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ABSTRACT

TITIKSHA FERNANDES. Why Waste? Local Factors and Recycling Outcomes. A case study
of North Carolina Counties (Under the direction of DR. SUZANNE M. LELAND)

The U.S. Environmental Protection Agency (EPA) reported that in 2015 only 67.8
million tons or about 26% of the total waste generated was recycled, while the waste generated
continued to rise. It is clear from the numbers above that the success of current recycling
programs is limited. Increasing populations will continue to put pressure on our existing
resources, compelling governments at all levels to take additional action to increase recycling
efforts to transition from a linear model of make, use, and dispose to a closed-loop circular
economy system, emphasizing reduce, reuse and recycle. Additional challenges arising from

China’s National Sword Policy have further exacerbated the recycling crisis.

Within this context, my research evaluates recycling programs at the county level in the
state of North Carolina. The first part explores county level factors that affect recycling rates.
Factors span across the economic, demographic, social, geographic, technical, and programmatic
aspects of recycling programs. The second part of my study focusses on exploring the economic
and environmental merits of recycling. Specifically, this section explores the GHG emissions and
wage creation from recycling certain materials as compared to landfilling them, and the causal
mechanism between recycling, and GHG emissions and employment generation. Qualitative
interviews with stakeholders in the recycling community inform the findings of my quantitative

analysis.

I found that recycling is moving away from being a behavior based on individual taste
and preferences to a mainstream behavior—part of everyday life. We must view recycling not
only as an individual altruistic action but also as a means to decrease the cost of goods, lower
landfill costs, combat climate change, and reduce resource and energy use while engaging the
community. Most important is the need for standardized measures for recycling, new ways to
measure recycling performance, and greater consistency in solid waste management policies so

that scholars and program analysts can conduct more comparative studies.
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CHAPTER 1: INTRODUCTION

The National Recycling Goal set forth by the United States Environmental Protection
Agency (EPA) State aims to increase the national recycling rate to 50 percent by 2030 (epa.gov).
While state and local governments continue to spend millions of dollars on recycling efforts,
challenges arising from China’s recycling import ban! and the limited growth of the U.S.
recycling market highlight the need to evaluate current recycling practices. Understanding
whether these efforts are achieving their environmental and economic goals and whether they
align with the goals set forth by the EPA, can help policy makers and leaders identify the state of
recycling and areas of improvement.

This dissertation focusses on recycling policy at the local level across North Carolina, to
evaluate current recycling practices. My research builds on the existing literature by introducing
new key variables of interest. To that end, this interdisciplinary mixed methods study addressed
the following broad questions to evaluate recycling programs for the state of North Carolina and
make policy recommendations based on the findings:

1. How do county level economic, political, social, structural, and geographical factors

influence the recycling rates in North Carolina counties?

2. Does recycling lead to positive environmental and economic outcomes in North

Carolina counties?
3. What county-level indicators help measure recycling-program performance? Does the

quantity of items collected at the county level differ from what is recycled at the

! China’s “National Sword” policy of 2018 banned the import of most plastics, resulting in a 99% decrease

in plastic imports. This was done to keep contaminated materials, which were starting to create major problems for
the country’s natural environment, out of China (Katz, 2019)



Material Recovery Facilities (MRF)?? If yes, what might account for those differences?
What are the motivations for recycling at the county level and at the MRFs?

Relevance

Population growth, followed by rapid urbanization and an increase in disposable
incomes, has led to a rise in demand for both natural and human-made resources, thereby
increasing pressure on existing resources (United Nations Environmental Programme, 2012).
Resource demand is projected to grow over the coming decades, making way for a resource-
constrained world in the 21st century (Bardi, 2014). Although efforts are underway to identify
new reserves to combat the predicted depletion of resources, the significant trade-offs involved
in the process are often not fully realized. This process does not preclude devastating price
spikes, supply disruptions, monopolistic and strategic behavior, and geopolitical conflicts, all of
which can have devastating impacts on economies and societies.

Equally, if not more important, are the worsening environmental (and, consequently,
often social) impacts as better quality, more easily accessible resources deplete, and new
extraction moves to lower quality resources in often remote, inaccessible, and ecologically
vulnerable places. Environmental and social impacts include local environmental degradation,
increased potential for catastrophic accidents, and growing energy use and its consequent
greenhouse gas emissions.

As resource and environmental constraints become more prominent, strategies aimed at
using these resources in a closed loop are gaining traction (Tisserant et al., 2017). The Ellen
MacArthur Foundation (2014) termed this closed-loop system the “circular economy.” A circular

economy is an “economic system aimed at minimizing waste and making the most of resources.”

2 MRFs are solid waste management plants that process and prepare recyclable materials for manufacturers to
be able to use as raw materials in their production (Hosanky, n.d.).



This regenerative approach contrasts with that of the traditional linear economy, which has a
“‘take, make, dispose’ model of production” (Ellen MacArthur Foundation, 2014). Effective
recycling practices bolster the closed-loop system by ensuring that waste is diverted from the
landfill and back into the resource loop such that it could potentially replace primary materials
and consequently the resource-extraction process (Maio & Rem, 2015).

