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1. Introduction
Investments in renewable energy can supplant fossil fuels as the main source of energy for
electricity production and significantly reduce the country’s and world’s carbon emissions. States
such as Georgia have invested heavily in renewable technologies as they begin to phase out older
fossil fuel power plants. However, contaminated lands such as landfills, Superfund sites, and
RCRA sites sit underused with their potential as solar sites unfulfilled. In contrast, many states
around the country have created policies that commit to using these contaminated lands for
renewable energy, and they have provided supportive incentives that limit project owners’
liability, increase access to loans and grants, and reduce tax burdens. As renewable energy sites,
contaminated sites can become revenue-generating sites that produce low-cost, clean energy for
municipalities across the state.
Although solar photovoltaic (PV) growth is already strong in Georgia, contaminated lands
possess sufficient advantages that may increase their attractiveness as potential solar project
sites. Consequently, a detailed analysis evaluating Georgia’s contaminated lands would provide
potential solar PV developers information about the feasibility of these sites being redeveloped
for renewable energy generation. This paper serves to identify contaminated lands across
Georgia suitable for utility-scale solar PV, to assess the potential costs and benefits of
transforming these lands for solar PV use, and to explore policy options that encourage
converting contaminated lands into solar PV project sites.
Utilizing reports from the RE-Powering America’s Land Initiative, this paper analyzes the sites
identified by the project in more detail to determine the realistic installed PV capacity that could
be placed on Georgia’s contaminated lands. The National Renewable Energy Lab’s (NREL)
System Advisor Model (SAM) is then employed to simulate the performance of solar energy
systems located at identified contaminated lands, with specific attention to the City of Tifton
Landfill. Next, the environmental benefits from displacing fossil-fuel electricity generation are
estimated from the SAM outputs, and through a basic parametric analysis, policy incentives from
other states are evaluated for their impact on the projects’ economics. The simulation results and
policies that may be strong candidates for Georgia’s solar development are discussed at the
paper’s conclusion.

2. RE-Powering America’s Land Initiative
2.1. RE-Powering America’s Land Initiative
A decade ago, the EPA realized that contaminated lands across the country were sitting
underused because developers were concerned about contamination and liability risks. The REPowering America’s Land Initiative was created to encourage renewable energy development
on current and former contaminated lands in coordination with communities and local
stakeholders (EPA, 2020b). By identifying these contaminated sites’ energy potential and
providing resources to accelerate their reuse, the RE-Powering Initiative has initiated the

successful re-development of dozens of contaminated lands. A brief introduction to
contaminated lands can be seen in Appendix A.
RE-Powering tracks contaminated lands across the country using screening criteria that were
developed in collaboration with NREL, and all the 130,000 screened sites can be accessed
through the RE-Powering Mapper and accompanying datasets (EPA, 2018b). Not only does
RE-Powering identify the renewable energy potential at these sites, but it also provides
information on relevant policies as well as other resources for prospective developers.
2.2. The Benefits and Advantages of Renewable Energy on Contaminated Lands
Currently, many contaminated lands sit vacant and underused due to developer and community
concerns pertaining to contamination and liability. However, developing renewable energy
projects such as solar PV on these sites will produce low cost, clean energy that will enable
communities to pursue their climate goals while increasing communities’ tax revenues,
creating local jobs, and boosting the local economy. Below is a list of specific benefits and
advantages associated with RE-Powering projects (EPA, 2016):
● Environmental benefits: Renewable energy on contaminated lands can incentivize the
accelerated cleanup of these properties, and the operation RE-Powering project results in
reduced greenhouse gas emissions. Additionally, contaminated lands represent millions
of acres of accessible generation sites, thereby reducing the pressure to develop open
spaces.
● Low-cost electricity: Beyond the upfront investment costs, renewable energy projects
can provide low-cost electricity, do not have fuel costs, and require minimal ongoing
maintenance.
● New jobs: Renewable energy projects will create short term construction jobs as well as
long term operation jobs. Already, the clean energy industry is among the fastest-growing
industries in the country with almost 370,000 solar and wind industry jobs (American
Wind Energy Association, 2020; The Solar Foundation, 2020).
● Increased tax revenues: Contaminated land values increase with renewable energy
projects placed on them, so municipalities will see an increase in their property tax
revenues.
● Improved project economics: Developers can take advantage of the reduced land costs
associated with contaminated lands, and they can leverage the nearby transmission
infrastructure to reduce their development costs and project timelines.
● Potential project incentives: Developers may be eligible for state and federal incentives
such as limited liability, reduced taxes, grant programs, and streamlined permitting and
zoning.

3. Current Progress and Supportive Policies

There are over 352 renewable energy installations on 327 different contaminated land sites,
totaling over 1.7 GW of installed capacity (EPA, 2019b). As of 2019, the RE-Powering Initiative
reports that 91% of installations are solar PV, 64% are located on former landfills, and over ⅓ of
all installations are located in Massachusetts (EPA, 2019b). Figure 1 displays a map of recorded
RE-Powering projects, and more information on installation makeup and capacity growth can be
seen in Appendix B.

Figure 1: Map of Installed RE-Powering Projects (September 2019)

3.1. Federal Policies
Over the past few decades, the federal government has enacted many policies that incentivize
clean energy development and purchase, including:
●

Business Energy Investment Tax Credit (ITC): The ITC enables investors to claim a
federal tax credit toward the tax liability of their qualified clean energy systems (Solar
Energy Industries Association, 2019). Providing such a large tax credit, the ITC has
encouraged investment in technologies like solar PV while prices have been relatively
high. The solar ITC was at 30% through the end of 2019 and would then step down in the
years following as seen in Figure 2 (Solar Energy Industries Association, 2019).

