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ABSTRACT 

 

Several barriers work against the deployment of rooftop solar photovoltaic systems in Durham and across the 

country.  These include high initial investments that can outweigh benefits, operation and maintenance 

responsibilities, potentially lengthy payback periods, and significant transaction costs.  The community solar 

model – which encompasses a set of innovative ownership, financing, and other mechanisms – is one option 

for overcoming these obstacles.  There are many potential benefits of community solar, with two primary 

objectives being reduced initial costs and increased access to renewable energy.  Other potential benefits 

include better economies of scale, more flexibility in choosing an optimal solar site, greater public awareness 

and understanding of solar energy, the potential for local job creation, and the opportunity to test new 

ownership and financing structures. 

This project assesses the degree to which community solar might provide benefits in Durham as measured by 

two key metrics: reduced costs and increased access to renewable energy.  A Geospatial Information Systems 

(GIS) analysis of three Durham study areas was conducted to estimate the size of possible rooftop solar 

systems and the amount of annual energy they would provide.  A simple energy cost ratio – obtained by 

dividing total installed cost by annual energy output – was calculated for each parcel, and then averages were 

determined for each of three parcel categories: residential, commercial, and community service.  Graphs were 

also created to illustrate the relationships between suitable solar rooftop areas, differences in energy cost 

ratios, and parcels of different types. 

The analysis provides evidence that the community solar approach has the ability to both reduce the costs of 

and increase access to renewable solar energy.  Although some residential parcels have rooftops that could 

host cost-efficient systems, for many homeowners a financial advantage might be realized through 

investment in a community solar project.  The study also found that approximately 10% of residential parcels 

are not suitable for solar systems, while an additional 18% are suitable only for systems smaller than 1 kW.  

For these people, as well as for those who live in apartment buildings, the opportunity to invest in community 

solar would be a tangible increase in access to the benefits of renewable energy.  As such, the paper concludes 

by recommending that legislation extending the net metering concept to community energy be adopted at the 

North Carolina state level. 
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INTRODUCTION 
This paper attempts to assess the potential benefits of community solar in Durham, North Carolina through a 

detailed Geospatial Information Systems (GIS) analysis of three study areas.  To provide both the background 

and the motivation for the analysis, this introduction will describe the concept of community solar, suggest 

why community solar might be a worthwhile pursuit, and outline a number of dimensions along which 

community solar projects typically vary. 

 

DEFINITION OF COMMUNITY SOLAR 

Coughlin et al. (2010) define community solar as “a solar-electric system that, through a voluntary program, 

provides power and/or financial benefit to, or is owned by, multiple community members.”  From this 

definition, it is clear that community solar can take many forms. 

As will be discussed in greater detail later, one of the main challenges with community solar is the fact that it 

is not at all standardized: legislation, incentives, utilities, and of course the solar resource itself vary across 

regions, states, and cities.  While community solar projects have been successful in certain instances, the 

ability to replicate such ventures hinges on a number of factors. 

In all, community solar projects are typically medium-sized endeavors (in terms of generating capacity) that 

attempt to strike a balance between traditional, residential, rooftop solar photovoltaic (PV) systems and large 

industrial-scale solar operations. 

 

MOTIVATIONS FOR COMMUNITY SOLAR 

Coughlin et al. point out that the primary goals of community solar projects are typically to increase access to 

solar energy and to reduce initial costs.  Other potential benefits include (Coughlin et al., 2010): 

 Better economies of scale; 

 More flexibility in choosing an optimal solar site; 

 Greater public awareness and understanding of solar energy; 

 The potential for local job creation; and 

 The opportunity to test innovative ownership, financing, and other mechanisms. 

A United States Department of Energy report published in 2011 summarizes some of these positive attributes 

in the following way (DOE, 2011a): 
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“Given the benefits associated with economies of scale, community projects can reduce the cost of PV 

systems on a per-watt basis.  These projects can also expand access to solar electricity because 

individuals who don’t own property or whose property doesn’t receive adequate sunlight to make a PV 

system practical can still invest in a community solar project.” 

 

VARYING CHARACTERISTICS OF COMMUNITY SOLAR PROJECTS 

As mentioned above, community solar projects have taken many forms and there are several dimensions 

along which these endeavors can vary.  Such dimensions include: 

 Who owns the system; 

 Who maintains the system; 

 Who hosts the system (that is, where the system is physically installed); 

 How the electricity is used (more specifically, whether it is used completely on-site or at least 

partially net-metered to the electric grid); 

 Who is paid or credited for the value of the electricity and how the payment or credit is calculated; 

 Who owns the rights to any renewable energy credits/certificates (RECs) generated by the project; 

and 

 Who paid for the system, how, and using what incentives/rebates. 

For many of these factors there is often also a time component, in the respect that ownership, maintenance 

responsibilities, and other characteristics can change over the life cycle of the system depending on the initial 

agreement. 

Given that the potential for variation in projects is so high and, in certain cases, the fact that many of these 

characteristics are related and potentially dependent on one another, it is logical to group these factors into a 

smaller number of typically-employed models or mechanisms.  In this document, these seven dimensions are 

grouped into three broad ownership/financing structures.  These arrangements are described in more depth 

later in the introduction. 

 

TRADITIONAL SOLAR PHOTOVOLTAIC PROJECT MODELS 

Before discussing how community solar projects have been implemented, it is beneficial to briefly describe 

the manner in which small-scale, residential solar photovoltaic projects are often pursued. 
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Traditionally, such projects are executed by individual homeowners without any coordination or input from 

neighbors or other community members.  The installation of such systems on the rooftops of single-family, 

owner-occupied residences has been pursued over the past few decades to a modest degree for a number of 

reasons.  From the perspective of a homeowner, these include lowered utility bills, independence from the 

electric utility grid, and environmental commitment (Coughlin & Cory, 2009). 

The cost of a photovoltaic system (which in this arrangement is borne by each individual household) can be 

reduced through a number of up-front incentives.  However, the remaining capital investment can often still 

be significant, and will traditionally be financed with “some combination of cash, home equity loans, and/or 

refinanced mortgage loans” (Coughlin & Cory, 2009). 

Despite the potential benefits of installing such systems, financial and other barriers can often combine to 

overwhelm (or be perceived to overwhelm) these benefits such that homeowners choose not to pursue 

project implementation.  These obstacles are present in both the traditional case (where individual 

homeowners are installing, owning, and operating their own systems) as well as in the community solar 

model.  Such challenges include (Coughlin & Cory, 2009): 

 High initial costs that can outweigh benefits; 

 Operation and maintenance responsibilities; 

 Payback periods that can exceed the typical length of a homeowner’s tenure; and 

 Transaction costs (such as hassle, time, and needed research) that might make the investment 

unattractive. 