Focusing on efficient utilization and recycling/reuse of resources creates multiple
socioeconomic and environmental benefits. Acknowledging these benefits, countries are
formulating integrated, comprehensive, national-level strategies to promote resource security and
sustainability. The most notable among these national plans is the European Commission’s
(2015) Circular Economy Strategy, which aims to close the loop between resource supply and
demand through recycling and reuse efforts, thereby directly addressing the 3 Rs of reduce,
reuse, and recycle and moving away from a linear approach to products (Fig 1.1). Moreover, as
of 2016, almost all countries had committed to achieving climate targets, which could motivate
them to distance themselves from past practices dominated by energy-intensive extraction and
overseas shipping of resources from far away. In addition to the environmental benefits, another
beneficial characteristic of a circular economy—based strategy is its job creating potential that
researchers have estimated to be significantly higher than the conventional “linear” economic
model (McKinsey & Company, 2015). Thus, the circular economy has high economic and
environmental potential, making it an effective strategy option for elected policy makers. With
many areas in the developed world rapidly losing jobs due to deindustrialization and
suburbanization (Heider & Siedentop, 2020), and cities in the developing world under pressure
to provide jobs to their rapidly growing populations, the circular economy might offer a viable

alternative to achieving these demands.



The adoption of the circular economy principles by the EU and countries such as Japan
and China have proven successful in approaching sustainability goals, encouraging others to
follow suit. Although the underlying concepts of the circular economy are not foreign, some
cities in the United States have formally recognized the prospects of the strategy and applied it to
their existing processes. Charlotte, North Carolina, is an example of a city that has adopted the
circular economy to encourage zero-waste and boost economic development (City of Charlotte,
n.d.). While other cities around the U.S. have taken up this initiative, the U.S. federal
government has not yet developed or adopted a circular economy policy comparable to that of
the EU. Further, the United States has no federal mandate on recycling, leaving states the option
to voluntarily conduct recycling operations.

Figure 1.1

From Linear to Circular
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Note. Retrieved from Wikimedia Commons
The end-of-life stage of a resource is one of the most crucial stages, given the policy
framework within which the circular economy operates. Growing consumption implies increased

disposal of products resulting in mass generation of waste, thereby increasing the importance of



recycling in keeping these wastes out of landfills. Although other aspects of the circular
economy (i.e., design, sourcing, manufacturing, distribution, and use) are equally important, they
take much longer to evolve and require larger investments and mobilization of stakeholder
groups than does recycling. For this reason, this study focused on solid waste management and
recycling activities (or waste diversion® via recycling). The state of North Carolina was selected
for this study due to its heterogenous political, economic, and social characteristics, which make
the study of policy, especially one as complex as environmental policy, especially interesting.

Recycling in the United States

At 5%, solid waste management’s contribution to global greenhouse gas (GHG)
emissions is small (Bogner et al., 2007). However, with rising concerns associated with climate
change, countries across the world are becoming proactive at combatting greenhouse gas
emissions (GHG), including actions to appropriately manage solid waste (Turner & Kemp,
2015). With the United States committing to a GHG emissions reduction of 26-28% below 2005
levels by 2025 (White House, 2014), reducing GHG emissions across all sectors would be a
good strategy to achieve this target.

Recycling has been touted as one approach to reduce GHG emissions. Even in the
absence of federal mandates to recycle, states and their local governments have been designing
and implementing recycling programs. Objectives of recycling transitioned toward
environmental merits, when landfills started to fill up quickly and environmental issues, such as
acid rain, took prominence (Louis, 2004). Over time, justification for recycling has evolved to

include arguments of improved environmental quality, job creation, cost savings, tax revenue,

3 “Waste diversion” refers to minimizing solid waste generation through source reduction, recycling,
reuse, or composting. Waste diversion also reduces disposal costs and burden on landfills (U.S. EPA).



and increased economic development opportunities. However, empirical evidence of these
environmental and economic benefits has been limited (Makridis & Dawson, 2018). A report by
Tellus (2011) indicated that, for every thousand tons of recycled material, 5.7 new jobs are
created. In 2016-2017, North Carolina recovered a total of 1,700,609 tons of recyclables, which,
if using Tellus’s (2011) estimates, would have been expected to create 9,693 new jobs. However,
a North Carolina Department of Environmental Quality (NCDEQ) report on state employment
from recycling shows that, in 2015, recycling-related employment had decreased since 2013, by
4.3% (NCDEQ, 2015, p. 5). According to NCDEQ, this decrease was partly attributed to
statistical adjustments and low-value markets for commodities. Because this is only a partial
explanation for the decrease, further investigation is required to understand the reasons for the
state’s decline in recycling-related employment.

State and local governments spend millions of dollars on recycling efforts, including
efforts to educate citizens about recycling, transportation costs and storage costs. It is important
to consider these efforts in light of evaluating them for their intended outcomes. Additionally,
given the current challenges arising from China’s recycling import ban and the limited growth of
the U.S. recycling market, it is important to evaluate the worthiness of recycling programs from a
cost—benefit perspective. Finally, understanding whether these efforts are achieving their
environmental and economic goals can help policy makers and leaders identify the state of
recycling at the local level in North Carolina and areas of improvement (if any) within the
contextual challenges.

In the United States, under Subtitle D of the Resource Conservation and Recovery Act of
1976, the burden to regulate nonhazardous waste and implement waste management programs

lies within the jurisdiction of state governments. At the state level, the North Carolina Solid



Waste Management Act of 1989 gives the responsibility of planning and implementing waste
management programs to the counties and municipalities. The first plan was adopted in 1991 and
provided guidance on solid waste issues to the General Assembly and state and local
administrators. The plan has since been revised every 10 years to incorporate new waste-
reduction goals. While recycling remains mandated by state law, counties hosting waste
management facilities are required to operate a recycling program. Funding for these programs
comes from revenue collected from landfills, either in the form of taxes or tipping fees.
Additionally, the NCDEQ provides a Solid Waste Management Trust Fund, to which local
governments can apply to receive grants to fund their programs.

Because the major burden of designing and implementing waste management programs
lies with the state and local governments, this study employs a formative evaluation® to explore
county-level factors that lead to higher conversions of recycling rates® and whether those higher
recycling rates result in positive environmental and economic outcomes. The following section
provides insight into waste and recycling programs within the United States.

