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 1  ABSTRACT 

Colorado’s proposed transition to 100% clean, renewable energy by the year 2040 presents serious 
land use challenges, given the massive land areas required for wind and solar power generation as 
compared to traditional fossil fuels. One potential solution is to site some of these projects on 
‘brightfields,’ contaminated properties that can be repurposed for renewable energy development. 
The Colorado Brightfields Project is a geodatabase and web mapping application aimed at providing 
actionable data on brightfield sites in Colorado, streamlining the process of reaching statewide 
renewable energy development goals. Developed in collaboration with government agencies and 
energy industry consultants, contaminated properties were identified using a wide variety of state 
and federal datasets and populated with essential attribute data covering legal and regulatory 
information, physical site characteristics, and renewable energy potential. This dataset was then 
made available to the public through the web mapping application, which provides tools for finding, 
filtering, measuring, and assessing brightfield properties. Compared to similar mapping initiatives 
by the Environmental Protection Agency and state-level efforts in Massachusetts and Hawai’i, 
Colorado Brightfields provides several important advances over earlier precedents. These include 
the use of a much wider variety of contamination types than other databases to identify brightfields, 
presentation of the data as polygonal parcel boundaries rather than simply as points, and provision 
of contextual data overlays such as topographic contours and electrical infrastructure that can be 
critical in renewable energy siting decisions. These innovations can provide a template for future 
brightfield mapping efforts in other states as they seek to reach their own clean energy goals. 
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2  INTRODUCTION 
 
Like many states, Colorado has embraced ambitious new goals for reduction of carbon emissions 

in recent years. In the spring of 2019, the newly-elected governor of Colorado, Jared Polis, set a goal of 
transitioning the state’s electricity generation to 100% clean, renewable sources (such as solar, wind, 
geothermal, and biomass) by the year 2040, for the purposes of reduction in the rate of climate change, 
creation a more resilient electrical grid, improved air quality and health for Coloradans, and preservation 
Colorado’s natural environment (Colorado Energy Office, n.d.). To achieve this goal, development of 
renewable energy projects will need to be accelerated dramatically. Even though Colorado’s renewable 
energy generation has more than tripled in the last decade, only 35% of the state’s current energy comes 
from renewables (U.S. Energy Information Administration, n.d.), leaving a large gap yet to be filled with less 
than two decades to go until the target date is reached. Unfortunately, energy sources such as wind and 
solar require up to 370 times more land area to generate the same energy as carbon-releasing sources like 
coal and natural gas (Merrill, 2021). As the pressure to develop renewable energy on large, open tracts of 
land intensifies, conflicts with other land uses, particularly agriculture, will become more common and 
problematic (Rule, 2014). As a result, energy developers will eventually need to shift to smaller projects 
sited in closer proximity to electricity demand.  

One model that seeks to avoid these conflicts is the Brightfields Initiative, developed by the US 
Department of Energy in 1999, which advocates for the development of renewable energy projects on 
brownfields or other contaminated sites (The White House, n.d.). These compromised properties are often 
attractive for renewable energy development due to proximity to utility infrastructure, the potential to make 
productive use of property that may otherwise remain abandoned, and physical configurations that are 
conducive to wind and solar energy projects (Marcacci, 2017). A key roadblock in the promulgation of such 
initiatives is that many energy developers, communities, and electrical utilities lack the technical 
sophistication to identify, map, and assess potential brightfield sites. The Colorado Brightfields project seeks 
to address this challenge through the compilation of a publicly accessible geodatabase and web mapping 
application to inventory and analyze the suitability of various brightfield sites across the state for renewable 
energy development. As a proof of concept, an initial set of brightfields selected from ten Colorado counties 
was used to populate a geodatabase and provide the data backbone for the web mapping application, which 
launched publicly at https://brightfields.colorado.gov in mid-2021. 

 
2.1  Advisory Committee  

An advisory committee was formed at the outset of this project to help steer the development of the 
geodatabase and web mapping application to best meet the needs of potential users, as well as avoid 
potential pitfalls. Representations from energy developers, municipalities, state government, environmental 
organizations, and experts in land use and site contamination were included in the Committee to ensure 
that the resulting product would be broadly applicable for a range of potential uses. Participating 
organizations included the US Environmental Protection Agency, the National Renewable Energy Lab, the 
Colorado Office of the State Architect, Colorado Department of Public Health and Environment, The Nature 
Conservancy, Wilderness Society, the Colorado Governor’s Office of Information Technology, renewable 
energy developers, Colorado electric utilities, and community solar advocacy groups. 

