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Introduction and Background

Contaminated or potentially contaminated lands are in just about every major city or 
town across the country and throughout rural areas (e.g., factories, chemical plants, 
mines, landfills, military installations). Contamination occurs when a hazardous sub-
stance is released to the soil, water, or air at a particular location. Sometimes former 
industrial properties are abandoned and the status of the land is not known. The term 
brownfield is generally applied to contaminated or potentially contaminated properties 
(see Adelaja et al. 2010; Alberini et al. 2005; Bjelland 2004; De Sousa 2005; McCarthy 
2002). To the United States Environmental Protection Agency (U.S. EPA), brown-
fields, as legally defined, represent the universe of existing contaminated and potentially 
contaminated lands, of which there are many categories. For example, sites that are 
found to pose a severe and immediate threat to human health may be deemed a Super-
fund site. Superfund refers to the money that Congress set aside to help clean up these 
properties. It may take decades to clean up these sites at significant expense to respon-
sible parties and/or taxpayers.

The impacts of air, water, and soil contamination are more likely to be felt by people 
who live on the edges of industrial areas. As one might imagine, these neighborhoods 
consist of low-rent properties and are more likely to be populated by poor people, racial 
minorities, and limited-English-proficient residents. In addition, 18 percent of all children 
younger than five live within three miles of a Superfund site (U.S. EPA 2015). For this 
reason, contaminated and potentially contaminated lands are often discussed in relation 
to environmental justice, which broadly refers to a movement to counter the disproportion-
ate negative impact that environmental degradation has had on poor communities and 
communities of color.

The main goal of the U.S. EPA’s land program is to see that contaminated land is 
cleaned up. The majority of these lands can return to some type of reuse. The U.S. EPA’s 
goal is to see that the planned or expected reuse option will be protective of human health 
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and the environment (U.S. EPA n.d.a.), but the agency does not dictate the specific local 
reuse options. The U.S. EPA is primarily involved in overseeing site remediation. Some-
times the remediation of a site (e.g., pumping and treating water for thirty years) can be 
expensive and energy-intensive. In this case, using an on-site renewable source, an ele-
ment of “green remediation” (see U.S. EPA n.d.b), could cut those energy costs. In some 
cases, the green or traditional remediation can occur in one part of a site while another 
section of the property is reused.

Many municipalities are considering ways to become more sustainable, particularly by 
reducing fossil fuel consumption, in addition to environmental cleanup. States with re-
newable resources (e.g., consistent insolation and sustained winds) as well as incentives 
for renewable energy, have seen a rapid rate of renewable energy project development. 
Renewable energy projects (think large solar arrays) require a significant amount of land. 
That is where “RE-powering” comes in.

U.S. EPA’s RE-Powering America’s Land Initiative encourages renewable energy de-
velopment on contaminated lands. Projects serve several purposes, including providing 
clean energy for communities interested in reducing reliance on fossil fuels and mitigating 
climate change, bringing abandoned land back into productive use, and possibly reliev-
ing pressure on green space for the same purpose. Additional benefits of siting renewable 
energy on contaminated lands, mine sites, and landfills include the proximity to existing 
infrastructure (e.g., electric lines, security fencing) and reduced leasing or purchasing costs 
(U.S. EPA n.d.d.). Consistent with the U.S. EPA goals stated above, the Initiative does 

“U.S. EPA’s 
RE-Powering 
America’s Land 
Initiative encourages 
renewable energy 
development on 
contaminated 
lands.”

 
Figure 1. Screenshot of RE-Powering Mapper. (Color figure available online.)
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not undertake projects itself, but provides resources and tools to renewable energy devel-
opers, municipalities, site owners, and other stakeholders. Students will use one of these 
tools, RE-Powering Mapper (hereafter, Mapper) in this lesson (Figure 1). 

The Mapper combines data collected by U.S. EPA program offices representing sev-
eral different types of contaminated lands, landfills, and mine sites. These sites are then 
screened by the U.S. EPA in collaboration with the National Renewable Energy Labora-
tory for renewable energy potential (U.S. EPA 2018). The sites in the Mapper database 
have been prescreened for wind, solar, bioenergy, and geothermal energy capacity. See 
Table 1 for more details on the federally tracked sites.