Waste in the United States

Municipal solid waste (MSW) in the United States is defined as the total solid waste
discarded by households, businesses, and retailers, typically categorized by either material or
product type (see Figure 1.2 for more detail). Materials that do not make it to recycling plants or

other forms of waste processing are discarded or diverted to a landfill. To use these landfills,

4 A “formative evaluation” is a rigorous assessment process designed to identify potential and actual
influences on the progress and effectiveness of implementation efforts (Stetler et al., 2006).

5 The recycling rate for North Carolina is calculated as the total Municipal Solid Waste (MSW) collected

(in Ibs.) for recycling divided by the total MSW collected (in 1bs.). This recycling rate is then divided by the
population to calculate the recycling rate per capita.



counties and municipalities pay a tipping fee, which is the cost associated with disposing a single
ton of MSW into a landfill (Repa, 2005).
Figure 1.2
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The U.S. Environmental Protection Agency (EPA) report on MSW shows that the
amount of MSW generated in the United States increased from 88.1 million tons in 1960 to
262.4 million tons in 2015 (EPA, 2018). Of the 262.4 million tons, an estimated 137.7 million
were disposed into landfills, and 67.8 million, or about 26% of the total waste generated was
recycled (excluding composting; EPA, 2018). To understand these numbers within the context of
a growing population, in 2018, while MSW rates were on the rise, the US recycling rate was
32.1%, down from 34.7% in 2015 (WPA.gov; also see Figures 1.3 and 1.4). These numbers
suggest limited success of U.S. recycling programs, particularly when the rates are juxtaposed
with some European nations, such as Germany, Belgium, and Sweden, where recycling rates

exceed 50% (Organisation for Economic Co-operation and Development, 2018).



Another study claimed that a 1% increase in national U.S. per capita income is associated
with a 0.69% per capita increase in MSW (Johnstone & Labonne, 2004). This increase is worth
considering as the US continues to put pressure on existing resources due to its increasing
population and economic growth rates. Therefore, a policy goal could be to enhance waste
management efforts in pursuit of transitioning from a linear model of make, use, and dispose to a
closed-loop, circular-economy system emphasizing reduce, reuse, and recycle. Additional
challenges arise as developing economies, such as China and India, implement a ban on their
waste imports from developed countries, including the United States. These bans could have
strong effects on the domestic market for recycling, exacerbating existing recycling challenges in
the country (Brooks et al., 2018).

In an era of increasing consumption and consequent increases in waste, new approaches
to manage solid waste have surfaced (Acuff & Kaffine, 2013). Recycling is just one of the
methods for waste disposal. Other methods include landfill disposal, incineration, and
composting. However, under the right conditions, recycling is one of the most efficient means to
tackle the growing waste problem (Merrild et al., 2012). As mentioned earlier, recycling not only
is associated with the creation of new products from waste materials but also spurs economic
development by creating jobs and wealth in the new “waste economy.” Although recycling takes
place locally, an investigation of the relationships between higher-level and local governments

provides a valuable piece of the bigger picture.



Figure 1.3

U.S. MSW Generation and Recycling Rates, 1960-2018
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overview-facts-and-figures-materials#recycling). In the public domain.

Figure 1.4

MSW Recycling and Composting Rates, 1960-2018
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The Federal-State Relationship
In the United States, state governments have long been considered “laboratories of
democracy” for experimenting with socioeconomic policies that benefit the citizens of the region
without affecting the rest of the country. Growing federalism and devolution of powers from the
federal to the state governments has enabled states to adopt and implement their own policies
(Blomquist, 1991; Crotty, 1987). As described by Honadle (2001), “The ‘Devolution
Revolution’ of the 104th Congress was the most recent scene in the ongoing drama called ‘the

299

new federalism’” (p. 78). With the federal government burdened by the operations of multiple
programs, the approach moved toward one of delegating responsibility to local governments,
giving rise to federalism. This has led to researchers scrutinizing the capacity of local
governments to manage these new responsibilities (Honadle, 2001).

In the case of waste disposal and recycling, where the practices and industries creating
the waste vary significantly across states, the EPA adopted the Resource Conservation and
Recovery Act (RCRA) of 1976, giving states the responsibility of planning and implementing
waste management programs. This meant that states now had the autonomy to design, plan, and
implement their own waste efforts. Under subtitle D of this Act, the RCRA also assigned the
states with the task of internalizing the social costs of waste disposal (Callan & Thomas, 1997).
Since the adoption of RCRA, state governments have designed several mechanisms to reduce the
external costs of waste disposal, including motivating local governments to recycle.

The following section details the laws and policies that guide waste management in the state of
North Carolina.
Waste in North Carolina

The recycling rate in North Carolina from 2013 to 2018 remained steady, at about 0.2

pounds per capita per day (Figure 1.5). Compared to the national average of 1.16 pounds per

11



person per day, North Carolina ranks far behind. Although 0.2 pounds per capita per day is the
overall average recycling rate for the state, recycling rates vary substantially across the counties.
For example, for 2017, Halifax County ranked at the bottom of the county recycling performance
list, with about 0.014 pounds of recycling per capita per day (5.3 Ibs. per capita per year). In
contrast, Catawba County ranked highest, with a daily per capita recycling rate of about 0.73
pounds (269 Ibs. per capita per year). These wide gaps in recycling rates highlight underlying
differences in recycling programs across the state, which could be programmatic (operations and
resources) or contextual (demographics, geographical).

Figure 1.5

North Carolina Recycling Rate (Pounds per Capita per Day) From 2013 to 2017
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North Carolina Law

Following the adoption of RCRA, North Carolina passed the North Carolina Solid Waste

Management Act of 1989, which led to 10-year waste management plans. The latest approved

12



plan, which covered 2003 to 2013 is still being implemented, whereas the 2014-2024 state plan
remains under consideration. The reasons for the delay in approving the plan are unknown.

