefore, based on NREL's 

recommendation, we concluded that solar PV sites need to be at least 4.4 miles away from an 

airport, by adding together the limitation of 2 miles from the final approach path to the average 
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runway length of 2.4 miles.  In this model, as an upper bound of this constraint, we rounded up 

this number from 4.4 to 5 miles because each airport has slightly different runway lengths. As a 

result, we defined that solar farms need to be at least 5 miles away from an airport. We obtained 

locations of airports from ESRI.com (Esri.com, 2013).  

 

5.2.2 Data Sources 

Table 5 presents the data sources for this project. 

Table 5 Data Sources for This Project 

Data Provider Platform Dataset Name Link to Resource 

Land Divided In 
Parcels 

NC Onemap 
Geospatial Portal 

(2017) 
NC_Parcels_Fgdb.Zip http://data.nconemap.gov/

downloads/vector/parcels/ 

Floodplain Previous Project - Previous Project 
Wetlands Previous Project - Previous Project 

Slope/Aspect Previous Project - Previous Project 
Protected Area Previous Project - Previous Project 

Forest USDA (2014) 

Public and Private 
Forest Ownership In 
The Conterminous 

United States: 
Distribution Of Six 
Ownership Types 

https://www.fs.usda.gov/rd
s/archive/Product/RDS-

2014-0002 

Substations Previous Project - Previous Project 

Transmission Line 
Department of 

Homeland Security 
(2017) 

Electric_Power_Transm
ission_Lines 

https://hifld-
geoplatform.opendata.arcg

is.com/datasets/electric-
power-transmission-

lines/data?geometry=-
110.681%2C29.648%2C-

92.488%2C36.101 

Airport ESRI (2018) USA Airports 

https://www.arcgis.com/ho
me/item.html?id=900d50d
e880644cdb90c4cab966d0

e94 
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5.2.3 Software Used for Geographic Constraints 

This project uses ArcMap 10.5 for the geographic constraints analysis. Table 6 presents the steps 

in ArcMap. Appendix 9.1. presents the GIS model for this project. 

Table 6 Steps in ArcMap 

 Goal Tool Package 
Step 1 Selecting Appropriate Land Use Type Selection 

Make Feature Layer 
Step 2 Excluding Floodplains Erase 
Step 3 Excluding Wetlands Erase 
Step 4 Selecting Appropriate Aspect and Slope Clip 
Step 5 Excluding Protected Areas Erase 

Step 6 Selecting Areas That Are Within a Certain Threshold 
Distance to Transmission Facilities 

Update 
Clip 

Step 7 Excluding Areas That Are Close to The Airport Erase 

Step 8 Calculating The Distance Between the Parcels and 
Nearest Substations for Further Calculations Near 

 

5.3 Economic Model Design 

5.3.1 Costs Considered and Data Source 

In the second stage of this analysis, we have calculated the cost associated with 

developing solar projects on the selected land. Table 7 presents a list of the components of cost 

calculation and presents the data sources for our assumptions.  

Table 7 Cost Calculation Components and Assumptions 

Cost Type Value Source 

Forest Clearing Cost $4,500/acre Conversation with Cullen (2017) 
Land Acquisition Cost $950/acre per year NC Sustainable Energy Association (2017) 

Installation Cost 1.5396
∗ 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦././01 National Renewable Energy Laboratory (2017) 

Interconnection Cost $390,000/mile 
American Transmission Company (2003) and   

Public Service Commission of Wisconsin 
(2011) 

 

  



2017-2018 Master’s Project-Siting of Utility-Scale Solar in North Carolina 

Page 26 of 68 
	

• Cost 1: Forest Clearing Cost 

Vegetation could be problematic for solar projects because plants could grow over time 

and create shade or/and could impact the equipment. In order to prevent such situations, it is 

important to clear and grub in some areas with vegetation. Based on an interview with a solar 

developer, we assumed that it costs $4,500 per acre to remove trees and plants in such areas 

(Morris, 2017).  

• Cost 2: Land Acquisition Cost 

The annual leasing cost of land ranges between approximately $500/acre and $1400/acre 

(NC Sustainable Energy Association, 2017). As a baseline of the annual leasing cost in this 

model, the average of these two, $950/acre, is used in the economic analysis. 

• Cost 3: Installation Cost 

NREL provides the estimated installation cost associated with developing utility-scale 

solar projects (National Renewable Energy Laboratory, 2017). The cost varies with the project 

size or capacity. Table 8 presents the benchmark costs from NREL at different levels of capacity. 