Figure 2: Phasedown of Federal Solar ITC

● Green Power Purchasing Goal for Federal Government: Section 203 of the Energy
Policy Act of 2005 required at least 7.5% of the federal government’s electricity
consumption to come from renewable energy sources. In 2015, this percentage was to
increase every year up to 30% by 2025, but an Executive Order signed in 2018 canceled
targets above 7.5% (NC Clean Energy Technology Center, 2018).
● Renewable Electricity Production Tax Credit (PTC): The PTC is an inflation-adjusted
per-kWh tax credit for clean electricity that lasts 10 years after the generation facility is
placed into service. The PTC is phased down for wind facilities and expires for other
technologies, including solar PV, that begin construction after the end of 2016 (NC Clean
Energy Technology Center, 2020a).
3.2. State Policies
The Solar Energy Industries Association (SEIA) annually ranks states based on their cumulative
installed solar electric capacity, which can be seen in Appendix C (Solar Energy Industries
Association, 2020):
Many of these states have achieved success in part because they are rich in solar energy and are
well-suited for solar PV. In several of these states, state and local politicians also recognized the
environmental and economic benefits of renewable energy and passed supportive legislation.
Examples include:
● Property Tax Exclusion for Solar Energy Systems (CA): The state of California
provides a property tax incentive in the form of a new construction exclusion for the
installation of an active solar energy system. Lasting until the end of 2024, this property
tax incentive provides a total exclusion for systems that provide for the collection,
storage, or distribution of solar energy (California State Board of Equalization, 2014).
● Solar and CHP Sales Tax Exemption (FL): In 2005 the Florida state legislature made
permanent a sales tax exemption for solar energy system equipment and hardware
certified by the Florida Solar Energy Center (NC Clean Energy Technology Center,
2019).

● Renewable Energy and Energy Efficiency Portfolio Standard (REPS) (NC): Passed
in 2007, North Carolina’s REPS requires all investor-owned utilities to supply 12.5% of
electricity sales from eligible renewable energy sources by 2021. Municipal utilities and
electric co-ops had to meet a target of 10% by 2018. Utilities have a technology-specific
target of 0.2% from solar, and they can demonstrate compliance through obtaining RECs
(North Carolina Utilities Commission).
● Solar Easements & Rights Laws (MA): Massachusetts allows for the creation of
voluntary solar easements to protect sites’ access to solar energy. Without making solar
access an automatic right, the state zoning laws prohibit any rules that prohibit or
“unreasonably regulate” solar energy systems (NC Clean Energy Technology Center,
2020b).
3.3. Policies that Promote Renewable Energy on Contaminated Lands
As part of the RE-Powering Initiative, the EPA keeps track of renewable energy projects on
contaminated lands in its “Project Tracking Matrix” (EPA, 2019b). The reported states with
projects, their installed capacity, and the number of installations can be seen in Appendix D. The
top state is Massachusetts which has 70 more installations on contaminated lands than the next
highest state (EPA, 2019b). By reviewing Massachusetts’s programs and policies that encourage
renewable energy siting on contaminated lands, other states can follow in the state’s example and
establish similar policies and regulations.
3.3.1. Massachusetts
Massachusetts leads the country in the number of clean energy facilities on contaminated lands
with 114 installations that total 301.1 MW of installed capacity as of October 2019 (EPA,
2019b). The state government has enacted several policies that encourage solar PV development
on contaminated land, such as:
● Brownfield Redevelopment Incentives: Massachusetts provides state-subsidized
environmental insurance to parties who purchase, cleanup, and/or redevelop brownfields
located in the state (BDC Capital, 2020). The state also provides tax incentives, such as
the Brownfields Tax Credit Program which provides a tax credit up to 50% after cleanup
is completed (Massachusetts DEP, 2017b). Through the Brownfields Site Assessment
Program, qualified developers can apply for interest-free financing of up to $100,000 per
brownfield site for environmental testing, and the Brownfields Remediation Loan
Program provides loans up to $500,000 per brownfield site for environmental cleanup
(MassDevelopment, 2019). Collectively, these programs encourage the redevelopment of
brownfields, possibly for renewable energy generation.
● Solar Massachusetts Renewable Target (SMART): The SMART Program is a
declining block tariff program designed to provide fixed incentives to encourage the
development of 3,200 MW of solar projects in Massachusetts. Because this program is
declining, the earlier a company participates in the program, the better the financial

incentive the company receives. The program provides 20-year fixed “Base
Compensation Rates” to solar projects between 25 kW and 5 MW. Solar energy systems
larger than 25 kW can qualify for “Compensation Rate Adders” from each of four
different categories: Location Based Adder, Off-Taker Based Adder, Energy Storage
Adder, and Solar Tracking Adder (Massachusetts Department of Energy Resources,
2018).
● Liability Protection: The Brownfields Act established liability relief for parties looking
to redevelop brownfields such as “eligible” owners and operators and downgradient
property owners (MassDEP, 2017). “Eligible persons” are owners who did not own or
contribute to the contamination at the site, and once cleanup is achieved, that owner is
protected from response action costs claims, contribution claims, and property damage
claims (MassDEP, 2017). Massachusetts General Law (MGL) Chapter 21E also provides
similar liability protections relevant to renewable energy developers in the “Eligible
Tenant” and “Eligible Persons” provisions (Massachusetts DEP, 2017a).
● Post-Closure Use Permit and Other Permits: The Massachusetts Department of
Environmental Protection (MassDEP) encourages the post-closure use of landfills as long
as the use does not increase the risk of contamination to the surrounding public. The
MassDEP provides Minor or Major Post-Closure Use Permits to developers for
renewable energy facility construction on closed landfill properties. If the project is
located near a wetland or would alter the wetland’s landscape, a Wetlands Notice of
Intent (NOI) and Order of Conditions must be obtained. If a project will generate more
than 25 MW, the developer may need to file an Environmental Notification Form
(Bureau of Air and Waste, 2016).