How the delay currently affects recycling outcomes is unknown. While North Carolina
does not mandate recycling by law, state and local governments continue to operate their
recycling activities (nerc.gov). Counties are left to create their own programs, but most counties
are rural and, presumably, operate on small, perhaps strained budgets. Despite the efforts, the
level at which existing recycling programs operate may not be enough. A North Carolina state
report indicated a steady rise in disposed waste relative to population growth, putting pressure on
existing landfills in the years to come (Figure 1.6). Landfilling costs money (disposal costs), and
in the instance where landfills are open dumping sites, they have added external costs, such as
air, land, and water pollution. This highlights the need to further push for waste-diversion
strategies, such as recycling. Recycling not only reduces pressure and costs associated with
landfills but could possibly help reduce reliance on nonrenewable virgin materials (Kinnaman,

2014). The next section elaborates on North Carolina’s county recycling programs.
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Figure 1.6

Per Capita Disposal Trends and Forecast for North Carolina
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Note. From Annual Report to the North Carolina General Assembly, Division of Waste Management, North
Carolina Department of Environmental Quality, January 2020 (https://files.nc.gov/ncdeq/Waste%20Management
/DWM/DEQ-Consolidated-Waste-Report-2020-01-15.pdf). In the public domain. Original figure note read:
“Population data source: https://www.osbm.nc.gov/demog/county-projections_revision_date 12/03/2018.
Methodology: Population for FY2017-18 uses the July 2018 population projection by the NC Office of State Budget
and Management [OSBM]. The [a]ctual historical population data is graphed using the most recent data provided in
the 12/03/2018 data set.”

County Performance

North Carolina’s 100 counties together experienced an increase in recycling collections
by 5.3% in FY 2016-2017 (NCDEQ, 2017). This is, however, an aggregated number for the
entire state—the disaggregated numbers vary by county (Figure 1.7). These differences arise
from a disparity in the recycling structure, operation, and performance of county recycling
programs. More details about recycling programs, their structures, and operations are described

in the next section.
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Figure 1.7

North Carolina Traditional Materials Recycling Rates (Tons) by County (2013-2017)
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The use of a variety of materials in the manufacturing process results in a heterogenous
material mix at the end of life of the product. Simultaneously, diverse consumer preferences lead
to a variety of products in recycling bins. Governments, therefore, must design appropriate
recycling systems to best collect, sort, and process these heterogenous materials. For example,
local governments could choose to implement drop-off or curbside recycling programs (CRPs)
depending on the community they are serving. Although drop-off involves placing recycling bins
on public or private lots to facilitate voluntary recycling by residents, curbside recycling provides
private bins and trash pickup services to residents. From a supply-side perspective, drop-off
services cost less and may be more convenient to administer. However, this type of program is
least convenient from a demand-side perspective because households not only need to dedicate
space to storing recyclables but also must transport the recyclables to the drop-off site.
Participation rates for such systems are generally low compared to CRPs, unless consumers are
offered a financial incentive, such as buyback centers (Folz, 1991). In contrast, curbside
recycling programs provide curbside trash collection services to residents so that residents do not
have to leave the convenience of their home to deposit their recyclables. Additionally, curbside
recycling programs also provide their customers with bins for private storage of recyclable
materials. Moreover, curbside recycling programs invest in education and communication
outreach activities, such as meeting with local interest groups and developing informational
flyers (Folz & Hazlett, 1991). Therefore, one could decipher that, compared to drop-off
programs, CRPs are less convenient and more cost intensive on the supply side but more
convenient and less cost intensive on the demand side.

Over time, most local communities in the United States have moved toward single-stream

recycling; that is, before, households were segregating their recyclables into separate categories
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(wood, paper, plastic, metal), whereas now residents are able to put all of these items into a
single bin, leaving the sorting to the waste management service agency. This approach has
considerably increased the amount of items that end up in recycling bins. While single-stream
recycling offers consumers the incentive to recycle more, it has increased the burden on agencies
to manage recyclables in an efficient yet cost-effective manner.

Another component of recycling program structure is the access to material recovery
facilities (MRFs), where counties drop off their recyclables for processing. North Carolina has
19 MRFs (Figure 1.8), each of which cater to multiple counties at a time. However, it is possible
that some items deposited or collected for recycling are inadvertently diverted to the landfill.
This happens because either the MRF does not possess the technology to process a specific
material or the materials are too contaminated for processing. This highlights a challenge for
recycling educators to inform residents about what can be recycled and the correct way to
dispose recyclables.

The urban-rural characteristic of a county also determines its recycling capacity.
Interestingly, most North Carolina counties exhibit more rural characteristics than urban. Figure
1.8 illustrates North Carolina’s skewed urban-rural dynamic and the location of MRF’s in
relation to the counties. As can be seen, most of the MRF’s are located closer to urban and
urban-mixed counties, which possibly exacerbates the already limited capacity of rural areas to

operate their recycling services in an efficient manner.
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Figure 1.8
North Carolina Counties Urban Rural typology and Material Recovery Facilities.
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Success of recycling programs depends on the policies chosen, their selection process,
and their implementation. Along with these programmatic indicators, contextual and spatial
factors define recycling outcomes at the county level (Folz & Hazlett, 1991). Therefore, it is
important to consider all of these factors when evaluating recycling programs. Knowledge of
what works and why, is useful for informing future policy and assessing current indicators for
measuring the effectiveness of recycling programs.