These numbers include many different components, such as panel and soft costs. Two of them 

are transmission line costs and land acquisition costs. However, given that we will account for 

them separately in our economic analysis, we subtracted $0.05/𝑊34 ($0.02/𝑊34 from transmission 

lines and $0.03/𝑊34 from land acquisition) from each these benchmark costs in Table 7 using 

NREL's cost breakdown (National Renewable Energy Laboratory, 2017). This prevents us from 

double counting these two costs in our analysis. 
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Table 8 Installation Cost from NREL’s Report 

Capacity of Project Cost ($/Wdc) 

5 MW 1.33 
10 MW 1.21 
50 MW 1.07 

100 MW 0.98 
 

To better accommodate GIS results into this installation cost calculation, a power curve 

was generated using these four benchmark points seen above in Table 8. This project assumes 

that Equation 1 predicts the installation cost of a solar project.  

Equation 1  

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛	𝐶𝑜𝑠𝑡 = 1.54 ∗ 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦././01 

	
Figure 4 presents the simulated curve including R2. 

Figure 4 Simulated Curve for Installation Cost 

 
 

• Cost 4: Interconnection Cost 

According to the American Transmission Company, a typical capital cost of construction 

of a new 138kV single circuit line is $ 390,000/mile (American Transmission Company, 2003 
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and Public Service Commission of Wisconsin, 2011). A 138kV line can carry up to roughly 200-

300MW (Rocky Mountain Power, 2009), so we assumed that it is feasible to use this number.  

5.4 Other Model Assumptions 

5.4.1 Size Considerations 

The previous project defined the minimum parcel size as 30 acres, which typically 

generates 6.5MWDC or 5MWAC from solar PVs (Morris, 2017). The electricity generated by solar 

PV is in direct current (DC). An inverter transforms the DC to alternating current (AC). The 

voltage is then stepped up, the AC current travels along transmission lines, and is stepped down, 

and distributed to consumers.  

The Public Utility Regulatory Policies Act of 1978 (PURPA) required utilities in the U.S. 

to establish an avoided cost contract for eligible small non-utility power producers (which 

includes solar PV), with up to a certain capacity in a category called "qualifying facilities" (QFs). 

The North Carolina Utility Commission defined QF capacity size as up to 5MWAC, and contract 

terms were set. Developers knew what they would be paid per kWh of electricity and did not 

have to negotiate contract terms with the utilities. However, in July 2017, House Bill 589 

reduced the QF size to 1MW. This change mandates that solar developers negotiate with the 

utility to get a long-term contract for projects over 1MW (North Carolina General Assembly, 

2017).   

Our study's baseline uses fixed-tilt PVs generating 5MWAC or above, and we have also 

conducted a sensitivity analysis for different capacity sizes. This project uses the assumption of a 

DC-to-AC ratio of 1.3. Assuming a 30-acre parcel produces 6.5MWDC using the fixed-tilt PVs, 1 

MWDC requires 4.62 acres. In order to consider these factors, while allowing some area for 

management buildings, a buffer area between roads, etc., this project conducted a sensitivity 
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analysis of land parcel sizes using 1.3 MWDC (1 MWAC), 6.5 MWDC (5 MWAC), and 52 MWDC 

(40 MWAC). Each capacity level respectively requires 6, 30, and 240 acres of land. This project 

uses 30 acres of land or 5 MWAC as the baseline criteria for this analysis.   

5.4.2 Counties Selected for Research 

We selected nine counties based on geographical regions, population density, and data 

availability. We divided the state into three geographic regions: Coastal, Piedmont, and 

Mountain. Furthermore, we classified counties in terms of population density into three 

categories: high, medium, and low population density. Then we tried to select the counties in 

each region as shown in Table 8. However, due to the availability of counties' parcel data, the 

Coastal and Mountain regions do not have counties that fit into all three population density 

categories. As a result, this project has selected nine counties across North Carolina: Anson, 

Buncombe, Columbus, Craven, Durham, Gaston, Henderson, Madison, and Onslow. Table 9 

Selected Counties presents the basic attributes of these selected counties. If the website, NC 

OneMap Geospatial Portal, collected land parcel data for other counties in the same ways as for 

the selected nine counties, this tool could identify the suitable land in other counties (NC 

OneMap Geospatial Portal, 2017). Land parcel data categories were uniform and thus 

comparable across the nine counties selected for this project. In order to conduct the analysis 

comparing counties in the same scale and criteria, we selected counties with completed data.  

Table 9 Selected Counties 

 High Pop. 
Density Medium Pop. Density Low Pop. Density 

Coastal N/A N/A Onslow, Craven, Columbus 

Piedmont Durham Gaston Anson 

Mountainous N/A Buncombe, Henderson Madison 
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6 Results 

6.1 GIS Model Output 

The GIS model provides selected parcels in nine counties. Detailed maps of each county 

can be found in Appendix 9.3. In total, there are 3,692 parcels selected. All these parcels satisfy 

all of our geographic constraints. Under the assumptions described in previous sections, all these 

parcels, taken together, will provide 117,577 MWDC capacity. 