4. Georgia Case Study
4.1. Purpose of Case Study
As seen in Appendix D, almost 63% of the renewable energy projects that the RE-Powering
Initiative has identified are concentrated in only 5 states (EPA, 2019b). In contrast, Georgia only
has 3 renewable energy projects on contaminated lands, the most prominent being the Hickory
Ridge Landfill solar installation (HDR). Despite the slow progress, RE-Powering has identified
hundreds of contaminated sites throughout Georgia that may be eligible for a renewable energy
installation.
Despite negative connotations, contaminated sites have their own unique advantages perfect for
renewable energy generation, including low land costs and close proximity to interconnection
infrastructure. Renewable energy projects, particularly solar PV, can turn these economic
liabilities into revenue-generating sites. Consequently, it is worthwhile to identify contaminated
lands in Georgia and explore whether they can be successfully transformed into renewable
energy sites.

4.1.1. RE-Powering Mapper and Dataset
Through the EPA’s “RE-Powering Mapper,” users can access information on over 130,000 sites
across the country that have been assessed for their renewable energy potential (EPA, 2020c).
Finalized in 2018, the RE-Powering dataset is an appropriate starting point for developers
already interested in renewable energy on contaminated lands because it provides site-specific
information such as addresses, acreage, solar data, distance to substations, the estimated PV
capacity, and more (EPA, 2018a). Unfortunately, the dataset’s contents are incomplete, and REPowering acknowledges that a site-by-site consideration will be necessary to gather other critical
pieces of information such as the site slope and the usable acreage of the property fit for solar
panel siting (EPA, 2018a). While the analysis is limited to the 2018 RE-Powering dataset, more
recently identified contaminated sites can be found on the EPA’s Cleanups in My Community
database, state landfills and brownfields databases, and other sites (EPA; Georgia EPD).
Information on the solar energy potential for landfills, brownfields, Superfund, and other RCRA
sites across Georgia can be isolated with the RE-Powering Mapper. Although the dataset
contains information on hundreds of sites, most of these sites may not actually be usable due to
their insufficient size, the property’s current use, and for other reasons. Therefore, the dataset can
be substantially improved by recalculating each site’s solar PV capacity and locating additional
property information.
The dataset’s acreage estimates rely on reported figures through the respective contaminated land
program, so they usually underestimate the entire property’s acreage (EPA, 2020a). For example,
the LMOP may only report on the acreage of the landfill equipped or monitored for landfill
methane, but its acreage report may not include the entire property. Property records accessed
through different county property tax assessors' websites provide the needed information to
determine each contaminated site’s total acreage.
This paper limited eligible contaminated lands to those large enough to house at least a 2 MW
system (16 acres), so many properties, particularly brownfields, were eliminated from
consideration (EPA, 2018a). RE-Powering utilizes a ratio of 4.5 acres/MW solar PV, but this
metric is at the lowest range of most accepted estimates and may be unrealistic if any part of the
property is unsuitable for solar installation (Goldstein, 2018; SEIA). A conservative metric of 8
acres/MW, which is utilized by the Drawdown Georgia project, falls within accepted ranges and
recognizes that contaminated lands may have obstructions that limit maximum packing.
4.1.2. Google Earth Pro
Google Earth Pro is a free geospatial software application that can be downloaded to a user’s
computer to analyze and capture geographical data (Chowdhry, 2015). The program provides
additional features such as the ability to measure areas in polygons or circles, access
demographic and traffic data layers, and produce elevation profiles located along plotted paths
(Chowdhry, 2015). Google Earth Pro facilitates the gathering of additional information on

Georgia’s contaminated sites which will further improve the dataset and enable a more robust
analysis of each site.
The program’s ruler tool produces elevation profiles and determines the orientation of each
contaminated site under review. Ideal sites are flat or have minimal grades that minimize site
preparation and reduce the costs of the PV system’s foundation components (EPA and NREL,
2013). Developers also prefer slopes that face between 20-30 degrees due south in order to
maximize their exposure to sunlight (EPA and NREL, 2013). The plateau of landfills presents an
excellent option for solar energy systems on contaminated lands because they generally have a
minimum grade of 2-3 percent to minimize rainwater infiltration and reduce erosion (EPA and
NREL, 2013).
Polygons calculate the usable acreage for fixed-tilt solar PV projects as well as plausible acreage
for thin-film projects. Thin-film solar panels, as part of a PV-integrated geomembrane, are only
considered for landfills still open and yet to go through the closure process (EPA and NREL,
2013). This paper only counts fixed-tilt acreage for final calculations because PV-integrated
geomembranes make up a small portion of the landfill solar market.
Unfortunately, Google Earth Pro users are unable to perform sophisticated analyses that one
could perform with GIS software such as a sun position analysis or detailed terrain slope analysis
(ESRI; Wiki.GIS). Therefore, the site information identified in Google Earth Pro most likely
represents the maximum potential of these sites. A table describing each contaminated site can
be seen in Appendix E.
4.1.3. NREL’s SAM Tool
The System Advisor Model (SAM) is a techno-economic software model that can simulate
various types of renewable energy systems and calculate systems’ costs and productivity
(NREL). The SAM tool also allows users to enable different financial models such as a power
purchase agreement (PPA), distributed system, merchant plant, or Levelized Cost of Electricity
(LCOE) calculator. Using a renewable energy project’s address, SAM can extract site-specific
solar radiation information from NREL’s National Solar Radiation Database (NSRDB) (NREL).
While SAM contains default system costs, current solar PV technology and cost information can
be accessed from various sources including NREL’s Annual Technology Baseline and U.S. Solar
Photovoltaic System Cost Benchmark ((Fu, 2018; NREL, 2020). After recording location data,
system costs, financial parameters, revenue sources, and incentive types, users can generate
lifetime costs, revenues, and energy production from their designed renewable energy system.
SAM additionally empowers users to perform parametric analyses and explore how different
incentives and cost changes impact their system’s results.
A hypothetical solar energy system for the City of Tifton Landfill was designed in the program
to determine whether the system would be economical, and through a parametric analysis,
analysts can see which policies from other states best increase the project’s performance.
Excluding a financial model for the other contaminated sites in the dataset, SAM was used to