As local governments are assuming more responsibility for policy making, management,
and implementation of important national goals, it is important to consider their capacity or
ability to take on these added responsibilities (Honadle, 2001). Given what the field has
established on waste generation and the challenges that come with it, this study aimed to evaluate
recycling programs at the local level in North Carolina. Evaluation provided insight into what
influences recycling rates and what environmental and economic outcomes recycling programs
generate. From these findings, the study highlighted and identified existing efficiencies and
future potential policy strategies for implementing recycling programs. The next chapter details
the existing literature on recycling and its many components, which is helpful in informing the
theory and research design for this study. Chapter three discusses the data selected and the
justification for their selection, followed by the methodology selection for the study. Chapter
four presents the results and discusses the findings based on the inferences drawn from the
results. Finally, chapter five lists the study limitations and the theoretical and policy implications

of the results.
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CHAPTER 2: LITERATURE REVIEW

The extant literature is useful for understanding the vast context within which recycling
policymaking and implementation takes place. Exploring the literature also helps identify the
factors that influence policy outcomes. I drew on scholarship from the fields of public policy,
public administration, political science, economics, sociology, and geography to build a
theoretical foundation to guide my research. Bringing together knowledge from various social-
science fields helps highlight the value of interdisciplinary research in improving the field’s
understanding of how complex processes, such as policy making and outcomes, influence
environmental policy in general and particularly, recycling policy.

Earlier evidence of research investigating the determinants of household recycling can be
found as far back as the 1970s (McGuiness et al., 1977, Reid et al., 1976). Earlier scholars placed
these key predictors into three main categories. First, external variables or contextual variables
such as demographics and socioeconomic predictors. The second category includes internal
variables such as attitudes, beliefs, and norms, which are seated in psychology, and third,
programmatic predictors such as cost and convenience (Saphores & Nixon, 2014).

For this study, I explore literature directly covering the first and second categories, and indirectly
associated with the third category. Although scholarship from public policy, public
administration, and political science guided my selection of political variables, the field of
economics helps illuminate economic factors vital to the recycling process. The field of
sociology highlights the importance of contextual factors, such as demographics, which
complement all other factors in the study of policy. Finally, the discipline of geography
highlights the importance of location and distance, especially as they pertain to recycling policy.

The urban—rural continuum is used to categorize counties as urban, rural, urban mixed, or rural
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mixed. These categories help understand county access to resources, and consequently, how they
implement policies.

I argue that an evaluation of recycling programs is incomplete without an understanding of all
the factors that help enhance or prohibit its success. Additionally, once this evaluation is
complete, an understanding of how to measure success within this context is equally vital.

Local Government Policy and Outcomes

In addition to local-level factors and their influence on recycling rates, an analysis of the
literature reveals underlying themes regarding local government decision-making and
implementation of policies and programs. This understanding is essential to view the entire
landscape of recycling policy, from adoption to implementation. The literature identifies several
factors influencing local-government decision-making in the adoption of recycling programs.

Clingermayer and Feiock’s (2014) work on intergovernmental theory and institutional
structural theory provides insight into how external policies directly shape local action and the
costs associated with it. Policy adoption by the state can result in local governments perceiving
the issue as salient, motivating them to adopt and implement complementary policies. However,
the outcomes of these policies are influenced by the structure of the government implementing
the policy (Clingermayer & Feiock, 2014). Substantiating this relationship between government
structure and outcomes, Bae and Feiock (2013) stated that the form of government is important
and has a direct influence on a community’s sustainability actions. They argued that mayor-
council structures are more efficient at initiating government programs than community
interventions. Governments with a separate sustainability office are more successful at
implementing and promoting sustainability efforts within the community (Bae & Feiock, 2013).

Other theories of policy adoption stem from the need for governments to provide public-

service bundles that attract new residents, encouraging competition among governments to
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provide the highest quality of services (Tiebout, 1956). Governments that can attract more
residents gain the advantage of a larger tax base, which could help to bolster the local economy.
Governments providing recycling services such as curbside pickup or recycling educational
programs may be able to attract consumers of convenience when it comes to recycling. On the
other hand, if a government provides only a drop-off service for recycling, individuals may not
prefer this option.

Kinnaman’s (2014) investigation “Why Municipalities Recycle” highlighted other factors
about why governments adopt policies and continue to implement them. Among the influential
factors is the economics of recycling programs. According to Kinnaman, only when the revenue
collected from selling recycled materials exceeds the costs of collection will local governments
possibly find it advantageous to implement recycling programs. A second factor identified by
Kinnaman is recycling mandates by state legislatures. If the state mandates recycling or
internalizes the social costs of waste disposal, then local governments might be incentivized to
implement recycling programs. The third factor identified by Kinnaman is residents’ willingness
to recycle. Residents not in favor of waste generation are more likely to pay for recycling or
request mandatory recycling services from their officials. These “environmentally conscious”
residents then compel governments to take action to appease their community members. This
mechanism has been endorsed by scholars in the field of public administration and political
science as well. As far back as the *70s, Tremblay and Dunlap (1978) coined the term
“differential exposure,” arguing that people who live in cities place a higher value on
environmental quality and, thus, support any efforts toward maintaining healthy environmental
quality in the area. It is therefore possible that city political leaders are responding to their

constituents by adopting innovative environmental policy strategies (Krause et al., 2019).
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Additionally, Krause et al. (2019) emphasized the importance of “fiscal and human resource”
capacities of local governments in the likelihood of cities proactively adopting environmental
policies.

While these theories provide us with an understanding of why governments adopt
recycling policies, they can also help in examining the rationale behind why governments
continue to implement a policy post-adoption. The literature on local factors and recycling
outcomes highlights a similar set of elements stemming from the fiscal and administrative
capacity of local governments and resident demands. These are detailed below.

