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convey, and should not be interpreted as conveying, official EPA approval, endorsement, or recommendation.
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Gold LEED rated City Hall green roof, Seattle, Washington; Solar panels on 
closed landfill at Ft. Carson Army Base, Colorado; The Shops at White Oak 
Village on redeveloped former Lucent Richmond Works facility, Richmond, 
Virginia



Climate Smart Brownfields Manual 3     

Executive Summary

Brownfield revitalization can support community efforts 
to become more resilient to climate change impacts by 
incorporating adaptation and mitigation strategies throughout 
the brownfield cleanup and redevelopment process. This 
manual will help communities think about climate mitigation, 
adaptation, and resilience in the context of brownfield 
cleanup and redevelopment. This includes consideration of 
projected climate change and potential impact on vulnerable 
populations when performing brownfield site assessments, 
evaluating cleanup alternatives, and planning for redevelop-
ment. Early evaluation facilitates forward-looking decisions 
related to land use, zoning and building codes that increase 
resiliency. Communities are also encouraged to reduce 
carbon, greenhouse gas sources, and emissions through 
sustainable mitigation throughout the cleanup and redevelop-
ment of brownfields and in the reuse of these sites. 

This manual also will help brownfield communities better 
understand the range of climate change mitigation and 
adaptation strategies that can be applied at and around 
brownfield sites. It can serve as a resource for communities, 
grantees and government entities looking to assess, clean up 
and revitalize brownfields in a way that increases resiliency. 

Finally, this manual can serve as a resource to users seeking 
additional information about increasing resiliency through 
brownfield revitalization. There is an annotated listing of 
informational resources and tools at the end of the document.

“[A] resilient city is one that is: first, protected by 
effective defenses and adapted to mitigate most 

climate impacts; and second, able to bounce back 
more quickly when those defenses are breached from 

time to time.”  

(City of New York, 2013)

Mitigation: Measures to reduce the 
amount and speed of future climate 
change by reducing emissions of 
heat-trapping gases or removing carbon 
dioxide from the atmosphere.

Adaptation: Adjustment in natural or 
human systems to a new or changing 
environment that exploits beneficial 
opportunities or moderates negative 
effects.

Resilience: A capability to anticipate, 
prepare for, respond to, and recover 
from significant multi-hazard threats 
with minimum damage to social 
well-being, the economy, and the 
environment.

Adapted from the U.S. Global Change 
Research Program Glossary.

https://www.globalchange.gov/
climate-change/glossary

https://www.globalchange.gov/climate-change/glossary
https://www.globalchange.gov/climate-change/glossary
http://s-media.nyc.gov/agencies/sirr/SIRR_singles_Hi_res.pdf
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Introduction

Brownfield revitalization—the sustainable redevelopment 
of contaminated and abandoned properties—can support 
community efforts to become more resilient to climate change 
impacts by incorporating adaptation strategies throughout 
the assessment, cleanup and redevelopment process. 
Climate change adaptation comprises efforts by society or 
ecosystems to prepare for or adjust to future climate change. 
Many adaptation strategies afford opportunities to employ 
mitigation practices—human intervention to reduce the 
human impact on climate—including strategies to reduce 
carbon, greenhouse gas (GHG) sources and emissions and to 
enhance GHG sinks. 

Considering climate change in a brownfield revitalization 
project includes identifying factors such as sea-level rise 
that may affect long-term suitability of the site; considering 
how factors, such as increasing temperature, may alter the 
toxicity of site contaminants; or determining which flora and 
fauna can be supported at the site in the future as climate 
conditions change (Hansen, 2015). This manual addresses 
how communities can incorporate climate change adaptation 
and mitigation strategies into their brownfield revitalization 
projects.

Figure 1. This graph illustrates the change in global surface temperature 
relative to 1951-1980 average temperatures. The ten warmest years in the 
137-year record all have occurred since 2000, with the exception of 1998. The 
years 2016 and 2020 rank as the warmest on record. 

Source: http://climate.nasa.gov/scientific-consensus/

Climate Change Facts

Every year from 1976 through 2015, 
the Earth’s global land and ocean 
temperatures have been warmer than 
the long-term average. 

Source: https://www.climate.gov/
news-features/understanding-climate/
climate-change-global-temperature 

The combined average temperature 
over global land and ocean surfaces 
for 2020 was 1.76°C above the 20th 
Century average of 13.9°C (57°F). Except 
for December, every month of 2020 
was in the top four warmest on record 
for that month. A strong La Nina event 
in December 2020 cooled the Pacific 
Ocean; the month was still the 8th 
warmest December on record.

https://www.climate.gov/news-features/understanding-climate/climate-change-global-temperature
https://www.climate.gov/news-features/understanding-climate/climate-change-global-temperature
https://www.climate.gov/news-features/understanding-climate/climate-change-global-temperature
http://www.sustainableremediation.org/abstracts/2015/12/18/surf-31-climate-change-and-resiliency-within-remediation.html
http://climate.nasa.gov/scientific-consensus/


Climate Smart Brownfields Manual8     

Long-term, independent records from numerous data sources confirm that our world is warming. Although 
scientists continue to refine future climate projections, observations show that climate is changing and that 
the warming Earth has experienced over the past 50 years is due primarily to human-induced increases in 
heat-trapping gases (U.S. Global Change Research Program, 2009). Across the United States, we have seen 
increased flooding in both coastal and inland cities, hotter and drier weather in western states leading to 
increased drought and a greater frequency and strength of wildfires, and receding sea ice in Alaska (receding 
at a rate of 13.1 percent per decade) leading to increased erosion. Figures 
1-5 illustrate these trends. 

On a global scale, crops and water resources are threatened by climate 
change. For example, a recent study reported a 20 percent decline in crop 
production for grain growers in North America, Europe and Australia, due 
to extreme weather disasters between 1964 and 2007. Water resources 
will be affected differently in different regions as the climate continues to 
change. Some regions may experience increased drought, while others 
may experience more frequent heavy precipitation. Additionally, the 
expected significant seasonal differences in precipitation rates could 
reduce water availability when it is most needed and yield an abundance 
of water when it is least needed (EPA, 2016d).

Why Mitigation and Adaptation Matter for Brownfield 
Communities 

Many members of vulnerable populations, including children, the elderly, 
low-income communities of color and tribal communities, live close 
to brownfields and other blighted properties (EPA, 2020a). Brownfield 
redevelopment presents opportunities to reduce blight and improve the 
quality of life for vulnerable populations while mitigating the impacts of 
climate change.

While all populations will be affected by climate change, vulnerable 
populations will be disproportionately affected as climate change 
continues to increase the burden they already experience. A report by 
the Centers for Disease Control National Center for Health Statistics found 
that heat- and cold-related deaths in the United States are highest among 
non-Hispanic black populations and low-income populations making less 
than $42,400 annually. This study also found that heat-and cold-related 
deaths are significantly greater among elderly individuals in the United 
States.

Children and the elderly are among the most sensitive to changes in water 
and air quality. Therefore, as air and water quality degrade with climate 
change, they will be most susceptible to disease and environmental health 
impacts (Gamble, et al., 2013) (Sheffield and Landrigan, 2010). Children 
and the elderly, as well as women and the economically disadvantaged, 

Figure 2. Declines in snowpack, runoff 
and soil moisture are projected to occur 
if GHG emissions remain high. The maps 
show the percent of change between 
historical 1971-2000 conditions and 
conditions expected for mid-century 
(2041-2070). 

Brownfield cleanups in these areas 
should consider the potential effects of 
increasing drought. 

Source: (U.S. Global Change Research 
Program, 2014) 

https://downloads.globalchange.gov/usimpacts/pdfs/climate-impacts-report.pdf
http://climate.nasa.gov/vital-signs/arctic-sea-ice/
http://climate.nasa.gov/vital-signs/arctic-sea-ice/
http://www.nature.com/nature/journal/v529/n7584/full/nature16467.html
http://www.nature.com/nature/journal/v529/n7584/full/nature16467.html
https://www.federalregister.gov/documents/2016/05/19/2016-11745/stormwater-management-in-response-to-climate-change-impacts-lessons-from-the-chesapeake-bay-and
https://www.epa.gov/sites/production/files/2015-09/documents/webpopulationbrownfieldsites.9.28.15.pdf
http://www.cdc.gov/nchs/data/nhsr/nhsr076.pdf
http://www.cdc.gov/nchs/data/nhsr/nhsr076.pdf
http://ehp.niehs.nih.gov/1002233/
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are also at higher risk for distress and other adverse 
mental health consequences from the impacts of 
climate change, subsequently reducing their ability to 
adequately cope with and respond to these impacts 
(U.S. Global Change Research Program, Climate and 
Health Assessment webpage). 

Additionally, low-income communities and 
communities of color are expected to be more 
negatively affected by climate change since limited 
resources will reduce their ability to cope with a 
changing climate. Native American communities are closely tied to reservation boundaries that restrict their 
ability to relocate to avoid climate change impacts, making them particularly vulnerable (Department of 
Agriculture, 2016). Combined climate and non-climate stressors for these vulnerable populations are expected 
to become more evident as the impacts of climate change interact with existing stressors as well as socioeco-
nomic and demographic factors. (U.S. Global Change Research Program, Populations of Concern webpage).

Incorporating mitigation and adaptation strategies into government planning to promote resiliency is 
particularly important for small or rural communities that may be physically isolated and unable to easily 
access emergency supplies, resources and infrastructure. Adaptation will become particularly important for 
governments in small and rural communities with limited institutional capacity to respond to, plan for, and 
anticipate climate change impacts (U.S. Global Change Research Program, Rural Communities webpage). By 
incorporating climate change mitigation and adaptation measures and practices into brownfield assessment, 

In 2020, there were 22 weather and climate 
events with losses exceeding $1 billion each 

across the United States. These events 
included a drought, seven tropical cyclones, 

13 severe storms, and a wildfire. 
 

Source: www.climate.gov

Figure 4. This graph shows the total amount of land convert-
ed to open water along the Atlantic coast during three time 
periods for the Southeast and Mid-Atlantic regions. 

Source: (EPA Climate Change Indicators: Land Loss Along the 
Atlantic Coast webpage)

Figure 3. Average temperatures across the entire South-
west have increased in recent years, with some areas 
increasing by up to 2°F. This map shows the average 
temperature from 2000-2013 relative to the long-term 
average from 1895-2013. 

Source: (EPA 2015c)

Land Loss Among the Atlantic Coast

https://health2016.globalchange.gov/mental-health-and-well-being
https://health2016.globalchange.gov/mental-health-and-well-being
https://www.fs.fed.us/pnw/pubs/pnw_gtr944.pdf
https://www.fs.fed.us/pnw/pubs/pnw_gtr944.pdf
https://health2016.globalchange.gov/populations-concern
https://health2016.globalchange.gov/populations-concern
http://www.climate.gov
https://www.epa.gov/climate-indicators/atlantic-coast
https://www.epa.gov/climate-indicators/atlantic-coast
https://www.epa.gov/climate-indicators/southwest
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cleanup and redevelopment projects, communities may avoid future damages from climate-related events and 
ensure more reliable and resilient community revitalization projects.

To build resilience to climate change, members of the community (including local government, businesses, 
academic institutions, banks, community leaders, and residents) must pursue climate change adaptation 
as well as mitigation. This manual addresses how brownfield assessment, cleanup, and redevelopment can 
be part of climate change resilience solutions and strategies and how communities can ensure that their 
brownfield projects are climate resilient. 

Date of First Freeze for Selected U.S. Lakes

Figure 5. This graph shows the date of first freeze for nine U.S. lakes using data from 1850 to 2019. 
The lakes are generally freezing later than they did in the past – freeze dates have shifted at a rate 
of roughly half a day to one-and-a-half days per decade. Source: (EPA Climate Change Indicators: 
Lake Ice webpage)

How to Use This Manual

This manual provides tools and strategies that can be implemented during the brownfield cleanup and 
redevelopment process. To help navigate the climate change resiliency options that can be considered at each 
step in this process, the manual is organized into five chapters: 

 � Chapter 1: Planning for a Resilient Brownfield Revitalization. Chapter 1 explains how your community 
can initiate or contribute to the discussion of climate change mitigation, adaptation and resiliency when 
planning a brownfield redevelopment. It includes guidance to consider related to public participation 

https://www.epa.gov/climate-indicators/climate-change-indicators-lake-ice
https://www.epa.gov/climate-indicators/climate-change-indicators-lake-ice
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throughout the planning process as well as infrastructure, location, and building designs and streetscape 
planning that may promote implementation of community revitalization solutions and greater climate 
change resiliency. 

 � Chapter 2: Assessing Brownfields and the Surrounding Area with a Changing Climate in Mind. Chapter 2 
provides some guidelines on strategies, technologies and methodologies that should be considered when 
conducting environmental site assessments of brownfield properties.

 � Chapter 3: Reducing Climate Impacts through Greener Deconstruction. Chapter 3 provides guidance on 
green demolition, including deconstruction and materials reuse, of existing infrastructure on a brownfield.

 � Chapter 4: Implementing Greener Cleanups. Chapter 4 provides information and guidance on a variety 
of climate change mitigation and adaptation practices that can promote climate resiliency and reduce the 
carbon footprint of a brownfield cleanup.

 � Chapter 5: Redeveloping Brownfields for Climate Resiliency. Chapter 5 addresses brownfield reuse 
and redevelopment options that facilitate meeting mitigation and adaptation goals while creating 
more sustainable brownfield reuses. Examples include green space, park and recreational space, green 
infrastructure, clean energy, green building, mixed use and in-fill redevelopment, and community assets 
and amenities.

Case studies and profiles of climate adaptation and mitigation methods are included in text boxes throughout 
the manual to help grantees, communities, and government officials envision practical solutions and strategies 
possible for their community. Appendix A lists examples of adaptation and mitigation strategies for each stage 
of a brownfield project. Appendix B provides resources for area-wide planning components, and Appendix C 
contains additional “snapshots” of climate adaptation and mitigation at sites around the country.
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Chapter 1: Planning for a Resilient Brownfield Revitalization

The built environment is a primary contributor to GHG emissions and climate change impacts. It dictates the 
energy needs, transportation requirements (U.S. Department of Energy, 2013), housing and development 
patterns, and other resource allocations that drive GHG emissions. It is important to plan for the mitigation 
of these impacts at the earliest stage possible during the brownfield revitalization process. Brownfield 
communities, grantees, and government officials can address the effects of climate change and its local 
impacts in concert with their planning to support overall land use and development. Area wide, community 
wide, and site-specific brownfield assessment, cleanup, and redevelopment planning represent excellent 
opportunities to address climate change. The planning phase 
of brownfield redevelopment offers opportunities to consider 
and reduce local contributions to global climate change (e.g., 
emissions of CO2 and other GHG) and recognize the known and 
projected impacts (e.g., flooding, drought, sea level rise) that 
require adaptive responses.

Consider a community’s brownfield challenges and potential 
climate change impacts holistically. Research your area to 
develop a plan that will inform the assessment, cleanup and 
reuse of your brownfield properties to achieve the following 
goals:

 � Revitalize the community.

 � Protect the environment.

 � Build and strengthen community resiliency to the effects of climate change.

 � Plan for equitable development. 

The following sections provide information on the importance of public participation in planning, community-
wide planning and improving resiliency through local leadership including building codes for infrastructure 
development, offering tax credits, rebates, and discounts, and zoning. 

Built Environment 
 

Human-modified places such as 
homes, schools, workplaces, parks, 
industrial areas, farms, roads, and 

highways.

Importance of Public Participation

Successful, effective and meaningful planning can only be done when 
there is strong public participation throughout the brownfield redevelop-
ment process. Climate change impacts will cross community and regional 
lines, making solutions dependent upon meaningful participation of 
numerous stakeholders from federal, state, local, and tribal governments, 
science and academia, the private sector, non-profit organizations, and 
the general public. Effective adaptation measures are closely tied to 
specific local conditions. Effective public involvement needs to take into 
account existing social networks and be tailored to all affected stakehold-
ers. For this reason, every sector of the community should be invited to 
become involved in brownfield cleanup and redevelopment planning to 
ensure an equitable and sustainable redevelopment.

To ensure, comprehensive 
community involvement, 
consider creative approaches 
beyond existing city council 
and public meetings such 
as school, sports or civic 
events or community health 
fairs as possible locations 
for engagement as well as 
settings like the library, local 
church or community garden 
or food bank that might reach 
volunteers or segments of 
at-risk populations.

http://www.nrel.gov/docs/fy13osti/55634.pdf
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
http://nca2014.globalchange.gov/highlights/regions/rural-communities
http://nca2014.globalchange.gov/highlights/regions/rural-communities
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Successful community revitalization hinges on all members of a community benefiting from a cleaner 
environment and increased economic development. The impacts of climate change often affect minority 
neighborhoods that are disproportionately affected by environmental contamination due to their proximity 
to brownfields and industrial hazards. In addition, brownfields can be located near waterways or on low-lying 
land that is prone to flooding (EPA Region 2, 2013) (Bautista et al., 2014) (New York City Environmental Justice 
Alliance Waterfront Justice Project webpage). Redevelopment solutions must be inclusive of all affected 
populations and consider designs that improve resiliency and equitably distribute investments and the human 
health and economic benefits of redevelopment. Successful community revitalization begins with a strong 
planning component that considers all affected populations and ensures that people are not displaced during 
efforts to increase the climate resiliency of the community. Designing appropriate and substantive adaptation 
and mitigation strategies for brownfield revitalization requires a bottom-up participatory approach. This allows 
planners to obtain critical and community-specific information as well as provide marginalized communities 
with a voice in these difficult decisions. Planning for resilient brownfield revitalization can provide a vehicle for 
community empowerment and self-determination (Kaswan, 2012).

Community-wide Planning Perspective

A community that has numerous brownfields can consider ways brownfields slated for assessment or cleanup 
can contribute to a livable community that is safer and more vibrant. A brownfield reuse can promote transporta-
tion choices such as walking or cycling and better access to public transport. It can also provide accessible green 
space that improves a community’s livability and sustainability. If a community is affected by frequent or severe 
flooding, redevelopment could incorporate stormwater management and green infrastructure techniques.

When planning for assessment and cleanup, it is important to identify community priorities related to 
assessment, cleanup and long-term revitalization of brownfields. Planning should also include an evaluation of 
existing environmental conditions, local market potential, and needed infrastructure improvements (EPA, 2012a). 
Components of effective planning are listed below. A more detailed explanation of many of these components, 
along with available resources and tools that may assist communities during planning, is provided in Appendix B.