6.2 Economic Model Output  

Figure 5 presents the supply curve for nine selected counties. From the supply curve, 

installation cost accounts for a very large proportion in total cost of a project. Land acquisition 

cost and forest clearing cost do not account for a large proportion. These three parts do not 

change dramatically across the supply curve. For cheap projects, transmission cost is a small 

part; but for expensive projects, transmission cost accounts for a pretty large proportion. In the 

most expensive projects, transmission costs account for almost one fourth of the total.  A detailed 

supply curve for each county can be found in Appendix 9.4. 

Figure 5 Supply Curve for Potential Capacity of Utility Scale Solar in Selected Counties 
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We also compute the breakdown by county in Figure 6. Figure 6 (a) presents how many 

parcels come from each county, and Figure 6 (b) presents how much capacity comes from each 

county. 

 
Figure 6 Breakdown Of Selected Parcels Or Potential Capacity By County 

 
a b 

 

From these two figures we learn that low population density areas will be able to provide 

most of the suitable parcels and also most of the capacity. However, these are likely far away 

from residential areas, or demand centers. This could increase interconnection costs, and thus 

total project costs if these projects are going to be developed; when the distance from a project 

site to a substation is farther, interconnection costs rise in our economic model. 

The range of costs of developing solar projects differs county by county. Figure 7 

presents the range and also average cost associated with developing potential projects in each of 

the nine selected counties. 
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Figure 7 Range of Cost Associated with Developing Potential Solar Projects 

 

The least expensive project in selected nine counties is located in Onslow County and is 

only 0.73 M$/MW. The most expensive project is located in Craven County. It would cost 

almost 2.07 M$/MW. Overall, the average costs of developing these solar projects in selected 

counties are about 1.40 M$/MW. 

7 Discussion 

7.1 Discussion of Results 

We have estimated the electricity generation from the solar projects in our model using a 

capacity factor of 33.85%. This number was calculated using the solar insolation data in North 

Carolina from NREL's National Solar Radiation Database (NSRDB) and the following 

assumptions: PV panel efficiency at 17%, DC/AC ratio at 1.3, and clipping loss at 10% (National 

Renewable Energy Laboratory, n.d.). PV panel efficiency shows how much energy solar PVs can 

convert from solar insolation to electricity. Clipping loss occurs whenever DC energy production 
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exceeds the maximum rated AC capacity in any given hour, and the amount of energy production 

above the maximum rated AC capacity is lost.  

This is how we calculated the electricity generation from the solar projects using the total 

capacity size, 117,577 MWDC, in our model; 

DC to AC ratio: 

𝑟 = 1.3 

Total capacity in DC of all potential projects in our model 

𝑇𝑜𝑡𝑎𝑙	𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦34 = 117,577	𝑀𝑊34  

Total capacity in AC of all potential projects in our model 

𝑇𝑜𝑡𝑎𝑙	𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦C4 =
𝑇𝑜𝑡𝑎𝑙	𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦34 𝑟 = 90,443.85	𝑀𝑊C4  

Capacity Factor in our model: 

𝐶𝐹 = 0.3385 

Annual Generation from all potential solar projects in our model 

𝐴𝑛𝑛𝑢𝑎𝑙	𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑇𝑜𝑡𝑎𝑙	𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦C4 ∗ 𝐶𝐹 ∗
8,760	ℎ𝑜𝑢𝑟𝑠

𝑦𝑒𝑎𝑟 = 268,190	GWh 

7.1.1 Scale of Potential Generation from Solar 

Based on the size of the population in each county and the electricity demand in North 

Carolina, we estimated the county level energy use. Table 10 presents the comparison between 

estimated electricity demand and potential generation from new solar projects. In 2015, the total 

electricity production in North Carolina was 178,195 GWh (Energy Information Administration, 

2017). This amount of electricity is used as our baseline for demand. So, we multiplied this 

number by the percentages of the population size and estimated the county level energy use. The 
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population data was obtained from the North Carolina Office of Budget and Management (NC 

Office of State Budget and Management, 2017).  

As Table 10 shows, we found out that North Carolina should be able to supply 150.5% of 

its electricity demand from solar energy if the state implements all of the projects from our 

model. However, we acknowledge that solar energy is not available for 24 hours a day, and the 

use of batteries or other types of storage is not considered in this analysis. In addition, we 

acknowledge that our results constitute an upper bound, because our analysis assumes that the 

state will implement all of the projects from the nine selected counties in our model. 