estimate the lifetime energy production potential for all eligible contaminated lands in the
improved dataset. The results are discussed in more detail in Section 4.2.
4.1.4. The National Energy Modeling System
As part of the Drawdown Georgia project, the Georgia Institute of Technology and other
university researchers have joined forces to identify the climate solutions most likely to achieve
carbon neutrality in Georgia by 2030 (Lanier, 2019). Through simulations in Georgia Tech’s
personal version of the National Energy Modeling System (NEMS), researchers have modeled
the environmental effects and economic costs of selected solutions. Developed by the US Energy
Information Administration (EIA) NEMS generates the agency’s annual AEO projections and is
used by many federal agencies, nongovernmental organizations, and research institutions (EIA,
2020a). Each module in NEMS can be executed independently, allowing for independent
analysis and testing, so researchers can simulate how changes in legislation and regulations
impact future energy markets and environmental outcomes (EIA, 2020a).
Georgia Tech’s NEMS program (GT-NEMS) produced a “Baseline Forecast” which can be used
to determine Georgia’s projected air pollutant emissions and electricity production through the
year 2050. As seen in Appendix F, a combination of the electricity and emissions information
produces an average annual emissions intensity and pollution estimate for Georgia’s electricity
throughout the lifetime of the designed solar system. With solar panels producing pollution-free
electricity, each kilowatt-hour of energy produced by the solar system potentially represents
electricity not produced by a Georgia power plant, and the different pollution estimates can be
combined with SAM’s energy production outputs to estimate future pollution reductions.
4.1.5. The City of Tifton Landfill and SAM Simulation
Considering that the majority of identified RE-Powering projects are located on landfills, the
City of Tifton Landfill was selected for simulation in SAM as an example of a contaminated site
being converted into a productive solar energy site. Located in Tift County, this landfill is
currently in operational use and is scheduled to close by 2030. The RE-Powering Initiative
estimates that a 13.9 MW solar PV system could be built on the property.
Originally listed at 62.8 acres by RE-Powering, the entire landfill site could be as large as 337.19
acres based on the county’s property tax records seen in Figure 3. The ruler tool and polygon
function in Google Earth Pro measured the landfill’s terrain slope and mapped the eligible acres
for siting the solar PV system. An example of the elevation profile as well as the mapped sites
can be seen in Appendix G. Based on the mapped areas and the 8 acres/MW metric, the City of
Tifton Landfill could support a 7.46 MW project.

Figure 3: Properties owned by the City of Tifton and Tift County

The landfill was modeled in SAM under the Merchant financial model representing a project
owned and operated by Colquitt EMC, a rural co-op operating within Tift county (Georgia
EMC). Although many projects within the state operate with a Purchase Power Agreement
(PPA), there are solar PV projects directly owned and operated by EMCs, such as Walton
EMC’s three solar farms (Walton EMC).
The designed 7.46 MW solar PV system uses the “Premium” solar panels in PVWatts which are
set at 19.1% efficiency, and the panels are assumed to be ground rack-mounted and fixed at 20
degrees. This efficiency level is within reasonable estimates, and the 20-degree tilt angle reflects
that panels in lower latitude states like Georgia do not require as much tilt to receive direct
sunlight (EIA; Marcy, 2018). Additionally, nearly half of Georgia’s large solar PV systems are
fixed-tilt, so having the installation be a fixed-tilt system is reasonable (EIA, 2019a).
Compared to more traditional solar locations, landfills are considered to have elevated costs due
to additional environmental permitting and studies (Mass DOER, 2012). Based on information
from New Jersey’s Clean Energy Program, a solar project on a landfill or brownfield would cost
14.1% more than on a regular location (Michelman, 2019). Therefore, when modeling the City of
Tifton Landfill’s solar PV system in SAM, a multiplier of 1.141 was applied to selected design
cost categories.
The financial parameters reflect a project lifetime of 25 years, state income and sales tax rates, an
average Tift County property tax rate, and other default SAM values. Unfortunately, there was a
bug with SAM’s “Energy Market Revenue” option, so the program failed to calculate sales of the
system’s produced energy. However, mimicking revenues from electricity sales via a utility
production-based incentive resolves this problem.
Lastly, assuming this project is in operation throughout the entirety of 2021, a federal investment
tax credit (ITC) of 22% is in place (Solar Energy Industries Association, 2019). The model’s
costs, financial parameters, and incentive information can be seen in Appendix H.