 � Identify and map climate resilience (e.g., protected wetlands, cooling centers, stormwater and green 
infrastructure, and buffer zones such as those along the Menomonee River in Milwaukee, Wisconsin) 
making sure to engage the community and first responders in this process.

 � Consider the impact of both current and projected climate-related conditions (e.g., sea level rise, proximity 
to a flood plain, and the frequency and severity of major storm 
events and droughts) on the long-term safety, stability and suitabil-
ity of the proposed land reuses. For example, evaluate hydro-climatic 
statistics and hydrologic-hydraulic models related to floods, intense 
rainfall, high stream flow, and water temperature, can facilitate water 
infrastructure planning, ecosystem protection, and flood hazard 
mitigation1. 

 – Use relevant and authoritative data sources, such as EPA, the 
National Oceanic and Atmospheric Administration (NOAA), 
National Climate Data Center, U.S. Department of Agriculture, U.S. 
Geological Survey (USGS), and U.S. Army Corps of Engineers.

1  ASTM E3032-15 Standard Guide for Climate Resiliency Planning and Strategy

Scenario planning workshops 
can be conducted in 
communities (bringing 
together many departments, 
external stakeholders, and 
quasi-city agencies) to inform 
vulnerability assessments. Read 
about Philadelphia’s successful 
scenario planning workshop 
example.

https://www3.epa.gov/climatechange/Downloads/Region2-climate-change-adaptation-plan.pdf
http://www.tandfonline.com/doi/abs/10.1080/13549839.2014.949644?journalCode=cloe20&
http://www.nyc-eja.org/?page_id=311
http://www.nyc-eja.org/?page_id=311
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2184551
http://www.epa.gov/brownfields/brownfields-area-wide-planning-program-factsheet
https://www.dvrpc.org/reports/16007A.pdf
https://www.dvrpc.org/reports/16007A.pdf
https://www.dvrpc.org/reports/16007A.pdf
https://www.dvrpc.org/reports/16007A.pdf
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 – Determine from the meteorological record the 
long-term average for each climate variable, scale of 
past extreme events, and recent trends of change in 
past 30 years.

 � Conduct a risk screening of vulnerabilities to climate 
change impacts and assess which properties need more 
resiliency measures (e.g., hospitals, schools, community 
centers, places of worship, emergency response stations).

 � Engage vulnerable and underserved populations to identify 
their needs and priorities for cleanup and reuse through 
facilitated advisory committees, public meetings, design 
charrettes, roundtable sessions, etc. 

As already emphasized, the brownfield planning process 
should engage all segments of the community. Stakeholder 
and community involvement is crucial for development 
of a sustainable, meaningful, and useful plan that can be 
referenced and implemented throughout the community 
revitalization process.

More than 1,000 mayors signed on to 
the U.S. Conference of Mayor’s Climate 
Protection Agreement, committing to: 
(1) strive to meet or beat Kyoto Protocol 
targets in their own communities; (2) 
urge their state governments, and the 
federal government, to enact policies 
and programs to meet or beat the GHG 
emission reduction target suggested for 
the United States in the Kyoto Protocol; 
and (3) urge the U.S. Congress to pass the 
bipartisan GHG reduction legislation. 

Vulnerability – the degree to which a 
site is susceptible to or unable to cope 
with, adverse effects of climate change, 
including climate variability and extremes.

Helpful References

 � A Guidebook to Community Engagement: Involving Urban and Low-Income Populations in an 
Environmental Planning Process 
http://www.canr.msu.edu/uploads/375/65790/GuidebooktoCommunityEngagement_FINAL_Sept2014.pdf

 � Community Engagement Guide for Sustainable Communities 
https://www.policylink.org/resources-tools/community-engagement-guide-for-sustainable-communities

 � Best Practices for Meaningful Community Engagement 
https://groundworkusa.org/wp-content/uploads/2018/03/GWUSA_Best-Practices-for-Meaning-
ful-Community-Engagement-Tip-Sheet.pdf

 � Creating Equitable, Healthy, and Sustainable Communities: Strategies for Advancing Smart Growth, 
Environmental Justice, and Equitable Development 
https://www.epa.gov/smartgrowth/creating-equitable-healthy-and-sustainable-communities

https://www.usmayors.org/programs/mayors-climate-protection-center/
http://www.canr.msu.edu/uploads/375/65790/GuidebooktoCommunityEngagement_FINAL_Sept2014.pdf
https://www.policylink.org/resources-tools/community-engagement-guide-for-sustainable-communities
https://groundworkusa.org/wp-content/uploads/2018/03/GWUSA_Best-Practices-for-Meaningful-Community-Engagement-Tip-Sheet.pdf
https://groundworkusa.org/wp-content/uploads/2018/03/GWUSA_Best-Practices-for-Meaningful-Community-Engagement-Tip-Sheet.pdf
https://www.epa.gov/smartgrowth/creating-equitable-healthy-and-sustainable-communities
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Improving Resiliency through Local Leadership

State and local jurisdictions can increase the resiliency of a community by establishing or updating zoning 
ordinances, coastal and wetland management plans, water management plans, hazard mitigation plans, and 
landowner incentives.

Brownfield Revitalization in Climate-Vulnerable Areas (EPA 2016a) includes several examples of city policies 
and plans relevant for resiliency and adaptation:

 � Stormwater Management Incentives

 – Green roof tax credits and rebates (Philadelphia, Pennsylvania)

 – Green roof tax credit program (Nashville, Tennessee)

 – Stormwater Fee Discount for Non-residential Property Owners (Toledo, Ohio)

 � Land Use and Building Codes and Regulations 

 – Compensatory Floodplain Storage Regulations (Dallas, Texas)

 – Floodplain Management Regulations to Help the City Earn Community Rating System (CRS) Status (Des 
Moines, Iowa)

 – 2013 Building/Plumbing Code Changes (New York, New York)

 � Comprehensive Plans

 – Comprehensive Plan Resilient Land Use Element (Scott, Louisiana)

 – Port of New Orleans Resiliency Manual 2013 (New Orleans, Louisiana)

 � Integrated Water Management/Flood Mitigation/Wastewater Resiliency 

 – Greater New Orleans Urban Water Plan (New Orleans, Louisiana)

 – City of Tulsa Flood Park along Mingo Creek (Tulsa, Oklahoma)

 – Bee Branch Flood Mitigation Plan (Dubuque, Iowa)

 – Wastewater Resiliency Plan (New York, New York)

 – Fargo Flood-Related Sales Tax (Fargo, North Dakota)

 – Sales Tax Abatement Program for Flood Resiliency (New York, New York)

Municipal and City Leadership

Local leadership can influence successful mitigation and resiliency impacts by promoting the establishment of 
standards and goals for urban design, stormwater management, floodplain management, and other significant areas of 
city planning that can improve the resilience of brownfield cleanup and redevelopment. Cities can implement policies 
that promote climate-resilient brownfield assessment, cleanup, and reuse and consider climate change conditions in 
development decisions. The site conditions and reuse opportunities identified in the planning stage can inform policy 
development and lead to effective implementation strategies for reducing a community’s carbon footprint and GHG 
emissions as well as promote other climate change mitigation and adaptation strategies. For example, local leadership 
can inform changes in flood zone boundaries to protect existing development and natural barriers. Local leadership 
also can influence building requirements and highlight the importance of green space and wetlands to improve 
flood management (National Wildlife Federation, 2014). The City of Philadelphia, Pennsylvania, is in the process of 

https://www.epa.gov/sites/production/files/2016-01/documents/bf_revitalization_climate_vulnerable_areas_012616_508_v2_web.pdf
http://www.nwf.org/~/media/PDFs/Global-Warming/Climate-Smart-Conservation/NWF-Climate-Smart-Conservation_5-08-14.ashx
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climate resiliency planning. The Mayor’s Office of Sustainability convened 
the Climate Adaptation Working Group (CAWG), a group of 10 agencies and 
departments that is assessing the city’s vulnerabilities and opportunities to 
prepare for climate change. The CAWG is identifying relatively low-barrier, 
high-impact internal actions that can be taken while the city tackles larger 
issues of how to assess and minimize risks to environmental health, neighbor-
hood investments, and quality of life (Mayor’s Office of Sustainability and ICF 
International, 2015). When applied to brownfields, Philadelphia’s planning 
process provides an excellent example of how effective planning can lead 
to climate change adaptation and mitigation at the municipal and city level 
(Philadelphia Climate Action Playbook, 2021). 

Infrastructure Development and Building Codes

Brownfield revitalization is influenced and guided by the local government’s 
infrastructure and building codes, which can encourage implementation of climate change mitigation and 
adaptation techniques. Building codes, for example, can require that infrastructure be planned and built to avoid 
or minimize future damage from flooding, drought, and other projected weather events resulting from climate 
changes. Building codes also can reduce carbon emissions from commercial and residential buildings by specifying 
minimum requirements for building components such as insulation, water use, heating and cooling systems, 
lighting, windows, and ventilation systems. Effective building code requirements may vary regionally due to climate 
differences; for example, building codes in the south may require more insulation to reduce energy consumption 
from cooling systems. Most state and local building codes are based on the requirements of model building codes 
created by private standard-setting bodies. The two most commonly used codes are the International Energy 
Conservation Code (IECC) for residential buildings, and the American Society of Heating, Refrigerating, and Air 
Conditioning Engineers’ ASHRAE 90.1 code for commercial buildings. A climate zone map developed by the U.S. 
Department of Energy’s Building America program serves as a framework for energy efficiency requirements in the 
national model energy codes (U.S. Department of Energy, 2014).

Local governments may consider incorporating the requirements of the 
U.S. Green Building Council’s Leadership in Energy and Environmental 
Design (LEED) certification program into local building codes. LEED imposes 
more stringent environmental standards than the IECC or ASHRAE codes 
and includes certain minimum green building requirements, such as 
minimum energy performance, energy and water metering, and floodplain 
avoidance. LEED also awards credits for buildings that include optional 
environmentally friendly features, such as a green roof to reduce the 
heat island effect. LEED offers different levels of certification depending 
on the total number of credits a project earns. Policymakers can use the 
new LEED Climate Resilience Screening Tool to identify which LEED rating 
systems and credits enhance resilience, providing a reference for policies 
and building standards in vulnerable areas. Encouraging LEED features in 
brownfield redevelopment will provide another opportunity for strength-
ening the resilience of the project and potentially serve as a resource for 
the community as it pursues larger scale climate change resiliency. More on 
green building strategies is discussed in Chapter 5.

Municipal and City 
Leadership on Climate 
Change Adaptation

In 2008, Mayor Michael 
Bloomberg convened the New 
York City Panel on Climate 
Change which released 
several reports, including 
one in 2010 that addresses 
climate adaptation in the city 
and development of a risk 
management response.

Local Leadership 
through Infrastructure 
Requirements

In 2012, Maryland Governor 
Martin O’Malley issued the 
“Climate Change and Coast 
Smart Construction Executive 
Order” directing that all 
new and reconstructed state 
buildings, facilities, and 
infrastructure be planned 
and built to avoid or minimize 
future flood damage.

https://alpha.phila.gov/media/20160504162056/Growing-Stronger-Toward-a-Climate-Ready-Philadelphia.pdf
https://alpha.phila.gov/media/20160504162056/Growing-Stronger-Toward-a-Climate-Ready-Philadelphia.pdf
https://www.phila.gov/media/20210113125627/Philadelphia-Climate-Action-Playbook.pdf
https://codes.iccsafe.org/content/IECC2021P1
https://codes.iccsafe.org/content/IECC2021P1
https://www.ashrae.org/resources--publications/bookstore/standard-90-1
https://www.energy.gov/eere/buildings/downloads/building-america-top-innovations-hall-fame-profile-building-science-based
http://www.smartgrowthamerica.org/state-resilience/building-resilient-states-a-framework-for-agencies/
http://www.smartgrowthamerica.org/state-resilience/building-resilient-states-a-framework-for-agencies/
http://www.smartgrowthamerica.org/state-resilience/building-resilient-states-a-framework-for-agencies/
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Local leadership can go beyond national requirements 
and implement additional building codes tailored to 
the needs of the community and the projected climate 
change impacts. Building codes for new buildings may 
set elevation requirements or flood proofing techniques 
to increase adaptation capabilities in areas prone to 
floods. For example, New York City adopted FEMA’s 
standards for building elevation requirements according 
to determined flood risk for particular areas. When the 
new Flood Insurance Rate Maps (FIRMs) are updated in 
2016, the state and New York City will further update the 
Building Code to reference the new elevations and to 
require freeboard of 1 to 2 feet above these elevations. 
New York City has also enhanced its flood resistant 
construction standards in the aftermath of Hurricane 
Sandy. To reduce damage from hurricanes, local 
government can require new construction to include 
wind resistance measures. 

Tax Credits, Rebates, and Discounts

Local government also may mitigate climate change with 
brownfield revitalization by offering incentive programs, 
such as tax credits or rebates, to property owners and 
developers that install green roofs or incorporate green 
infrastructure and other stormwater runoff mitigation 
features (e.g., pervious or permeable pavements and gray 
water recycling). By offering incentives, local governments 
can facilitate inclusion of climate change mitigation and 
adaptation strategies in the initial designs and plans for 
brownfield redevelopments. For example, the District 
Department of the Environment (DDOE)’s RiverSmart 
Rewards program provides financial incentives to 
property owners in Washington, DC, for installing green 
infrastructure that reduces stormwater runoff District 
property owners and tenants who install systems that 
retain stormwater runoff can receive discounts of up 
to 55 percent on stormwater fees. DDOE also offers a 
Stormwater Retention Credit (SRC) Trading program where 
properties generate SRCs for voluntarily installing green infrastructure that reduces stormwater runoff. Property 
owners trade their SRCs to those who use them to meet regulatory requirements. This revenue creates incentives 
to install green infrastructure that provides climate change adaptation and mitigation benefits.

Similar discount programs have been implemented across the country in cities such as Seattle, WA; Portland, 
OR; and Philadelphia, PA. In Portland, ratepayers can receive up to a 100 percent discount on their onsite 

Table 1. Examples of Municipal Green Infrastructure Subsidy 
Programs (National Resources Defense Council, 2015)

http://www.phila.gov/water/wu/stormwater/Pages/NonResidentialStormwaterBilling.aspx
http://doee.dc.gov/release/district-establishes-new-stormwater-fee-discount-program
http://doee.dc.gov/release/district-establishes-new-stormwater-fee-discount-program
http://doee.dc.gov/src
https://www.seattle.gov/utilities/your-services/discounts-and-incentives/stormwater-facility-credit


Climate Smart Brownfields Manual18     

stormwater management charges through the Clean River Rewards program if they manage stormwater 
on their property. Philadelphia’s land use and permit regulations require new development and redevelop-
ment projects that disturb more than 15,000 square feet of land to install (and maintain) green infrastruc-
ture sufficient to manage the first inch of stormwater that falls on the site. Property owners who reduce the 
amount of impervious or impermeable surfaces and install green infrastructure projects on their property 
to manage stormwater onsite can receive stormwater credits that permanently reduce water bills. Such 
approaches increase a site’s ability to adapt to changing climate conditions and help mitigate GHG emissions. 
It is especially important to ensure that the cleanup and integrity of brownfields are not jeopardized as a result 
of climate change impacts such as flooding or drought.

Some communities have modified tax credits, such as the Low Income Housing Tax Credit or Historic 
Preservation tax credit, to encourage developers to go beyond modern resilience standards in their new or 
reconstructed development. Similarly, communities have used sales tax abatement programs to promote 
resilience to increased flooding by providing tax relief to property owners who incorporate climate adaptation 
strategies into their structures (e.g., by weatherizing buildings). New York City is a leader in this and has 
implemented an Open Industrial Uses Sales Tax Exemption Program, which promotes resilience to increased 
flooding due to climate change impacts by providing $10 million in sales tax abatements in $100,000 
increments to qualifying industrial businesses seeking resiliency retrofits. 

Find out about incentives and tax credits for renewable energy in your state at: http://www.dsireusa.org/

Zoning

Zoning ordinances and local government land use planning play significant roles in both mitigating GHG 
emissions and adapting to the impacts of climate change. Zoning and land use planning provide the blueprint 
for the development of a community’s built environment and therefore impact the reuse options available for 
brownfields. Zoning laws can dictate density of development, require the siting of greenspace and open space, 
restrict construction in flood plains and other weather-sensitive areas, and reduce spread-out development. 
When developed intentionally, they can serve as another strong climate change mitigation and adaptation 
strategy for brownfields. 

Zoning ordinances that promote compact development often result in the co-location of residential and 
commercial buildings as well as transit (Urban Land Institute, 2012) (Thrun, et al., 2016). There is evidence 
that high-density development results in fewer GHG emissions than low-density development by reducing the 
vehicle miles traveled (VMT) (Urban Land Institute, 2010). The number of car trips also may be reduced when 
communities use zoning and land use planning to make walking, biking and public transit safe and convenient. 
Smart Growth America noted in its report, Growing Cooler: The Evidence on Urban Development and Climate 
Change (Urban Land Institute, 2007), that compact development (mixed land uses, complete streets, etc.) 
reduces VMT by 20 to 40 percent. Quantifying the Third Leg: The Potential for Smart Growth to Reduce 
Greenhouse Gas Emissions (Natural Resources Defense Council, 2008) estimates that smart growth policies 
such as compact development may reduce VMT by 10 to 30 percent in 20-30 years, reducing overall GHG 
emissions by 2-5 percent in the same time period. 

Brownfield redevelopment projects can help lessen the impact of climate change when positively influenced by 
local zoning that incentivizes or requires a certain percentage of green space in the design plans and eventual 
development. Trees and other plants help reduce net GHG emissions by sequestering carbon dioxide. A 

http://www.portlandoregon.gov/bes/41976
http://www.pwdplanreview.org/manual-info/guidance-manual
https://edc.nyc/program/industrial-incentives-program
http://www.dsireusa.org/
http://uli.org/wp-content/uploads/ULI-Documents/Shifting-Suburbs.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4891334/
http://uli.org/wp-content/uploads/ULI-Documents/Land-Use-and-Driving-Low-Res.pdf
https://www.nrdc.org/sites/default/files/cit_07092401a.pdf
https://www.nrdc.org/sites/default/files/cit_08110601a.pdf


Climate Smart Brownfields Manual 19     

healthy tree canopy also can provide shade to buildings, which limits the need for air conditioning and reduces 
overall energy use. Greenspace that includes green infrastructure components can reduce stormwater runoff 
and reduce the severity of flooding events. Green infrastructure is discussed in greater depth in Chapter 5.