The Committee met once in person at the outset of the project in January of 2020 for a brainstorming 
session to identify potential criteria for identifying the counties to be included, the types of parcels that would 
be identified as potential brightfield sites, and the types of site analysis data that would be helpful to users 
in assessing the suitability of individual parcels. A second meeting was held in the summer of 2020 to update 
the Committee on progress and solicit feedback on the development of the geodatabase and the web 
mapping application, and a final meeting was held in December of 2020 to unveil the completed products 
and solicit final feedback prior to the public launch. Between these meetings and throughout that year, 
various members of the Advisory Committee provided critical support in completing the project. 
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2.1 Literature and Precedent Review 
Site suitability analysis, which is the process of assessing and overlaying multiple types of 

geospatial datasets to find preferred locations for a particular land use, has long been a staple use-case of 
geographic information systems (GIS) applications (Malczewski, 2004). In fact, this was the driving force 
behind the earliest conceptions of GIS and map overlay analysis in the 1960s during its nascent stages of 
development as a new technique for land planning (McHarg, 1969). Every land use has specific criteria that 
make each potential site more or less appropriate for that particular type of use or development, and 
renewable energy is no exception. A review of the literature on multicriteria GIS modeling for renewable 
energy development siting reveals a fairly consistent set of factors, including wind power potential (based 
on average wind speeds), solar power potential (measured as global horizontal irradiance, or GHI), distance 
to electrical transmission lines and substations, slopes, and land cover, among other factors (Janke, 2010). 
These criteria formed the basis for the attribute data to be included in the Colorado Brightfields project, along 
with critical additional criteria that were developed in coordination with the Advisory Committee, as described 
in (Section 4.4) below. 

At the time of the database and web mapping application development, there were only three known 
relevant precedents for the type of mapping application that was being developed for this project: the EPA’s 
RE-Powering Mapper 2.0 (Environmental Protection Agency, 2011), the Hawaii Brightfields Initiative 
interactive map (Hawaii State Energy Office, n.d.), and the Massachusetts Brownfields to Brightfields (B2B) 
Site Mapper (Groundwork USA, n.d.). Each of these precedents was assessed for mapping functionality, 
accessibility, and data propriety for the purposes of siting renewable energy. The earliest precedent, which 
started development in 2012, was the EPA’s RE-Powering Mapper, a nationwide brightfields mapping utility 
that tracked four types of renewable energy sites: solar, wind, geothermal, and biofuel. It provided a fairly 
straightforward search and filter functionality that identified contaminated sites as simple points on a map 
and included attribute data on renewable energy potential for each of the four categories, the nature of the 
site contamination, and information on any remediation activities, along with some physical site 
characteristics, such as slopes and land cover (Environmental Protection Agency, 2011).  

The mapping applications developed for Massachusetts and Hawaii shared many similarities with 
the RE-Powering Mapper, with some minor differences in the types of information presented. Of these, only 
the Hawaii mapper shows polygonal parcel data, but no other graphical information beyond the base map, 
and only the Massachusetts mapper offers a handful of contextual data layers that can be visualized. Despite 
providing some useful search features and site data, it was the opinion of the Advisory Committee that much 
of the information needed to make a decision regarding the feasibility of developing renewable energy on a 
particular site was lacking in these precedents. In particular, the Committee determined that more detailed 
physical site characteristics (such as parcel geometry, tree cover, presence of water bodies, proximity to 
roads, transmission line and substation locations, conservation easements, and topographic contours, 
among others), preferably presented in a graphic format, would significantly improve the practical usefulness 
of a brightfields mapping application. These shortcomings were specifically addressed and improved upon 
in the development of the Colorado Brightfields geodatabase and mapping application, as described in 
(Section 5) below. 
 