Local Factors and Recycling Rates

Scholars from various disciplines, such as finance, economics, political science,
sociology, psychology, geography, and public administration, have investigated factors that
influence recycling outcomes. Several factors have been highlighted in the literature. While some
scholars have analyzed recycling at the local and/or state levels, others have focused on
household characteristics and recycling outcomes. The local level factors analyzed across the
literature can be placed into three broad, but somewhat overlapping categories, where each
category is couched in several underlying theories and themes that help understand the
importance of these factors. The three categories along with the factors that stem from each are
listed below.

Programmatic Factors — Public Service Provision by Local Governments

In the context of recycling programs, the provision of programmatic factors by local
governments is motivated by several factors, which are similar to the factors detailed in the prior
section regarding local government policy adoption. First, local governments fiscal capacity i.e.,
the financial resources available determines how much or how many services to provide

(Kinnman, 2014). The second motivation is the presence of a policy requirement to provide the
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service (Kinnaman, 2014). The third motivation stems from the theory of Tiebout Sorting
(Tiebout, 1956); governments want to attract more residents and therefore provide certain
services to compete with other localities. The fourth motivation is when the constituents demand
a service, and the government provides it in order to keep the constituents happy. These four
motivations help us understand the provision of programmatic factors in the recycling process.
These include curbside recycling, recycling education programs, and appointed recycling
managers to improve the recycling system.

From a programmatic perspective, the introduction of curbside recycling programs has
been found to contribute significantly to increases in recycling rates. Curbside recycling
programs provide residents with the convenience of having their recyclables collected from their
curb, which encourages recycling and, thus, increases collection rates (Domina & Koch, 2002;
Ewing, 2001; Folz, 1991; Kinnaman & Fullerton, 2000; Park & Berry, 2013). While these
studies have been widely cited, the generalizability of their results are limited, either because
they used a small number of observations (cross-sectional) or relied on survey responses from a
small number of households. However, acknowledging the positive benefits of curbside
programs, several counties throughout the United States have adopted this program to achieve
their recycling commitments. Although curbside recycling programs increase convenience-based
recycling, they also increase the costs of managing recyclables post collection. Increased costs
are a result of the growing supply of single stream services at the curbside, which often
incentivizes residents to contaminate® the recycling stream, in turn requiring additional labor to
sort through the contamination. However, when curbside recycling operates efficiently, it could

reduce the cost to dispose waste at a landfill and produce revenue from the sale of recyclables

® When a recyclable material is deemed unfit for recycling, either because it was placed in the wrong bin, or because
it was not properly cleaned before placing in the recycling bin/cart
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(Kinnaman & Fullerton, 2000). Similarly, Deyle & Schade (1991) argue that curbside recycling
costs have been found to be efficient only when collection costs, recycling rates, and recovered
material markets help facilitate it. While curbside recycling is a government provision, the
magnitude of the effectiveness of these programs is also dependent on residents’ willingness to
utilize the service. For this reason, curbside recycling can also be viewed as an outcome of
resident behaviors.

Higher landfill tipping fees are also associated with better recycling outcomes (Renkow
& Rubin, 1998). Landfill tipping fees are the amount landfill owners collect for every ton of
waste disposed of in their landfill, in other words, the cost to counties and municipalities for
disposing waste in a landfill. Kinnaman and Fullerton (1997) found that the likelihood of
implementing a recycling program (or higher recycling collection) increases with a $1 increase
in landfill tipping fees. In fact, a study of waste generation in North Carolina found that a higher
tipping fee for the state meant lower waste generation, thereby reducing the amount of waste
disposed in landfills (Hockett et al., 1995). However, this study was conducted more than twenty
years ago when recycling was still a new phenomenon. Today, a decline in waste at the landfill is
related to an increase in recycling rates.

Education campaigns, including media campaigns and other community outreach
activities, have shown to encourage recycling activities (Feiock & West, 1996; Folz & Hazlett,
1991; Martinez & Scicchitano, 1998; Nixon & Saphores, 2009; Timlett & Williams, 2009). How
the information is dispersed, combined with its timing and accuracy, determines its effectiveness
(Davies et al., 2005; Timlett & Williams, 2009, Tucker & Speirs, 2002). Some scholars have
advocated for increased recycling as a result of information printed on the bins (Thomas, 2001).

Some others have argued for face-to-face campaigns (Schultz et al., 1995; Read, 1999; Tucker &
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Speirs, 2002), while other schools of thought support the use of a diverse pool of media with
custom narratives (Timlett & Williams, 2009; Tucker & Speirs, 2002) to increase recycling
collection. In this regard, “coproduction,” the practice of involving citizens in the creation and
delivery of public policies and services, provides for a unique understanding of recycling
outcomes. Proponents of coproduction argue that communities receiving recycling awareness
and education programs are successful at informing residents about the benefits of recycling
along with proper ways to recycle (Folz, 1991; Landi & Russo, 2019). Residents prioritizing
cleaner environments not only consume the education received but also participate more in
sorting household waste, carrying the waste to drop-off sites, and volunteering with community
clean-up programs. This increase in active participation in all aspects of recycling improves the
quality of the service itself, which, in turn, can help attract new residents. Education programs
can appeal to citizen’s self-interests—environmental, communitarian, and economic (Feiock &
West, 1996). However, other scholars from the *80s and *90s have argued that prompts and
information on recycling have the weakest effects on recycling outcomes and do not spur long-
term behavior changes (De Young, 1986; Hopper & Nielsen, 1991).