In this lesson, students are primarily focused on solar energy. Solar energy can theoret-
ically be harnessed anywhere the sun shines. We know that some regions of the country 
(e.g., the Southwest) receive much more consistent solar energy due to very little cloud 
cover. This is a result of being in a subtropical high pressure zone and having a continental 
climate (i.e., not influenced by proximity to water). Also, the closer a location is to the 
equator, the more direct (and intense) are the sun’s rays.

Table 1. Explanation of EPA-Tracked Sites and Respective Programs

Contaminated 
Land Category Explanation Program Area

Superfund (NPL 
and non-NPL)

Sites with uncontrolled or abandoned hazardous waste  
that pose a threat to human health and the environment. 
The “Superfund” is invoked to either compel responsible 
parties to pay for cleanup or to cover the cleanup costs in 
the case where no responsible parties can be identified. 
If listed on the National Priorities List (NPL), the site 
was deemed a high priority for cleanup due to the threat 
of human exposure (based on the Hazardous Ranking 
System).

Superfund program [https://www.epa.gov/
superfund] and Federal Facilities Program 
[https://www.epa.gov/fedfac]

RCRA 
Corrective 
Action

The RCRA program regulates the generation, storage, 
transportation, and disposal of hazardous materials. RCRA 
Corrective Action sites are places where at one point there 
was a known leak/spill.

Resource Conservation and Recovery Act 
(RCRA) Overview [https://www.epa.gov/
rcra/resource-conservation-and-recovery-
act-rcra-overview]

Brownfields If tracked by U.S. EPA, a site meets the legal definition 
of a brownfield AND the owners were awarded a federal 
brownfields grant.

Brownfields Program [https://www.epa.gov/
brownfields]

Landfills (not 
listed in other 
categories)

Data are collected by the U.S. EPA Office of Air as part of 
a voluntary program which encourages capture and use of 
methane as an energy source. This is not an exhaustive list 
of the nation’s municipal solid waste landfills.

Landfill Methane Outreach Program (LMOP) 
[https://www.epa.gov/lmop]

Mines (not 
listed in other 
categories)

Includes all abandoned hardrock mines and mineral 
processing sites listed in the Comprehensive Environmental 
Response, Compensation and Liability Information 
System (CERCLIS). Includes abandoned mine sites on 
the National Priorities List (NPL), often referred to as 
“Superfund” Sites, and abandoned mine sites where U.S. 
EPA also has made emergency response actions.

For more information about mines in general, 
see Abandoned Mines Program [https://
www.abandonedmines.gov//wbd.html]

State-identified 
contaminated 
lands

State-level offices collect these data; some have been included 
in the U.S. EPA inventory (11 out of 50 states have 
contributed some data as of 2015). Sometimes there is 
overlap between state and federally identified sites.

Various state program examples include:
• Pennsylvania Abandoned Coal Mine Areas
• Massachusetts Contaminated Lands
• California DTSC Cleanup Program

https://www.epa.gov/brownfields
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Curriculum Context

This project is intended to encourage students in a geography or environmental studies 
course (Grades 9–16) to critically evaluate the potential for developing renewable energy 
on contaminated lands in their communities. The project is expected to take at least three 
hours.

Teacher/Instructor Preparation

Instructors will want to spend some time getting acquainted with the data sources and 
web-based tools. They will also want to work through collecting, organizing, and analyzing 
data for one or two local sites to get a feel for how the project will flow.

Applicable Standards of Focus (Grades 9–12)

National Geography Standards (2nd Edition): Five Geographic Skills
Excellence in Environmental Education: Guidelines for Learning (K–12): 

Strand 1–Questioning, Analysis and Interpretation skills

Project Objective

The objective of this project is to use geographic reasoning along with data and tools from 
the U.S. EPA’s RE-Powering America’s Land Initiative and other sources to examine the 
feasibility of developing renewable energy (e.g., solar PV) on contaminated or potentially 
contaminated sites.

Opening the Lesson/Project

Have students think about what green energy means. What value do they place on green 
and/or renewable energy and why? Ask where do we harness green energy or put the 
technology to capture green energy? Are there any considerations for siting wind and solar 
installations? Review introductory information. You could potentially open with a short 
video on renewable energy in general (e.g., National Geographic 2017 or Department of 
Energy, n.d.).