4.2. Results
4.2.1. Energy Production
According to SAM, a 7.46 MW fixed-tilt solar system at the City of Tifton Landfill would
produce over 11.4 million kWh of electricity in its first year of operation. At the end of its
lifetime, around 25 years, the project is predicted to generate over 268 million kWh’s, enough to
satisfy the annual energy consumption of nearly 25,000 homes (EIA, 2019c). The solar project’s
monthly energy production for its first year can be seen in Figure 4.

Figure 4: Monthly Energy Production for First Year of City of Tifton Landfill Solar Project

Despite the impressive energy generation, the solar facility operates only at 17.5% capacity in
SAM. While fixed-tilt systems have a lower capacity factor than tracking systems, SAM’s
estimate is fairly low. For example, Berkeley Lab has Georgia’s fixed-tilt systems operating
around 22% capacity on average (Berkeley Lab, 2019). Following SAM’s energy production
methods, each year’s energy production was calculated as if the system operated at 22%
capacity. Throughout its lifetime, the system would produce about 26% more energy than when
operating at 17.5% capacity. The full energy calculations can be seen in Appendix I. The energy
results for all the other contaminated sites can be seen in Appendix J.
4.2.2. Costs
Based on cost comparisons with figures reported in NREL’s U.S. Solar Photovoltaic System Cost
Benchmark and Annual Technology Baseline, SAM’s default installed cost per capacity,
$1.07/Wdc, reflects installed costs for a 100 MW fixed-tilt solar PV system (Fu, 2018; NREL,
2020). Therefore, it seemed reasonable to use NREL’s detailed cost breakdown for a 5 MW
fixed-tilt solar project for SAM’s system cost inputs. NREL’s chart breaking down a solar PV
system’s installed cost per capacity can be seen in Appendix K. A multiplier of 1.141 to the

system costs reflects the elevated costs that a landfill solar installation may have compared to a
solar project at a different location.
One of the largest costs was grid interconnection. The landfill lies 3.12 miles from the nearest
substation requiring transmission lines capable of transporting electricity at 230 kV. Based on
2018 cost figures for the Western Electricity Coordinating Council (WECC) and past trends,
2020 interconnection costs for 230 kV would be approximately $1,060,786 per mile, so the
interconnection costs for the City of Tifton Landfill would be approximately $3,309,653 (Olson,
2019). This large interconnection cost demonstrates how important the proximity to the point of
interconnection can be, and it substantially raises the project’s installed costs to $1.79/Wdc,
which is close to commercial PV system costs (Fu, 2018).
At the end of the project’s life, SAM projects that it will have a net present value (NPV) of $2,265,919. Under current policy and economic conditions, a developer should not pursue
installing a solar project at the City of Tifton Landfill.
4.2.3. Monetary and Environmental Benefits
Despite the high prices and negative NPV, the site’s electricity generation brings in between
$1,000,000 to $2,000,000 each year in electricity sales. By producing emission-free energy, the
solar PV system could create significant environmental benefits if it displaces energy generation
from power plants. Georgia’s electricity pollutant information from GT-NEMS estimates the
project may potentially reduce CO2 emissions between 4,000 and 6,000 tons per year, resulting
in a lifetime reduction of over 121,000 tons. The project will also reduce approximately 18.5 tons
of SO2, 47.7 tons NOx, and 0.43 pounds of Mercury. The emissions results for the solar PV
system operating at 17.5% and 22% capacity can be seen in Appendix L.
If the carbon benefits were monetized at the social cost of carbon (SCC), the NPV of the solar
project would greatly increase. An interagency working group within the EPA first published the
social cost per metric ton of carbon from 2010 to 2050 at three different discount rates in 2007
US dollars (Interagency Working Group on Social Cost of Greenhouse Gases, 2016). First, a
consumer price index multiplier converted the interagency working group's SCC values into
2020 dollars, so the monetary benefits of the solar project’s annual carbon reduction potential
could be determined. At a 3% discount rate, the reduced carbon emissions are worth $5,751,502
which, if paid to the project owner, would make the NPV positive. The discounting process for
the solar project at 17.5% and 22% capacity can be seen in Appendix M. Appendix N displays
the carbon reduction benefits of all the mapped contaminated sites should they be converted into
solar facilities.
Following past regulatory practices, the current administration has said that the effects of carbon
are to be considered at a 7% discount rate and only with a domestic scope ((Gayer, 2016; Office
of Air Quality Planning and Standards, 2017). This approach creates a 2020 SCC of only $1.02
per metric ton carbon and would drastically reduce the value of the solar project’s carbon
reduction benefits (Resources for the Future, 2019). The project’s carbon reduction benefits

would drop to only $5,305 (7% discount) from $275,631 (3% discount) in just the first year
alone.
4.2.4. Parametric Analysis
SAM’s unique parametric analysis tool enables me to manipulate individual input values and
assess how they impact results like annual energy production, NPV, payback period, annual
costs, etc. Determining which variables have the greatest impact on the NPV helps identify
which supportive policies and incentives best improve the economics and performance of the
landfill solar project.
Several cost variables were analyzed for their impact on the project’s NPV: module price,
inverter price, permitting cost, interconnection cost, and O&M costs. After increasing and
decreasing these variables by 10% to a minimum/maximum of -60%/60%, the interconnection
and module cost were determined to have the strongest effects on the system’s NPV. These
results demonstrate how a project’s economics can greatly improve if the interconnection costs
are kept to a minimum. While a developer cannot personally lower module costs, historical
trends indicate module costs will continue to drop even as the technology improves (Rollet,
2020).
The impact of the Federal ITC, property and sales taxes, electricity price, and discount rate on
the project’s NPV were also examined in SAM. The Federal ITC and electricity prices had the
strongest impact on the NPV. The parametric analysis results emphasize the importance of the
Federal ITC which can significantly reduce developers’ upfront costs, so the timing of solar PV
projects is very important since the ITC is set to decline to only 10% by 2022 (Solar Energy
Industries Association, 2019). Additionally, as the solar project’s sole method of revenue,
electricity sales substantially impact the NPV.
The full parametric analysis results for the system costs and financial parameters can be seen in
Appendix O.
4.2.5. Uncertainties
There are several uncertainties worth discussing:
● RE-Powering Dataset
○ While the RE-Powering dataset is very useful, additional property information
would be more helpful in identifying which parts of the contaminated site are
being counted. With respect to landfills, RE-Powering counts “landfill designated
area,” but there may be other parts of the landfill not counted (EPA, 2018a). For
example, county tax records suggest the actual property of the City of Tifton
Landfill is almost five times the reported landfill designated area (link). Having
the counted acres mapped by RE-Powering would provide clarity and help
interested parties identify the additional property to be included in the analysis.