Although the literature does not speak directly to the influence of having a recycling
coordinator and/or sustainability manager at the county level, hypotheses can be drawn from
literature focusing on government structures and implementation. Bae and Feiock (2012)
suggested that “Appointed managers in council-manager systems have been demonstrated to
have a stronger interest in efficiency and innovation in government operations” (p. 780).
However, they found that council-manager systems, when efficient, work in the best interest of
the government and not necessarily the larger community. They perceived this finding to be

important when considering sustainability policy implementation in communities. Similarly,
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Folz & Abdelrazek (2009) find that after controlling for socio-demographic differences, cities
that have a professional city manager and an adaptive or administrative type of local government
structure are somewhat more likely to provide qualitatively higher levels of municipal services.
This finding suggest that professional managers play an important role in advancing public
services. Carr (2015) refuted this idea in his examination of propositions assessing form of
government and performance, arguing that there is no strong evidence for one form of
government performing better than another. From these findings we can infer that the presence
of a recycling manager or someone assigned the role of specifically overseeing recycling
activities could increase recycling outcomes. Higher landfill tipping fees are also associated with
better recycling outcomes (Renkow & Rubin, 1998). Landfill tipping fees are the amount landfill
owners collect for every ton of waste disposed of in their landfill, in other words, the cost to
counties and municipalities for disposing waste in a landfill. Kinnaman and Fullerton (1997)
found that the likelihood of implementing a recycling program (or higher recycling collection)
increases with a $1 increase in landfill tipping fees. In fact, a study of waste generation in North
Carolina found that a higher tipping fee for the state meant lower waste generation, thereby
reducing the amount of waste disposed in landfills (Hockett et al., 1995). However, this study
was conducted more than twenty years ago when recycling was still a new phenomenon. Today,
a decline in waste at the landfill is related to an increase in recycling rates.
Residential behavior — Demographics and Political Preferences

Resident recycling behavior can be best understood by the underlying factors that
facilitate higher recycling outcomes. Altruism is one such self-interest behavior that guides
residential action to recycle (Ewing, 2001; Kalinowski et al., 2006). Residents like to ‘feel good’
about their actions and recycling makes them feel like they’re part of the movement to preserve

the planet and its resources. Another emerging trend in the literature and in practice is that
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younger generations are slowly moving away from anthropocentric views, encouraging them to
take part in ecocentric activities such as recycling (Dunlap & Van Liere, 1978; Roberts et al.,
2006). A parallel to views of ecocentrism or nature-centered behaviors can also be found in the
literature scoping the behavior of individuals who subscribe to a liberal ideology. Liberals tend
to be more pro-environmental and therefore are more likely to engage in recycling activities
(Davis & Wurth, 2003; Dunlap et al., 2001; Feinburg & Willer, 2013). Another theme that
emerges from the literature is the presence of an economic incentive as a motivator for pro-
recycling behaviors. This understanding extends to convenience in recycling. The right economic
incentive will determine if residents choose to recycle or not. The next section provides a review
of the literature examining demographic and political factors in the context of recycling.

Studies have indicated that presidential voting results are a good indicator of a
community’s environmental attitudes (Krause et al., 2019; Neumayer, 2004). Democratic votes
reflect a more liberal citizenry that is willing to spend more on the environment, whereas
Republican votes reflect more conservative points of view on environmental issues (Davis &
Waurth, 2003). These outcomes are based in the ideological beliefs of the two parties. In their
examination of Americans’ attitudes toward the environment, Feinberg and Willer (2013)
demonstrated that liberals take a moral approach to environmental issues, whereas conservatives
do not. Similarly, Dunlap et al. (2001), in their investigation of partisan and ideological
differences in public support for the environment, stated that Republicans tend to support
business and advocate for limited government intervention, which contradicts the regulatory
measures brought about by implementing environmental policy. Dunlap et al. (2001) argued that,
unlike in the 1970s, it is acceptable now that the environment is no longer a “motherhood” issue,

and partisan differences moderate people’s perception of it.
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Education, sex, and age have been widely studied in relation to recycling outcomes. The
literature shows that female, younger, and/or more educated individuals are more likely to
engage in recycling activities (Barr et al., 2003; Feiock & West, 1996; Schultz et al., 1995;
Ungar, 1994). Researchers have argued that educated citizens are more likely to recycle because
of their preference for cleaner environments (Feiock & Kalan, 2001; Kinnaman & Fullerton,
1997). However, others, such as Tilikidou and Delistavrou (2001) and Mitchell (1989), have
suggested that demographic factors are not significant in explaining recycling behaviors.
Findings for education levels have varied, with some studies reporting a positive correlation
(e.g., Barr et al., 2005) and others concluding that it does not matter statistically for recycling
(Mitchell, 1989; Tilikidou & Delistavrou, 2001; Van Liere & Dunlap, 1980). Population density,
a factor mostly examined outside the United States, has been shown to have an effect on
recycling outcomes (Karousakis, 2009; Matsunaga & Themilis, 2002). The studies conducted
within the United States have used regression analysis to determine the likelihood of recycling
with an increase in population density, finding that the likelihood of recycling increases by
0.39% with every hundred-person increase per square mile (Kinnman & Fullerton, 1997). This
increase in recycling is associated with economies of scale: Average collection costs decrease by
$1.62 as population density increase by 100 persons per square mile (Bohm et al., 1999; Dubin
& Navarro, 1988).

Income is an economic attribute associated with environmentally responsible behavior.
Communities with higher incomes are more environmentally responsible, resulting in increased
engagements in recycling activities (Irwan et al. 2013; Matsunaga & Themilis, 2002; Schultz et
al., 1995). Policies designed to help improve and preserve the environment often require time

and monetary investment from individuals. Only those who can afford it are incentivized to
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divert their resources to environmental causes. The ones left behind are usually minority
populations, those who cannot afford to spend time on or pay for (but might be concerned about)
better environmental conditions (Bullard et al., 2007; Kaswan, 2011). Due to the nuances
involved with people’s willingness and affordability to participate, as well as differences in
distribution of municipal resources, Valenzuela-Lev (2009) argued against using income as an
economic factor in predicting recycling outcomes; instead they encourage the use of
infrastructural provisions, such as convenience and incentives to predict recycling outcomes.
Various studies have found that user fees (incentives) and curbside recycling programs
(convenience) influence the amount of trash disposed and recycling collected (Feiock & West,
1996; Jenkins et al., 2003; Judge & Becker, 1993; Kinnaman & Fullerton, 2000). Kinnaman and
Fullerton (2000) provided evidence for a decrease in trash by 412 pounds and an increase in
recycling by 30 pounds per person per year, associated with a $1 fee per bag. Jenkins et al.
(2003) found an association between higher recycling rates and the introduction of curbside
recycling programs.