Table 10 Estimated Electricity Consumption and Potential Generation 

County Population % 

Estimated 
Electricity 

Consumption 
(GWh) 

Projected 
Solar 

Generation 
(GWh) 

 

Ratio of Projected 
Generation-To-

Estimated Electricity 
Consumption 

All Counties 
in NC 100% 178,195 268,1901 150.5%2 

Anson 0.25% 450 657 146.0% 
Buncombe 2.54% 4,534 22,685 500.3% 
Columbus 0.56% 1,003 15,304 1,525.8% 

Craven 1.02% 1,820 91,619 5,034.0% 
Durham 2.97% 5,290 21,509 406.6% 
Gaston 2.12% 3,781 2,654 70.2% 

Henderson 1.13% 2,007 1,028 51.2% 
Madison 0.22% 386 12,863 3,332.4% 
Onslow 1.91% 3,402 99,870 2,935.6% 

 

7.1.2 Electricity Demand vs. Projected Generation by Balancing Authority 

It is important to note that generation in each county is not necessarily consumed in the 

county where electricity is generated. The electricity generated goes to the grid's electricity pool 

managed by the balancing authority in each region. Therefore, based on the balancing authority 

																																																								
1 This is the total annual generation of solar projects in nine selected counties in our model, not all counties in NC.	
2 This number is calculated by the total annual generation of solar projects in nine selected counties in our model, 
not all counties in NC. 
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of each county, it is important to compare the electricity demand of each balancing authority and 

projected electricity generation from the model, as shown in Table 11 and Table 12. There are 

two main balancing authorities in North Carolina: Duke Energy Carolinas and Duke Energy 

Progress and both report the electricity sales from 2016 in their Integrated Resource Plan reports 

(Duke Energy Carolinas, 2017 and Duke Energy Progress, 2017). Each county typically has one 

of these balancing authorities. However, some counties, such as Buncombe, Henderson, Anson, 

and Durham, have both Duke Energy Carolinas and Duke Energy Progress as balancing 

authorities. For the convenience of this analysis, it is assumed that all of them are under Duke 

Energy Progress so that the number of counties in each balancing authority are close in this 

analysis. Our analysis found out that Duke Energy Progress could produce over 350% of its 

electricity generation through solar PV and Duke Energy Carolinas could produce 56% of its 

electricity generation through solar PV.  

Table 11 Balancing Authority in Selected Counties (Part 1 of 2) 

Name Electricity Generation (GWh) Percentage 

Columbus 15,304 24.6% 
Craven 91,619 147.1% 

Madison 12,863 20.7% 
Onslow 99,870 160.4% 
Total 219,656 352.7% 

Duke Energy Progress 62,282 100% 
 

Table 12 Balancing Authority in Selected Counties (Part 2 of 2) 

Name Electricity Generation (GWh) Percentage 
Anson* 657 0.8% 

Buncombe* 22,685 26.2% 
Durham*  21,509 24.8% 

Henderson* 1,028 1.2% 
Gaston 2,654 3.1% 
Total 48,533 56.0% 

Duke Energy 
Carolinas 86,705 100% 

*overlapping balancing authorities  
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7.1.3 Comparison with North Carolina's REPS 

As of December 2016, 8.33% of North Carolina's energy generation was from renewable 

sources (NC Sustainable Energy Association, n.d.). In 2015, the total energy production was 

178,195 GWh (Energy Information Administration, 2017). Assuming the total energy production 

in 2016 was also 178,195 GWh, the total energy generation from renewable sources in 2016 was 

estimated to be 14,844 GWh.     

North Carolina currently has a Renewable Energy Portfolio Standard (REPS), which sets 

a goal of 12.5% of retail electricity sales through renewables for investor-owned utilities by 2021 

(DSIRE, 2017). According to the Integrated Resource Planning (IRP) reports from Duke Energy 

Carolinas and Duke Energy Progress, their estimated load forecast for energy (including energy 

efficiency) is 80,429 GWh for Duke Energy Carolinas and 44,767 GWh for Duke Energy 

Progress in 2021 (Duke Energy Carolinas, 2017 and Duke Energy Progress, 2017). The sum of 

these two is 125,196 GWh. Therefore, 12.5% of the total is 15,649.5 GWh, and this amount of 

the generation will be required to achieve North Carolina's REPS.  

In order to bridge the gap between North Carolina's REPS goal and its current status, 

North Carolina needs to generate 805.5 GWh from renewable sources by 2021. This model 

identified that the potential generation from solar is 268,190 GWh. This expected generation 

from all of the potential solar projects from our model is much bigger than the gap between 

North Carolina's REPS goal and its current status. In order to make up for 805.5 GWh, North 

Carolina needs to implement 0.3% of the potential projects from our model by 2021. This 

equivalent to the capacity of 271.5 MW, using our assumptions of solar generation. Since this 

number is not significant, we believe that solar energy will easily bridge the gap between the two 

and help the state to achieve its renewable energy goal by 2021.  
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7.1.4 Sensitivity Analysis of Thresholds of Capacity Size  

We have conducted sensitivity analyses of different size thresholds for the project 

capacities. Our baseline in this analysis focuses on projects with a capacity of 5 MW or above. 

We have also conducted analyses of projects with capacities of 1 MW or above and 40 MW or 

above.  

Table 13 shows statistics from our sensitivity analysis. For the total number of parcels, 

those with a threshold of 1MW or above have the higher number of parcels, while those at 

40MW or above have the smallest number of suitable parcels. Our GIS model captures more 

land from the less-restricted constraints, and this result captures this characteristic of the model. 

In terms of average capacity, projects with a capacity of 40MW or above have the largest 

average size.  