● Google Earth Pro Mapping
○ The Google Earth Pro program has been helpful in mapping sites, determining
acreage, and evaluating the grade of the terrain. However, compared to
professional GIS software, the program has limited analysis capabilities and may
not accurately capture each location’s topography. A more detailed GIS analysis
with enhanced features could better determine the true number of acres suitable
for solar panel installation.
● Missing Details
○ A professional feasibility study could reveal important information such as the
landfill’s settlement rates, the stormwater management system, the characteristics
of the landfill cap, and the location of landfill gas collection equipment (EPA and
NREL, 2013). All of these factors will impact where solar panels can be placed on
the property.
● Design Cost Information
○ NREL’s most recent Annual Technology Baseline and U.S. Solar Photovoltaic
System Cost Benchmark largely rely on costs last determined in 2018 (Fu, 2018;
NREL, 2020). Due to solar technology improvements, these costs may have
changed which would impact the total costs of each solar PV project. However,
SAM’s default costs were similar to those in the NREL publications, so it seemed
reasonable to use their costs for the City of Tifton Landfill system.
● Projecting into the Future
○ SAM relies on projected trends to estimate how costs and revenues will change
over time. While projections can be made based on historical trends, there is no
guarantee these trends will continue.

5. Discussion
The SAM results indicate that a developer should avoid installing a large solar energy system at
the landfill under current economic conditions. The largest cost category, the grid
interconnection costs, accounted for nearly 25% of the system’s total costs, and they could be
even higher if a new substation needs to be built. The site’s prospects for renewable energy are
made worse considering this study did not include costs of leasing the land for the system nor the
additional complications specific to the landfill, such as uneven settlement rates.
Despite the negative results, other states across the country have made tremendous progress and
have demonstrated that renewable energy development on contaminated lands improves the
grid’s resiliency, improves load flexibility, creates jobs, and is good for the environment (Laws,
2018; Roberts, 2019; SEIA, 2019). Therefore, the Georgia legislature should equip potential
developers with needed policy incentives to continue the rapid expansion of solar and other

renewables. While utility-scale solar has thrived in Georgia over the past decade, more work can
be done to encourage cooperative/community scale solar systems which could be placed on
communities’ landfills, brownfields, and other contaminated lands. Currently, Georgia does not
have a Renewable Portfolio Standard, voluntary renewable energy target, interconnection
guidelines, solar easement regulations, not mandatory net metering requirement, all of which
strengthens the competitiveness of renewable energy projects (EIA, 2019b). The legislature
could also enact a solar carve-out requirement for utilities, create a statewide solar ordinance,
greatly expand its solar rebate program, and provide property and sales tax exemptions (Solar
Power Rocks, 2020). The Public Service Commission (PSC), which oversees Georgia Power, the
state’s largest utility, could also play a significant role by considering several of these policies
(PSC). Coming out of the COVID-19 crisis, these types of policies can help bolster the economy
through new jobs and energy development in addition to improving the environment.
The parametric analysis for the City of Tifton Landfill’s solar energy project clearly identifies
the types of policies that would bolster renewable energy’s competitive edge in the state’s energy
market. A combination of policies utilized in other states were modeled to assess their impact on
the economics of the solar PV system, and their full results can be seen in Appendix P.
As the parametric analysis suggests, policies that eliminate sales and property taxes as well as
increase revenues to project owners have strong, positive impacts on the economics of the
project. State lawmakers could learn from these results and specifically identify how to further
energize the state’s solar industry. For example, the state legislature could encourage solar
projects on contaminated lands through a program similar to Massachusetts’s SMART Program
in which the state pays renewable energy system owners a fixed production-based incentive if
they redevelop contaminated sites. Specifically, developers could be paid a rate close to or under
the retail electricity price, and “Compensation Adders” for contaminated lands could be added to
further boost revenues. SAM calculates that with only a landfill compensation adder of
$0.04/kWh, the same as in the SMART Program, the City of Tifton Landfill would have a
positive NPV of almost $769,000.