Zoning ordinances can discourage inefficient practices and restrict the location of buildings in vulnerable 
areas such as flood plains. Effective zoning requirements incorporated into a strong master plan will improve a 
community’s climate change adaption and mitigation efforts.

Brownfield reuse planning is the perfect opportunity to evaluate and modify existing zoning ordinances to 
promote smart growth and transit oriented development. The adoption of such policies will lead to fewer VMT, 
reduced stormwater runoff, and reduced GHG emissions.

For additional information on land use planning and smart growth principles see: http://www.epa.gov/smartgrowth

For additional information on planning tools for climate resiliency, see: https://www.epa.gov/land-revitaliza-
tion/climate-resilience-planning-tool. The EPA Climate Resilience Planning Tool outlines nationally applicable 
examples of relevant regulatory standards, incentives, and guidelines as well as non-regulatory projects, 
programs, and approaches to inform planning goals and increase climate resiliency.

For additional information on building codes relevant to revitalization and climate change adaptation, see Smart 
Growth Fixes For Climate Adaptation And Resilience. This is a resource with detailed information on zoning and 
building codes that can help communities adapt to climate change while gaining other environmental, economic, 
social, and health benefits.

Snapshot: Atlantic Station Redevelopment in Midtown Atlanta Yields 
VMT Reductions

A study was conducted in Atlanta, Georgia, to evaluate the impact of building a very dense, mixed-use 
development at an abandoned steel mill as compared to spreading the equivalent amount of 
commercial space and number of housing units at three suburban locations. Analysis was conducted 
using travel models and supplemented by the EPA’s Smart Growth Index.

Analysis found that the infill location at Atlantic Station would generate about 36 percent less 
driving and emissions than the outlying comparison sites. The results were so compelling that the 
development was deemed a transportation control measure by the federal government for the purpose 
of improving the region’s air quality. The Atlantic Station project in Midtown Atlanta has become a 
highly successful reuse of central city industrial land. An early evaluation of travel by residents and 
employees of Atlantic Station suggests even larger VMT reductions than projected originally. On 
average, Atlantic Station residents are estimated to generate eight VMT per day, and employees to 
generate 11 VMT per day. These estimates compare favorably with a regional average VMT of more 
than 32 miles per person per day, among the highest in the nation. https://www.epa.gov/smartgrowth/
atlantic-station-atlantic-steel-site-redevelopment-project

https://training.fema.gov/hiedu/docs/fmc/chapter 15 - commonly applied floodplain mgmt measures.pdf
http://www.epa.gov/smartgrowth
https://www.epa.gov/land-revitalization/climate-resilience-planning-tool
https://www.epa.gov/land-revitalization/climate-resilience-planning-tool
https://www.epa.gov/smartgrowth/atlantic-station-atlantic-steel-site-redevelopment-project
https://www.epa.gov/smartgrowth/atlantic-station-atlantic-steel-site-redevelopment-project
https://www.epa.gov/smartgrowth/smart-growth-fixes-climate-adaptation-and-resilience
https://www.epa.gov/smartgrowth/smart-growth-fixes-climate-adaptation-and-resilience
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Chapter 2: Assessing Brownfields and the Surrounding 
Area with a Changing Climate in Mind

Once a brownfield site is chosen for redevelopment, Phase I and Phase II environmental site assessments 
(ESAs) are conducted to determine the extent of any contamination at the property and to assess potential 
public health and environmental risks. Following the ESAs, potential cleanup options that consider the 
intended use and redevelopment of the site are evaluated.

The assessment phase of the brownfield project may offer several opportunities for identifying potential 
climate change impacts and evaluating mitigation and adaptation strategies for long-term solutions. Such 
opportunities arise from asking questions during Phase I and Phase II ESAs, incorporating relevant ASTM 
guidelines for greener cleanups, and considering redevelopment options in light of your community’s 
challenges and redevelopment goals.  

The assessment phase offers significant opportunities to identify how you can invest in your community’s 
success by implementing climate change resiliency measures.

Phase 1 Environmental Site Assessment

The Phase I ESA of a brownfield site must be conducted in compliance with the All Appropriate Inquiries (AAI) 
rule. A Phase 1 ESA comprises the historical investigation and preliminary inspection of the site, but presents 
an opportunity to evaluate current and on-going climate change impacts and to consider future impacts to the 
site or area. For example, an investigation of the site history can include an investigation of site vulnerabilities 
based on historical and recent climate patterns and events (e.g., floods and drought). Similarly, the preliminary 
site inspection offers a chance to look for visual evidence, such as drainage issues that can be exacerbated 
by increased precipitation. The site inspection is also a good time to identify possible impacts to adjacent or 
nearby water bodies and to consider opportunities for permeable pavement in a reuse plan.

Considering the climate change concerns identified, communities should consider potential risk factors, taking 
into account the conditions of the project area, such as proximity to the ocean, infrastructure vulnerabili-
ties, property affected by a revised FEMA flood plain map, vulnerability related to changes in frequency and 
intensity of precipitation events, vulnerability of soil type due to moisture and hydraulic changes, ground 
and surface drinking water vulnerabilities. Historical and current climate stressors and impacts should be 
researched as part of this effort. The U.S. Climate Resilience Toolkit (NOAA) is an excellent resource for this 
type of data. Other sources of helpful information include:

� Assessing Health Vulnerability to Climate Change: A Guide for Health Departments (Centers for Disease
Control and Prevention, 2014)

� EPA’s Communities and Utilities Partnering for Water Resilience Website

� EPA’s Community-Based Water Resiliency Guide

https://www.epa.gov/brownfields/brownfields-all-appropriate-inquiries
https://www.epa.gov/brownfields/brownfields-all-appropriate-inquiries
http://toolkit.climate.gov/
http://www.cdc.gov/climateandhealth/pubs/AssessingHealthVulnerabilitytoClimateChange.pdf
http://water.epa.gov/infrastructure/watersecurity/communities/index.cfm
https://www.epa.gov/sites/production/files/2019-09/documents/communitybasedwaterresiliencyguide_draft-final_06132019.pdf
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Questions to Consider During a Phase I ESA

1. What are the historical weather/climate-related impacts to this property? Flooding issues? 
Drought?

2. What are the current and projected weather/climate-related impacts to the property?

3. Walk the site. Are there any vulnerabilities evident? Based on projected climate impacts in the area, 
will the structures, soil, vegetation, and other elements be resilient?

4. Will existing water infrastructure be resilient to climate changes?

5. Is the historic school, railroad spur, mill, foundry, mine, or other type of brownfield close to areas 
where wildfire or flooding risks are likely to increase? 

Phase 2 Environmental Site Assessment

The Phase II ESA involves the sampling and analysis activities to identify the types, concentrations, and extent 
of contaminants at a brownfield site. It typically involves collection of soil and groundwater samples for 
analysis at offsite laboratories. The Phase II ESA also may include sampling of other mediate (e.g., sediment, 
surface water, soil gas, indoor air), identifying the location of underground storage tanks and other buried 
objects, and evaluating demolition material for asbestos, lead-based paint, or other toxic products. Phase 
II offers opportunities to consider some best management practices (EPA, 2016b) for addressing climate 
mitigation during the brownfield site investigation (EPA, 2016b). The ASTM Standard Guide for Greener 
Cleanups (ASTM E2893-16) can be a great resource for identifying options for establishing climate change 
mitigation and adaptation strategies related to this phase of a brownfield cleanup project. Many of these 
strategies address mitigation, especially those focused on reducing carbon emissions through use of renewable 
energy through minimizing transportation to and from the site. 

Analysis of Brownfield Cleanup Alternatives 

If during the site assessment, contamination is found to exceed 
risk-based cleanup requirements for proposed reuse, cleanup 
options should be identified and their effectiveness evaluated. 
An Analysis of Brownfield Cleanup Alternatives (ABCA) is required 
of EPA Cleanup and Revolving Loan Fund (RLF) grant recipients. 
The ABCA provides an excellent opportunity for brownfield 
communities to evaluate the resilience of the remedial options in 
light of reasonably foreseeable changing climate conditions (e.g. 
sea level rise, increased frequency and intensity of flooding and/
or extreme weather events, etc.) (EPA, 2014a).

In addition to evaluating the effectiveness, the ease of 
implementation and cost of each remedial action, an ABCA 
also should include a discussion of observed and forecasted 
climate change conditions and the associated site-specific risk 

Phase II ESA Strategies for 
Climate Mitigation

1. Use renewable energy

2. Incorporate remote sensing 
capabilities

3. Maximize reuse of existing wells 
where appropriate and/or design 
wells for future reuse

4. Use field test kits whenever possible

5. Use local laboratories when possible

6. Use appropriate sized equipment for 
the project

https://clu-in.org/greenremediation/docs/GR_Fact_Sheet_SI_12-31-2009.pdf
https://www.astm.org/Standards/E2893.htm
https://www.astm.org/Standards/E2893.htm
https://www.epa.gov/sites/production/files/2015-09/documents/epa_oblr_climate_adaptation_checklist.pdf
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factors. An ABCA typically includes a description of background and current conditions of the brownfield site 
(maps, previous uses, assessment findings, and reuse goals), applicable regulations and cleanup standards, an 
evaluation of cleanup alternatives and a recommended remedial action. Both current and forecasted climate 
changes may impact the effectiveness of a remedial alternative. For example, increased flooding of a site 
could compromise an engineered cap and expose contamination. 
Conducting an ABCA with a climate focus can help ensure the 
chosen remedial option is more adapted to climate change.

An example of an ABCA completed for the 900 Innes Avenue site in 
San Francisco, California (U.S. Army Corps, of Engineers, 2013), can 
be found at https://sfrecpark.org/DocumentCenter/View/1895/
Analysis-of-Brownfield-Cleanup-Alternatives-Report-PDF.

Brownfield redevelopment can take a long time to become a 
reality. Developing an interim use before a brownfield is cleaned 
up and fully redeveloped can help mitigate ongoing blight and 
demise of the property and reduce negative impacts caused by 
severe weather events. Mobile food stands, community gardens 
with raised beds, farmers markets, solar installations (temporary 
or permanent), public event spaces and temporary parks are 
potential options for interim uses.

For example, an interim hiking trail along the Atlanta BeltLine 
(Figure 6) was developed while design and construction plans 
moved forward on the old rail corridor. Ultimately, more than 
1,700 tons of contaminated soil was remediated in preparation 
for the Atlanta BeltLine, a sustainable redevelopment project that 
provides a network of public parks, multi-use trails and transit 
along a historic 22-mile railroad corridor circling downtown. Figure 6. Atlanta BeltLine interim hiking trail

https://sfrecpark.org/DocumentCenter/View/1895/Analysis-of-Brownfield-Cleanup-Alternatives-Report-PDF
https://sfrecpark.org/DocumentCenter/View/1895/Analysis-of-Brownfield-Cleanup-Alternatives-Report-PDF
http://beltline.org/trails/eastside-trail/
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Chapter 3: Reducing Climate Impacts through Greener 
Demolition

Deconstruction can be a more targeted and environmentally-sustain-
able method of demolition than typically occurs following a brownfield 
assessment. Reuse and recycling of building materials can save landfill 
space, reduce methane emissions from landfills, and reduce demands 
on materials production and transportation, therefore also reducing 
carbon and GHG emissions. 

Description and Rationale

Demolition traditionally is the most common method of removing 
buildings and structures. However demolition can result in significant 
amounts of debris disposed of in landfills, and the heavy equipment 
operated emits GHGs. Furthermore, traditional demolition techniques 
may not be protective of the environment or the community.

Deconstruction of uncontaminated buildings and structures allows for 
recovery of reusable materials and diverts some or nearly all building 

waste from landfills as part of sustainable materials management. Material reuse reduces the need to harvest 
virgin materials, which is an energy intensive process resulting in GHG emissions. The harvesting of trees for 
wood products, in particular, decreases our planet’s capacity to absorb CO2 (Sheehan, 2000). While deconstruc-
tion may take more time than demolition and may require additional training and materials handling planning, 
the benefits may be worth it, particularly where valuable building materials can be recovered and safely 
reused. Where markets exist for material reuse, deconstruction can prevent materials from being added to our 
landfills and result in a more sustainable project that limits emissions. By diverting materials from landfills, a 
community can reduce potentially harmful impacts from flooding of a landfill after a weather-event. 

Diverting building waste from landfills is becoming easier across the nation. In EPA Region 9, locally available 
construction and demolition recyclers are making it possible for contractors to obtain diversion rates above 80 
percent (EPA Region 9). Carefully considering site materials and how they can be reused or recycled is one way 
to reduce our environmental impact and contribute to a more sustainable and resilient community.

Deconstruction, when conducted safely and appropriately, can 
facilitate reuse and recycling of uncontaminated materials and 
provide opportunities for training and job development. When 
multiple structures in a community need to be removed, planning 
deconstruction of multiple structures at one time can reduce 
the impact from extended use of heavy equipment and reduce 
emissions. Green deconstruction projects identify ways to minimize 
or eliminate fossil-fuel burning equipment and maximize usage of 
renewable energy sources whenever possible. Careful, advance 
planning of deconstruction work also helps reduce fugitive dust 
emissions, water quality degradation, water use, and erosion. 

Whenever building materials 
are reused, it results in one less 
item being sent to a landfill as 
waste. It also translates into 
energy and waste savings as 
less new building materials 

needs to be created.

https://2020archive.grrn.org/zero-waste-and-climate-change/
https://19january2017snapshot.epa.gov/www3/region9/waste/solid/pdf/cd1.pdf
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Implementation

Several factors affect the suitability of deconstructing buildings on brownfields: the condition of the building 
and materials, the types and quantities of potentially reusable and recyclable materials, the presence of 
hazardous material, and access to building reuse and recycling markets. If access to local reuse and recycling 
markets is lacking, the cost to transport materials long distances to these markets can affect the feasibility of a 
deconstruction that is protective of the environment and promotes climate change mitigation. Local disposal 
costs, timeframe to deconstruct, and labor costs are additional factors that need to be considered when 
assessing the feasibility deconstruction. 

There are four basic steps in a deconstruction project:

1. Create an inventory of materials that can be reused or recycled.

2. Identify local reuse partners to enhance the reuse potential.

3. Identify ways to reuse deconstructed materials in the redevelopment.

4. Deconstruct where possible.

There are several useful tools available to assist in the inventory process and feasibility assessment. These are 
briefly described at the end of this chapter along with links to access the tools. By identifying materials that 
can be utilized in new buildings or recycled in other ways, the effort to reduce and recycle construction and 
demolition materials effectively employs EPA’s Sustainable Materials Management (SMM) approach. SMM is 
a systemic approach to using and reusing materials more productively over their entire lifecycles. Materials 
management is estimated to comprise 42 percent of total U.S. GHG emissions (EPA, 2009).

An assessment of a material’s market value may be influenced by the size of the structure or quantity of 
material, the type and condition of material, and the salvage or recycling potential. There are several examples 
of brownfield projects where only a few materials types were reused, but in large quantities. Common 
materials from brownfield sites that have been reused or recycled include:

 � Concrete

 � Iron beams

 � Timber

 � Brick

 � Steel

 � Windows

 � Roofing

 � Flooring

 � Lighting and plumbing

It may be useful to apply EPA’s Waste Reduction Model (WARM) to demolition projects on brownfields. WARM 
calculates the benefits of alternative materials management decisions, focusing on end-of-life perspective. 
Many material types are recognized in this model including bricks, asphalt, glass, shingles, concrete, copper 
wire, drywall and PVC. The calculator can help construction managers determine how much energy can be 
saved and how many GHGs can be reduced by recycling particular material types. 

Recycling or reusing materials can also save substantial amounts of money and reduce overall project costs 
depending on a variety of factors such as location, local economics and availability of collection centers. 
Identifying local reuse partners early in the project can help increase the reuse potential of materials onsite 
as well as potentially reduce costs and energy expended looking for reuse or recycle options at the end of 
the project. The value of used building material donations can be substantial enough to pay for the costs 

https://www.epa.gov/smm
https://www.epa.gov/sites/production/files/documents/ghg-land-materials-management.pdf
https://www.epa.gov/warm
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of deconstruction (TheReusePeople.org/deconstruction). In many cases, the after-tax benefit of donating 
salvaged materials to local collection centers can outweigh the costs of demolition. Habitat for Humanity has 
locations throughout the United States, and many local organizations operate ReStores, which sell reusable 
and surplus building materials, furniture and appliances to the public. Below is a list of a few potential partners 
to consider in preparation for your deconstruction project:

 � Habitat for Humanity

 � The ReUse People 

 � ReuseMarketPlace 

 � Lifecycle Building Center (Atlanta, Georgia) 

 � The Loading Dock (Baltimore, Maryland) 

 � Rebuilding Exchange (Chicago, Illinois) 

Access to local reuse and recycling markets may be limited for some communities, especially tribal and rural 
communities. Reuse and recycling reduces CO2 production from the manufacture of new materials, but more 
GHG may be produced in transporting materials to a recycling facility or multiple sites for reuse than to a 
landfill. Local disposal costs should be considered when assessing the feasibility of a building deconstruction 
project. Even if a full deconstruction is not practical or feasible, recycling and reuse of some materials should 
always be considered. When multiple structures are being considered for demolition or deconstruction, 
brownfield property owners could also explore potential benefits of establishing collection centers in high-sup-
ply areas to decrease transportation costs.

Snapshot: Former Carrier/Bryant Manufacturing 
Corporation Brownfield Redevelopment Project – 
City of Indianapolis, Indiana

 � Prior use: Machine and tool manufacturing facility 
and a heating and air conditioning manufacturing and 
warehouse facility.

 � Abandoned in 2004.

 � Acquired by City of Indianapolis in 2012.

 � Waste streams recycled or diverted from landfill disposal: 

– Approximately 8,400 tons of steel salvaged for recycling/
reuse.

– Approximately 36,000 tons of concrete crushed and 
reused onsite for backfilling and grading.

– Approximately 11,000 gallons of used #4 heating oil 
pumped from existing USTs and sent for repurposing/
reuse at local fuel processing facilities.