Step 1: Ask a Geographic Question

Does our town have a contaminated site that is suitable for solar energy? And how do we 
know?1

Step 2: Collect Data

A. Brainstorm information that might be needed to answer this question. Discuss sources 
of data and evaluate reliability.
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B. Identify potential sites in your area for further investigation. Using Mapper 2.0,2 

visualize the screened sites (launch tool from https://www.epa.gov/re-powering/ 
re-powering-mapper). You can view just the sites screened for solar and/or add the 
others. In many cases, these data sets will overlap as many sites prescreened positively 
for more than one renewable energy resource. Zoom in and out to examine sites from 
multiple spatial scales to get a good sense of where sites are situated.

Where did you expect to see contaminated or formerly contaminated lands in your 
town? Does anything surprise you about where they are in relation to other things? Do 
these sites seem clustered or dispersed?

C. You can also download the data table of contaminated lands that have been screened for 
solar energy and examine it (https://www.epa.gov/re-powering/re-powering-mapper— 
under the RE-Powering Screening Dataset “Solar.xlsx”). GIS files can also be down-
loaded from this page.

D. Choose a sample of five or six sites to examine further for feasibility or, if fewer than 
five exist, examine them all. You can filter the table in the Mapper based on city and 
export that table from there or filter the spreadsheet the same way to narrow down 
your sample.

E. Click on each sample site within the RE-Power Mapper to see a pop-up describing 
the site including links to renewable resource availability (RE-Powering Profile) and 
the latest cleanup status data (site status). Is this site ready/available for reuse now? See 
Figure 2. The link should lead to more information about sites’ environmental cleanup 
status. In the case of sites that are managed by a state program (e.g., the New York 
Environmental Site Remediation Program), the link will lead to the appropriate state 
entity (e.g., to New York Department of Environmental Conservation [NY DEC]). 

Figure 2. Screenshot of PV 
Watts Tool. (Color figure 
available online.)

https://www.epa.gov/re-powering/re-powering-mapper
https://www.epa.gov/re-powering/re-powering-mapper
https://www.epa.gov/re-powering/re-powering-mapper
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This information should spell out the types of contamination involved and the stage 
in the cleanup process.3

F. Collect additional data about renewable resource availability at sample sites. Some 
of these data are in the data table. Additional information can be found through the 
National Renewable Energy Lab (NREL) website (see below).

Example: Solar PV on Superfund Site: ROTH BROS METAL CO.
EPA Registry Id: 110054363498
1107 S. STATE STREET 
SYRACUSE, NY 13202

Plug addresses for your sample sites into NREL’s PVWatts Calculator (http://pvwatts.nrel.
gov/index.php). Change use option to “commercial” and click “Go.” See example output. 
Print off the main sheet and download both monthly and hourly data spreadsheets.

See also national scale static maps from the NREL of solar radiation (https://www.nrel.
gov/gis/solar.html).

1)  What parts of the country receive more or less solar radiation? Can you explain 
why?

2)  What other renewable resources are available for your sites?
3)  What other variations would you expect in resource availability?

Step 3: Organize Geographic Data

A. Organize data in a collection matrix. See Table 2 for a model. To minimize and keep 
track of sample sites, filter sites data table by city or ZIP code to examine only the cho-
sen sites and copy to a new spreadsheet. Enter relevant data into matrix.

Table 2. Data Collection Matrix for Students

Site Acreage

Insolation/
max DNI 4

(kWh/ 
m2/day)

Solar 
Capacity
(MW)

Site 
Owner

Cleanup 
Status

Former 
Land Use

Energy 
Cost ($) 
in Local 

Area

Expected 
Value of 

Electricity 
($) (solar)

Distance to 
Transmission 

(miles)

#1 

#2

#3

#4

#5

#6

http://pvwatts.nrel.gov/index.php
http://pvwatts.nrel.gov/index.php
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B. Decide on relevant data to display. For example, you can create graphs like Figure 3, 
showing expected hourly and monthly solar system performance at a site.

C. Use scatterplots to note any relationships between variables. For example, Figure 4 is a 
scatterplot done in Excel showing the relationship between AC System Output (solar 
energy capacity in kWh) and value of energy ($). What is the relationship? Does it 
make sense? What are the upper and lower limits of AC System Output? What might 
be driving those limits?