Table 13 Sensitivity Analysis of Different Thresholds 

  1 MW or Above 5 MW or Above 40 MW or Above 

Total Number of 
Parcels 11,209 3,692 242 

Average Capacity 
(MWDC) 12.50 31.85 226.03 

Average Cost 
(M$/MWDC) 1.74 1.40 1.12 

 

In terms of average cost, projects with a capacity of 1 MW or above have the highest 

average cost, and projects with a capacity of 40 MW or above have the smallest average cost. 

This result makes sense when we consider: (1) the economies of scales of the installation costs; 

and (2) the interconnection fees in our analysis. For the economies of scale of the installation 

costs, our economic model captures the economies of the installation costs because we estimated 

the installation costs of each project using the cost curve we simulated using the cost benchmarks 

from NREL's data, as discussed in the Section 5.3.1. The bigger projects, such as those with a 
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capacity size of 40 MW or above have a lower marginal cost of installation and the smaller 

projects have a higher marginal cost. Thus, this feature made the average cost of the projects 

with a capacity of 1 MW or above high, and those with a capacity of 40 MW or above low. In 

addition, our GIS model captures more suitable parcels of land at the capacity of 1 MW or 

above. Some of the parcels captured here could be far from substations, and this would increase 

interconnection fees, adding to the total cost of these projects, and increasing the average cost.  

Figure 8, Figure 9, and Figure 10 show the supply curves for different sizes of project 

thresholds from this sensitivity analysis. Each figure captures the characteristics mentioned 

above and verifies the logic.  

Figure 8 Supply Curve for Solar Projects 1 MW or Above. 
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Figure 9 Supply Curve for Solar Projects 5 MW or Above. 

	

 

Figure 10 Supply Curve for Solar Projects 40 MW or Above. 

 

 

7.1.5 Social Cost of Carbon Avoided by Developing Solar Projects 

The impact on CO2 emissions can be quantitatively analyzed by using the social cost of 

carbon. The social cost of CO2 estimates the value of climate change damages and it is one tool 

used for decision making by the EPA and other federal agencies (U.S. Environmental Protection 

Agency, 2017). Installation of utility-scale solar projects can help reduce CO2 emissions by 
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replacing electricity generation from fossil fuel plants. Thus, we will estimate the benefits of 

solar in terms of avoided emissions by using the social cost of carbon.  

For the amount of CO2 emissions in North Carolina, we used the information of each 

plant in North Carolina whose primary fuel is coal or natural gas (U.S. Environmental Protection 

Agency, 2018). In addition, EPA has several rates for the social cost of CO2 organized by 

discount rate and year (U.S. Environmental Protection Agency, 2017). In this analysis, we chose 

the rates for Year 2020 because this is the closest to Year 2018. The EPA lists different several 

potential costs for CO2 – we chose to look at two of those listed - $12 per metric ton of CO2 at a 

3% discount rate and $42 per metric ton of CO2 at a 5% discount rate (in 2007 US dollars) (U.S. 

Environmental Protection Agency, 2017). Using the annual inflation data from the U.S. Bureau 

of Labor Statistics, we calculated that the annual inflation rate between 2008 and 2017 would be 

1.8% and applied this rate to estimate the present value of the social cost of CO2 (U.S. 

Department of Labor, 2018). According to our calculations, a price in 2007 has roughly 84% of 

its original value after 10 years (in 2017). Therefore, we applied this 84% to the values that we 

obtained after multiplying the amount of annual CO2 emissions from each plant by the rate of 

social cost of CO2 in 2007 U.S. dollars and calculated the present value in 2017 U.S. dollars of 

the annual social cost of CO2.  

In order to compare the scale of the social of CO2, we also calculated the solar project 

cost in one year. We assumed that all of the project costs are treated as an upfront cost and solar 

developers pay the full amount at the beginning so that there are no discounts. We divided the 

total solar project costs by the PPA contract term, which is 20 years in our model, and estimated 

cost of the solar projects per year.  
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Figure 11	below shows the comparisons of social costs of CO2 and annualized cost of 

solar projects. Figure 11	shows how much solar energy could offset the social cost of CO2 

because solar projects do not emit CO2 in order to generate electricity. When the social cost of 

CO2 is low (at $12/metric ton of CO2), it is hard for solar projects to see benefits because the 

total social cost of CO2 emitted by fossil fuel plants is too small. However, when the social cost 

of CO2 is large (at $42/metric ton of CO2), the social cost of CO2 from fossil fuel plants becomes 

large and the cost of solar projects becomes smaller.  

Figure 11 Comparison of Social Cost of CO2 and Solar Project Cost 

 
	

7.1.6 Emissions Avoided by Solar vs. Carbon Sequestration by Forests 

Solar energy is considered to be clean and favorable for achieving a cleaner future. 

However, some environmental groups oppose solar projects which require cutting down trees. 