6. Conclusion
Across the state of Georgia, there are dozens of contaminated lands with limited reuse options
due to unfavorable public opinion and their liability risks. This study identifies which sites are
suitable for renewable energy production, and it demonstrates that many of these sites can be
converted into productive, revenue generating property. However, the City of Tifton Landfill
clearly is not a favorable option for a new solar energy facility without additional support from
the state and local governments. Despite the negative evaluation, the site could be a productive
renewable energy project under the right conditions. In the future, renewable energy projects
might be rewarded for their carbon emission reduction benefits, and there could be new
supportive state incentives that provide specific aid to projects on contaminated lands. While the
site’s economics are currently unfavorable, there is value in identifying contaminated lands
suitable for renewable energy projects because now, interested developers can keep track of
potential project sites, evaluate available incentives, and begin to plan for the future. Already,

other states have laid the groundwork for Georgia to follow and capitalize on the advantages of
its own contaminated lands for renewable energy generation.
With the growing urgency to mitigate climate change, we will need to consider innovative ideas
that continue the strong growth of clean energy without compromising our sustainable principles.
States such as Georgia should recognize the potential of contaminated lands to develop the next
frontier for renewable energy growth.
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Appendix A
1.1. Overview of Contaminated Lands
1.1.1. Landfills
The Resource Conservation and Recovery Act (RCRA) establishes the framework for a national
solid waste control system (EPA). Landfills are engineered and managed facilities designed to
handle the disposal of solid waste and protect the environment and surrounding communities
from contaminants present in the waste stream (EPA).
The EPA assists stakeholders and local officials with methane emissions capture on many
landfills through its Landfill Methane Outreach Program (LMOP) (EPA, 2020a). Once the
landfill closes, the site has limited use beyond potential LFG collection, and it must be monitored
for 30 years (Carpus, 2017). Now, with the number of active landfills down from 8,000 a few
decades ago to around 3,000 landfills, there remains ample opportunity for former landfills to be
considered for siting utility-scale solar PV projects (Lytkowski, 2018).
1.1.2. Brownfields
A brownfield is a real property site whose “expansion, redevelopment, or reuse of which may be
complicated by the presence or potential presence of a hazardous substance, pollutant, or
contaminant” (EPA). Common contaminants located at brownfield sites include lead, oil,
asbestos, polycyclic aromatic hydrocarbons (PAHs), other metals, and VOCs (EPA, 2019a).
Following RCRA guidelines, the Georgia Environmental Protection Division (EPD) manages the
cleanup and oversight of brownfield sites in Georgia (Georgia EPD). The EPA estimates that
there are more than 450,00 brownfield sites across the nation, so cleaning up and reinvesting in
these properties as renewable energy sites can contribute to increased tax revenues, jobs, and
clean energy production (EPA).
1.1.3. Superfund Sites
The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA),
informally called Superfund, enables the EPA to clean up sites contaminated with hazardous
wastes and covers manufacturing facilities, processing plants, landfills, mining sites, and more
(EPA). In addition to establishing regulations concerning closed and abandoned hazardous waste
sites, CERCLA also provides for liability of actors responsible for the release of these hazardous
wastes and establishes a cleanup trust fund (EPA). With over 1,100 Superfund sites on the
National Priorities List, the EPA, through its Superfund Redevelopment Initiative, has prioritized
redevelopment and reuse of Superfund sites (Superfund brochure). Utility-scale solar PV
developers can connect with EPA and local officials to plan how Superfund sites can be used to
produce clean energy.

Appendix B

Pie Charts of Projects by Technology and by Capacity (EPA, 2019b)
Solar PV makes up over 90% of installed renewable energy projects on contaminated lands.
However, wind energy projects make up over a third of installed capacity because these
projects are much larger than their solar energy counterparts.

Chart Displaying the Trend in Installed RE-Powering Projects (EPA, 2019b)
The majority of RE-Powering projects have been constructed in the past 6 years, with a large
spike in 2017 and a dramatic decline in 2019. Small utility-scale projects (1-5 MW) represent
most installations.

Appendix C

Chart Showing the Top 10 Solar States (Solar Energy Industries Association, 2020)
Many of the top solar states in the country have passed supportive legislation to
encourage new solar installations. Ranked at the 9th position, Georgia has seen an
explosion in utility-scale solar farms in the past decade.

Appendix D

Table Recording the Number of Installations, Installed Capacity, and Policies (EPA, 2019b)
From this table, readers can see that most of the renewable energy installations are small
capacity projects. Some states such as Oregon, Wyoming, and Pennsylvania have few projects
on contaminated lands, but those few are large wind farms located on open properties like
landfills or mining sites.

Appendix E

Appendix F

Projected Future CO2 Intensity of Georgia Electricity
GT-NEMS produces CO2 emissions forecast at the SERC-S level. Georgia represents
40.9% of SERC-S electricity generation and 46.2% of emissions (Dr. Brown). Using
these figures I can determine the future carbon-intensity of the state’s electricity as
emission levels and electricity production change.

Projected Future SO2 Intensity of Georgia Electricity
Using similar proportions and methods for finding the CO2 intensity, I determined
Georgia’s electricity’s SO2 intensity.

Projected Future NOx Intensity of Georgia Electricity
GT-NEMS may underestimate NOx emissions by not accounting for the significant
differences in removal rates across controls or how the controls are operated.
Most of the electricity sector’s NOx emissions come from the use of coal and natural
gas for electricity generation. Future NOx emissions can be estimated by using
Georgia’s real 2019 NOx emissions and applying a ratio based on projected coal and
natural gas generation:
NOx emissions in Year X=2019 NOx*((Year X Coal+NG Generation))/((2019 Coal+NG
Generation))
With this formula, future NOx emissions in Georgia will reduce proportionately to the
decline in coal and natural gas use for electricity generation respective to each carbon
tax scenario.

Projected Future Mercury Intensity of Georgia Electricity
Using similar proportions and methods for finding the CO2 and SO2 intensity, I
determined Georgia’s electricity’s Mercury intensity.

Appendix G

Google Earth Pro Display of Mapped Landfill Site
The polygons demarcated in red outline the mapped acreage with characteristics
suitable for solar PV installation. These areas were either flat or had terrain grades
under 5%. In total, they represent 59.7 acres.