D. Collect images and/or generate maps of your sites and decide what relevant informa-
tion to include.

Figure 3. PV Watts data output 
display. (Color figure available 
online.)
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Step 4: Analyze Geographic Data

A. Questions to consider as you look at data:

• How similar or different are the conditions at your sample sites?
• Which seem the most promising and why?
• Can you explain any patterns or relationships?
• Are there any conditions that stand out as being the most important to your deter-

mination of the best site?

B. In light of your data, think about and discuss factors that are worth considering:

• In what ways does the past land use encourage or inhibit a renewable energy instal-
lation?

• If you chose to go ahead with this project, what are the potential impacts of 
using the land in this way now? What is the time scale of a given project installa-
tion (power purchase agreements are signed for twenty to thirty years), and what 
does that mean for future land use options? Could you calculate a greenhouse gas 
(GHG) reduction benefit?

• What are the characteristics of the area around the site; are there neighborhoods/
residences nearby with people who might be/have been impacted by current or for-
mer contamination? What are the characteristics of these neighborhoods and the 
people who live there?

• How might different stakeholders want to use this land, especially those living clos-
est to the site?

• Who are the potential off-takers (energy users) for the energy produced here? Hint: 
What is the population of the surrounding area? Who or what uses the most energy 
in your town?

• Should the federal or state government encourage this type of land use in towns 
and cities?

• What other factors might people consider important to a discussion about using 
contaminated or potentially contaminated land for renewable energy?5

Step 5: Answer the Geographic Question

Make a recommendation about which, if any, site is the best location for a solar instal-
lation. Present a persuasive case for your site. Describe the characteristics of the site and 
how it compares to the others. Present the data you have collected and analyzed. Include 
a map of your site, a satellite view image, and/or a photograph.

Concluding Summative Assessment

1)  Contaminated or formerly contaminated lands are generally situated _____________ 
___________.

2)  One benefit of using contaminated or formerly contaminated land for renewable en-
ergy might be ___________________.

3)  One negative impact of using contaminated or formerly contaminated land for renew-
able energy might be _______________________.

4)  How would you summarize the potential connection between contaminated lands and 
renewable energy?

5)  What additional questions did this project lead you to ask?
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Concluding Thoughts

While the exercise is geared toward renewable energy development on contaminated 
lands/brownfields, this type of feasibility study can be conducted just about anywhere. The 
PVWatts tool allows for analyzing the solar PV potential of rooftops, parking lots, and even 
students’ backyards. However, by focusing on brownfields, students begin to appreciate not 
only the geography of renewable energy resources, but the former industrial landscape, the 
legacy of contamination, and the ways in which communities create healthier places for 
people and other living things. The project-based nature of the lesson allows students to 
practice doing what professionals in the field do on the job, that is, ask questions, gather data 
using tools and resources, present the data, and make recommendations. The combination 
of geographic skill-building and real-world application should be “empowering!”

Notes

1 Alternatively, you could assign students to look at potential projects in different parts of the country 
with different solar or wind intensities.

2 See User Guide and Quick-Start Guide links from the same webpage.
3 There is a great deal of variation in the type and clarity of information given. Students should use 
their best judgement and cite evidence for their conclusions. In some cases, the answer may be 
“questionable” at best.

4 Stands for Direct Normal Irradiance: synonym for beam radiation, the amount of solar radiation, from 
the direction of the sun (NREL Glossary).

5 May include concern about climate change; noise factor for wind; aesthetics; impact on a familiar 
landscape; energy needs and end use; cleanup costs, cleanup status; requirements and liability; design 
requirements for not disturbing contamination; complementary sources or storage for times when 
RE resource is not available; site size; zoning; economic incentives; other available land; capacity 
for grid to handle influx at connection point; and ability for this project to contribute to economic 
development in the town.

Glossary of Terms

AC/DC: Refers to the current type (alternating or direct). Energy produced is DC and must be converted 
to AC for transmission to energy users.

Brownfield: The legal definition of a brownfield according to the brownfields amendment of the Com-
prehensive Environmental Response, Compensation and Liability Act (CERCLA) is “a real property, the 
expansion, redevelopment or reuse of which may be complicated by the presence or potential presence of 
a hazardous substance, pollutant contaminant.”