2017-2018 Master’s Project-Siting of Utility-Scale Solar in North Carolina 

Page 42 of 68 
	

For example, many environmental organizations, such as Clean Water Action and the Sierra 

Club, criticized Six Flags for cutting down trees for solar projects in New Jersey (Chesler, 2016). 

Others are concerned that clearing trees releases the carbon sequestered by those trees, and 

eliminates the potential of those trees to be carbon sinks in the future. Therefore, it is important 

to quantitatively analyze and compare carbon sequestration by trees and carbon emissions 

avoided by solar energy.   

This model can identify which forests are suitable for solar projects by making a small 

change in Step 1 in our GIS model. Instead of choosing such land types as agricultural, vacant, 

wild or forests, by choosing the forests, the model should conduct an analysis for forests. We ran 

the model in Durham County because the county has a good amount of both private and public 

forest areas while it has a high population density. According to our model, the total acreage of 

both public and private forests is about 650 million square feet. After the running the model, we 

included roughly 387 million square feet of forest area as suitable land for solar projects and 

excluded 263 million square feet. This means that 59% of the forests in the county are suitable 

for solar projects and the remaining 41% are not.  

Solar projects avoid CO2 emissions because solar PV does not produce CO2 during 

electricity generation. If we used all 387 million square feet (or 8,878 acres) of land of suitable 

forested land found in Durham County, we could install solar PV with a total capacity of 1,478 

MWAC, which would then generate 4,383,316 MWh of electricity annually. To calculate avoided 

CO2 emissions in North Carolina, we used a rate of 1,578lb/MWh for plants in the Southeast 

(U.S. Environmental Protection Agency, 2017). Thus, by multiplying the emission rate by the 

total solar generation in our model and converting the units to metric tons, we estimated that the 
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solar projects installed after clearing parcels of forested land in Durham County could avoid 

emissions of roughly 3.1 million metric tons of CO2 annually. 

On the other hand, trees sequester CO2. According to EPA's Greenhouse Gas 

Equivalencies Calculator, 0.85 metric tons of CO2 is annually sequestered by one acre of forest 

(U.S. Environmental Protection Agency, n.d.). We estimated the amount of CO2 sequestered by 

trees by multiplying the carbon sequestration rate by the size of the suitable forested parcels 

cleared for solar projects. The estimated amount of the CO2 sequestration by the forest areas that 

are suitable for solar projects in our model (8,878 acres) is 7,546 metric tons.  

When we compared the amount of CO2 emissions avoided by solar projects and the 

amount of CO2 sequestration by trees/forests, the amount of CO2 emissions avoided by solar 

projects is roughly 416 times bigger than that sequestered by trees. However, this does not mean 

that solar projects are necessarily better than keeping the forests, because the calculations here do 

not consider all the benefits of having trees. For example, trees could provide habitats for 

species, purify water and air, solidify ground, and so on. The measurements of these benefits are 

not necessarily comparable to CO2 emissions.  

7.2 About Limitations of This Study 

7.2.1 Not including Permit Processing and Stakeholder Engagement 

This model identifies suitable land for solar projects and calculates economic costs based 

purely on geographical features. Therefore, this project does not consider permits, processes, and 

stakeholder engagement. In reality, stakeholder engagement is crucial for solar permits. For 

example, it is easier to complete solar projects in the communities that already have solar farms 

and to get support from residents. On the other hand, when there are some stakeholders opposed 
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to a project and/or there are too many permits that the developers need to obtain, these factors 

could lengthen the project development time and therefore increase the cost.  

7.2.2 Solar Tariff Impacts 

In January 2018, the Trump Administration imposed safeguard tariffs on imported solar 

panels over a 4-year period, which will make the cost of solar panels higher. Therefore, the cost 

of the solar projects would become more expensive. However, this research does not include the 

impacts of the solar tariff. This is because we believe that this analysis is valid even after the 

next four years, although the tariff impact affects the market only over the next four years. We 

do not focus solely on the next 4-year period and have designed a tool that could be used in the 

long term by modifying the model inputs.  

7.2.3 Substation Upgrading Costs 

This economic analysis does not include substation upgrading costs. It is significantly 

challenging to include the substation upgrading costs for several reasons. First, it is hard to create 

a model for determining which utility-scale solar projects require substation upgrades in order to 

include this cost in the analysis, we would need to know existing and remaining capacity, such as 

number of available transformers, at each substation. However, the GIS data we have obtained 

does not include the information of the capacity size and its load. So, we have excluded this part 

from our analysis.  Due to this limitation, the cost of some projects in our model could be slightly 

underestimated because some of the substations could require the upgrades, which increase the 

project cost.   
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7.2.4 Transmission Capacity Constraint 

This analysis does not consider the available capacity of transmission lines. This analysis 

through GIS operations only focuses on physical constraints such as geographical features and 

physical distances from objects. This analysis measures the potential capacity of solar projects 

based on the size of identified suitable lands. Thus, it is hard to tell how much capacity in which 

transmission lines would be required before running the GIS model. 