In many ways, the development of innovative ownership, financing, and other methods is an attempt to 

overcome these barriers.  The next section introduces the concept of net metering, which has been extended 

in some states to form an important foundation for community renewable energy projects. 

 

OVERVIEW OF NET METERING 

Net metering allows electric utility customers to receive credit for the power their solar systems generate in 

excess of their demand.  In this way, when a customer’s system generates more electricity than is demanded 

by the customer’s home, the electric meter turns backwards – effectively crediting the customer at the retail 

price of electricity (DOE, 2011b). 

From the perspective of the customer, the net metering arrangement is generally preferable to one where a 

second meter is installed to measure the flow of electricity back to the utility.  This is primarily due to that 
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fact that in the latter scenario, the utility may purchase the power at a lower rate than the retail price of 

electricity (DOE, 2011b). 

As mentioned, the net metering concept has served as the precedent and the foundation for extended policies 

conducive to community-based renewable energy ventures.  Although North Carolina currently lacks 

legislation that enables the benefits of a single renewable installation to be shared among a number of 

community individuals, the state may be well poised to move in this direction.  More specifically, a study 

conducted at the Center for Applied Economic Research at Montana State University assessed states in terms 

of the number and different types of financial incentives, access laws, and outreach programs offered to 

promote small-scale distributed generation (Yoder & Gurney, 2004).  Although North Carolina boasts no 

access laws, it is more conducive to distributed generation than many other states when comparing across all 

three categories added together.  In fact, the study highlights North Carolina (among a few others) as a state 

with “numerous outreach programs” (Yoder & Gurney, 2004).   

As a model for what North Carolina might implement in the future, there are a number of policies in other 

states across the country that aim to extend the net metering concept in a manner conducive to community 

renewable energy projects.  A selection of these policies is highlighted in Table 1.1 

Table 1: State Policies Extending the Net Metering Concept 

State Extended Mechanism 

Colorado “Community Solar Gardens” 

Maine “Shared Ownership” 

Massachusetts “Neighborhood Net Metering” 

Vermont “Group Net Metering” 

 

A brief description of each mechanism is given below. 

COLORADO: “COMMUNITY SOLAR GARDENS” 
As defined by Colorado House Bill 1342, a “community solar garden” is a solar electric generation facility with 

a nameplate capacity of up to 2 MW within the service territory of investor-owned utilities.  Under the law, 

such a project may be owned by the utility, a for-profit entity/organization, or a non-profit 

entity/organization.  Each solar garden must have at least 10 subscribers and those subscribers must be 

located in the same municipality or county in which the project is located.  The subscribers receive energy 

credits (measured in kWh) on their utility bills that correspond to the size of their subscription.2 

 

                                                                    
1 More information on these policies can be found in the Database of State Incentives for Renewables & 
Efficiency at www.dsireusa.org. 
2 For more information on Colorado’s community solar gardens, please refer to 
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=CO26R&re=1&ee=1. 
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MAINE: “SHARED OWNERSHIP” 
In Maine, investor-owned utilities are required to offer net metering for shared ownership customers.  Under 

the “shared ownership” model, several customers invest in a single eligible system (including initial costs and 

maintenance) and receive resulting proportional benefits.  More specifically, up to 10 meters can be net-

metered against an eligible facility, and one of the customers must be designated as a contact person and 

liaison between the shared owners and the utility.3 

MASSACHUSETTS: “NEIGHBORHOOD NET METERING” 
Massachusetts allows “neighborhood net metering” for eligible neighborhood-based energy generating 

facilities (this generally includes solar energy projects up to 2 MW).  Such a project is eligible if it is owned by 

or serves the energy needs of a group of 10 or more residential customers located within one neighborhood 

and within the service territory of a single utility.  The net-metered facility is required to be behind a 

customer’s meter, but only a minimal amount of load must be located onsite.4 

VERMONT: “GROUP NET METERING” 
Vermont law allows for “group net metering” in which “a group of customers, or a single customer with 

multiple electric meters, located within the same electric utility service territory, choose to combine meters in 

order to offset that billing against a net metered system.”5  To set up such a system, a group of customers 

must file the following information with the Public Service Board of Vermont (and with any other relevant 

parties): 

 The customers and meters to be included in the group; 

 The way that meters will be added/removed and how credit will be allocated to each customer-

meter; 

 A contact person for communications (for issues unrelated to billing, payment, or disconnect); and 

 A process for resolving disputes.6 

 

OWNERSHIP AND FINANCING STRUCTURES 

As described above, there are many dimensions along which community solar projects can vary.  For 

simplicity, this section groups these dimensions into three broad ownership/financing structures and 

                                                                    
3 More information on Maine’s shared ownership net metering program can be found at 
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=ME02R&re=1&ee=1. 
4 Find more information about Massachusetts’ neighborhood net metering program at 
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=MA01R&re=1&ee=1. 
5 Refer to the Vermont Public Service Board’s website at 
http://psb.vermont.gov/utilityindustries/electric/backgroundinfo/netmetering. 
6 More information on the Vermont group net metering approach can be found at 
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=VT02R&re=1&ee=1. 
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discusses how they have made community solar projects possible in certain instances.  The three primary 

project models used in organizing community solar projects are (Coughlin et al., 2010): 

1. The utility-sponsored model; 

2. The Special Purpose Entity or business model; and 

3. The non-profit model. 

Each of these will be discussed below in turn. 

UTILITY-SPONSORED MODEL 

As its name implies, the utility-sponsored model is one in which the utility takes the lead role in establishing 

the solar system.  Oftentimes the utility will own the system itself and customers electively participate 

through initial or ongoing payments, for which they receive a payment or credit on their bill depending on 

their financial involvement and the amount of electricity the system produces (Coughlin et al., 2010). 

An example is the Sol Partners Cooperative Solar Farm developed by United Power, a rural electric 

cooperative serving residential and commercial customers in Colorado.  United Power hosts a 10-kW system 

on its property in Brighton, Colorado.  The total installed cost of the project was approximately $10 per watt, 

or about $100,000.  Customers pay a one-time subscription cost of $1,050 to license a 210-watt panel for a 

25-year period.  These customers are billed for their electricity as usual, but their statement also includes a 

credit for the amount of electricity produced by their portion of the solar project (Coughlin et al., 2010).7 

SPECIAL PURPOSE ENTITY MODEL 

Another name for the Special Purpose Entity model could be the “solar business” model.  In this arrangement, 

a group of investors chooses to invest in a community solar project by forming and running a business.  This 

model involves a good deal of complexity, including details related to tax and securities laws, and so requires 

significant organization and planning.  In practice, the system might be hosted on a community building; the 

electricity may be used by that structure and/or net-metered back to the electricity grid; and the payment for 

energy, RECs, and production incentives would be directed towards the members of the business (Coughlin et 

al., 2010). 