– Approximately 14 pallets of undisturbed, unpainted bricks 
salvaged for local community reuse.

https://thereusepeople.org/deconstruction/
http://www.habitat.org/local
http://www.thereusepeople.org/findus
https://www.reusemarketplace.org/
https://www.lifecyclebuildingcenter.org/
http://www.loadingdock.org/donate_materials/index.html
https://www.rebuildingexchange.org/
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Snapshot: Ottawa Street Power Station in Lansing, Michigan

Construction waste management was significant, achieving 96.5 percent waste diversion, by weight, 
including 1,677 tons of metal, 29,051 tons of concrete, 162 tons of wood/drywall, and 14 tons of 
cardboard diverted from landfill. About 75 percent of the building’s existing brick was cleaned and 
reused, as well as 95 percent of existing masonry on the building. 

Source: https://www.aisc.org/globalassets/modern-steel/archives/2011/05/2011v05_ideas2.pdf

Helpful References

On the Road to Reuse Residential Site Demolition Tool (EPA, 2013a) 

Bid specification development tools are available for use by 
cities, counties or land banks undertaking large-scale residential 
demolitions. Anticipate the environmental issues and concerns so 
you can factor them into the planning and procurement process. 
Develop contract language for a bid package that instructs 
contractors on specific technical requirements to achieve improved 
environmental results in a demolition project. – includes information 
about materials salvaging and reuse, deconstruction, and recycling. 

Deconstruction Rapid Assessment Tool

This tool is designed to help contractors assess the potential value of 
materials that could be recycled by deconstructing a structure rather 
than demolishing it. The tool enables organizations to triage building 
stock slated for demolition by generating a data set to help identify 
priority structures for deconstruction and salvage. The assessment 

https://www.aisc.org/globalassets/modern-steel/archives/2011/05/2011v05_ideas2.pdf
https://www.epa.gov/large-scale-residential-demolition/road-reuse-residential-demolition-bid-specification-development
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process identifies candidates for deconstruction by 
examining information on a building’s condition and 
salvageable material inventory. Whether the project 
scope is a few structures in a neighborhood, or an 
entire city’s blight program, a rapid assessment can 
help managers make critical decisions regarding the 
allocation of resources and time.

Checklist for Assessing the Feasibility of Building 
Deconstruction for Tribes and Rural Communities

The checklist is a tool for assessing the technical 
and economic feasibility of building deconstruction, 
regardless of a community’s size and geographic 
location. Used in conjunction with the Building 
Material Reuse and Recycling Estimating Tool, this 
checklist will help tribes and rural communities 
determine potential costs and benefits of reuse, recycling, and disposal options for various types of 
deconstruction materials.

Building Material Reuse and Recycling Estimating Tool

After completion of the checklist, the information collected (e.g., type, quantity, condition, and value 
of deconstruction materials; transportation and labor costs; regulatory considerations) is then entered 
into the Building Material Reuse and Recycling Estimating Tool to calculate the quantities and types of 
materials that can be reclaimed and recycled.

https://www.epa.gov/sites/production/files/2014-06/documents/building_deconstruction_checklist.pdf
https://www.epa.gov/sites/production/files/2014-06/documents/building_deconstruction_checklist.pdf
http://www2.epa.gov/sites/production/files/2014-06/estimating_tool.xlsx
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Chapter 4: Implementing Greener Cleanups

During the cleanup phase of a brownfield project, there are many ways to incorporate climate change 
resiliency strategies into remediation plans and cleanup operations. One strategy involves reducing 
environmental impacts by treating soil onsite and avoiding removal of contaminants. Others include reducing 
waste generation and material use, using renewable energy to power remediation activities, and intentional 
planning and management of site operations. 

In addition to reducing the footprint of a brownfield cleanup, it is important to consider long-term resilience 
of a remedy to climate change impacts. A particular site’s vulnerability – the degree to which it is susceptible 
to or unable to cope with, adverse effects of climate change, including climate variability and extremes – may 
impact a cleanup’s resiliency. A site’s vulnerabilities should be determined during the ESA outlined in Chapter 2. 
Climate change impacts potentially affecting the vulnerability of a cleanup are listed in Table 2. 

In addition to providing information on climate change mitigation and adaptation, this chapter includes case 
studies highlighting some of these methodologies, providing examples of practical application that might be 
useful for your cleanup planning.

Green Remediation: What It Is and Why It Is Important

Cleaning up or “remediating” brownfield sites can generate waste, emit 
GHGs and require a considerable amount of energy and other resources. 
Green remediation is the application of more environmentally friendly, 
sustainable cleanup practices that lessen the overall environmental impact 
of the cleanup phase of brownfield revitalization while ensuring it remains 
protective. Green remediation reduces the environmental “footprint” 
of remediation. EPA’s Methodology for Understanding and Reducing a 
Project’s Environmental Footprint uses 21 metrics and a seven-step process 
to quantify energy, air, water, and materials and waste comprising the 
environmental footprint of a remedy. The metrics correspond with the 

Table 2. Climate Change Impacts Potentially Affecting Cleanup Vulnerability

Figure 7. Five core elements of a greener 
cleanup
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five core elements of a greener cleanup: materials & waste, land & ecosystems, 
water, air & atmosphere, and energy (Figure 7). The methodology suggests how 
to reduce the footprint during cleanup selection, design, implementation, and 
operation. EPA has made available Spreadsheets for Environmental Footprint 
Analysis (SEFA) to help estimate each of the metrics on a site-specific basis.

Implementing Greener Cleanups

Green remediation strategies can increase the net benefit of a cleanup, saving 
project costs and expanding the universe of long-term property use or reuse 
options without compromising the cleanup goals (EPA, 2008a). EPA’s Green 
Remediation Focus Page on the CLU-IN website offers resources, case studies, 
and BMP factsheets that can provide additional guidance on making a brownfield 
remediation project greener. 

Another great resource for climate change mitigation and adaptation is the 
ASTM Standard Guide for Greener Cleanups (E2893-13), a step-by-step guide 
to implementation of green remediation. The heart of the standard is the BMP 
process, a protocol for identifying, prioritizing, selecting, and implementing 
greener BMPs to reduce the environmental footprint associated with cleanup 
activities. Its flexibility allows the user to apply the standard to all project phases 
and to any cleanup, small and large, voluntary and rigorous. For example, a project 
manager could focus on BMPs that reduce water use in arid lands, while in other 
areas particulate emissions may be a higher environmental priority (Association of 
Redevelopment Initiatives, 2015). The ASTM Standard Guide has a Microsoft Excel 
table of more than 160 BMPs organized into 10 categories (Figure 8) with several 
filters that allow the user to add and sort the BMPs. It also includes an option to 
assist with the green BMP selection and provide quantitative metrics to estimate 
potential environmental footprint reductions. By using this resource, communities 
can help maximize their climate resiliency efforts during brownfield redevelopment.

Many states have incorporated use of the ASTM Standard Guide into their brownfield 
cleanup practices and policies. Massachusetts, for example, is incorporating Greener 
Cleanup goals into its regulations and referencing the Standard Guide in policy as a 
way to achieve regulatory requirement (Massachusetts Department of 
Environmental Protection, 2014). The Massachusetts Contingency Plan 
has been revised to require evaluation of the relative consumption of 
energy resources as well as the potential damages to natural resources 
during the remedy selection process (Simon, et al., 2014).

Practical Application

Incorporating some of the following mitigation and adaptation strategies, 
grouped by EPA’s five core elements of green remediation, can increase 
the resiliency of a brownfield cleanup to climate change impacts. 

Figure 8. Categories of BMPs 
in the ASTM Standard Guide 
for Greener Cleanups

Minimizing emission of air 
pollutants such GHGs and 

particulate matter resulting 
from cleanup activities, 
including those needing 
fossil or alternative fuel, 

is a core element of green 
remediation.

https://www.epa.gov/sites/production/files/2015-04/documents/green-remediation-primer.pdf
https://clu-in.org/greenremediation/
https://clu-in.org/greenremediation/
https://www.astm.org/Standards/E2893.htm
http://resources.redevelopmentinitiatives.org/RR2015September/index.html#p=1
http://resources.redevelopmentinitiatives.org/RR2015September/index.html#p=1
http://www.mass.gov/eea/docs/dep/cleanup/laws/14-150.pdf
http://www.mass.gov/eea/docs/dep/cleanup/laws/14-150.pdf
https://clu-in.org/conf/tio/gcsg_042514/
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Reduce Energy Use

Brownfield cleanups can involve significant consumption 
of gasoline, diesel and other fuels by mobile and stationary 
sources. Greener brownfield cleanups should consider the 
following climate change mitigation BMPs: 

 � Minimize generation of GHGs.

 � Minimize generation and transport of airborne 
contaminants and dust.

 � Use heavy equipment efficiently.

 � Maximize use of machinery with advanced emission 
controls.

 � Use cleaner fuels to power machinery and auxiliary 
equipment.

 � Sequester carbon onsite (e.g., soil amendments, 
revegetation).

 � Reduce fuel consumption to reduce air emissions.

 � Maximize use of renewable energy.

To use heavy equipment more efficiently, idling time should 
be reduced. Unnecessary idling can occur during a cleanup 
when loading or unloading materials, operating auxiliary 
equipment and cooling or heating the interior of a vehicle or cab. A “no idling” policy can be implemented 
through corporate policy and onsite signage that displays idling time requirements that meet or exceed those 
of state or local agencies. An idle reduction plan can significantly reduce air emissions as well as reduce fuel 
consumption by about one gallon per truck per hour (EPA, 2010a). 

Machinery equipped with advanced emission controls, diesel-fueled equipment should be properly maintained 
or retrofitted. This can yield significant fuel and emission reductions during site cleanup. Cleaner fuels, such as 
biodiesel, can be used instead of conventional diesel or in differing blends with conventional diesel to reduce 
emissions and other air pollutants from power machinery and auxiliary equipment used for activities including 
excavating waste rock, segregating and transferring soils for onsite use, constructing surface water diversions, 
and installing a soil cap system. (See the profile for Elizabeth Mine, as an example.) Using cleaner fuels in mobile 
sources of emissions, especially heavy machinery, can be a particularly effective way to reduce air emissions.

While using cleaner fuels can be an effective mitigation strategy, reducing fuel consumption altogether is a 
much more impactful strategy for reducing air emissions. This can be achieved by limiting transportation of 
materials to and from a site. Consider the following action steps to limit transportation (EPA, 2008b):

 � Recycle and reuse materials onsite.

 � Purchase materials from local suppliers (reduce delivery fuels).

 � Select local providers for field operations (reduce transportation time to site).

 � Coordinate outside services and service providers (minimize equipment transportation).

Most Commonly Used BMPs

 � Use biodiesel as fuel source

 � Use onsite or nearby sources of fill 
material

 � Use native species for vegetative cover

 � Reclaim uncontaminated material for 
reuse, salvage value or recycling

 � Use onsite generated renewable 
energy (e.g., solar, wind, landfill gas)

 � Incorporate wetlands, bioswales and 
other natural resources into cleanup

 � Use biodegradable hydraulic fluids in 
equipment

 � Use local staff to minimize resource 
consumption

 � Use dedicated materials for sampling

 � Re-vegetate excavated or disturbed 
areas quickly

https://clu-in.org/greenremediation/docs/Clean_FuelEmis_GR_fact_sheet_8-31-10.pdf
https://clu-in.org/greenremediation/profiles/elizabethmine
http://www.in.gov/ifa/brownfields/files/EPA_Best_Mgt_Pract_for_Exc_Surf_Rest.pdf
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� Choose the closest waste receiver, evaluate other transport methods, and identify opportunities for
resource sharing with other waste haulers (reduce fuel use during transfer to soil and materials).

Snapshot: Carbon Savings of Biofuels Depends on How They are Produced

Converting rainforests, peatlands, savannas, or grasslands to produce food crop–based biofuels in 
Brazil, Southeast Asia, and the United States creates a “biofuel carbon debt” by releasing 17 to 420 
times more CO2 than the annual greenhouse gas (GHG) reductions that these biofuels would provide 
by displacing fossil fuels. In contrast, biofuels made from waste biomass or from biomass grown on 
degraded and abandoned agricultural lands planted with perennials incur little or no carbon debt and 
can offer immediate and sustained GHG advantages. (Fargione, et al., 2008)

Use of renewable energy sources provides a significant opportunity to reduce the environmental footprint 
of remediation activities. Projects can incorporate renewable energy into a brownfield cleanup by powering 
equipment through onsite renewable energy sources and by purchasing commercial energy from renewable 
sources. Renewable sources of energy include solar, wind, hydropower of rivers and streams or the tidal 
influences of the oceans, and sustainable biomass such as untreated woody waste, agricultural waste, animal 
waste, energy crops, landfill gas, wastewater methane and anaerobic digestion. 

Modular renewable energy systems that meet low-energy demands should be considered for field equipment, 
small site cleanups, and construction or operational activities associated with site reuse (EPA, 2011). For 
example, a wind turbine could be used to power a groundwater circulation well. Implementing renewable 
energy sources to supply the power for the energy needs of the site is an excellent way to reduce emissions 
and prepare the property for further climate resiliency efforts. 

Reduce Water Use and Impacts to Water Sources

Reducing water use and limiting impacts to water sources also decrease the environmental footprint of brownfield 
remediation. Cleanup at many sites involves high consumption of water for treatment processes such as soil washing 
and the dewatering of contaminated sediments. Management plans for stormwater runoff control during site 
cleanup are required. A greener brownfield cleanup should consider the following BMPs to protect water sources:

� Minimize water use and depletion of natural water resources.

� Capture, reclaim, and store water for reuse (e.g., recharge aquifer, drinking water irrigation).

� Minimize water demand for revegetation (e.g., native species).

� Employ BMPs for stormwater.

Water can be captured, reclaimed and stored by installing a rainwater collection system. Captured rainwater, 
rather than potable water, can be used onsite for applications such as dust control during construction 
activities. Potable water use can also be minimized by capturing and treating gray water for reuse. 

BMPs for stormwater management may include installing and maintaining silt fences and basins to capture 
sediment runoff along sloped areas. Gravel roads, porous pavement, and separated permeable surfaces can 
also be used rather than impermeable materials, to maximize infiltration of rainwater into the soil. 

https://www.epa.gov/sites/production/files/2015-04/documents/integrating_re_into_site_cleanup_factsheet.pdf
http://science.sciencemag.org/content/319/5867/1235
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Materials Management and Waste Reduction

Waste reduction through reuse and material recycling is another way to decrease the environmental footprint 
of a brownfield cleanup. Site cleanup can generate significant volumes of waste, and much of it could be 
recycled or salvaged for reuse rather than disposed of in landfills (EPA, 2013b). A greener brownfield cleanup 
should consider the following BMPs to reduce, reuse, and recycle material and waste:

 � Minimize consumption of virgin materials.

 � Minimize waste generation.

 � Use recycled products and local materials.

 � Beneficially reuse waste materials (e.g. concrete made with coal combustion products replacing a portion 
of the Portland cement).

 � Segregate and reuse or recycle materials, products, and infrastructure (e.g. soil, construction and 
demolition debris, buildings).

Waste materials can be reused or recycled in a number of ways. Some specific examples of how a brownfield 
remediation project could achieve this BMP include (EPA, 2008; EPA, 2013b):

Snapshot: Old Base Landfill, Former Naval Training 
Center-Bainbridge, Port Deposit, Maryland

Cleanup Objectives: Contain an unlined landfill containing nearly 38,000 cubic yards of soil 
contaminated with pesticides and asbestos debris. 

Green Remediation Strategy: Employed BMPs for controlling stormwater runoff and sediment erosion 
during construction of a landfill cover:

 � Installed a woven geotextile silt fence downgradient of construction to filter sediment from surface 
runoff.

 � Added a “super-silt fence” (woven geotextile with chain-link fence backing) on steep grades 
surrounding the landfill.

 � Constructed berms and channels to divert stormwater to sediment ponds.

 � Emplaced erosion control blankets to stabilize slopes and channels until vegetation was established.

 � Hydroseeded the landfill cover with native seed to foster rapid plant growth.

Results:

 � Effectively captured sediment at supersilt fence despite heavy rain of Hurricane Floyd. 

 � Avoided damage of infrastructure used in site redevelopment.

 � Reestablished 100 percent vegetative cover within one year. 

Source: (EPA, 2008)

https://clu-in.org/greenremediation/docs/GR BMP fact sheet_materials&waste.pdf
https://clu-in.org/greenremediation/docs/GR_Quick_Ref_FS_exc_rest.pdf
https://clu-in.org/greenremediation/docs/GR BMP fact sheet_materials&waste.pdf
https://clu-in.org/download/remed/Green-Remediation-Primer.pdf
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� Salvaging uncontaminated and pest- or disease-free organic
debris for use as infill, mulch, compost, habitat creation, etc.

� Salvaging uncontaminated materials with potential recycle,
resale, donation, or onsite infrastructure value such as steel,
concrete, granite and storage containers.

� Using onsite or offsite industrial materials such as crushed
concrete and shredded scrap tires for cleanup construction

Land Management

Green remediation strategies for land and ecosystems capitalize 
on a “whole-site” approach that accelerates cleanup while 
returning a site to its natural conditions. BMPs focus on 
opportunities to preserve natural land features, maintain open 
space, sequester carbon, enhance biodiversity, increase wildlife 
habitat, and minimize surface and subsurface disturbance. 
Efficient land management can reduce the environmental 
footprint and incorporate both mitigation and adaptation 
strategies into a brownfield cleanup project. Some BMPs that 
should be considered include:

� Minimize areas requiring limitations on future activity or use.

� Minimize unnecessary soil and habitat disturbance or destruction.

� Use native species to support habitat.

To minimize areas requiring activity or use limitations in the future, one green remediation strategy is to 
evaluate cleanup methods that permanently destroy contaminants. This may provide numerous benefits across 
the spectrum of energy use, water management and waste reduction. Permanently removing contaminants 
reduces or eliminates the need for onsite monitoring and subsequent operation and maintenance of a cap 
or cleanup method. By permanently destroying contaminants, a site’s full redevelopment potential may be 
reached, which may include opportunities for open space, increased biodiversity, and green infrastructure 
elements to help both mitigate climate change and adapt to future climate change impacts.