3  PROJECT OBJECTIVES 
 

The primary objective of this project was to create a powerful, comprehensive, and yet easy-to-use 
web mapping application that could find, display, and analyze potential brightfield sites across the state of 
Colorado to help facilitate development of renewable energy on compromised properties. In order to achieve 
this overarching goal, three sub-objectives needed to be met. First, given the reality of limited time and 
resources, a fair and representative methodology for the selection of counties had to be developed. Second, 
a consistent and replicable set of operations needed to be devised to identify brightfield parcels and populate 
attribute tables with analytical data. Finally, the compiled data needed to be presented to a user base that 
is not necessarily technically sophisticated in a simple, intuitive, and powerful format that would help facilitate 
the siting of renewable energy development on these sites. The ways in which these objectives were 
achieved are described in detail in (Section 4) below. 
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4  METHODS 
 

The methods used to prioritize Colorado counties for inclusion in the project, identify parcels as 
brightfield sites, analyze those brightfield sites, assemble the geodatabase, and disseminate that information 
through the web mapping application are detailed below. All geospatial mapping, analysis and publishing 
tasks described herein were completed using ArcGIS Pro, version 2.6. 
 
4.1  County Prioritization Methodology  

Given the constraints of the Colorado Lab funding award in terms of time and budget, it became 
apparent at the start of the project that we would not be able to complete the geodatabase for the entire 
state. Since the most accurate parcel-level data is available in Colorado only at the county level, it became 
necessary to prioritize counties for inclusion. At the kickoff meeting with the Advisory Committee, a sub-
committee was formed to explore the criteria that should be used to determine how to prioritize which of the 
64 Colorado counties should be included in the initial geodatabase. In response to the general guidelines 
they provided, we devised a more comprehensive and detailed scoring mechanism that could fairly capture 
the most important criteria that would be positive indicators for the project. While the resulting prioritization 
guided the order of data collection and parcel analysis efforts, any counties found to be lacking sufficient 
data for parcel selection and data analysis were omitted from consideration, pending such data becoming 
available. 

The criteria that were applied to the selection of counties for the first version of the geodatabase 
and web mapping application can be categorized as follows: Potential Demand for Renewable Energy 
Projects, County ‘Enthusiasm’ for Renewable Energy, Estimated Total Brightfield Acreage (based upon 
known contaminated sites from three sources), and Geographic Representation. These criteria, and the 
relative weighting of each of the metrics that went into the overall scoring, were based upon feedback from 
the Advisory Committee, which was tasked with developing a framework for ranking counties for the 
purposes of this study. There are, of course, many ways that one could choose to rank counties based upon 
these criteria, so the intent here was not to devise an unassailable ranking methodology, but rather to devise 
a methodology that is transparent and as fair and defensible as possible, given the economic and political 
interests that could become potential distractions from the main purpose of the project. In any event, it was 
an instructive exercise and useful in defending the selection of the ten-county area that was ultimately 
included in the database. The following describes the methodology used for ranking the counties.  

The category of Potential Demand for Renewable Energy Projects was established by applying the 
metrics of county population, county growth rate over the past decade, recent and upcoming fossil fuel 
power plant closures, and designation as a state Opportunity Zone. The Colorado Opportunity Zone 
Program helps drive private investment and economic development in disadvantaged communities 
throughout the state by providing tax incentives for development projects in these communities (State of 
Colorado, n.d.), making them attractive locations for renewable energy development. The most current 
census data on the county population and growth rate available from the state of Colorado was adjusted to 
a 10-point scale. In addition, information about the closures of fossil fuel power plants that occurred over 
the past ten years, as well as those plants expected to cease operations over the next ten years, was 
considered. In order to quantify an environmentally conscientious transition from fossil fuel usage to 
renewables, the total generation capacity for each county was adjusted to a 20-point scale. Opportunity 
Zones were examined against the total area of the county and were adjusted to a 10-point scale. On this 
scale, 10 points equate to the opportunity zone covering 100% of the county. Calculations demonstrate that 
this category has the potential to reach a maximum score of 50 points, or 31.25% of the total score. 
  The category of County ‘Enthusiasm’ for Renewable Energy was established through a review of 
each county’s demonstrated interest in renewable energy (RE) development based upon a set of consistent 
indices. These included simple tallies of the number of established local regulations and financial incentives 
for RE projects (both at the county level and for cities within each county), pursuit of RE grant funding by 
cities and counties (as measured by letters of interest and awarded planning grants for RE projects), and 
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rankings and awards from national RE advocacy groups. It was discovered upon initial calculations that 
these measures favored the more populated counties in the state. These counties, which are mostly located 
in the central and northern Front Range, typically have the greatest resources and means to actively seek 
RE grants and designations. In order to try to eliminate this bias, the scores were proportionally adjusted 
according to the county’s population. In other words, rather than simply tallying the number of renewable 
energy grants awarded to each county, the number of grants per 1,000 residents was calculated, resulting 
in a more balanced view of each county’s efforts to encourage RE development. This category had the 
potential to reach a maximum score of 50 points. This represents 31.25% of the total score. 