For example, a set of volunteers spent more than two years developing the business model for University 

Park Community Solar LLC.  The result was the installation of a 22-kW solar system on the roof of the Church 

of the Brethren in University Park, Maryland.  The installed cost was $5.90 per watt, or about $130,000 total.  

The founders expect a return on their investment within five to six years, through the sale of electricity to the 

church and to the grid, from the auction of renewable energy credits, through federal tax incentives, and 

                                                                    
7 More specifically, they are credited at a rate that is slightly higher than the retail electricity rate – currently 
11 cents per kWh versus 10.5 cents per kWh.  The value of the electricity over 25 years is therefore – under 
current rates – $900, though this assumes a constant solar credit rate when in reality it will likely rise along 
with the retail rate. 
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because of depreciation (under the Modified Accelerated Cost Recovery System, or MACRS, which allows 

certain kinds of passive income to be offset through depreciation-related losses).  Forming the LLC was a 

complicated process and the founders note the possibility for accounting and legal fees to overwhelm the 

returns from similar kinds of projects (Coughlin et al., 2010). 

NON-PROFIT MODEL 

The non-profit arrangement is discussed here for completeness, though it is not strictly “community solar” in 

the respect that participants do not directly share in the financial benefits of the project.  As its name states, 

this model functions through its structure as a non-profit organization, allowing tax-deductible donations 

from community members to support local solar projects.  An example is the “Solar for Sakai” project located 

on Bainbridge Island, Washington, where the non-profit Community Energy Solutions raised money for the 

installation of a 5.1-kW system on the roof of Sakai Intermediate School.  The school owns the solar system 

and receives the financial benefits (Coughlin et al., 2010). 
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METHODS 
The purpose of this study’s GIS analysis is to assess the extent to which benefits can be gained by pursuing 

community solar projects in Durham, North Carolina.  Given that the legislative framework in North Carolina 

is not yet conducive to such arrangements, this project has been conducted in terms of the physical and 

economic possibility for community solar as a precursor to the adoption of extended net metering policies at 

the state level. 

The study assesses benefits in two key areas that align with the two primary goals of community solar as 

described in the introduction: 

1. Reduction of initial costs due to increased economies of scale, pooling of funds, and/or other factors; 

and 

2. Greater access to renewable energy for individuals who don’t own a home or have insufficient solar 

resource to justify installation of an independent system. 

To capture the variation in a city the size of Durham, this analysis considers three “study areas” with 

inherently different building sizes and building uses: 

1. A residential area north of Duke University’s East Campus; 

2. The greater downtown Durham area; and 

3. The majority of Duke University’s West Campus. 

Figure 1 below depicts each of these study areas and the buildings contained within them. 
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Figure 1: Residential, Downtown, and Duke West Campus Study Areas 

 

 

As will be described in greater detail below, the methodologies in two previous Master’s Projects provided 

guidance for much of the initial GIS processing, and particularly the steps for determining the amount of solar 

radiation received at each point throughout the study areas.  These Master’s Projects were: 

 “A Spatial Approach to Determine Solar PV Potential for Durham Homeowners,” by Adam Mulherin at 

the Nicholas School of the Environment at Duke University (Mulherin, 2011), and 

 “Developing a Solar Energy Potential Map for Chapel Hill, NC,” by Lyle Robert Leitelt at the 

Department of City and Regional Planning at the University of North Carolina, Chapel Hill (Leitelt, 

2010). 

 

INITIAL DATA COLLECTION AND PROCESSING 

The first step in the analysis was to create a spatial model of the “elevation” surface throughout each of the 

study areas.  Given that there is some ambiguity in the naming of such surface models, a definition is required.  

For the purpose of this paper, if such a model includes everything that sits above flat ground – regardless of 

its height and including objects such as trees and buildings – it will be referred to as a digital surface model 
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(DSM).  The DSM can be contrasted with a digital elevation model, or DEM, which is defined as the “ground” 

elevation only, excluding trees, structures, and any other objects.  An additional note is that, in this project, 

the DSM’s elevation values are absolute heights relative to sea level (and as such are not heights relative to 

the ground). 

In this project, only a DSM was used.  This approach is somewhat different than that taken by Mulherin and 

Leitelt, who subtracted a DEM from a DSM to yield heights of trees, buildings, and other objects relative to the 

ground (Mulherin, 2011; Leitelt, 2010).  Given that such a method “levelizes” objects in a way that might 

affect shading, this project opted to use the DSM alone when determining solar radiation.8 

To create a DSM for each of the study areas, Light Detection and Ranging (LIDAR) data was obtained from the 

United States Geological Survey’s Center for LIDAR Information Coordination and Knowledge (CLICK).9  

ERDAS, a leader in geospatial software, defines LIDAR as:10 

“…an optical remote sensing technology that combines laser light and positioning measurements to 

provide highly accurate digital elevation.  LiDAR instruments are used for surveying and mapping to 

capture points on a surface of an object to create a point cloud.  Data are commonly distributed in the 

ASPRS [American Society for Photogrammetry and Remote Sensing] LAS format, which is a public file 

format for the interchange of LiDAR data.  LiDAR can be used to map a variety of features including the 

ground surface, vegetation cover, buildings and more.” 

As mentioned in this description, LIDAR data are often in the LAS file format and the data obtained from 

CLICK conformed to this standard.  To process this data, Leitelt’s Master’s Project referred to two blogs 

posted by Clayton Crawford, a Product Engineer at ESRI (the company that develops ArcGIS) (Crawford, 

2008a; Crawford, 2008b).  Steps in these blogs were followed to complete the initial LIDAR processing. 

More specifically, the density of the data points was assessed to determine if there were a sufficient number 

of points to yield an accurate surface.  Over all of the LIDAR data downloaded for the region, the average point 

spacing was 1.39 meters.  Visual inspection confirms that the points are spaced closely enough to capture the 

variation over a single rooftop (refer to Figure 2 on the next page for an example; the yellow dots are the 

LIDAR points; the large building in the center is E. K. Powe Elementary School). 