Soil and habitat disturbance can be minimized by covering ground surfaces in construction and maintenance 
corridors with mulch and metal grates to prevent soil compaction by heavy machinery. Tree clearing should 
also be minimized throughout a cleanup project. This will provide both climate mitigation benefits (carbon 
sequestration) and climate adaptation benefits (soil stability, natural erosion control and water absorption and 
filtration, reduced urban heat island effect, etc.). Further climate change adaptation and mitigation benefits 
can be achieved by incorporating wetlands, bioswales and other types of vegetation into the overall remedial 
approach to enhance existing natural resources, manage surface drainage, prevent soil and sediment runoff 
and promote carbon sequestration.

Selecting and installing native, drought-resistant plants (and avoiding invasive species) can foster rapid 
recovery in disturbed areas, increase the site’s ability to adapt to changing climate impacts, and support local 
pollinators. Drought-resistant plants can survive longer periods of drought in an arid climate or the emergence 
of drought conditions in traditionally wetter climates. 

NYC Clean Soil Bank

Promotes sustainable soil reuse 
(recycling) and simultaneously solves a 
series of soil management problems:

�

�

�

�

Eliminates soil disposal costs for 
brownfield developers.

Shortens soil transport distances, 
lowers highway congestion and 
reduces truck emissions.

Eliminates reliance on inner-city, 
soil transfer stations and lowers 
associated environmental justice 
community impacts.

Eliminates soil purchase costs for 
City and brownfield developments 
that need clean soil.

http://www.nyc.gov/html/oer/html/nyc-clean-soil-bank/nyc-clean-soil-bank.shtml
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Bioremediation and Phytoremediation: Lesser-Used Technologies on Brownfield 
Cleanups

Natural system technologies such as bioremediation and phytoremediation can help reduce the environmental 
footprint of a cleanup. Bioremediation uses naturally occurring biological processes to degrade contaminants 
in soil, sediment, and groundwater. By enhancing the effects of these biological processes through various 
amendments derived from waste products, bioremediation reduces the consumption of virgin natural 
resources while using waste products. One example is the introduction of enzymes that commonly exist in 
agricultural or industrial byproducts (e.g., manure compost and spent-mushroom compost) to stimulate 
microbial degradation of contaminants (EPA, 2010b). Another example is from a brownfield cleanup by the 
Rhizome Collective, Inc. in Austin, TX where an illegal dump containing 5,000 cubic yards of debris was cleaned 
up. This cleanup involved the construction of floating islands of recovered plastic to create habitat for life 
forms capable of bioremediating residual toxins in an onsite retention pond (EPA, 2008).

Phytoremediation uses plants to remediate contaminated soil, sludges, sediments, and groundwater through 
contaminant removal, degradation and/or containment (EPA, 2001). Trees and other vegetation can absorb, 
transform or contain a variety of contaminants including organics, pesticides, oil and some metals (EPA, 2012b). 
In addition to the remedial benefits, phytoremediation promotes increased carbon storage in the plants helping 
to reduce GHG emissions. This helps reduce air pollution in the brownfield community and moderate rising 
temperatures associated with climate change. Trees and other vegetation also help to stabilize the soil and 
protect against erosion from increasingly extreme weather events as well as provide natural stormwater 
management (Arbor Day Foundation, 2021). Phytoremediation works best where contaminant levels are low 
and shallow and where the plants are specifically chosen for the contaminant type and concentration as well 
as for the local climate (EPA, 2012b). 

Bioremediation and phytoremediation are not appropriate for every brownfield cleanup as these approaches 
do not work for all contaminants. However they can prove beneficial in some cases to address lingering 
contamination after human health requirements are met.

Helpful References

�

�

Green Remediation Best Management Practices: Bioremediation (EPA, 2010b) 
https://clu-in.org/greenremediation/docs/GR_factsheet_biorem_32410.pdf

A Citizen’s Guide to Phytoremediation
https://clu-in.org/download/citizens/a_citizens_guide_to_phytoremediation.pdf

Onsite Remediation

Wherever practical and possible, remediation should be conducted onsite to further limit transportation and 
fuel usage as well as provide other environmental climate benefits such as reducing waste, promoting reuse of 
materials, and reducing costs. This approach has been implemented at numerous brownfield sites across the 
United States, including two in Chicago, Illinois: Back of the Yards Preparatory High School and the Whitney 
Young Library.

https://www.epa.gov/sites/production/files/2015-04/documents/gr_factsheet_biorem_32410.pdf
https://www.epa.gov/sites/production/files/2015-04/documents/green-remediation-primer.pdf
https://www.epa.gov/sites/production/files/2015-04/documents/phytoremprimer.pdf
https://clu-in.org/download/citizens/a_citizens_guide_to_phytoremediation.pdf
https://www.arborday.org/trees/climatechange/treeshelp.cfm
https://clu-in.org/download/citizens/a_citizens_guide_to_phytoremediation.pdf
https://clu-in.org/greenremediation/docs/GR_factsheet_biorem_32410.pdf
https://clu-in.org/download/citizens/a_citizens_guide_to_phytoremediation.pdf
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Snapshot: Back of the Yards Preparatory High School

Formerly an auto salvaged yard with an earthen floor, the site contained numerous leaking tanks, 
buried auto parts, and hazardous lead waste. Initial cost saving measures that also happen to be green 
BMPs called for reusing materials onsite. 

Green Remediation Strategies:

� In situ treatment of hazardous waste lead

– ~355 cubic yards of material diverted from hazardous waste
landfill.

– In situ treatment rendered material inert, lowering the
environmental burden and eliminating the need to move
hazardous materials.

� Reuse of clay pool spoils for berms and site cap

– ~20,000 cubic yards of material diverted from hazardous
waste landfill.

– Materials and soil management reduced costs for disposal and importing of 3,676 truckloads of
clean fill.

� Reduced energy use and associated air pollutants, GHG’s from trucks

– Used local landfill.

– Reduced haul-off and imported and virgin material use.

– Used local laboratory for the frequent confirmation samples; local labor pool.

� Water – Onsite management of 1.4M g/yr of stormwater

� Waste/Materials Management

– Minimized imported and virgin material use.

– Reduced landfill impact.
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Snapshot: Whitney Young Library 

The former site of a dry cleaners shop was redeveloped into the Whitney Young Library after onsite 
remediation. 

Green Remediation Strategies:

 � In situ treatment of contamination using chemical oxidation

– ~22,000 cubic yards material diverted from landfill

– In situ treatment rendered material inert and allowed 
materials to be capped in place

 � Reduced energy use and associated air pollutants and GHG’s 

– Used local landfill and laboratory, minimizing impacts from 
transportation

– Reduced haul-off and import of clean fill.

– Eliminated 4,043 trucks from streets.

 � Integrated onsite stormwater management into final site design

 � Waste and materials management

– Minimized imported and virgin material use

Reduced landfill impact by diverting 480 tons of concrete from landfill to recycling.

https://clu-in.org/greenremediation/profiles/whitneyyoung
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Chapter 5: Redeveloping Brownfields for Climate Resiliency

The redevelopment phase of a brownfield project provides the visible end product of community planning and 
commitment to climate change resiliency and mitigation. Each brownfield redevelopment also provides the 
opportunity to improve the connectivity of various elements of the built environment to meet the economic, 
environmental, and local health and welfare needs of revitalizing communities. Throughout the brownfield 
revitalization process, particular attention should be paid to equitable development to prevent displacement 
and ensure the neighborhood meets the needs of longtime residents. 

Every aspect of redevelopment, whether improving or expanding connections to existing energy, transpor-
tation and infrastructure, the built environment (including housing, mixed-use development, schools, 
commercial areas, and walkable neighborhoods), and parks, 
green space and natural areas, can contribute to climate change 
mitigation and adaptation. Planning decisions guide redevelop-
ment outcomes, especially regarding the built environment 
which is a primary contributor to GHG emissions and climate 
change impacts. Redevelopment options that align with and 
promote community climate resiliency should be considered 
early in the brownfield redevelopment process to ensure 
successful. By planning ahead, communities, grantees, and 
government entities are more equipped to reduce local contribu-
tions to global climate change (e.g., CO2 and GHG emissions) 
and limit known and projected impacts (e.g., flooding, drought, 
sea level rise) and potential outcomes (e.g., response costs, 
population displacement, increased health and welfare issues, 
disrupted economic activity) while advancing brownfield 
redevelopment for safe reuse and job creation. 

A brownfield redevelopment project can consider these reuse 
options to reduce emissions of GHGs and positively contribute to 
more climate change resilient communities. 

Green Infrastructure

Climate change impacts along with land use changes can affect 
the amount of stormwater runoff that needs to be managed 
by stormwater infrastructure. Green infrastructure reduces the 
burden of storm events on local water infrastructure. It uses 
landscape features to store, infiltrate and evaporate stormwater 
to reduce the amount of water entering sewers, reducing 
the discharge of pollutants into water bodies. Building green 
infrastructure on underused and vacant properties such as 
brownfields can be an innovative environmental solution that 
goes beyond conventional regulatory solutions for controlling 
stormwater runoff. Green infrastructure can also provide a 

Potential Green Infrastructure 
Benefits (EPA, 2014b)

 � Improved water quality

 � Reduced municipal water use

 � Ground water recharge

 � Flood risk mitigation

 � Increased resilience to climate 
change impacts such as heavier 
rainfalls, hotter temperatures, and 
higher storm surges

 � Reduced ground-level ozone

 � Reduced particulate pollution

 � Reduced air temperatures in 
developed areas

 � Reduced energy use and associated 
GHGs

 � Increased or improved wildlife 
habitat

 � Improved public health from reduced 
air pollution and increased physical 
activity

 � Increased recreation space

 � Improved community aesthetics

 � Cost savings

 � Green jobs

 � Increased property values

http://www.epa.gov/sites/production/files/2014-10/documents/green-infrastructure.pdf
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number of important environmental and socio-economic benefits to communities (See text box). Addition-
ally, green infrastructure can help to improve quality of life for residents by encouraging recreational activity, 
improving public health and bringing the community together in public spaces (EPA, 2014c).

Green infrastructure provides a framework and methodology for implementing flood risk and flood loss 
reduction. It also can enhance drought mitigation in arid and semi-arid environments where stormwater 
management is used for aquifer recharge. Such techniques incorporate ecosystem benefits and help build a 
community’s resilience to the impacts of climate change (FEMA, 2020). Incorporating green infrastructure can 
also reduce the demand on municipal and domestic water treatment systems and result in significant cost savings 
to municipalities. Stormwater flows can be greatly reduced, lowering energy needs for treating and moving 
drinking water and wastewater, and reducing energy costs (EPA webpage: Spend Less Energy Managing Water). 

For more information on green infrastructure, visit EPA’s Green Infrastructure webpage.

On a larger scale, green infrastructure includes preserving and restoring natural landscape features such as 
forests, floodplains and wetlands, and reducing the amount of land covered by impermeable surfaces. On a 
smaller scale, it involves a variety of elements such as urban tree canopy, bioswales, green streets, permeable 
paving and open spaces, that help create more sustainable environments that can support a community’s 
climate mitigation and adaptation efforts. Brownfield revitalization presents the perfect opportunity to 
consider implementing many of these elements. 

Table 4 contains examples of green infrastructure with a brief explanation, and their benefits. To see projects 
that have incorporated combinations of these elements, visit the Sustainable SITES Initiative’s website.

Table 4. Examples of Green Infrastructure

Green Infrastructure Element

Green roof
Explanation

Made up of a top vegetative layer that 
grows in an engineered soil, which 
sits on top of a drainage layer. A green 
roof can be intensive, with thicker 
soils that support a wide variety of 
plants, or extensive, with a light layer 
of soil and minimal vegetation.

They are particularly cost-effec-
tive in dense urban areas where 
land values are high and on large 
industrial or office buildings where 
stormwater management costs are 
likely to be high.

Benefits

The growth media and vegetation of 
green roofs enable rainfall infiltra-
tion and evapotranspiration of stored 
water.

http://www.epa.gov/sites/production/files/2015-07/documents/green_infrastructure-9-16-14.pdf
https://www.epa.gov/green-infrastructure/flood-loss-avoidance-benefits-green-infrastructure-stormwater-management
https://www.epa.gov/green-infrastructure/flood-loss-avoidance-benefits-green-infrastructure-stormwater-management
https://www.fema.gov/sites/default/files/2020-08/fema_riskmap_nature-based-solutions-guide_2020.pdf
https://www.epa.gov/green-infrastructure/spend-less-energy-managing-water
http://www.epa.gov/green-infrastructure
http://www.sustainablesites.org/projects?q=projects
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Green Infrastructure Element

Downspout disconnection
Explanation

Reroutes rooftop drainage pipes to 
rain barrels, cisterns, or permeable 
areas to keep rainwater from 
draining to the storm sewer. 

For a tutorial, visit: http://www.
mmsd.com/downspout-disconnection

Benefits

Keeps excess water out of sewers and 
prevents combined sewer overflows 
from occurring. 

Can lower energy use by municipal 
wastewater treatment systems.

 Urban tree canopy The layer of leaves, branches and 
stems of trees that cover the ground 
when viewed from above. 

The size of an urban tree canopy 
can be increased by planting trees in 
public spaces.

The size of an urban tree canopy 
can be increased by planting trees in 
public spaces.

 � Reduces and slows stormwater 
runoff by intercepting precipitation 
in their leaves and branches. 

 � Increases the permeable surface 
area in the city, which in turn 
reduces runoff and relieves stress 
on stormwater infrastructure.

 � Reduces the heat island effect. The 
heat island effect worsens one of 
the greatest public health threats 
caused by climate change--ex-
treme heat waves.

 � Increases carbon sequestra-
tion, lowers energy use for air 
conditioning, and improves 
health and quality of life, which 
impacts everything from student 
achievement to mental health.

Rainwater harvesting Collection and storage of rainfall for 
later use.

Slows and reduces runoff and 
provides a source of water. Rainwater 
harvesting could be particularly 
valuable in arid regions, where it 
could reduce demands on increasingly 
limited water supplies.

http://www.mmsd.com/downspout-disconnection
http://www.mmsd.com/downspout-disconnection
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Green Infrastructure Element Explanation Benefits

Bioswales Vegetated, mulched, or xeriscaped 
channels that provide treatment 
and retention of stormwater as it 
is transported from one place to 
another.

Slows stormwater flow allowing 
it to infiltrate and be filtered. As 
linear features, they are particularly 
well-suited for placement along 
streets and parking lots.

Rain gardens Shallow, vegetated basins that collect 
and absorb runoff from rooftops, 
sidewalks and streets. Also known as 
bioretention or bioinfiltration cells, 
these versatile features that can be 
installed in almost any unpaved space.

Mimics natural hydrology by infiltrat-
ing, and evaporating and transpiring—
or “evapotranspiring”—stormwater 
runoff.

Planter boxes Urban rain gardens with vertical walls 
and either open or closed bottoms. 
They are ideal for space-limited 
sites in dense urban areas and as a 
streetscaping element.

Collect and absorb runoff from 
sidewalks, parking lots and streets 
helping to mitigate impacts from 
stormwater runoff and flooding.

Green parking Parking lot designs that integrate 
elements such as permeable 
pavements, rain gardens and 
bioswales.

For an example of green parking, 
visit: http://www.mass.gov/eea/
agencies/dcr/water-res-protection/
ipswich-river-watershed/permeable-
paving-parking-lot.html

Helps mitigate the urban heat island 
effect and promote a more walkable 
built environment.

http://www.mass.gov/eea/agencies/dcr/water-res-protection/ipswich-river-watershed/permeable-paving-parking-lot.html
http://www.mass.gov/eea/agencies/dcr/water-res-protection/ipswich-river-watershed/permeable-paving-parking-lot.html
http://www.mass.gov/eea/agencies/dcr/water-res-protection/ipswich-river-watershed/permeable-paving-parking-lot.html
http://www.mass.gov/eea/agencies/dcr/water-res-protection/ipswich-river-watershed/permeable-paving-parking-lot.html
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Green Infrastructure Element Explanation Benefits

Permeable pavement Paving that has pores or openings 
that allow water to pass percolate 
through to the subsoil. It’s available 
in the form of permeable asphalt, 
concrete, and pavers. In areas 
where soil does not drain freely, 
permeable pavement can be used in 
combination with pipe underdrains 
or stormwater infiltration trenches 
to slow runoff and reduce stress on 
the combined sewer system.

 � Reduces the rate and quantity of 
stormwater runoff.

 � Reduces stress on the sewer 
system. 

 � Increases groundwater recharge.

 � Permits “treatment” of pollution 
by trapping and degrading oils and 
other pollutants.

 � Filters silt and debris.

Land conservation and 
community open space 
 
 
 
 
 
 
 
 
 
 
 
 
 

Protection of open spaces and 
sensitive natural areas within and 
adjacent to a city while providing 
recreational opportunities for city 
residents.

 � Promotes walking and biking 
within neighborhoods and to 
adjacent neighborhoods.

 � Lowers the urban heat island 
effect, absorbs carbon dioxide 
and particulate matter, provides 
oxygen and habitat, and creates 
pleasant community spaces 
(Benepe, 2013).

Urban agriculture 
 
 
 
 
 
 

The practice of cultivating, 
processing and distributing food in 
or around a village, town or city.

 � Increases stormwater absorption, 
which helps reduce stormwater 
flow and resulting water pollution.

 � Supports creation of farms and 
edible gardens.

 � Supports community engagement.

http://www.perviouspavement.org/benefits/index.html
http://www.thenatureofcities.com/2013/04/17/parks-as-green-infrastructure-green-infrastructure-as-parks-how-need-design-and-technology-are-coming-together-to-make-better-cities/
https://ruaf.org/document/urban-agriculture-magazine-no-27-climate-change-and-disaster-risk-reduction/
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Renewable Energy 

Brownfield redevelopment provides an excellent opportunity to consider renewable energy technologies 
as part of a project design that will reduce emissions and support energy needs during weather events. 
Brownfield sites are increasingly being looked to as potentially providing feasible opportunities to construct 
and operate smaller scale renewable energy projects to meet energy needs (Benjamin, 2014). Where 
renewable energy development is aligned with the community’s vision for the site, EPA encourages such 
development on current and formerly contaminated lands, landfills, and mining sites. 