Cleanup status: Refers to the stage in the cleanup process and describes actions parties have taken toward 
reuse of the site. Consult program area guidance for specific cleanup process stages.

Environmental justice: Refers to a movement to counter the disproportionate negative impact that envi-
ronmental degradation has had on poor communities and communities of color (including to community 
members’ health, property/property values, and/or livelihoods).

Remediation: The process by which a contaminated site is cleaned up.

Renewable energy: Generally refers to energy from sources that are not depleted when used. In the 
RE-Powering Mapper, those sources are solar, wind, geothermal, and biomass/biofuel.

Solar PV: Stands for “solar photo-voltaic” and refers to a specific solar technology that converts solar 
energy to electricity directly through a solar panel.

Superfund site: A site that has been contaminated by toxic materials and is harmful to human health and 
the environment to the extent that the U.S. EPA has made cleanup of the site a priority. If no responsi-
ble party can be identified, the U.S. EPA is authorized to allocate money from the Superfund to pay for 
cleanup or front the cleanup costs until the responsible party or parties can be identified.



Lesson Plan

172

References

Adelaja, S., J. Shaw, W. Beyea, and J. D. C. McKeown. 2010. Renewable energy potential on brownfield 
sites: A case study of Michigan. Energy Policy 38: 7021–7030.

Alberini, A., A. Longo, S. Tonin, F. Trombetta, and M. Turvani. 2005. The role of liability, regulation and 
economic incentives in brownfield remediation and redevelopment: Evidence from surveys of developers. 
Regional Science and Urban Economics 35: 327–351.

Bjelland, M. D. 2004. Brownfield sites in Minneapolis-St. Paul: The interwoven geographies of industrial 
disinvestment and environmental contamination. Urban Geography 25 (7): 631–657.

De Sousa, C. 2005. Policy performance and brownfield redevelopment in Milwaukee, WI. The Professional 
Geographer 57 (2): 312–327.

McCarthy, L. 2002. The brownfield dual land-use policy challenge; reducing barriers to private redevelop-
ment while connecting reuse to broader community goals. Land Use Policy 19: 287–296.

National Geographic Society. 2017. Renewable Energy 101. https://www.youtube.com/watch?v=1kUE0B 
ZtTRc (accessed October 1, 2017).

U.S. Department of Energy. n.d. Energy 101: Solar PV. https://www.nationalgeographic.org/video/edu- 
solar-pv/ (accessed October 1, 2017).

U.S. EPA. n.d.a. Current Human exposures under control at high-priority cleanup sites. https://cfpub.epa.gov/
roe/indicator.cfm?i=59 (accessed March 1, 2017, 2016).

———. n.d.b. EPA principles for greener cleanups. https://www.epa.gov/greenercleanups/epa-principles- 
greener-cleanups (accessed March 1, 2017).

———. n.d.d. Potential advantages of reusing potentially contaminated land for renewable energy. https://
www.epa.gov/sites/production/files/2015-04/documents/contaminated_land_resuse_factsheet.pdf (ac-
cessed September 2, 2015).

U.S. EPA. 2015. Population surrounding 1,388 Superfund remedial sites. https://www.epa.gov/aboutepa/pop-
ulation-surrounding-1388-superfund-remedial-sites (accessed October 1, 2017).

U.S. EPA. 2018. Data Documentation for Mapping and Screening Criteria for Renewable Energy Gen-
eration Potential on EPA-and State-Tracked Sites. Washington, DC. https://www.epa.gov/re-powering/
mapper-technical-documents (accessed September 2017).

Jacqueline L. Waite is a postdoctoral fellow hosted by the U.S. Environmental 
Protection Agency’s Office of Land and Emergency Management, where she conducts 
research on renewable energy and land reuse. Her projects have included leading the 
recent update of the RE-Powering Mapper. She earned an M.Ed. in secondary education 
from The George Washington University and a Ph.D. in geography from the University 
of Maryland, College Park. She formerly served as Co-CEO/Director of Educational 
Affairs at the National Council for Geographic Education. Dr. Waite currently teaches 
geography and international affairs part time at Trinity Washington University.  