                                                                    
8 One precedent for this approach is the Los Angeles Solar Model as shown in the appendix to Leitelt’s paper 
(Greninger, 2009 as cited in Leitelt, 2010).  In this methodology, the LIDAR points were converted into a DSM 
and then directly fed into the solar radiation tool in ArcGIS, which is the same method employed here. 
9 The CLICK website can be accessed at http://lidar.cr.usgs.gov/.  The North Carolina LIDAR data obtained 
from CLICK were initially collected through the North Carolina Floodplain Mapping Program (NCFMP).  
Although the LIDAR data were collected under the NCFMP to identify flood hazards and to create associated 
Flood Insurance Rate Maps, the raw, un-preprocessed data are publicly available for research purposes 
through CLICK.  For more information on the NCFMP LIDAR data, visit 
http://www.ncfloodmaps.com/pubdocs/lidar_final_jan03.pdf. 
10 Refer to http://www.erdas.com/Resources/education/lidar/details.aspx. 
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Figure 2: Subset of Residential Study Area Showing LIDAR Data Points 

 

 

The LIDAR data points were then converted from the LAS file format to a multipoint shapefile.  Finally, these 

points were projected into a new coordinate system: NAD 1983 State Plane North Carolina FIPS 3200 Feet.  

This projection was chosen because it matched the default projection of many of the other datasets (including 

building footprints and roadways) downloaded for use in later processing steps. 

 

GENERATING A DIGITAL SURFACE MODEL 

A combination of methods from Crawford’s blogs, Leitelt’s Master’s Project, and Mulherin’s Master’s Project 

were combined to create a DSM for each study area. 

To reduce the necessary processing time, the LIDAR multipoint shapefile was first clipped to only the study 

areas of interest.  These LIDAR points were then used to create a Triangulated Irregular Network (TIN) 
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model: a 3-dimensional surface where individual points are connected by edges (lines) to generate a triangle 

network.11  An example of the TIN model for the residential study area is shown in Figure 3. 

Figure 3: Subset of Residential Study Area Showing TIN Model 

 

 

As can be seen in Figure 3, the density of the original LIDAR points directly impacts the size of the triangles in 

the TIN.  The next processing step converted the TIN for each study area into a raster using the “natural 

neighbors” interpolation method.  The small size of the triangles ensured that the interpolated values were 

relatively accurate (that is, the values interpolated within each triangle approximated actual object heights 

within the triangles).  As such, given the density of the data points and in an effort to maintain a high 

resolution for later processing, the output raster was created with a cell size of 1 square foot.  The result was 

a raster with values for the heights of buildings, trees, and other objects above sea level.  An example of the 

DSM surface for the residential study area is shown in Figure 4 below. 

 

                                                                    
11 For more information on TINs, refer to the article “What is a TIN surface?” on ESRI’s website at 
http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.html#/What_is_a_TIN_surface/00600000000100
0000/. 
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Figure 4: Subset of the Digital Surface Model (DSM) for the Residential Study Area 

 

 

DETERMINING BUILDING SOLAR RADIATION 

The Spatial Analyst extension in ArcGIS includes a tool called “Area Solar Radiation,” which based on a 

number of inputs (including a DSM), calculates incoming solar radiation over a given area.12  For this project, 

most of the default inputs were left as they were; these included the settings for latitude (which is calculated 

automatically based on the input raster), sky size/resolution, day interval, calculation directions, zenith 

divisions, azimuth divisions, diffuse model type, diffuse proportion, and transmittivity. 

A few of the inputs were modified, however.  These included the time configuration, which specifies over 

what period the solar radiation is assessed.  To generate a yearly estimate of solar insolation, the tool was 

executed over a time span from January 1, 2012 to December 31, 2012.  For the sake of shortening processing 

time, a slightly longer hour interval of 1 – versus a default of 0.5 – was chosen (the hour interval represents 

the time coarseness of calculations throughout each day). 

                                                                    
12 For additional details regarding the area solar radiation tool, please refer to ESRI’s website at 
http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.html#//009z000000t5000000.htm. 
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As mentioned, the primary input to the area solar radiation tool is the DSM.  Because the DSM represents 

changes in building heights, orientation of roofs, and other similar factors, such considerations do not need to 

be addressed explicitly elsewhere. 

Using all of these inputs, an output solar radiation raster was generated for each of the three study areas.  By 

default, the area solar radiation tool outputs a raster with values representing the solar radiation received by 

each cell in watt-hours per square meter (in this case, totaled over the course of the 365 days in 2012).  An 

example of this solar radiation raster for the residential study area is shown in Figure 5 below. 

Figure 5: Subset of the Solar Radiation Raster for the Residential Study Area 

 

 

Figure 6 below is a portion of a solar photovoltaic resource map published by the National Renewable Energy 

Laboratory.13  According to explanatory text on the map, the solar resource figures are annual averages for a 

flat plate collector tilted so that it matches the latitude of each location.  According to the map, a conservative 

estimate of the solar photovoltaic resource in Durham would be 4.5 kWh per square meter per day.  

Converting this figure to watts and extrapolating to a period of 365 days yields an estimate of 1,642,500 watts 

                                                                    
13 The full map is available from the National Renewable Energy Laboratory website at 
http://www.nrel.gov/gis/solar.html. 
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per square meter per year.  Note that this number is quite close to the maximum solar radiation shown in the 

legend in Figure 5 above (approximately 1,522,000 watts/m2/year). 

 

Figure 6: United States Photovoltaic Solar Resource: Flat Plate Tilted at Latitude 

 

Note: this graphic represents only the North Carolina portion of the complete map. 

 

 

The expected solar radiation shown in Figures 5 and 6 are also confirmed by estimates generated in the 

previous Master’s Projects assessing the solar photovoltaic resource in Durham and Chapel Hill (Mulherin, 

2011; Leitelt, 2010). 

 

CREATING A NORMALIZED DIFFERENCE VEGETATION INDEX 

The Normalized Difference Vegetation Index, or NDVI, measures the amount of vegetation over an area.  As its 

name suggests, the index is normalized by design to take on values between -1 and 1 (with higher values 

indicating increasing levels of vegetation).  The NDVI is created by mathematically processing two bands of 

remotely sensed data.  More specifically, it takes as inputs the visible red light reflected over an area (call it 

the “Red Band”) as well as the near infrared reflectance over that same area (call it the “IR Band”).  For 

biological reasons, plants tend to absorb electromagnetic radiation in the visible red light part of the 
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spectrum while reflecting near infrared radiation.  In this way, a high difference between near infrared and 

visible red radiation in a particular location indicates the presence of vegetation.  The NDVI is therefore 

calculated using this formula:14 

NDVI = (“IR Band” – “Red Band”) / (“IR Band” + “Red Band”) 

The National Agriculture Imagery Program (NAIP), administered by the United States Department of 

Agriculture’s Farm Service Agency, collects aerial imagery during the growing season in the continental 

United States for a variety of applications.15  NAIP data taken in 2010 at 1-meter resolution is available for 

North Carolina from the North Carolina State University Library System.16  In addition to the typical red, 

green, and blue visible color bands, this imagery also includes an infrared band suitable for input to NDVI 

processing. 