The most common renewable energy technologies incorporated into brownfield redevelopment are wind and 
solar systems. Their benefits are summarized in Table 5. Wind and solar installations vary in size and have been 
shown to be viable projects across all EPA and state remediation programs (EPA, 2016c). Community solar 
installations provide power and/or financial benefit to, or is owned by, multiple community members (U.S. 
Department of Energy, 2011). Community solar power systems help bring solar power to renters, those with 
shaded homes, and those who cannot afford to install a residential system.

Table 5. Summary of the Benefits of Wind and Solar Energy Systems

Wind Solar

Offsets GHG, SO2, and NO2 emissions as 
well as particular matter

Offsets GHG, SO2, and NO2 emissions as well as particular 
matter

Enhances energy security as we face 
greater energy needs and increasingly 
stronger threats to our current energy 
power-sector from climate change impacts

Already part of our daily lives (powering small consumer items 
(i.e. calculators, watches) to larger, more complicated systems (i.e. 
water pumps, lights, appliances, machines) and many road and 
traffic signs are now powered by photovoltaic (PV)

Application: available in a wide range 
of sizes to fit almost any energy need 
(American Wind Energy Association, 2001)

Application: small-scale systems on a rooftop to large-scale 
systems covering several acres, reducing the environmental 
footprint of the site and helping the community become more 
resilient in the face of climate change

Other renewable energy options for brownfield sites include geothermal systems, which use heat stored 
in the Earth to generate electricity, and combined heat and power (CHP), which comprise onsite electric-
ity generation that captures the heat that would otherwise be wasted to provide useful thermal energy 
(e.g., steam or hot water) for use in space heating, cooling, 
domestic hot water and industrial processes. These technolo-
gies have been shown to be effective at reducing energy needs, 
increasing energy efficiency and reducing GHG emissions (The 
New York State Energy Research and Development Authority). 
Construction of geothermal or CHP systems during a brownfield 
redevelopment could provide heating, cooling, and electricity for 
newly constructed or renovated buildings. 

EPA’s RE-Powering America Initiative provides a great source of 
information for those interested in learning more about past 
projects, technical resources and potential opportunities for 
various renewable energy sources on brownfields and other 
potentially contaminated lands.

Using data from the RE-Powering 
America’s Energy Initiative to calculate 
equivalencies in EPA’s GHG Equivalency 
Calculator, renewable energy on 
brownfields in the United States is shown 
to potentially educe an estimated 805,141 
metric tons of CO2 emissions annually. 

This is equivalent to CO2 emissions from 
73,462 homes’ energy use for one year, 
and to GHG emissions from 288,581 
tons of waste sent to landfill.

http://www.fbm.com/Developing_Renewable_Energy_Projects_on_Brownfields_03-17-2014/
https://www.epa.gov/sites/production/files/2015-03/documents/tracking_matrix.pdf
http://www.nrel.gov/docs/fy11osti/49930.pdf
http://www.nrel.gov/docs/fy11osti/49930.pdf
http://energy.gov/articles/wind-vision-new-report-highlights-robust-wind-energy-future
http://energy.gov/articles/wind-vision-new-report-highlights-robust-wind-energy-future
http://energy.gov/articles/wind-vision-new-report-highlights-robust-wind-energy-future
http://www.osti.gov/scitech/servlets/purl/836856
https://www.epa.gov/rhc/geothermal-heating-and-cooling-technologies
https://www.epa.gov/chp
http://redevelopmenteconomics.com/yahoo_site_admin/assets/docs/Brownfields-CHP-district_Final.35291029.pdf
http://redevelopmenteconomics.com/yahoo_site_admin/assets/docs/Brownfields-CHP-district_Final.35291029.pdf
http://www.epa.gov/re-powering
https://www.epa.gov/sites/production/files/2020-10/documents/repowering_tracking_matrix_october_2020_508.pdf
https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
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Figure 9. Potential for America’s Wind Energy Future SOURCE: http://energy.gov/articles/new-interac-
tive-map-shows-big-potential-america-s-wind-energy-future

Local Leadership for Renewable Energy

Municipalities can adopt policies to support growth of renewable energy technologies in their communities. 
Encouraging use of renewable energy on former brownfields is a powerful way to make site-specific changes 
in a way that makes communities more resilient to projected climate changes. Local governments have a 
strong role to play in the generation of power from renewable sources. Through zoning and local permitting, 
a municipality can control where energy generation is allowed and make it easier for renewable energy to be 
incorporated into brownfield redevelopment projects. For example, the City of Lackawanna, New York, allowed 
for the development of an urban wind farm on a brownfield at the old Bethlehem Steel site while neighboring 
towns considered a ban on wind turbine installations (Office of the New York State Comptroller, 2008). Local 
governments can also encourage installation of renewable energy technologies through financial incentives, 
especially for lesser-used technologies that have shown to provide great benefit, such as CHP. 

https://www.osc.state.ny.us/localgov/pubs/research/researchbrief_green.pdf
http://energy.gov/articles/new-interactive-map-shows-big-potential-america-s-wind-energy-future
http://energy.gov/articles/new-interactive-map-shows-big-potential-america-s-wind-energy-future
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Snapshot: Renewable Energy Development in Lakewood, Colorado

The State of Colorado and a coalition of seven local governments 
provided financial support through a Revolving Loan Fund (RLF) 
grant from EPA’s Brownfields program to remediate contamination 
at a former shopping mall in Lakewood, paving the way for 
renewable energy development. After the environmental cleanup 
was complete, the developer converted the site into a new 
mixed-use development where parking meters are powered by 
solar panels, street lights are powered by wind turbines, and all of 
the electricity needed by the parking garages is provided by a 1.75 
megawatt array of solar PV panels installed on top of the parking 
structures. This urban brownfield site became walkable mixed-use 
development that integrates renewable energy with LEED-certified 
green buildings (EPA Region 8, 2009).

Green-Building Techniques and the Built Environment

A brownfield redevelopment project containing commercial, residential or other types of facilities (e.g., 
educational and healthcare) can incorporate green building techniques into the design. Green building is 
the practice of creating healthier, more resource-efficient models of construction, renovation, operation, 
maintenance, and demolition. It aims to reduce air and water pollution, stormwater runoff, waste, and 
unhealthy indoor environments, and transform buildings into a sustainable part of the landscape. Green 
building techniques can be instrumental in addressing climate change impacts by more effectively controlling 
stormwater, reducing waste and emissions, and designing smarter infrastructure that allows for climate 
adaptation and mitigation.

Green building techniques and strategies generally include preservation of green space, development of green 
roofs and a variety of energy efficiency and water efficiency measures as well as measures that support passive 
survivability. Although each technique is discussed separately below, an integrated approach provides the best 
opportunity to achieve the most GHG reductions because no single strategy can do this alone, and different 
green building components often interact with one another to influence overall energy consumption.

Green Roofs 

Green roofs help retain stormwater longer, decreasing the stress on sewer systems during peak flow periods. 
They also moderate the temperature of the stormwater and act as a natural filter for water that happens to 
run off. The plants on a green roof help to cool cities during hot summer months, reducing the urban heat 
island effect. Green roofs also mitigate this effect by covering black rooftops, which are some of the hottest 
surfaces in the built environment. In addition, green roofs can mitigate GHG emissions, capturing airborne 
pollutants and atmospheric deposition, thus improving air quality and communities’ ability to adapt to 
future impacts of warmer summers. Finally, green roofs provide greater insulation to buildings. This reduces 
the amount of energy needed for heating and cooling, since much of the heat gained or lost in a building is 

https://www.epa.gov/sites/production/files/2015-04/documents/success_belmar_co.pdf
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through the rooftop. Developments on former brownfield sites can consider incorporating this strategy for 
both climate change mitigation and adaptation.

For more information about green roofs, visit EPA’s Green Roof webpage at: https://www.epa.gov/soakupther-
ain/soak-rain-green-roofs or Green Roofs for Healthy Cities—North America, Inc., at https://greenroofs.org/
about-green-roofs

Energy Efficiency

Developers and building owners can reduce the use of electric and gas heating and cooling systems of homes, 
businesses and other buildings by incorporating insulating construction elements such as high-performance 
windows, ventilated “attic” space, high-performance glass, and brick façade. The decreased need for electric 
and gas heating and cooling will consequently decrease GHG emissions.

Green insulation (e.g., closed-cell spray polyurethane foam) increases energy efficiency while also reducing the 
environmental footprint of construction materials since their production, transport and installation often uses 
less energy and fewer raw materials as traditional insulation products (Green Home Guide). 

More information about insulation materials and renewable energy can be found at the Office of Energy 
Efficiency & Renewable Energy’s Building Envelop Projects webpage and their Building Technologies Office 
webpage, respectively, at http://energy.gov/eere/buildings/listings/building-envelope-projects and  
http://energy.gov/eere/efficiency/buildings. 

Lighting Efficiency

Lighting efficiency optimizes artificial and natural lighting to reduce energy usage. Also, the conservation 
measures to minimize the amount of the time that lights are in use will reduce energy use. These include 
behavioral change, building design (often to create more natural lighting), and automation, such as timers and 
sensors (Center for Climate and Energy Solutions). 

Passive Survivability

More frequent and severe storms as well as stronger, longer-lasting heat waves will strain utility providers 
and increase the frequency of climate-related power outages. “Passive survivability” is a building’s ability to 
maintain habitability without relying on external utility systems for power, fuel, water, or sewer services, as 
well as being better able to withstand floods, severe weather, and temperature extremes (EPA, 2010c). Passive 
survivability combines many of the green building strategies discussed in this manual and can be accomplished 
through passive and active means. Improved energy efficiency combined with passive heating, cooling, 
ventilation, and natural lighting strategies can be employed. Additionally, an onsite renewable energy source, 
rainwater harvesting, treatment, and storage; and wastewater systems can also be incorporated into this 
strategy for passive survivability. 

https://www.epa.gov/soakuptherain/soak-rain-green-roofs
https://www.epa.gov/soakuptherain/soak-rain-green-roofs
https://greenroofs.org/about-green-roofs
https://greenroofs.org/about-green-roofs
https://www.greenhomeguide.com/know-how/article/buyers-guide-to-green-insulation
http://energy.gov/eere/buildings/listings/building-envelope-projects
http://energy.gov/eere/efficiency/buildings
http://www.c2es.org/technology/factsheet/LightingEfficiency
https://www.epa.gov/sites/production/files/2015-09/documents/terry_brennan_0.pdf
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Snapshot: Passive House–Village Centre in Brewer, Maine

� Affordable housing project designed to be one of the largest passive house developments in the country

� Located on former brownfield site

� Participating in a pilot program to help define climate-specific passive house standards for the
Passive House Institute

Snapshot: Passive Building–Chesapeake Bay Foundation’s new 
Brock Environmental Center in Virginia Beach, Virginia

This building is one of the country’s leading examples of sustainability, and includes a wide array of 
resilient design features.

� Wind and solar energy

� Energy conservation features

� Natural ventilation

� Use of daylighting

� 100 percent water use from harvested rainwater

� Green infrastructure elements

� Elevated well above sea level

http://www.thorntontomasetti.com/projects/village_centre/
http://www.resilientdesign.org/the-brock-environmental-center-a-pinnacle-of-sustainability-and-resilience/
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Other Climate Adaptation Measures for Buildings 

Outside of the most common green building techniques, there are a couple of additional climate adaptation 
measures that can be implemented to better protect properties located in areas vulnerable to climate change. 
Where appropriate, protect buildings from flooding by adding protective measures such as sea walls, dikes, 
reinforced buildings, or elevating land using fill or “soft” measures such as living shorelines with natural 
elements to provide a buffer against storm surges and sea level rise (EPA, 2020 and Sovacool, 2011). While 
these types of measures often come at a high initial installation cost, they will save money in the long term by 
reducing or eliminating recovery costs from damage by floods and storms to infrastructure and properties in 
vulnerable areas and on vulnerable properties such as brownfields.

Community Amenities and Social Structures 

When brownfield redevelopment includes transit, complete streets, and LEED buildings, these methods 
contribute to climate mitigation and adaptation and reap the following benefits: 

 � Increased resiliency to extreme weather events and climate change impacts because of greater connectiv-
ity to critical facilities, especially for vulnerable populations who may not have access to a vehicle during 
emergencies (Russak, 2015 and U.S. Department of Transportation, 2016). 

 � Increased resiliency to extreme weather events and climate change impacts because of greater self-suffi-
ciency and an ability to support the community’s needs temporarily without access to outside resources.

 � Job-training opportunities and ultimately careers in clean energy industries (and other sectors associated 
with climate resiliency) for low-income and under- or unemployed residents.

 � Access to healthy food and community gathering spaces such as waterfronts, parks and recreational areas, 
which all promote carbon capture and storage.

 � Increased social cohesion with added and improved gathering spaces and opportunities for engaging 
with the community through wider sidewalks and curb cuts, dedicated bike lanes, well-lit roadways 
and corridors, and connected green spaces, which all promote walking and biking to help reduce GHG 
emissions (Smart Growth America)(UN Environment Programme, 2017). 

Transportation strategies are closely tied to GHG emissions and should be strongly considered whenever 
possible in a brownfield redevelopment. Shifts in modes of transportation from driving to walking, bicycling, 
and transit are key mitigation strategies. To encourage this shift, many communities require improved 
infrastructure to support an increase in pedestrians, bicyclists, and transit users (Smart Growth America, 2019). 
Brownfield redevelopment projects can incorporate sidewalks in their plans to allow for pedestrian traffic, 
outdoor public spaces to encourage community gatherings, and bicycle parking, bike share rentals, and bike 
trails to encourage biking throughout the community. The ultimate goal is to create complete streets in 
neighborhoods and cities by combining strategies (Figure 10) that link housing, employment and commercial 
activity with transit-oriented designs, green infrastructure, and high-density multi-use development that 
includes housing, offices, and shops. By providing and encouraging less energy-intense transportation 
options, harmful emissions that exacerbate climate change impacts are reduced. In Portland, Oregon, new 
transit investments and improvements to bicycling and walking infrastructure have resulted in per capita CO2 
emissions reductions of 12.5 percent, and Portland’s land use policies yield carbon savings worth between $28 
and $70 million annually1. 

1 https://smartgrowthamerica.org/tag/complete-streets-fundamentals/

https://worldoceanreview.com/en/wor-5/improving-coastal-protection/coping-with-rising-sea-levels/
https://www.epa.gov/sites/production/files/2021-01/documents/epa_oblr_slr_climateadaptation_factsheet_release_508.pdf
http://adaptation-undp.org/sites/default/files/downloads/sovacool-cp-hardsoft.pdf
https://smartgrowthamerica.org/program/national-complete-streets-coalition/
http://www.irle.ucla.edu/publications/documents/AdvantagingCommunities_FINAL-150928_300.pdf
http://www.fhwa.dot.gov/environment/environmental_justice/publications/ej_and_climate/ejandclimatechange.pdf
https://smartgrowthamerica.org/resources/create-livable-communities-benefits-of-complete-streets/
https://www.unep.org/resources/report/share-road-global-outlook-walking-and-cycling-october-2016
https://smartgrowthamerica.org/resources/the-best-complete-streets-policies-of-2018/
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There is no singular design prescription for complete streets; each one is unique and responds to its 
community context. A complete street in a rural area will look quite different from a complete street in a 
highly urban area, but both are designed to balance safety and convenience for everyone using the road. For 
maximum impact and cost effectiveness, complete street implementation should be considered as early as 
possible in a brownfield redevelopment and should engage the community in the planning process to gain a 
clearer understanding of needs, desires, and existing vulnerabilities that may be addressed through intentional 
planning and design. For example, an aging population in communities may require more visible signage, 
properly timed signals, and wider sidewalks that can be easily accessed by people with disabilities. 

Figure 10. Common elements of complete streets

For examples of complete street implementation across the country, visit the Complete Streets slideshow 
“Many Types of Complete Streets.”

https://www.flickr.com/photos/completestreets/albums/72157617261981677/
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Resource Guide

Resources to Aid in Planning, Designing, or Implementing Climate Resiliency 
Measures

 � Community-based examples for improving ordinance regulations, development incentives, programs and 
projects: https://www.epa.gov/sites/production/files/2016-01/documents/bf_revitalization_climate_
vulnerable_areas_012616_508_v2_web.pdf 

 � Community Resource Planning Guide: http://www.nist.gov/el/resilience/guide.cfm 

 � Essential Smart Growth Fixes for Communities: https://www.epa.gov/smartgrowth/
essential-smart-growth-fixes-communities 

 � Adapting to Urban Heat: A Tool Kit for Local Governments: http://www.adaptationclearinghouse.org/
resources/adapting-to-urban-heat-a-tool-kit-for-local-governments.html 

 � Adaptation Tool Kit: Sea-Level Rise and Coastal Land Use: http://www.georgetownclimate.org/resources/
adaptation-tool-kit-sea-level-rise-and-coastal-land-use

 � Climate change vulnerability and impact assessments modules: https://www.unep.org/resources/report/
vulnerability-and-climate-change-impact-assessments-adaptation-module

 � UKCIP Adaptation Wizard: https://www.ukcip.org.uk/wizard/about-the-wizard/

 � Social vulnerability index factsheet: https://www.atsdr.cdc.gov/placeandhealth/svi/fact_sheet/fact_sheet.html

 � Drought monitor: https://droughtmonitor.unl.edu/

 � Presidential Drought Preparedness Memo: https://www.whitehouse.gov/the-press-office/2016/03/21/
presidential-memorandum-building-national-capabilities-long-term-drought 

 � Impacts of drought on public health: https://www.cdc.gov/nceh/drought/implications.htm

 � Drought planning for communities: https://drought.unl.edu/droughtplanning/AboutPlanning.aspx

 � Planning and Drought: https://www.flickr.com/photos/completestreets/sets/72157617261981677/ 

 � Brownfield Grants and Funding: https://www.epa.gov/brownfields/types-epa-brownfield-grant-funding 

 � Setting the Stage for Leveraging Resources for Brownfields Revitalization: https://www.epa.gov/sites/
production/files/2016-04/documents/final_leveraging_guide_document_4-19-16.pdf 

 � Financing Disaster Resiliency Measures: https://www.unescap.org/sites/default/files/Agendaitem3d_
ArupChatterjee_ADB.pdf

 � Checklist: How to address changing climate concerns in Brownfields AWP Project:  
https://www.epa.gov/brownfields/brownfields-bf-awp-climate-adaptation-checklist