The category of Estimated Total Brightfield Acreage was created by estimating the potential land 
available in each county for inclusion in the Brightfields Project geodatabase. Representative data sources 
were chosen to calculate these estimates, including the number of sites in each county designated by the 
EPA as federally-recognized brownfields, the number of sites designated by the CDPHE as state-recognized 
brownfields (eliminating those that were already captured in the federal data), and the number of closed 
landfills in each county. The project team feels that it’s likely that these sources, while not complete 
measures, can usefully predict the relative abundance of brightfield sites in each county. The total number 
of sites in each county was adjusted to a 50-point scale, representing 31.25% of the total score.  

Finally, the category of Geographic Representation was created to improve the selection of sites 
from a wide variety of environments across the state, and not just the industrialized and densely populated 
Front Range. To combat this tendency, ten additional points were awarded to the top-ranking county in each 
of the state’s 14 Planning and Management Districts. The result was a more proportionate and 
representative geographic distribution across the state. This was particularly critical for the sparsely 
populated counties, which routinely ranked lower in all other categories. Ten possible points in this category 
represented 6.25% of the total score. 

For complete results and visualizations, please see Table 1 and Figure 1. The order in which the 
counties are listed reflects their ranking, while the map reflects the same information geographically, with 
counties in brighter red ranking closer to the top of the list. After many iterations of possible ranking matrices, 
one fact emerged: all are imperfect, and none adequately represent the geographic diversity of the state. 
That said, we narrowed our preference down to the version described above after receiving input from 
members of the Advisory Committee and the Colorado Lab. Ultimately, the following ten counties were 
selected for inclusion based upon their ranking: Denver, Ouray, Adams, Jefferson, Pueblo, Lake, Weld, 
Arapahoe, El Paso, and Montezuma. Mineral, San Juan, and Hinsdale Counties were skipped due to 
unavailability of needed parcel data. 
 
Table 1. Abridged ranking matrix used to determine county prioritization for inclusion in the 
Colorado Brightfields Project geodatabase and web mapping application. 

County 
Name 

Total Land 
Area 

Populatio
n 2019 

Potential 
RE 

Demand 
Score 

Population-
Corrected 

RE 
Enthusias
m Score 

Brightfield 
Total 

Acreage 
Score 

Geographi
c Diversity 

Score 
Total 
Score 

Final 
Rank 

Denver 
156.089395

8 716492 25.25 0.48 50 10 85.73 1 

Ouray 
536.022777

5 4833 3.64 6.29 50 10 69.93 2 

Mineral 
862.599012

8 776 4.33 50 4 10 68.33 3 

Adams 
1198.66963

5 511868 33.62 0.22 33 0 66.84 4 

San Juan 
382.992844

2 762 13.23 39.91 3 10 66.14 5 

Hinsdale 
1105.92248

9 811 0.01 50 3 0 53.01 6 

Jefferson 
780.138773

5 580233 12.7 0.19 39 0 51.89 7 
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Pueblo 
2371.03504

2 167529 24.6 1.09 7 10 42.69 8 

Lake 
385.075679

6 7824 12.93 10.37 7 10 40.3 9 

Weld 
4107.11320

5 314305 19.81 0.23 9 10 39.04 10 

Arapahoe 
812.906833

2 651215 14.79 0.03 22 0 36.82 11 

El Paso 
2124.94092

3 713856 17.24 0.09 8 10 35.33 12 
Montezum
a 

1994.20727
9 26158 4.81 0 30 0 34.81 13 

 

 
Figure 1. Color-coded map depicting prioritization of counties for inclusion in the Colorado 

Brightfields geodatabase and web mapping application (2020). Numbers in parenthesis indicate 
the rank of each of the 64 counties. Diagram by the author. 