Example of Elevation Profile from Mapped Site
Representing the top right-hand polygon from the mapped landfill site, this elevation
profile displays the relatively flat terrain at the site. There is a very slight north-facing
slope of 1%. Although not facing true south, this site appears to be well suited for solar
PV installation

Appendix H

System Cost Information from SAM
According to the New Jersey Clean Energy Program, a solar installation costs 14.1%
more than at a regular location, so this percent increase was applied uniformly to all
costs. The system costs $13,352,518.50 with an installed cost of $1.79/Wdc.

Financial Parameters from SAM
Financial parameters reflect a state income tax rate of 5.75%, sales tax of 4%, and Tift
County property tax rate of 1.07% (Georgia Department of Revenue; smartasset; Solar
Power Rocks, 2020). Without more detailed information on how a landfill solar energy
system changes the planning and financing process, all other information reflects SAM
default values.

Incentive Information from SAM
Unfortunately, a bug in the SAM program resulted in no revenues from electricity sales
being generated. However, retail sales can be reflected via a production-based
incentive (PBI). Using electricity price information reported in 2018, I estimated current
prices to be $0.106645/kWh and would maintain a steady increase of 0.83% per year
(EIA, 2020b).

Appendix I

Energy Production from City of Tifton Landfill (17.5% Capacity Factor)
The City of Tifton Landfill will consistently make between 10 to 11 million kWh’s of
electricity each year which could be sold to customers. This energy production reflects
the system operating at 17.5% capacity which is relatively low for a large solar energy
system in Georgia.

Energy Production from City of Tifton Landfill (22% Capacity Factor)
A more realistic 22% capacity factor significantly increases the energy productions of
the solar energy facility. This energy will increase electricity revenues as well as
environmental benefits.

Appendix J

Potential Georgia Contaminated Land Energy Production (17.5% Capacity)

Appendix K

NREL Chart Breaking Down Installed Costs by Capacity and Type

Appendix L

Environmental Benefits from Solar Energy System (17.5% Capacity)

Environmental Benefits of Solar Energy System (22% Capacity)
As the energy system produces more energy when operating at 22% capacity, the
system will displace additional electricity that otherwise would have been generated at
one of Georgia’s fossil fuel power plants. This increases the system’s environmental
benefits.

Appendix M

Table of Social Cost of Carbon (Interagency Working Group on Social Cost of
Greenhouse Gases, 2016)
The EPA’s Interagency Working Group on Social Cost of Greenhouse Gases devised
the social cost of carbon (SCC) from 2010-2050 in 2007 USD. The chart above
represents the converted SCC to 2020 USD.

Value of Renewable Energy System’s Carbon Reduction Benefits (2.5% Discount)
Based on rounded carbon emissions reduction (in metric tons), the value of the solar
energy system’s carbon reduction benefits would be over $8.75 million at a 2.5%
discount rate. 2.5% is the lowest discount rate provided by the EPA, and it grants
significant weight to future impacts of climate change from carbon emissions.

Value of Renewable Energy System’s Carbon Reduction Benefits (3% and 5%
Discount)
Increasing the discount rate reduces the value of future reduced emissions. At a 3%
discount rate and a 5% discount rate, the value of the solar energy system’s carbon
reduction benefits would be over ~$5.75 million and $1.5 million, respectively. The
Trump Administration’s use of a 7% discount rate and limited scope would reduce the
value of these benefits even further.

Appendix N

Appendix O

Spider Plot Showing Impact of Design Costs on NPV

Spider Plot Showing Impact of Financial Parameters on NPV
The interconnection and module costs and the electricity price have the most influence
on the project’s NPV. Only improvements in electricity prices could produce a positive
NPV, but if policies improved several variables, they may cumulatively produce a
positive NPV.

Appendix P

Impact of Property Tax on the Project’s NPV
Reducing the property tax can significantly improve the NPV of the solar energy project.
Currently, the property tax in Tift County is 1.07%, but if the installation was exempt
from property taxes, the NPV of the project would improve by over $1 million. The local
community could create an exemption in its solar ordinance, or the state legislature
could pass legislation creating a statewide exemption.

Impact of Sales Tax on the Project’s NPV
The sales tax has less of an impact on the total NPV than the property tax, but if the
state provided a sales tax exemption for solar energy equipment, the project’s NPV
would improve over $200,000.

Impact of ITC on the Project’s NPV
This chart emphasizes the dramatic impact the federal investment tax credit has on a
solar energy project’s NPV. With the ITC phasing down, solar developers should begin
construction no later than the end of 2021 or else the ITC will drop from 22% to 10%.
This parametric analysis explores how different ITC rates could impact the modeled
solar project’s NPV.

Impact of PBI on the Project’s NPV
These results strongly suggest that one of the best ways to improve the economics of a
large solar energy system is to provide a production-based incentive. Massachusetts’s
SMART program provides financial incentives to solar energy owners in pursuit of 3,200
MW of solar installed in the state (Massachusetts Department of Energy Resources,
2018). Programs that join late fall into lower blacks and receive smaller incentives, so
developers are incentivized to construct a facility as soon as possible. Just adding the
Landfill Adder, $0.04/kWh, is enough to make the NPV of the modeled solar project
positive.

Stacked Incentives’ Impact on the Project’s NPV
This demonstrates how three policy options, a PBI, sales tax exemption, and property
tax exemption, could improve the economics of the solar energy system at the landfill.
The impact of all three solutions is so large, that these incentives are able to overcome
the project’s high grid interconnection cost, demonstrating that sufficient policy
incentives will make more sites economically feasible for renewable energy
development.