Using this data and the methods described above, an NDVI was created for each of the three study areas.  An 

example is given for the residential study area in Figure 7 below. 

Figure 7: Subset of the NDVI for the Residential Study Area 

 

                                                                    
14 A brief review of the NDVI can be found at http://ivm.cr.usgs.gov/whatndvi.php. 
15 For more information on the NAIP, visit the USDA’s website at 
http://www.fsa.usda.gov/FSA/apfoapp?area=home&subject=prog&topic=nai. 
16 Refer to http://www.lib.ncsu.edu/gis/naip.html. 
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GENERATING SOLAR PHOTOVOLTAIC COST ESTIMATES 

The Duke Libraries hosts a large collection of Durham GIS feature data.17  Of particular use to this study are 

datasets containing roadways, building footprints, and parcel information. 

The building footprint data has a spatial extent covering all of Durham and contains a table attribute with the 

Parcel ID of each structure.  Because each building footprint served as a “zone” over which to sum the solar 

radiation raster, the building footprint data was first clipped to each study area to include only those 

buildings that were of interest. 

As described in the methods above, the solar radiation raster for each study area is based on a DSM, itself 

created from LIDAR data.  Given that the LIDAR data points represent all objects above ground level, portions 

of roofs that are covered by trees will in fact have positive values in the solar radiation raster, although such 

areas should not count towards the total suitable solar area of each rooftop.  As such, the NDVI for each study 

area was used to set these values in the solar radiation raster to null.  More specifically, where the NDVI had a 

value of 0.1 or greater (indicating the likely presence of vegetation18), the solar radiation raster was set to 

null, effectively causing these locations to contribute nothing to the solar radiation of each rooftop.  Note that 

this method underestimates the suitable rooftop area and the total yearly solar radiation for buildings that 

are shaded by deciduous trees.  Nevertheless, such an approach was chosen to yield conservative figures. 

In addition to whether or not sunlight actually strikes a portion of a roof, another consideration is the amount 

of sunlight that strikes each location.  Leitelt’s Master’s Project found that, under a number of assumptions 

regarding solar panel costs, efficiency, and other factors, it is economical (over a 25-year payback period) to 

install solar photovoltaic panels where a roof receives at least 3.91 kWh/m2/day of sunlight.  If electricity cost 

inflation is taken into account (assuming a rate of 3 percent), Leitelt states that this figure drops to 2.53 

kWh/m2/day.  For the purposes of this analysis, a relatively conservative figure of 3.5 kWh/m2/day was 

chosen.  Because the solar radiation raster represents the amount of sunlight received by each cell in Wh/m2 

over the course of 365 days, this 3.5 figure was converted to watt-hours and then multiplied by 365 to yield 

1,277,500 Wh/m2 – the threshold over which a cell is considered to be “suitable” for the placement of a solar 

photovoltaic panel.  Given this, and using a method similar to that for removing areas with tree shading, 

locations in the solar radiation raster were set to null where the total radiation was less than 1,277,500 

Wh/m2. 

The result was a raster showing the cells of suitable radiation for each study area.  An example for the 

residential study area is given in Figure 8. 

                                                                    
17 Refer to http://library.duke.edu/data/collections/gis/durham/. 
18 The threshold value of 0.1 was adopted from the Los Angeles Solar Model as shown in the appendix to 
Leitelt’s paper (Greninger, 2009 as cited in Leitelt, 2010). 
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Figure 8: Subset of Suitable Photovoltaic Radiation for the Residential Study Area 

 

 

To determine the size of the potential solar photovoltaic system on each rooftop, the total suitable solar area 

in square feet (not shaded by trees and above the radiation threshold) within each building footprint was 

summed.19  (Note that this is a different operation than summing the total solar insolation – in Wh – within 

the suitable area of each building footprint, which was done at a later step.)  A document published by the 

United States Department of Energy outlines the rooftop area required for solar systems of different sizes, 

depending on the efficiency of the solar panels (DOE, 2003).  A copy of the relevant table is shown below. 

  

                                                                    
19 Note that such this operation did not consider whether the suitable area within each rooftop was 
contiguous; for simplicity, it was assumed that enough of the suitable area was contiguous to yield an 
accurate sum. 
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Table 2: Roof Area (in square feet) Required for Solar Systems of Different Sizes 

PV Module 
Efficiency (%) 

PV Capacity Rating (Watts) 

 
100 250 500 1000 2000 4000 10000 

4 30 75 150 300 600 1200 3000 

8 15 38 75 150 300 600 1500 

12 10 25 50 100 200 400 1000 

16 8 20 40 80 160 320 800 

 

A report published in December 2010 by the Lawrence Berkeley National Laboratory sheds some light on the 

efficiency of solar PV systems (Barbose, Darghouth, & Wiser, 2010).  Of all of the rack-mounted systems 

installed in 2009 (as accounted for by the study), the largest number had efficiencies of 13 to 14 percent; this 

observation applies both to systems less than 10 kW and to systems between 10 and 100 kW.  In addition, the 

United States Energy Information Administration provides data on the average energy conversion efficiency 

of photovoltaic cells and modules shipped between 2007 and 2009.20  For crystalline silicon modules shipped 

in 2009, efficiencies ranged from 13 percent (for ribbon silicone) to 20 percent (for single-crystal silicon).  

Thin-film silicon cells and modules that shipped in 2009 had average efficiencies between 8 percent and 12 

percent.  Lastly, based on figures from SunPower Corporation, Leitelt assumed a panel efficiency of 18 

percent and a system efficiency of 90 percent for calculations in his Master’s Project (Leitelt, 2010).  In all, a 

conservative figure of 12 percent was chosen for this analysis to provide reasonable estimates for yearly 

energy generation.21 

Returning to Table 2 above, note that for a photovoltaic module with 12 percent efficiency, the DOE states an 

additional rooftop area of 10 square feet is needed for every additional 100 watts of system capacity.  Said in 

reverse, assuming photovoltaic modules with 12 percent efficiency, for each additional 10 square feet of 

suitable rooftop space, the potential system size can be increased by 100 watts – a 10-to-1 ratio.  In this way, 

the total suitable rooftop area of each parcel (expressed in square feet) was multiplied by 10 to yield an 

estimate (in watts) for the maximum possible system size for each parcel.  This figure was then divided by 

1,000 to yield the same system size expressed in kW. 