 
4.2  Brightfield Parcel Identification Methodology 

One of the primary advantages of the geodatabase and web mapping application developed for this 
project is that it allows for the visualization and analysis of potential energy development sites at the parcel 
level, with county assessors’ property boundary data depicted as polygons. For a renewable energy 
developer, municipality, or designer seeking an appropriate site on which to build, this is a hugely important 
leap forward from other precedents, eliminating the time-consuming task of cross-referencing contaminated 
sites against other property records and researching or conducting a preliminary site analysis. 
Potential brightfield parcels were identified using GIS and tabular data (which was converted to a geospatial 
format) from dozens of datasets provided by numerous sources, such as state and federal agencies, as well 
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as non-governmental organizations. The four primary sources providing most of the data used, and the 
abbreviations used to identify each source, are as follows: 

• U. S. Environmental Protection Agency (EPA) 
• Colorado Department of Public Health and Environment (CDPHE) 
• Division of Oil and Public Safety (OPS) at the Colorado Department of Labor and Employment 
• Colorado Division of Reclamation, Mining, and Safety (DRMS) 

 
The datasets provided by these sources cover various forms of land and water contamination, as 

well as indicators of vacant or abandoned land. Specifically, the following types of data were used to identify 
brightfields (with the data source indicated in parenthesis): 

• State-Identified Brownfields (CDPHE) 
• Closed Landfills (CDPHE) 
• Petroleum Brownfields (OPS) 
• Uranium Mill Tailings Remedial Action sites (CDPHE) 
• Inactive Mines (DRMS) 
• Institutional Control Sites (CDPHE) 
• Voluntary Cleanup and Redevelopment Sites (CDPHE) 
• Superfund Sites (EPA) 
• Nationally-Identified Brownfields (EPA) 
• Resource Conservation and Recovery Act Corrective Action Sites (EPA) 
• Landfill Methane Outreach Program Sites (EPA) 
• Vacant Industrial Sites (identified using a combination of county-level parcel and land use 

datasets) 
 

The vast majority of this data was available only as point data that had to be associated with 
individual parcels using a location query. The collected brightfield parcels identified from all sources in each 
county formed the basis of the final geodatabase. The final feature class of brightfield parcels was 
assembled through an iterative process of identifying specific classes of brightfields (such as EPA 
brownfields or closed landfills), which were all merged into a single feature class of brightfields at the end 
of that process. For each identified parcel, the types of land contamination and/or abandonment were 
concatenated and appended to the attribute table as a new field. 
 
4.3  Brightfield Parcel Standardization Methodology 

Once all the parcels had been identified in a given county, they were compiled into a single feature 
class. In the case of duplicates, fields with differing attributes between the duplicates were concatenated to 
capture all the relevant data (for example, multiple types of contamination on a site), then the duplicates 
were eliminated in order to keep the parcel count accurate. Based upon the recommendations of the 
Advisory Committee, parcels of less than one acre in size and any parcels zoned as residential were 
eliminated from the dataset, as those were considered too small and/or too problematic to be viable for any 
meaningful electricity generation. On average, one acre of land can generate approximately 250 MWh/yr of 
electricity in Colorado (Ong, Campbell, Denholm, Margolis, & Heath, 2013), which the Advisory Committee 
considered to be the lower limit for a financially viable RE development. 
Finally, the names of all fields included in the compiled feature class for each county were standardized in 
order to avoid unnecessary addition of duplicate fields and to allow for attribute queries to operate as 
intended. Great care was taken to ensure that all attribute field names and values were consistent across 
all of the counties and parcels included in the project to ensure smooth functionality of the web mapping 
application. 
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4.4  Brightfield Parcel Analysis and Geodatabase Compilation Methodology 
Since existing site conditions are such an important consideration in the siting of a proposed 

renewable energy development, a number of site analysis measures were calculated for all of the brightfield 
parcels in each county, including metrics reflecting parcel area and shape, presence and areas of 
conservation easements, total square footage of tree canopy (which is an important consideration when 
siting photovoltaic panels), and other metrics as detailed in the list of attribute fields below. 
Following the completion of all applicable parcel analyses for all included counties, the parcels were merged 
together into a new statewide polygonal feature class of brightfield parcels. This feature class was then 
converted to an additional feature class of point data (with points located at the centroid of each parcel) in 
the same geodatabase to allow for point data display at zoom levels that are too coarse for useful 
visualization of polygons. The final geodatabase was also populated with all the overlay toggle layers that 
appear in the web mapping application, specifically: 