 � Checklist: How to address changing climate concerns in an analysis of brownfield cleanup alternatives (ABCA): 
https://www.epa.gov/sites/production/files/2015-09/documents/epa_oblr_climate_adaptation_checklist.pdf 

 � State and Local Climate and Energy Program:   
https://www.epa.gov/statelocalclimate/local-climate-and-energy-program 

 � Technical Assistance to Brownfields Communities (TAB) Program: https://www.epa.gov/brownfields/
brownfields-technical-assistance-training-and-research
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 � Brownfield Revitalization in Climate-Vulnerable Areas: https://www.epa.gov/sites/production/files/2016-
01/documents/bf_revitalization_climate_vulnerable_areas_012616_508_v2_web.pdf 

 � Environmental Finance Centers: http://www2.epa.gov/envirofinance/efcn 

 � Smart Growth for Coastal Waterfront Communities: http://www2.epa.gov/smart-growth/
smart-growth-coastal-and-waterfront-communities 

 � Using Smart Growth Strategies to Create More Resilient Communities in the Washington, D.C., Region: 
https://www.epa.gov/arc-x/metropolitan-washington-council-governments-identified-smart-growth-strate-
gies-more-resilient 

 � Create Safe Growth Strategies in the San Francisco Bay Area: http://www.epa.gov/smartgrowth/
creating-safe-growth-strategies-san-francisco-bay-area 

 � Flood Resilience Checklist: http://www.epa.gov/smartgrowth/flood-resilience-checklist 

 � Planning for Flood Recovery and Long-Term Resilience in Vermont: https://www.epa.gov/smartgrowth/
planning-flood-recovery-and-long-term-resilience-vermont 

 � Transportation Vulnerability Assessment tools: https://www.fhwa.dot.gov/environment/sustainability/
resilience/tools/scoring_tools_guide/index.cfm

 � Renewable energy potential on contaminated sites: mapping tool: 
http://www.epa.gov/renewableenergyland/rd_mapping_tool.htm 

 � Minnesota’s Greener Practices for Business, Site Development and Site Cleanups: A Toolkit: 
https://www.pca.state.mn.us/quick-links/greener-practices-business-site-development-and-site-clean-
ups-toolkit 

 � Illinois greener cleanups matrix: http://www.epa.illinois.gov/topics/cleanup-programs/greener-cleanups/ 

 � Rockefeller 100 Resilient Cities program: https://www.rockefellerfoundation.org/100-resilient-cities/

 � U.S. EPA Climate Adaptation Resources and Guidance: https://www.epa.gov/climatechange/
climate-adaptation-resources-and-guidance

Resources to Identify Current and Potential Changing Climate Conditions

 � NOAA’s Digital Coast helps communities address coastal issues: http://coast.noaa.gov/digitalcoast/ 

 � National Climate Assessment summarizes the impacts of climate change on the United States:  
https://nca2018.globalchange.gov/

 � Climate Resources on Data.gov has data related to climate change that can help inform and prepare 
America’s communities, businesses, and citizens: http://www.data.gov/climate/ 

 � U.S. Global Change Research Program lists resources by and for federal agencies to support the planning 
and implementation of measures to adapt to climate change: http://www.globalchange.gov/resources/
federal-agency-adaptation-planning-resources 

 � U.S. Geological Survey Climate Land Change Science Program strives to understand the Nation’s most 
pressing environmental, natural resource, and economic challenges by providing the information 
and tools necessary and identifying possible solutions: https://www.usgs.gov/core-science-systems/
land-change-science-program 

 � EPA’s Climate Change Web page: http://www.epa.gov/climatechange/  
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 � EPA Office of Water’s Stormwater Calculator Climate Assessment Tool estimates the annual amount of 
rainwater and frequency of runoff from a specific site anywhere in the United States:  
http://www.epa.gov/nrmrl/wswrd/wq/models/swc/  

 � Climate Change Adaptation on FedCenter.gov supports federal agency climate adaptation planning:  
https://www.fedcenter.gov/programs/climate/ 

 � Water Utility Scenario Based Projected Climate Changes Map provides easy –to-access scenario-based 
climate change projections drawn from the Climate Resilience Evaluation and Awareness Tool:  
http://www.epa.gov/crwu/view-your-water-utilitys-climate-projection-scenario-based-projected-chang-
es-map 

 � Coastal Storm Surge Scenarios Water Utilities has a map that illustrates hurricane strike 
frequency and worst-case coastal storm surge inundation scenarios: http://www.epa.gov/crwu/
see-coastal-storm-surge-scenarios-water-utilities  

 � NOAA Coastal Inundation:  

 – NOAA Tides and Currents Innundation Dashboard: https://coast.noaa.gov/digitalcoast/tools/
inundation-dashboard.html

 – Training course on coastal inundation mapping: https://coast.noaa.gov/digitalcoast/training/
inundationmap.html 

 � Climate Change a Growing Threat to Human Health: New USGCRP Report: http://www.globalchange.gov/
news/climate-change-growing-threat-human-health-new-usgcrp-report

 � U.S. Climate Resilience ToolKit contains information on tools to build climate resilience in communities: 
http://toolkit.climate.gov/ 

 � EPA’s Building Climate Resilience at Your Utility Web page provides access to the Climate Resilience 
Evaluation and Awareness Tool 3.0, a climate risk assessment and planning application for water, 
wastewater, and stormwater utilities: http://water.epa.gov/infrastructure/watersecurity/climate/creat.cfm 

 � emPower Map (Medicare and Medicaid) identifies areas at risk for power outages from storms and to assist 
communities in creating more resilience for these populations: https://empowerprogram.hhs.gov/

 � ICLEI City GHG Tracking and Reporting Protocols: http://icleiusa.org/ghg-protocols/

 � Transportation adaptation and planning: http://nca2014.globalchange.gov/report/sectors/transportation 

 � FEMA Flood Map Service Center: http://msc.fema.gov/portal 

 – Use the MSC to find your official flood map, access a range of other flood hazard products, and take 
advantage of tools for better understanding flood risk.

 � Understanding Your Risks: Identifying Hazards and Estimating Losses: https://mitigation.eeri.org/
policy-and-regulations/understanding-your-risks-identifying-hazards-and-esitmating-losses-fema-386-2 

 � Maryland’s CoastSmart Communities Scorecard: https://dnr.maryland.gov/ccs/coastsmart/Pages/cs_
Scorecard.aspx 

 – A community self-assessment tool. This tool has been prepared by the Chesapeake & Coastal Service to 
provide Maryland’s coastal communities with a practical method to assess their preparedness for the 
impacts of coastal hazards and increased future impacts due to a changing climate.
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Energy Efficiency Rebates and Tax Credit Programs

 � The Department of Energy’s Database of State Incentives for Renewables & Efficiency (DSIRE) is the 
largest and most up-to-date listing of state, federal, local, and utility incentives and policies that support 
renewable energy and energy efficiency projects. http://www.dsireusa.org/ 

 � Directory of energy efficiency programs leveraging ENERGY STAR: https://www.energystar.gov/buildings/
tools-and-resources/directory-energy-efficiency-programs-leveraging-energy-star 

 � Special Offers and Rebates from ENERGY STAR Partners: http://www.energystar.gov/rebate-finder 

 � Reuse materials: http://thereusepeople.org/retail (only have warehouses in California)

Resources for Assessing Brownfields

 � ASTM E1527-13 Most recent guide for Phase 1 Assessments: http://www.astm.org/cgi-bin/resolver.cgi?E1527-13

 � Targeted Brownfields Assessments: https://www.epa.gov/brownfields/targeted-brownfields-assessments-tba 

Resources for Demolition and Deconstruction

 � Building Material Reuse Association: https://community-wealth.org/content/
building-materials-reuse-association

 � Construction & Demolition Recycling Association: http://www.cdrecycling.org/ 

 � Fact sheet of case studies: https://www.epa.gov/smm/fact-sheets-sustainable-design-disassembly-and-de-
construction-buildings 

 � Iowa Green List: Identify locations where you can recycle/reuse deconstructed materials. Searchable by 
material type and city within Iowa: http://www.iowadnr.gov/Environmental-Protection/Land-Quality/
Waste-Planning-Recycling/Iowa-Green-List 

 � Reusing materials onsite: 
https://clu-in.org/greenremediation/profiles

 � Waste Reduction Model (WARM) resource for planners and organizations seeking to reduce emissions 
through waste reduction and management: https://www.epa.gov/warm 

 � Repurposed Materials locations across the country: http://www.repurposedmaterialsinc.com/about-us

Resources for Redeveloping Brownfields

 � Cultivating Green Energy on Brownfields: http://www.nalgep.org/uploads/pdf/publi02.pdf 

 � Case Studies on Transit and Livable Communities in Rural and Small Town America:  
http://www.reconnectingamerica.org/assets/Uploads/2010LivabilityCaseStudies.pdf 

 � Road Safety for All: Lessons from Western Europe: http://www.aarp.org/content/dam/aarp/research/
public_policy_institute/liv_com/2013/road-safety-for-all-lessons-from-western-europe-AARP-ppi-liv-com.pdf 

 � North Carolina Complete Streets Planning and Design Guidelines: http://www.completestreetsnc.org/
wp-content/themes/CompleteStreets_Custom/pdfs/NCDOT-Complete-Streets-Planning-Design-Guidelines.pdf

 � UNEP Global Outlook on Walking and Cycling: https://smartnet.niua.org/sites/default/files/resources/
globalOutlookOnWalkingAndCycling.pdf 
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Green Infrastructure

 � Delta Institute Toolkit for Green Infrastructure Designs: Scalable Solutions to Local Challenges:  
https://delta-institute.org/wp-content/uploads/2020/04/Green-Infrastructure-Toolkit-September-17-1.pdf

 � Stormwater: http://cfpub.epa.gov/ncea/global/recordisplay.cfm?deid=309540 

 � Stormwater Management for development projects: http://epa.ohio.gov/dsw/storm/index.aspx 

 � Guide to integrating green infrastructure and sustainable communities plans:  
http://www.epa.gov/smartgrowth/enhancing-sustainable-communities-green-infrastructure 

 � Chicago’s Green Alley Handbook: http://www.cityofchicago.org/content/dam/city/depts/cdot/Green_
Alley_Handbook_2010.pdf 

 � Design guidelines: https://www.scribd.com/doc/306588105/
City-of-Toronto-Guidelines-for-Biodiverse-Green-Roofs-2013

 � Green infrastructure for climate resiliency: 
https://www.epa.gov/green-infrastructure/green-infrastructure-climate-resiliency

 � Implementing stormwater infiltration practices at vacant parcels and brownfield sites: 
https://www.epa.gov/sites/production/files/2015-10/documents/brownfield_infiltration_decision_tool.pdf

Green Building

 � Sustainable Design and Green Building Toolkit for Local Governments: https://www.epa.gov/smartgrowth/
sustainable-design-and-green-building-toolkit-local-governments

 � Resilient Design Institute case studies: http://www.resilientdesign.org/category/case-studies/ 

 � USGBC: http://www.usgbc.org/leed#rating 

 � Green Building and Climate Resilience: http://www.usgbc.org/resources/
green-building-and-climate-resilience-understanding-impacts-and-preparing-changing-conditi 

 � Designing your building to be energy efficient: http://www.energystar.gov/buildings/service-providers/
design/step-step-process/design-be-energy-efficient

 � Passive-House International Certification: http://www.passivehouse-international.org/ 

 � Renewable energy: Combined Heat and Power Resource Guide: https://www.energy.gov/sites/default/
files/2019/01/f58/CHPGuide2015.pdf 

 � Green and cool roofs, as well as other heat island reduction strategies: https://www.epa.gov/heat-islands/
heat-island-compendium

 � Businesses: http://www.energystar.gov/buildings/facility-owners-and-managers/existing-buildings/
use-portfolio-manager/understand-metrics/eligibility 
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Appendix A. Example Strategies to Adapt to or Mitigate 
Climate Change Impacts for Each Stage of a Brownfield 
Revitalization Project

Stage of 
Brownfield Project

Strategy Adaptation Mitigation

Planning Adopt climate-conscious building codes 

Offer tax incentives/rebates  

Zoning ordinances  

Update floodplain management plans  

Update coastal and wetland management plans  

Update hazard mitigation plans  

Engage the community in planning  

Assessment Conduct climate-focused Phase 1 and 2 ESAs  

Identify interim uses  

Evaluate reuse options that are climate conscious  

Identify potential risk factors and vulnerabilities  

Follow assessment-relevant ASTM Guidelines for Greener 
Cleanups



Conduct analysis of Brownfield Cleanup Alternatives (ABCA)  

Demolition Identify opportunities for deconstruction 

Plan early 

Reduce energy use 

Reuse/recycle materials 

Cleanup Reduce energy use and emissions 

Reduce water use and impacts to water sources  

Reduce waste and manage materials sustainably 

Minimize unnecessary soil and habitat disturbance or destruction  

Use native species to support habitat  

Select onsite remediation approaches 

Redevelopment Install green infrastructure  

Incorporate renewable energy development  

Incorporate green building techniques (e.g., green roofs, 
energy and lighting efficiency, passive survivability, flood 
protection)

 

Complete streets  

Incorporate multi-modal transit  

Promote accessibility and community social cohesion  
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Appendix B. Area-Wide Planning Components and Some 
Helpful Resources

Foundational planning is essential for sustainable and well-informed brownfields and community revitaliza-
tion projects. When planning a brownfield assessment and cleanup, it is important to collect information and 
identify community priorities related to near- and long-term revitalization. Stakeholders will need to evaluate 
current environmental conditions, local market potential, and necessary infrastructure improvements as well 
as expectations for the future, including impacts of climate change (EPA, 2012). Communities can explore 
relevant tools and resources to incorporate climate change mitigation and adaptation in their vision and 
implementation of community revitalization.

 � Identify and map climate resilience assets (e.g., protected wetlands, cooling centers, stormwater and green 
infrastructure, and buffer zones) such as those along the Menomonee River in Milwaukee, Wisconsin), 
making sure to engage the community and first responders, who often know best where the assets are, in 
this process. 

 – Best Practices in Local Mitigation Planning: Identify Community Assets http://mitigationguide.org/
task-5/steps-to-conduct-a-risk-assessment-2/2-identify-community-assets/ 

 � Consider observed and projected climate conditions (e.g., sea level rise, site proximity to a flood plain, 
likelihood of increased major storm events, drought conditions, etc.) as they relate to long-term safety, 
stability and suitability of the proposed land reuses and whether the proposed reuses are appropriate for 
the brownfield site(s) and other land in the project area.

 – Relevant and authoritative data should be used. Examples include NOAA, NCDC, USDA, USGS, EPA, and 
USACE

 – Evaluate hydro-climatic statistics and hydrologic-hydraulic models related to floods; intense rainfall; 
high stream-flows, and water temperature. This will facilitate water infrastructure planning, ecosystem 
protection, and flood hazard mitigation

 – Obtain past meteorological records to determine the long-term average for each climate variable, scale 
of past extreme events, recent trends of change in past 30 years

 – Storm risk: 

• NOAA’s Storm Events Database: Contains data from January 1950 to current year. 

 – Flood risk: 

• FEMA Flood Map Service Center: Determine whether project is located within the 500-year FEMA 
National Flood Insurance Program flood zone1 (0.002 chance of annual recurrence.) 

• Sea Level Rise and Coastal Flooding Impacts: Interactive map shows how various levels of sea level 
rise will impact an area.

 – Hurricane risk: 

• Hurricane Statistics: The State Climate Office of North Carolina contains information on tropical 
cyclones across the state and includes a link to North Carolina’s Hurricane Database. 

1 ASTM E3032-15 Standard Guide for Climate Resiliency Planning and Strategy

https://www.epa.gov/brownfields/brownfields-area-wide-planning-program-factsheet
http://www.mmsd.com/floodmanagement/western-milwaukee
http://mitigationguide.org/task-5/steps-to-conduct-a-risk-assessment-2/2-identify-community-assets/
http://mitigationguide.org/task-5/steps-to-conduct-a-risk-assessment-2/2-identify-community-assets/
http://www.ncdc.noaa.gov/stormevents/
http://msc.fema.gov/portal
https://coast.noaa.gov/slr/
https://products.climate.ncsu.edu/weather/hurricanes/
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• Wind Zones in the United States: Map on page 6 of FEMA’s Section I: Understanding the Hazards can 
help determine if a site is located within a hurricane-susceptible region.

 – Drought risk: 

• Drought Impact Reporter: Continually updated archive of the effects of drought.

• Drought Management Database: Continually updated repository of strategies for dealing with 
drought by several different sectors and from many different angles.

• Drought Risk Atlas: Can provide planners with a detailed understanding of local drought climatol-
ogy, answering questions such as how frequently drought visits a particular location, how long it has 
lasted, and how bad it has been. 

• Historical Palmer Drought Indices: NOAA maps can help determine whether the project is located in 
areas that have experienced moderate, severe, or extreme drought conditions for more than 25% of 
the time in the past 10 years.

• National Drought Mitigation Center: Includes an overview of key concepts related to drought and 
drought planning and an extensive collection of state and local drought plans and resources.

• National Integrated Drought Information System: An interagency, multi-partner approach to drought 
monitoring, forecasting, and early warning, led by NOAA includes maps that show where droughts 
are occurring in the United States and the seasonal drought outlook.

• U.S. Drought Monitor: Provides a weekly big-picture assessment of the current state of drought in 
the United States.

 – Tornado and high wind risk: 

• Tornado Activity in the United States: Map on page 3 of FEMA’s Section I: Understanding the 
Hazards shows the number of recorded tornadoes per 1,000 square miles.

• U.S. Tornado Climatology: Series of maps of the United States shows the number tornadoes per 
month in each state. 

 – Wildfire risk: 

• Wildfire Hazard Overview Dashboard: Map of the United States shows where wildfires are 
occurring, their size, risk outlook, and whether the fire is contained 

• Wildland Urban Interface (WUI) FEMA map shows the number of houses located in a state within an 
“at-risk” community where conditions are conducive to a wildfire occurrence. 

 – CREAT Climate Scenarios Projection Map: EPA’s Climate Resilience Evaluation and Awareness Tool 
(CREAT) Climate Scenarios Projection Map provides easy-to-access scenario-based climate change 
projections drawn from CREAT.