The next step in determining total system cost for each building was to specify the cost per watt.  The 

Lawrence Berkeley National Laboratory report referenced above also indicates that economies of scale exist 

with regards to solar photovoltaic systems – that is, the installed cost per watt generally decreases as the 

                                                                    
20 For more information, please refer to the Energy Information Administration’s website at 
http://www.eia.gov/cneaf/solar.renewables/page/solarphotv/table3_8.html. 
21 As will be discussed more in the results section, the main purpose of the analysis was not to provide 
accurate generation potential estimates but rather to compare solar systems across different types of parcels; 
in this way, the 12 percent figure was simply used to provide more realistic numbers and, given that it was 
applied equally across all types of parcels, was not a critical factor in influencing the results of the analysis. 
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system size becomes larger (Barbose et al., 2010).  Cost estimates from this report were combined with 

figures from the previously mentioned DOE study to produce the cost schedule shown in Table 3 (Barbose et 

al., 2010; DOE, 2003).22 

Table 3: Installed Marginal Costs of Solar Photovoltaic Systems of Varying Sizes 

System Size Marginal Cost 
Less than 100 W $12 / W 

Between 100 W and 2 kW $9.9 / W 
Between 2 kW and 5 kW $8.2 / W 

Between 5 kW and 10 kW $7.6 / W 
Between 10 kW and 30 kW $7.5 / W 

Between 30 kW and 100 kW $7.9 / W 
 

Note that the marginal installed cost becomes smaller as the system size increases up to 30 kW, but that this 

trend does not hold for the next largest bracket of system sizes between 30 kW and 100 kW (such economies 

of scale do reappear with much larger systems over 250 kW, though those are not shown in the table).  That 

there is a middle range where these benefits seem to be diminished is explained by the report in this way 

(Barbose et al., 2010): 

“This latter trend may reflect a lower level of standardization as system size increases and/or increased 

permitting costs, which could counteract scale economies within certain system size ranges.” 

By employing the previously-calculated system sizes for each building and the marginal costs in Table 3, a 

total cost figure was calculated for each parcel.  For the sake of assessing advantages between different 

buildings without taking installed cost economies of scale into account, an “equalized” total cost number was 

also calculated for each parcel using the highest marginal cost of $12 per watt (in essence placing a price on 

the suitable square footage of each building’s rooftop). 

Finally, and as mentioned previously, the amounts of solar radiation striking all suitable portions of the roof 

were also summed.  Given that the solar radiation raster contains cells that are 1 square foot each but contain 

values of watt-hours per square meter, the results of this summation for each parcel were multiplied by 

0.09290304 m2/ ft2 (mathematically this yields the same figure as converting each cell from Wh/m2 to Wh/ft2 

and then summing over all of the cells – where each cell has an area of 1 ft2).  The result was the total solar 

radiation received by all suitable portions of each parcel’s rooftop(s) – in Wh – between January 1, 2012 and 

December 31, 2012. 

                                                                    
22 The DOE paper states that a 75-watt system might cost about $12 per watt; the lowest range in the Barbose 
et al. paper is 0 kW to 2 kW with an estimated cost of $9.9 per watt.  To capture economies of scale at the very 
lowest end of the spectrum, this paper uses the $12 per watt figure for systems up to 100 W, and then reverts 
back to Barbose et al. for all system sizes up to 100 kW. 
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RESULTS 
Using the data derived from the previous GIS processing, this section will describe how benefits in the key 

categories were assessed.  As described previously, these categories align with the two primary goals of 

community solar according to Coughlin et al. (2010): 

1. Reduction of initial costs due to increased economies of scale, pooling of funds, and/or other factors; 

and 

2. Greater access to renewable energy for individuals who don’t own a home or have insufficient solar 

resource to justify installation of an independent system. 

It is important to note that the current analysis does not attempt to determine if community solar projects 

can replace individual residential systems in terms of generating capacity (though it is possible that, in 

practice, the benefits of the community model would lead to greater installed capacity than would have 

occurred under the traditional approach).  Instead, this study takes the view that an individual or homeowner 

wishes to invest a certain amount of money in a solar renewable energy project (or similarly, has the desire to 

invest in a system, or part of a system, leading to a certain quantity of generated electricity and therefore 

associated electricity bill credits).  As such, the goals described above were assessed in terms of whether such 

an investment could actually be made (that is, whether or not there is access), and if so, the extent to which 

the community arrangement could yield cost benefits over the traditional approach. 

 

REDUCED INITIAL COSTS 

From the perspective that an individual or homeowner wishes to invest a certain amount of money in a solar 

system, or desires to receive the benefits of a given quantity of renewably-produced  electricity, the “reduced 

initial costs” goal is taken broadly to mean either:23 

 Maximizing the amount of electricity produced for a given investment budget, or 

 Minimizing the installation cost of a system that yields a certain quantity of desired electricity output. 

These two perspectives of reduced initial costs are simultaneously captured in the idea of an “energy cost” 

ratio – expressed in dollars per kWh.  Two such figures were determined for each parcel based on the results 

of the analysis: 

1. An energy cost that included economies of scale (and was calculated by dividing total installation 

cost for each parcel by the estimated annual electricity production of that parcel’s system), and 

                                                                    
23 In practice, achievement of these goals would be assessed based on the costs and benefits allocated to each 
individual or homeowner out of the total costs and benefits associated with a particular community solar 
project.  For simplicity in this analysis, however, projects are considered in their entirety. 
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2. An energy cost that ignored economies of scale (by dividing the “equalized” total installation cost for 

each parcel – where the marginal cost was a constant $12 per watt regardless of system size – by the 

estimated annual electricity production of that parcel’s system). 

Note that these figures do not represent the cost of electricity over the lifetime of the systems but are rather 

intended as simple proxies for the purpose of comparing systems only. 

Normalizing costs by the total amount of electricity produced is important for at least two related reasons.  

First, it reveals potential efficiencies based on economies of scale and on the varying quality of the solar 

resource across different types of buildings (as will be discussed in more detail below).  Second, it allows 

systems of different sizes to be compared – a critical element of this study given that the primary goal is not 

to replace the potential generating capacity of individually-installed systems with community systems. 

Parcel information was used to identify the type of each parcel as community service, commercial, or 

residential (among a number of other building types).  The energy cost ratios for all parcels of a certain type 

were then averaged to form an overall figure for that type.  The results of this analysis including all of the 

study areas are presented in Table 4 below. 