• electric infrastructure (including transmission lines and substations) 
• Colorado Enterprise and opportunity Zones 
• utility service areas 
• electric grid hosting capacity for Public Service Company of Colorado service areas 
• Federal Emergency Management Agency (FEMA) flood hazard zones 
• Colorado Ownership, Management and Protection (COMaP) data 
• rivers, streams, wetlands, lakes, and ponds 
• topographic contours (five-foot contour interval) 
• conservation areas and easements 

 
Each time the geodatabase is updated (with corrections or newly added counties, for example), all map 
layers must be exported to a hosted map service on ArcGIS Online, which serves as the data backbone of 
the web mapping application. The symbology and appearance of all layers in the mapping application are 
established directly in the ArcGIS Pro map interface and are carefully maintained for consistency and 
legibility. The final set of fields included in the geodatabase were as follows: 
 
Legal and Regulatory Information 

• Street Address 
• Zip Code 
• City 
• County 
• County Assessor’s Parcel Number 
• Link to Assessor Record (where available) 
• Legal Description of Property Boundaries 
• Zoning (as per county zoning maps) 
• Land Use (if available) 
• Owner Type (private, municipal, state, etc.)  
• Owner Names (where available) 
• Easement Types (conservation easement, national wildlife refuge, county park, etc.) 
• Easement Area (measured in acres) 
• Opportunity Zone (indicates whether parcel is located in a state Opportunity Zone, yes/no) 
• Enterprise Zone (indicates whether parcel is located in a state Enterprise Zone, yes/no) 
• Brightfield Type (type of contamination and data source) 
• Facility Name (name of the polluting facility, if applicable) 
• Brightfield Notes (an open text field for additional information about site contamination) 

 
Physical Environment 
• Land Cover (as extracted from the National Land Cover Database) 
• Parcel Area (acreage as reported by the county assessor’s office) 
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• GIS Parcel Area (acreage as measured using GIS software) 
• Parcel Perimeter (measured in feet) 
• Parcel Shape Index (a measure of the ratio of the parcel’s perimeter length to its area, which 

indicates the ‘regularity’ of the parcel shape, calculated using the following equation: 

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑠𝑠ℎ𝑝𝑝𝑝𝑝𝑝𝑝 𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝑖𝑖 =  
𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑚𝑚𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
4��𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝�

 

where parcel perimeter is measured in feet and parcel area is measured in square feet; a value 
of 1.0 is a perfect square, while larger values indicate increasingly convoluted parcel shapes) 

• Built Area (total area of all existing structures as an indication of available renewable energy 
development area, measured in square feet) 

• Canopy Area (tree canopy area, as an indication of potential shading on the site, measured in 
square feet) 

• Distance to Nearest Road (as an indication of site accessibility, measured in feet) 
 

Renewable Energy Potential and Electric Infrastructure 
• Solar Global Horizontal Irradiance (measured in kWh/m2/day) 
• Solar Direct Normal Irradiance (measured in kWh/m2/day) 
• Windspeed at 80m Above Ground Level (measured in m/sec) 
• Utility Service Area (the utility provider or electric co-op that services the parcel) 
• Distance to Nearest Electric Transmission Line (measured in feet) 
• Distance to Nearest Electric Substation (measured in miles) 

 
For sample screenshots of the final web mapping application, which was built as a customized 

overlay of the familiar ArcGIS Online platform to allow for great functionality, please see Figures 2, 3, and 4 
below. 

 

 
Figure 2. Colorado Brightfields web mapping application default view, with brightfield parcels 

represented as points and adjustable filters displayed on the left of the screen (2022). 
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Figure 3. Detail view of parcels represented as polygons, with electric infrastructure and partial list 

of toggle layers visible (2022). 

 
 

Figure 4. Detail view of a selected parcel with five-foot contours and aerial orthophoto visible, 
along with partial attribute list (2022). 
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5  RESULTS AND DISCUSSION 
 
The Colorado Brightfields project was inspired by the need for a more comprehensive and useful 

brightfields mapping application that is specific to the needs of Colorado’s energy sector, and which 
addresses the shortcomings in the precedents identified in (Section 2.1). There are three key areas in which 
this project outperforms its predecessors: 1) inclusion of a much wider variety of contamination types for 
brightfields identification, including many that are unique Colorado datasets; 2) provision of polygonal parcel 
data; and 3) the addition of critical contextual data overlays to the mapping application. Taken together, 
these improvements constitute a suite of site analysis tools that better address the needs of energy 
developers and municipalities in making renewable energy siting decisions. A more complete discussion of 
each of these three areas of improvement is presented below. 
 