7.2.5 Brownfields 

Building solar projects on brownfields is an interesting topic in the market. Such projects 

would have some benefits. For example, using brownfields for solar projects would be a better 

land use rather than just leaving the contaminated lands. The quality of the electricity will not be 

affected by brownfields, so solar developers should expect the same scale of revenues when 

looking at the electricity sale. In addition, brownfields typically have existing infrastructure that 

is connected to the grid. Therefore, the interconnection should be easier than building the solar 

projects in the middle of nowhere. Contrary to these advantages, solar projects on brownfields 

are very complex. Solar developers need to figure out how they will purchase or obtain a lease 

on a brownfield site. They also need to obtain permits allowing them to conduct business on 

brownfields. There are a lot of processes and negotiations that solar developers and the public 

sector need to figure out for further development of solar projects on brownfields.  At this point, 

there is no single way to quantify the economic values of brownfields and standardize the 

processes of siting solar projects on brownfields.  

We do have GIS data of brownfield sites in the U.S. (NC Department of Environmental 

Quality, n.d.). The data contains the location as a polygon, which allows us to measure the size 

of the brownfield. If we use this data as an input in our GIS model, our model should select the 
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suitable brownfields sites based on the geographical constraints. However, our analysis consists 

of two parts: geographical analysis and economic analysis. As for brownfields, the extent of our 

analysis is only geographical due to the reasons mentioned above. Therefore, we have excluded 

the analysis of brownfields from our research.  

7.2.6 Other Data Limitations 

In the economic analysis, it is possible that the numbers could be higher than reality. This 

model and analysis are established by using publicly available data. The majority of data was 

obtained through studies from various research organizations, which typically become publicly 

available many months after the data was originally collected. Therefore, the numbers could be 

slightly outdated. The cost of renewable energy generally declines over time; due to the time lag 

associated with using publicly available data, our numbers could be overestimated. Additionally, 

some results come from using average values for the U.S. However, North Carolina's solar 

market is progressive and this makes the cost of solar cheaper than in other regions. North 

Carolina also has relatively low labor costs, which could affect the total system cost. Our model 

does not capture these factors. It is also possible that solar developers could privately get better 

deals with entities such as landowners, solar manufacturers, and utilities, making the cost of solar 

projects even lower.  

7.3 Future Studies 

Our screening tool could be applied to other states. Researchers will need to collect the 

data listed in Table 5 for their state of interest. In addition, researchers might want to check 

leasing fees for land and forest clearing costs. This study has estimated those values by 

interviewing local developers in North Carolina. Therefore, it is possible that these values could 

be quite different in other states. 
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In addition, this project could not estimate the total financial cost of use of brownfields 

due to the complexity of the topic and lack of time. Researchers could estimate such costs and 

create a supply curve including brownfields, which this project could not do.  

Lastly, storage integration with solar projects would be another area for future studies. As 

mentioned in the Section 7.1.1, our research does not take storage integration into consideration 

and does not account for solar's intermittency or lack of dispatchability. However, the storage 

will make solar projects more robust and support their reliability. Cypress Creek Renewables 

recently completed a 8.6 MW utility scale solar-plus-storage project using 12 MWh of batteries 

in North Carolina (Weaver, 2018). We expect that more and more storage integration projects 

will be in the market in the future. As one topic in the future, researchers could estimate the size 

of the storage based on the size of the parcel identified by GIS model, which estimates the size of 

the solar project, and calculate the total cost of solar projects with storage. Such research would 

offset reliability concerns around solar projects, which our research excluded.  

8 Conclusions 

This project has identified suitable sites for utility-scale solar projects in North Carolina 

by developing a methodology to create a screening tool for North Carolina, and by quantifying 

potential generation capacity and costs for those sites. By using publicly available data, this 

methodology will give access to information about potential utility-scale solar to more end-users, 

even if they are not solar developers or utilities. This tool could give local planning boards 

and/or zoning commissions in an area a better understanding of the projects at/prior to the initial 

phase of solar projects. This screening tool and analysis could encourage more people to develop 

an interest in solar energy, in addition to making project development processes smoother, 
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facilitating better environmental outcomes, and supporting sustainable economic growth in North 

Carolina and the U.S.  

In addition, our research found that more than 150% of North Carolina electricity demand 

can be generated by the solar projects in our model, from only nine counties. This shows a high 

potential for more solar energy in North Carolina, even though the state has already implemented 

many solar projects. This research has also shown that North Carolina's target of achieving 

12.5% renewable energy by 2021 is well within reach, given the abundant resources found in the 

state: the combination of solar insolation, suitable land, and low costs. North Carolina (and other 

Southeast states) could easily set and reach much higher targets for renewable energy generation, 

which would help it both reduce its dependence on fossil fuels and reduce its CO2 emissions. If 

North Carolina took advantage of its incredible potential for utility-scale solar, it could take the 

lead in sustainable economic growth in the Southeast, and the U.S.  
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Appendix 

Appendix 1. Access to Our Data 

Access to data files for this screening tool from our study is available through Dr. Timothy 
L. Johnson (timothy.l.johnson@duke.edu) at Duke University.  
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Appendix 2. Our GIS Model.  
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Appendix 3A. Assumptions in Economic Model. 
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Appendix 3B. Terms in Economic Model. 