Table 4: Energy Cost Ratios for All Study Areas 

Parcel Type 

Number of 
Parcels 

Average Energy 
Cost Including 

Economies of Scale 

($/kWh) 

Average Energy 
Cost Excluding 

Economies of Scale 

($/kWh) 

Total Installed 
Capacity 

(kW) 

Community Service 82 5.26 7.86 15,766 

Commercial 363 5.24 7.87 14,447 

Residential 1,469 5.63 7.89 4,269 

 

These figures allow a high-level comparison between traditional, individually-installed systems – that is, 

those that would be installed on residential rooftops – and the potential for community solar systems hosted 

on the roofs of churches, schools, or commercial buildings.  Table 4 shows that in terms of energy costs – both 

with and without economies of scale – residential sites yield on average the least cost effective systems across 

the three study areas as compared to those potentially hosted on community service or commercial buildings. 

Some basic statistical tests were used to determine if the differences between these averages were 

significant.24  When including economies of scale, a two-sample t-test revealed that the difference between 

the average residential energy cost and the average community service energy cost was significant (p < .001).  

                                                                    
24 More specifically, two-sample t-tests assuming unequal variances were used to compare the means.  It was 
assumed that the samples had unequal variances both to be conservative and because they appeared unequal.  
All of the other usual assumptions for such tests were also made, including normality of the sample 
populations (as was verified through visual inspection of data plots).  The critical values used to determine 
significance were for two-tailed tests. 
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The same result was found when comparing the average residential energy cost with the average commercial 

energy cost (again including economies of scale; p < .001).  The results were mixed when excluding 

economies of scale, however.  For average residential versus community service energy cost, the difference 

was not found to be statistically significant.  On the other hand, the difference between the average residential 

energy cost and the average commercial energy cost was found to be significant (p < .05).  In all, these tests 

confirm that economies of scale are important when comparing systems of different sizes.  At the same time, 

it appears that the benefits between parcels of different types are not as clear when economies of scale are 

excluded (as will be addressed below). 

Table 5 shows the average marginal installed cost for each parcel category.  Given that the residential parcels 

in the sample have the highest average installed marginal cost, it is clear why the first energy cost ratio 

(which includes economies of scale) would be the highest for residential parcels.  That these parcels have the 

highest average installed marginal cost to begin with is simply a reflection of the fact they tend to be smaller – 

and in this analysis, the smallest buildings have the highest marginal cost by assumption (refer to Table 3). 

Table 5: Energy Cost Ratios for All Study Areas 

Parcel Type 

Number of 
Parcels 

Average 
Marginal Cost 

($/installed watt) 

Average Total Cost 
Including 

Economies of Scale 
($) 

Total Installed 
Capacity 

(kW) 
Community Service 82 8.03 1,517,269 15,766 

Commercial 363 7.99 312,362 14,447 
Residential 1,469 8.55 23,471 4,269 

 

Perhaps more subtle are the differences in the second energy cost ratios, which do not take economies of 

scale into account.  In calculating these figures, the size of the system was irrelevant to the marginal cost – in 

effect yielding ratios that compare suitable rooftop space to the amount of energy captured by that suitable 

area.  In other words, these second figures represent a measure of the quality of the solar resource for each 

parcel type.  However, because the averages were so close (and because the results of the statistical analyses 

were mixed), it is difficult to discern patterns among different types of parcels. 

Aside from inspecting averages, another approach is to plot the energy cost ratios against the suitable rooftop 

area for all of the parcels in the three study areas.  Such plots are shown in Figures 9 and 10 below.  More 

specifically, Figure 9 plots the energy cost ratio (including economies of scale) for each parcel against the 

parcel’s suitable solar area.  There are at least two points of note in this graph.  First, that the economies of 

scale outlined in Table 3 do have an effect, and as suitable solar area increases the cost tends to fall.  Note that 

above a certain suitable area the energy cost ratio again rises; this is due to the fact that in Table 3, system 

sizes above 30 kW incur a marginal cost “penalty” as previously discussed.  A second point to note from 

Figure 9 is that the parcels with the most suitable area tend to be classified as commercial and community 
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service.  While there are certainly some residential parcels that achieve the lowest energy cost ratios, many of 

the best sites for potential solar systems – using this metric – are larger commercial or community service 

parcels. 

Figure 9: Energy Cost vs. Suitable Rooftop Area Including Economies of Scale 

 

 

Figure 10 plots the energy cost ratio (excluding economies of scale) for each parcel against the parcel’s 

suitable solar area.  As compared to Figure 9, this graph makes clear why the averages in Table 4 were so 

much closer for the different parcel types when excluding economies of scale.  One way to interpret this graph 

is to look from the bottom to the top, searching for those parcels with the best energy cost ratios.  What one 

finds is that some of the residential parcels are actually the best candidates for solar systems, in terms of the 

amount of energy received for the required capital investment.25  As one continues to look further up the 

graph, there is a mix of residential, commercial, and community service parcels.  At the very top of the graph 

the mix becomes increasingly composed of residential parcels only. 

As such, there are perhaps two take-away points here.  The first is that the best efficiencies can be achieved 

on the roofs of residential buildings, and so those systems should not be discounted.  The second take-away is 

that, for the large number of residential parcels with relatively high energy cost ratios, there is something to 

                                                                    
25 The amount of energy received for the required capital investment (ignoring economies of scale) is exactly 
what the second energy cost ratio measures. 
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be gained – in terms of energy received for the investment cost – by pooling funds and installing a system that 

is optimally sited on a well-chosen commercial or community service site. 

Figure 10: Energy Cost vs. Suitable Rooftop Area Excluding Economies of Scale 

 

 

 

INCREASED ACCESS TO RENEWABLE ENERGY 

As discussed, the second primary goal of community solar endeavors is to increase access to the benefits of 

renewable energy.  In the context of this study, such benefits will be taken to mean the ability to invest in a 

solar renewable energy project and to reap the associated rewards.  Aside from financial barriers, there are 

two main logistical reasons why an individual or homeowner cannot invest in a solar system: 

1. The individual lives in an apartment or rents his/her home and so cannot make such improvements 

to the structure; and 

2. The individual is a homeowner but cannot invest in a solar system due to the poor quality of the solar 

resource on his/her roof. 

In the case of a homeowner, an additional barrier is high up-front capital costs.  Under the traditional 

approach, the decision to invest in a solar renewable energy system is between choices that sit at polar ends 

of the spectrum: either payment for an entire system or nothing.  In the community arrangement, a 
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homeowner that wishes to invest in part of a system would be able to do so, and in such a case would reap a 

proportional share of the benefits. 