5.1  Variety of Brightfield Types 

The geodatabase upon which the web mapping application is built contains a much wider variety of 
brightfield types, based upon many more datasets of contaminated land, as detailed in (Section 4.2) above. 
As discussed in (Section 2.1) above, the precedent projects that were assessed at the outset of this project 
relied on only a handful of contamination types, typically EPA brownfields, state brownfields, and closed 
landfills. The datasets used in the Colorado Brightfields project include not only additional sub-categories of 
contamination and remediation programs, such as abandoned mines and petroleum brownfields, but also 
properties that tend to sit vacant due to a perception of contamination, specifically, vacant industrial land. 
These sites may or may not legally require remediation, but either way, they present many of the same 
advantages of brightfields over other types of sites for renewable energy development. By providing a wider 
array of brightfield types, the opportunities for renewable energy developers to utilize otherwise idle land 
are substantially improved.    
 
5.2  Polygonal Parcel Data 

The importance of using polygonal parcel data, rather than simple points, to identify brightfields is 
one of the most important innovations in this project. While it is true that point data can be populated with a 
wide variety of attribute data that covers some aspects of parcel geometry, like parcel area and perimeter 
length, there is no substitute for seeing a graphic representation of the property lines, which allows for a 
much richer understanding of the site and its context. This is particularly true when that polygon is paired 
with aerial orthoimagery and the types of contextual data overlays described in (Section 5.3) below. In 
addition to the polygonal parcel data, the brightfields are populated with the parcel shape index value, a 
measure of each parcel’s ‘squareness,’ as described in (Section 4.4) above. Given that solar and wind 
arrays are typically arranged in a gridded configuration, this metric can be an important tool in finding sites 
that have the most conducive geometry for this type of development. 
 
5.3  Contextual Data Overlays 

As described in detail in (Section 4.4) above, the Colorado Brightfields web mapping application 
includes a wide variety of contextual data layers that can be toggled on and off, including waterways, 
topographic contours, electric utility infrastructure, and conservation areas. These layers can provide critical 
information about the viability of a renewable energy development plan, revealing whether a site is too steep 
to build on, or is protected by a conservation easement that prohibits such development. Indeed, these 
additional layers provide much of the utility in the web mapping application, collating into a single source 
many of the critical aspects of site context and analysis that would require dozens of hours to acquire or 
produce independently. 
 
6  CONCLUSION  

 
The Colorado Brightfields Project represents a critical new geospatial dataset for renewable energy 

developers, municipalities, land use planners, and other stakeholders in Colorado, and a substantial step 
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forward over other existing brightfields mapping applications in terms of providing data to end users in an 
intuitive, yet powerful, online mapping platform. None of the precedents studied offers this unique 
combination of parcel-level assessor and site analysis data with the capability of toggling the visibility of a 
wide variety of targeted, highly relevant additional data layers that would impact development decisions. 
Taken together with the other mapping functionality built into the application, this project not only serves the 
intended purpose regarding brightfield identification and analysis in Colorado, but also provides a template 
for initiatives in other states and municipalities that wish to pursue brightfields development. Indeed, version 
3.0 of the EPA’s RE-Powering Mapper, released about a year after the Colorado Brightfields mapper, 
adapted many of the innovations found in the Colorado Brightfields mapping application. 
Despite the overwhelmingly positive reception to the Colorado Brightfields Project by stakeholders, there is 
still much work to be done. The project team is currently seeking funding to complete the brightfields 
geodatabase for the remaining 54 Colorado counties. In a very real sense, though, the brightfields 
geodatabase and mapping application is not an end point, but rather a beginning. Renewable energy 
development on contaminated or abandoned land has many well-documented benefits, but state policies 
have been slow to adapt. Like most states currently, Colorado offers no incentives for brightfields energy 
development. Only twelve states and the District of Columbia offer any type of financial or regulatory 
incentives for brightfield developments (Strine, 2022). By providing the technology and tools to more easily 
identify and assess brightfields, Colorado Brightfields can serve as an advocacy platform to help move 
brightfields development forward at the state and national levels. 
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