 � Conduct a risk screening of vulnerabilities to climate change impacts, assessing which properties are 
in need of more resiliency measures (e.g., hospitals, schools, community centers, places of worship, 
emergency response stations ) 

 – Flood Vulnerability Assessment Map: Flood hazard information from FEMA has been combined with 
EIA’s energy infrastructure layers as a tool to help state, county, city, and private sector planners assess 
which key energy infrastructure assets are vulnerable to rising sea levels, storm surges, and flash 
flooding.

https://www.fema.gov/pdf/library/2ismsec1.pdf
https://droughtreporter.unl.edu/map/
https://drought.unl.edu/droughtmanagement/Home.aspx
http://droughtatlas.unl.edu
https://www.ncdc.noaa.gov/temp-and-precip/drought/historical-palmers/
http://drought.unl.edu
https://www.drought.gov/drought/
http://droughtmonitor.unl.edu/
https://www.fema.gov/pdf/library/ism2_s1.pdf
http://www.ncdc.noaa.gov/climate-information/extreme-events/us-tornado-climatology
https://gis-fema.hub.arcgis.com/pages/wildfires
https://www.usfa.fema.gov/wui/what-is-the-wui.html

https://epa.maps.arcgis.com/apps/MapSeries/index.html?appid=3805293158d54846a29f750d63c6890e
http://www.eia.gov/special/floodhazard/
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 – Integrated Rapid Visual Screening for Buildings: Software-facilitated procedure for assessing the risk to 
buildings from natural and human-caused hazards that have the potential to cause catastrophic losses.

 – Vulnerability Assessment Scoring Tool: The U.S. Department of Transportation tool helps state 
departments of transportation, metropolitan planning organizations, and other organizations 
implement an indicator-based vulnerability assessment of their transportation assets.

• Climate Change & Extreme Weather Vulnerability Assessment Framework: State and municipal 
transportation agencies can use this guide to assess the vulnerabilities of their transportation 
infrastructure.

• Climate Change Vulnerability Assessment Tool for Coastal Habitats: Guidance document and 
spreadsheet tool help calculate numerical vulnerability scores for habitats. Scores indicate the 
degree to which various habitats may be vulnerable to current and future climate stressors.

• Coastal Resilience Index: The exercise helps communities discuss and discover their climate-related 
vulnerabilities.

• Examples of Risk Assessments Conducted on Infrastructure: Seven-phase process developed in the 
United Kingdom for assisting transportation decision-makers in addressing climate change impacts 
on highways.

• General Methodologies of a Vulnerability Assessment: Describes the key steps of a vulnerability 
assessment.

 – Engaging with vulnerable populations, minorities, underserved populations through facilitated 
advisory committees, public meetings, design charrettes, round table sessions, and other means 
to gather information related to stakeholder needs and priorities for area cleanup and reuse. As 
already emphasized, the brownfield planning process should engage all segments of the community. 
Stakeholder and community involvement is crucial for development of a sustainable, meaningful, 
and useful community planning resource that can be referenced and implemented throughout the 
community revitalization process.

https://toolkit.climate.gov/tool/integrated-rapid-visual-screening-buildings
https://toolkit.climate.gov/tool/vulnerability-assessment-scoring-tool-vast
https://toolkit.climate.gov/tool/climate-change-extreme-weather-vulnerability-assessment-framework
https://toolkit.climate.gov/tool/climate-change-vulnerability-assessment-tool-coastal-habitats-ccvatch
https://toolkit.climate.gov/tool/coastal-resilience-index
http://www.fhwa.dot.gov/environment/climate_change/adaptation/publications/vulnerability_assessment/index.cfm#Toc236233841
http://www.fhwa.dot.gov/environment/climate_change/adaptation/publications/vulnerability_assessment/index.cfm#Toc236233837
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Appendix C. Snapshots

Recycling and Demolition

Deconstruction of Nashville Thermal Transfer in Nashville, Tennessee

 � Dismantlement of the thermal waste-to-energy facility resulted 
in 98.5% reuse and recycling of equipment, demolition wastes 
and deconstruction materials. 

 � Over 100 Internet auction events sold over 1,000 tons of 
equipment and materials, diverting them from a landfill and 
brining in over $980,000 in revenue.  

 � Hundreds of dump truck loads of crushed aggregate were 
transferred offsite for use as backfill. 

 � Crushed asphalt was used offsite for perimeter road.  

 � The site is proposed for a new Nashville Sounds Baseball 
Stadium.

Equipment sold at auction.

Deconstruction of Stapleton International Airport in Denver, Colorado

 � The recycling project at Stapleton, 
described as the “World’s Largest 
Recycling Project,” has become 
a model for brownfield projects 
nationwide.

 � Products resulting from the operations 
at Stapleton range from sand to 
”Staplestone” - large concrete blocks 
suitable for retention walls, barriers, 
and other landscaping projects.

 � 6.5 million tons of concrete and asphalt 
hardscape, enough aggregate to build 
the Hoover Dam, were demolished and removed. 

 � Stockpiles of recycled hardscape will remain onsite until all recycled products have been sold.

 � Concrete and asphalt from Stapleton have been reused in state and municipal road projects and 
at the Rocky Mountain Arsenal. A great deal of the recycled specification aggregate also is being 
reused at the re-development site itself.

Deconstruction of Stapleton International Airport.

https://www.cdrecycler.com/article/the-urban-quarry/
https://www.cdrecycler.com/article/the-urban-quarry/
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Cleanup and Deconstruction at a Former Paint Factory in Emeryville, 
California

 � A former paint factory was demolished in 2004 and the site remediated to prepare for much needed 
affordable housing.

 � The project team hand dismantled the buildings on the former industrial property as an alternative 
to traditional demolition.

 � 94.6% of deconstruction wastes were recycled.

 � 21,569 tons of excavated soil were used as beneficial cover at local Class II landfill, saving $496,708 
in tipping fees.

GreenCity Lofts.
GreenCity Lofts. Collecting.

Cleanup and Redevelopment of the Former Lucent Richmond Works 
Facility in Richmond, Virginia

 � Storage and use of chlorinated solvents at this facility from 1972 - 
1989 contributed to the onsite groundwater contamination. 

 � Over 700,000 square feet of old and dilapidated manufacturing 
buildings were left idle. 

 � Cleanup and redevelopment of this site achieved a 93% overall 
recycling rate (84,500 tons of construction and demolition 
material). 

 � 77,000 tons of concrete were crushed onsite and reused for 
foundations, sidewalks, and structural support for The Shops at 
White Oak Village.

 � 7,500 tons of aluminum, steel, iron, copper, and other ferrous and non-ferrous metals were recycled.

 � Saved approximately $3.6 million by recycling and reusing demolition materials.

The Shops at White Oak Village.
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Demolition Followed by Mechanical Separation of Debris at the 
Allen-Morrison Corporation in Lynchburg, Virginia

 � Allen-Morrison Corporation, a metal sign manufacturing facility, 
abandoned the property.

 � The City of Lynchburg sought technical support from EPA to 
conduct a material reuse inventory of site materials that may be 
appropriate for reuse and recycling and assess the feasibility of 
deconstruction.

 � The assessment determined that deconstruction of the entire 
facility would not be cost effective and that demolition followed 
by mechanical separation of demolition debris into recyclable 
materials would be more appropriate. Portions of the facility 
were deemed suitable for deconstruction with a high potential 
for salvageable value. 

 � Materials possessing an industrial heritage could be reused to revive citizens’ appreciation for the 
site’s history (e.g., onsite reuse of sliding doors, skylights, paint-mixing vessels, sprinkler systems, 
signs, and shelving units).

 � The City of Lynchburg is creating a public park on the site to serve both the neighborhood and the 
larger community.

Allen-Morrison facility.

Langdale Mill in Valley, Alabama

 � The 500,000–square-foot former textile mill is located on the 
Chattahoochee River. 

 � The City of Valley held visioning charrettes and discussions 
to determine a redevelopment strategy that will encourage 
sustainable development, generate local jobs and promote the 
site’s history of industrial prowess.

 � An inventory tool developed through a 2008 EPA Sustainability 
Pilot Program Grant estimated the salvage and reuse value of 
building materials at $163,400. 

 � Deconstruction of the mill will produce an estimated 109,000 
board feet of lumber, 290,000 pounds of metal, and 63,000 
bricks could be recovered for recycling and reuse.

 � The city started a farmers market on the property giving citizens access to locally grown produce 
and drawing attention to the opportunity for mixed-use redevelopment.

Langdale Mill.

https://www.epa.gov/sites/production/files/2015-09/documents/sustain_report_web_final.pdf
http://cityofvalley.com/news/city-news/langdale-mill-redevelopment-project
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Cleanup

Sustainable Materials Management at Sanford Gasification Plant, 
Seminole County, Florida

� Clean soil was separated from contaminated soil, which minimized the treatment load while
averting import of 1,600 cubic yards of non-native soil for site restoration.

� 5,000 cubic yards of extracted trees and stumps were chipped and sent to local landscapers for
mulch, avoiding shipment of 800 tons of material to landfills.

� Installed a solar-powered backup energy system for perimeter air monitoring during remedy
construction.

� 3.7 million gallons of water from onsite dewatering operations were used for soil stabilization.

� Diesel vehicles and machinery were operated using 20% biodiesel, averting 177 tons of CO2
emissions

� A gravity drain network overlaying recycled concrete diverted 500 feet of an onsite creek during
remedy construction, reducing need for diesel pumps.

� Recycled concrete was used for riprap to armor the creek bed and limit erosion.

flo
divert creek w.

drains to
Gravity

Stabilized creek bed.

https://clu-in.org/greenremediation/docs/GR BMP fact sheet_materials&waste.pdf
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Restoring Streams and Rivers Impacted by Acid Rock Drainage at the 
Elizabeth Mine in South Strafford, Vermont

 � Emissions of air contaminants were reduced through use of 
biodiesel. Use of 6,500 gallons of B-20 instead of conventional 
diesel was estimated to reduce particulate matter by 12%, 
hydrocarbons by 20%, carbon monoxide by 12%, nitrogen oxides 
by 2%, sulfur dioxide by 20% and carbon dioxide by 16%.

 � Capping materials included approximately 1,000 cubic yards of 
soil that had been previously used as temporary backfill in one 
of the excavation areas.

 � Recycled consumable waste generated onsite, including cans, 
plastics, and glass. Biodegradable instead of polyethylene 
sandbags were used to prevent erosion and control stormwater 
runoff.

 � Wood debris was salvaged from onsite to use for slope stabilization. 

Elizabeth Mine steam and river restoration.

https://clu-in.org/greenremediation/docs/materials_management_issue paper.pdf
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Improving Water Quality and Aquatic Life Habitat at the De Sale 
Restoration Area in Butler County, Pennsylvania

 � Voluntary cleanup of the Seaton Creek watershed focuses on passive treatment of acid mine 
drainage (AMD) from land impacted by over 100 years of bituminous coal mining. Passive treatment 
relies on gravity flow rather than pumps, avoiding possible air emissions, to convey AMD to settling 
ponds, vertical-flow ponds, constructed wetlands and horizontal-flow limestone beds comprising the 
treatment systems.

 � Treatment incorporates locally obtained byproducts from other industrial sectors, such as 
agricultural compost in vertical-flow treatment ponds and coal ash, to stabilize and reclaim the mine 
lands contributing to AMD.

 � Construction materials were reused and existing onsite treatment components were repurposed, for 
example, ponds constructed for a former AMD chemical treatment system were used as components 
of the passive treatment system.

 � Manganese and iron oxides are recovered from the AMD treatment process for sale to local and 
regional ceramic artists.

 � Constructed wetlands in the treatment systems are used as a “nursery” to supply plants, cuttings 
and seeds for future treatment wetlands at other nearby AMD sites.

 � Returns treated water to its natural hydraulic course. Populations of fish, including pan fish, 
large-mouth bass and catfish, to Seaton Creek after a 70-year absence.

Constructpassive treatmen

ed wetlands within the t system.
AMD-damaged area in Seaton 

Creek Watershed.

https://clu-in.org/greenremediation/profiles/desalerestoration
https://clu-in.org/greenremediation/profiles/desalerestoration
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Removal of the 3.6-Acre Grove Landfill in Austin, Texas

 � The cleanup involved removing 5,000 cubic yards of illegal dumped debris and treating the 
contaminated soil and surface water.

 � Discarded metal and concrete were salvaged for potential onsite use or for sale.

 � Where possible, cleanup equipment was powered by biofuel made locally from discarded vegetable 
oil or through small-scale solar photovoltaic panels.

 � Wood debris was chipped for use as mulch on recreation trails and for erosion control measures 
throughout the site.

 � Floating islands were constructed in a nearby pond from recovered soda bottles to form habitats for 
organisms capable of bioremediating residual toxins.

 � A portion of the remediated site was used as a location to create compost from discarded food 
waste and provided matured compost for application onsite as well as in City Gardens.

Bricks collect

educ
a fire pit and mee

ed during cleanup fting area f
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Onsite garden beds c

concrete salvaged during cleanup.

https://clu-in.org/greenremediation/profiles/grovelandfill
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Redevelopment

Adaptive Reuse at Ponce City Market in Atlanta, Georgia

 � The largest adaptive reuse project in Atlanta’s history transformed a 2.1 million square foot, historic 
Sears Roebuck warehouse into a mixed-use development for office, retail and residential living. 

 � The Market directly connects to the Atlanta BeltLine, a former railway corridor used as a multi-use 
trail, reducing the need for automobiles.

 � Redevelopment revitalized a blighted site. 

 � The city removed and auctioned the office equipment that had piled up inside the warehouse, 
raising more than $100,000 (Brown, 2011). 

Construction of Solar Farm at Closed Landfill in Rutland, Vermont

 � 7,700 solar panels were installed on 15 acres of the Rutland City 
landfill.

 � The Stafford Hill Solar Farm can generate 2 MW of electricity, 
enough to power about 2,000 homes during full sun, or 365 
homes year-round. 

 � The entire circuit can be disconnected from the grid in an 
emergency to provide critical power from a 4 MW battery to an 
emergency shelter at Rutland High School1. 

 � Transforms space that would otherwise be unusable into 
something that is critical to the community in times of need.

1 https://www.epa.gov/sites/production/files/2016-07/documents/re_on_cl_rutland_case_study.pdf

Ponce City Market Redevelopment.

arehouse.
oebuck W

Former Sears R

Stafford Hill Solar Farm.

http://www.nytimes.com/2011/08/17/realestate/commercial/in-atlanta-big-plans-for-a-big-former-sears-center.html
http://www.greenmountainpower.com/innovative/solar_capital/stafford-hill-solar-farm/
https://www.epa.gov/sites/production/files/2016-07/documents/re_on_cl_rutland_case_study.pdf
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Addressing Vulnerability to Flooding at the Spaulding Rehabilitation 
Hospital in Boston, Massachusetts

 � Situated on a former brownfield on the waterfront, the site’s 
vulnerability to flooding was a major concern and priority during 
the planning.

 � The hospital building was raised much higher than required 
by code:  The first floor is 30 inches above the 500-year flood 
elevation. 

 � Extensive berms will deflect flooding from Boston Harbor and 
the Little Mystic River. 

 � The berms are constructed of large blocks of granite uncovered 
during the site excavation. 

 � An extensive drainage network will allow floodwaters to 
dissipate quickly.

 � The entire first floor of the building could be flooded with only minor damage and while enabling 
the upper floors of the building to remain fully occupied and operational.

Spaulding Rehabilitation Hospital. 
(Steinkamp Photography, courtesy Perkins 
+ Will)

Green Infrastructure Constructed at Former Gas Station in Wilmington, 
Delaware

 � An abandoned gas station, vacant for more than five years, 
was transformed into the Brandywine Village Green with 
Wilmington’s historic district of Brandywine Village.

 � The Brandywine Village Green brings a pleasing green space 
and a needed parking lot to the city.

 � The parking lot is constructed from a permeable paving 
material that collects stormwater in piping beneath the 
parking lot. The water is piped to the nearby bioswale where 
the water is absorbed into the ground.

 � Peat moss below the parking lot and bioswale absorbs 
contaminants that may have been transported by the 
stormwater.

Bioswale and parking lot of the Brandy-
wine Village Green.

http://www.resilientdesign.org/how-to-make-a-hospital-resilient-a-tour-of-spaulding-rehabilitation-center/
http://www.resilientdesign.org/how-to-make-a-hospital-resilient-a-tour-of-spaulding-rehabilitation-center/
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LEED Platinum Development at Former Coal Yard in North 
Philadelphia, Pennsylvania

 � Redevelopment of the 2-acre former coal yard was a joint 
venture between the nonprofit community organization 
Asociación de Puertorriqueños en Marcha and Jonathan Rose 
Companies, a green real estate company.

 � The Paseo Verde Apartments’ green and sustainable design 
became the first project in the country to earn LEED Platinum for 
Neighborhood Development certification from the U.S. Green 
Building Council.

 � It is a 120-unit mixed-income multifamily rental development in 
the ethnically and economically diverse neighborhood. 

 � The apartment building is adjacent to a commuter rail station 
and near neighborhood services. Gardens, gathering spaces, 
and medical and fitness facilities support residents’ health and 
wellness.

 � Site was rezoned from industrial to CMX-3 mixed use, a 
somewhat denser classification than many of the surround-
ing blocks, to support the city’s efforts to lean towards a more 
transit-oriented development neighborhood.

 � A transportation program that emphasizes choices rather than 
costly parking garages saved costs. Paseo Verde supplies only 
0.4 parking spaces per apartment, offers more bike storage 
spaces than parking spots within its ground-floor garage, 
hosts an onsite car-sharing vehicle, and provides information 
for residents about the area’s plentiful transit options.

 � Green infrastructure features include rain gardens, wide 
sidewalks with permeable paving, and green-roof courtyards that permit private decks for some 
apartments. 

 � The “blue roofs” atop Paseo Verde South’s apartments collect water during storms of up to a 
100-year magnitude, and then slowly release it afterwards.

 � Each unit includes gas instant-on water heaters that heat water as it is used instead of continuously 
throughout the day; high-performance Energy Star appliances; and separately metered energy that 
allows residents to track (and reduce) their energy use.

 � Common areas are powered by solar panels atop the Transit Village, which reduces the building’s 
operating costs.

Paseo Verde Apartments.

Green-roof courtyard at Paseo Verde.

https://www.epa.gov/sites/production/files/2015-11/documents/1_apm_rose_companies-paseo_verde.pdf
http://casestudies.uli.org/paseo-verde/
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