Analysis across all three of the study areas produces the following statistics: 

• In total, the three study areas contain 2,264 parcels 

• 240 of those have no suitable rooftop area for a solar photovoltaic system 

• 170 of those 240 non-suitable parcels are classified as residential 

• Therefore, out of the total 1,639 residential parcels, approximately 10 percent are without 

access 

• An additional 356 parcels only have suitable rooftop space for systems less than 1 kW26 

• 298 of those 356 small-system parcels are classified as residential 

• This is an additional 18 percent of residential parcels with only limited potential for a solar 

photovoltaic system 

• Finally, there are 64 parcels within the three study areas classified as apartments 

In all, these statistics suggest that 28 percent of residential parcels in these Durham study areas have little or 

no access to solar energy investment opportunities.  This limited access applies to all residents of apartment 

buildings as well. 

  

                                                                    
26 In calculating these statistics, a system size threshold of 1 kW was chosen because it is relatively small 
compared to many solar photovoltaic systems installed in North Carolina.  For instance, NC Green Power, a 
nonprofit organization that works to promote renewable energy in North Carolina, has a program that 
purchases renewable energy from a number of small, medium, and large suppliers across the state.  Out of the 
607 small solar photovoltaic projects in the program (that is, systems less than 10 kW), only 3 are smaller 
than 1kW.  Refer to http://www.ncgreenpower.org/resources/generators.php. 
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DISCUSSION 
This section discusses the study results in light of the primary goals of community solar. 

Could community solar reduce the costs of solar photovoltaic systems in Durham? 

Likely yes, but it depends on which two systems are being compared.  Looking across the three study areas, 

larger buildings – which tend to be community service or commercial buildings – more often exhibit better 

cost efficiencies.  They are not always the best, however, and a homeowner with a particularly suitable 

rooftop will not be gaining anything in terms of cost efficiency through participation in a community solar 

venture. 

Could community solar increase access to the benefits of renewable solar energy in Durham? 

The answer is very likely yes, although the details of the community solar implementation would need to be 

outlined.  In any case, for the nearly 30 percent of residential parcels with little or no suitable rooftop space, 

the ability to invest in a community solar project would be a huge access improvement over the status quo.  

This is also true for individuals that live in apartments, and for homeowners that have suitable rooftop area 

but are unwilling or unable to invest in a full solar photovoltaic system. 

 

POTENTIAL DRAWBACKS TO THE COMMUNITY SOLAR APPROACH 

Although this analysis highlights the potential benefits of the community solar approach in Durham, there are 

also drawbacks that deserve mention.  Many of these correspond to features of community solar as described 

in the introduction: 

 Current lack of legislation in North Carolina that would make such systems possible; 

 Challenges in organizing community members around a project, including the process of attracting 

and involving investors, a system host, a system installer, and the utility; 

 Barriers to project completion or erosion of project financial benefits due to legal fees and other 

consulting needs; and 

 Other potential issues related to dispute resolution and communication with the utility. 

  



Iler 31 
 

KEY ASSUMPTIONS/LIMITATIONS 

This analysis includes a number of critical assumptions and limitations.  These include the quality and 

relevance of the LIDAR data, the temporal agreement among all of the datasets, the accuracy of the parcel 

information, and the number and different type of buildings across the three study areas. 

The LIDAR data was collected in the spring of 2001 and was processed by January of 2002.  As part of the 

processing, steps were taken to ensure the quality of the data, including checks against field measurements 

and removal of outliers.27  For the purposes of this study, the elevation data were assumed to be accurate 

enough for use in the production of a DSM. 

This project relied heavily on data previously collected by other agencies.  As such, the data were taken over 

different time periods as summarized in the bullet points below. 

 The LIDAR data was collected in the spring of 2001. 

 The building footprint metadata states: “The most recent corrections for any of the residential 

buildings were derived from 1999 imagery.  Most of the residential buildings reflect the state of the 

world in 1994.” 

 The parcel metadata states that the information is based on tax data and is current as of calendar 

year 2010. 

 The summer orthoimagery from the NCSU Libraries was collected in 2010. 

While temporal disagreement between these datasets may have had an impact on the study results, out of 

necessity the data were taken at face value.  This is also true of the parcel data, which were critical in 

aggregating figures within the residential, commercial, and community service categories. 

Finally, the analysis could have benefited from the consideration of additional and/or larger study areas, with 

a higher diversity of building types, to yield a greater number of data points and therefore more confidence in 

the resulting conclusions.  Due to time and processing constraints, however, the current study was 

undertaken over the three modestly-sized study areas as described above. 

 

 

                                                                    
27 The LIDAR metadata states: “The data was collected using Light Detection and Ranging (LIDAR) technology 
in the spring of 2001, and processed by January 2002.  Additional processing of these data delayed 
publication until 2004. … LIDAR Bare Earth data were compared with NCGS QA/QC checkpoints.  The 5% of 
points with the largest error were removed (outliers).  For the NC Floodplain Mapping Program, the vertical 
accuracy for coastal counties is less than or equal to 20 cm RMSE.  For mainland counties, the vertical 
accuracy of the elevation data is less than or equal to 25 cm RMSE.” 
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CONCLUDING REMARKS 

In all, given the potential benefits of community solar in Durham, this paper recommends that North Carolina 

adopt legislation extending the net metering concept to community projects, following the lead taken by 

other states as described in the introduction.  Without such a legislative framework, there is no mechanism by 

which the benefits of a single solar installation can be shared among different community members. 

Future work might include the expansion of this GIS methodology to a greater area within Durham and/or to 

different regions around the United States.  Some cities, such as Los Angeles28 and San Francisco29, have 

already developed solar maps allowing their building owners to assess the solar potential on their rooftops.  

Leitelt’s Master’s Project produced a similar type of solar map for Chapel Hill, North Carolina, and such 

analysis could be extended throughout the Triangle and beyond.  This methodology might also be of great 

interest to solar developers, who could use estimates of rooftop solar generating potential as a marketing tool 

to target both individuals and groups. 

Finally, and most importantly for this analysis, if legislation extending the net metering concept were to be 

adopted in North Carolina, such an extended solar map could also be used to locate the best commercial and 

community service buildings for community solar projects – allowing access to the benefits of renewable 

energy for those without suitable solar areas of their own. 

  

                                                                    
28 The Los Angeles County Solar Map can be accessed at http://solarmap.lacounty.gov/. 
29 The San Francisco Solar Map can be accessed at http://sf.solarmap.org/. 
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Source: Coughlin et al., 2010. 
 