Terms in Appendix 3A Explanation 
FINAL RESULTS	 NA 

ALTPARNO An alternate local parcel number for the parcel record from NC 
Parcel shapefile data (NC OneMap Geospatial Portal, 2017) 

Area The size of the parcel in acre 
Capacity The size of a capacity calculated based on the size of the parcel 

(in MWDC) 
Clearing Cost Clearing cost in $M estimated 
Land Acquisition Land acquisition cost in $M estimated by the size of the parcel	

Total Installation Cost Installation cost in $M estimated by the size of the project 
capacity  

Total Transmission Cost  Transmission cost in $M estimated by the distance between the 
parcel and the substation 

Total Cost  The total cost in $M per MWDC 
Purchased/Leased? Whether land is purchased or leased: selected "Leased" in our 

project 
CLEARING COST NA 

ALTPARNO 
 

An alternate local parcel number for the parcel record from NC 
Parcel shapefile data (NC OneMap Geospatial Portal, 2017) 

Area The size of the parcel selected from our GIS model in square 
feet 

Area The size of the parcel converted from in square feet to in acre 
Land Use Type A land use code number from NC Parcel shapefile data (NC 

OneMap Geospatial Portal, 2017) 
Clearing Cost Per Unit Cost of clearing forest in our assumption 
Clearing Cost Clearing cost calculated by clearing cost per unit and the size of 

the parcel and used in our model (if applicable) 
LAND ACQUISITION MODULE NA 
ALTRARNO An alternate local parcel number for the parcel record from NC 

Parcel shapefile data (NC OneMap Geospatial Portal, 2017) 
Land Value A land value from NC Parcel shapefile data (NC OneMap 

Geospatial Portal, 2017); this could be used when choosing 
"Purchased" but we only selected "Leased" in our project 

Leasing Price Annual leasing price per acre in our assumption 
Discount Rate Discount rate of the land leased in our assumption 
Terms of Leasing The duration of the leasing contract  
Coefficient Coefficient value used to calculate the net present value of the 

leasing cost; not used in this project. 
Leasing NPV Net present value of land leasing fee; used in our project 
Purchasing NPV Net present value of land purchasing fee; not used in our 

project 
Random Number Gen Random number that could be used for determining whether 

the land is purchased or leased; not used in our calculation 
Random Number Used Random number used one time for determining whether the 

land is purchased or leased; not used in our calculation 
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Purchased/Leased? Whether land is purchased or leased: selected "Leased" in our 
project 

Land Acquisition  Land acquisition cost used in our model 
INFRASTRUCTURE MODULE NA 

ALTRARNO An alternate local parcel number for the parcel record from NC 
Parcel shapefile data (NC OneMap Geospatial Portal, 2017) 

Area The size of the parcel in acre 
Capacity The size of a capacity calculated based on the size of the parcel 

(in MWDC) 
Multiplier Coefficient of the equation for the installation cost 
Exponential  Project capacity size is raised to this power in the installation 

cost equation 
Installation Cost/WDC Calculated installation cost per WDC 
Total Installation Cost Total installation cost used in our model 

TRANSMISSION MODULE NA 
ALTPARNO An alternate local parcel number for the parcel record from NC 

Parcel shapefile data (NC OneMap Geospatial Portal, 2017) 
Distance to Substation Distance between the parcel and the substation in feet from our 

GIS model 
Distance to Substation Distance between the parcel and the substation converted from 

in feet to in mile  
Transmission Per Distance Transmission cost per mile in our assumption 
Total Transmission Cost Transmission cost calculated and used in our model 
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Appendix 4. GIS Model Output by County.  

A4-1. Anson County. 

	
 
A4-2. Buncombe County. 	
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A4-3. Columbus County. 	

 
A4-4. Craven County. 
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A4-5. Durham County.	
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A4-6. Gaston County. 

 
	

A4-7. Henderson County.	
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A4-8. Madison County.	

 
	

A4-9. Onslow County. 	
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Appendix 5. Economic Model Output by County.  

A5-1. Supply Curve of Anson County. 

 
 
A5-2. Supply Curve of Buncombe County.  
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A5-3. Supply Curve of Columbus County. 

 
 

A5-4. Supply Curve of Craven County.  
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A5-5. Supply Curve of Durham County.  

 
 

A5-6. Supply Curve of Gaston County.  
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A5-7. Supply Curve of Henderson County.  

 
 

A5-8. Supply Curve of Madison County. 
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A5-9. Supply Curve of Onslow County.  
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