Spatial Context

The third broad category within which the local factors can be placed is the spatial
context. This includes urban-rural typology, distance from and location of MRFs, and population
density. Theories of differential exposure or environmental deprivation theory which posits that
one’s exposure to good or bad environmental conditions determines their engagement with
environmental behaviors (Whitaker et al., 2005). From this one can argue that those living in
very dense urban areas are more exposed to deteriorating environments brought about my
industrialization and therefore care more for cleaner environments. On the other hand, one can
argue that because those living in rural areas are more exposed to natural amenities, their affinity

for cleaner environments is stronger (Freudenburg, 1991). However, this argument assumes the
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presence of access to recycling services in rural areas. Another underlying theme with regards to
urban and rural areas is economies of density that argues that more dense areas are able to
execute recycling programs in a more efficient and economical manner owing to the close
proximity of all consumers of public services. The specific spatial variables found in the
literature are explored below.

Within the spatial categories, studies exploring broader topics such as the urban-rural
dynamics of environmental policies more generally posit that urban residents are more likely
than their rural counterparts to engage in pro-environmental activities (Williams Jr. & Moore,
1991). Other scholars have shown that household waste recycling performances can significantly
vary between communities, spatially within communities, and with time (Tucker, 1998). In
support of this, Freudenburg (1991) suggests that while earlier studies have shown that urban
areas tend to perform better on environmental activities than rural areas, the performance of rural
areas should be determined by if the rural area is actively involved in agricultural or extraction
industries. Freudenburg (1991) found that agricultural rural areas tend to be more
environmentally active than extractive rural communities. Contrary to these findings, Jones et al.
(2009), in their more recent study of rural and urban environmentalism found no significant
differences between rural urban areas when questioning their pro-environmentalism. They
attribute this to residents’ exposure to national parks and other natural amenities. These studies
indicate that a county’s rural-urban identification should be important in the consideration of its
recycling outcomes.

To my knowledge, literature exploring the influence of material recovery facilities
(MRFs) on recycling rates has been limited. This might be because the introduction of MRFs is

more recent, drawing more attention to their technical efficiency in the recycling process, rather
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than their siting. MRFs help reduce the waste stream by diverting waste from landfills and
reducing the demand for raw materials by providing secondary materials in the manufacturing
process. Furthermore, they reduce the amount of pollution emitted during the manufacturing of
new products. Therefore, MRFs play a vital role in the recycling process and help manage
resources effectively. The 2016 State of Curbside Recycling Report highlights the role of MRF
facilities in accelerating recycling collection (Bandhaeur et al., 2016). More MRFs mean more
recyclables can be managed. The distance these facilities are from the collection point will
determine the ease with which a county can operate its recycling program. Sultan and Mativenga
(2019) argue that finding the optimal location of recycling processing plants is vital to increasing
recycling outcome. In areas that do not have proximate access to MRFs, hub-and-spoke models
have been introduced to manage recyclables. These hub and spokes allow for multiple counties
to stock their recyclable materials in one central place. Materials are then collected for
transporting to an MRF (Bandhaeur et al., 2016).

Recycling Rates and Recycling Outcomes

According to Krause (2011), any GHG-reducing policy undertaken by a local
government has three dimensions—an emissions sector, a target population, and a policy
instrument. Since the 1970s, recycling has received increased attention for its potential to
produce positive environmental (GHG reduction) and economic benefits (job creation).
Proponents of Green Economic Development have argued that environmental protection and
economic development go hand in hand. They further argue that there is no trade-off between the
two, and in fact green industries could be more labor-intensive, thereby offsetting job losses from
traditional sectors to achieve net employment gain (Fankhauser et al., 2008; Feiock and Coutts,

2013; Fitzgerald, 2010; Portney, 2009).

34



A series of domestic and international studies have examined potential environmental
savings from reduced GHGs and material use. Due to methodological differences, however,
different interpretations can be drawn from this line of literature (Franchetti & Kilaru, 2012;
Maio & Rem, 2015; Tisserant et al., 2017; Weitz et al., 2002). To examine the GHG savings
potential, life-cycle assessments for specific products in the recycling loop have been conducted.
Most have found that recycling reduces GHG emissions and that this decrease is attributable to
the lessened need to produce new materials (Acuff & Kaffine, 2013). However, some scholars
have argued that current recycling programs utilize significant energy to process recyclables into
materials, thereby making it a costlier process than the production of new products from virgin
materials (Makridis & Dawson, 2018; Makridis, 2020).

To be able to test the relationship between recycling and GHG, an exploration of other
variables that could possibly explain the variation in GHG emissions are considered. Landfills
which are one of the methods used for managing solid waste, emit carbon dioxide, methane and
other pollutants into the air. This is a result of anaerobic decomposition of organic waste found at
landfills (Lou & Nair, 2009). Therefore, there is reason to believe that waste that is not recycled,
but instead landfilled, may be contributing to GHG emissions.

Some scholars have talked about increased resource consumption as a rebound effect of
recycling (Caitlin & Wang, 2013; Ma et al., 2019; Marco & Vivanco, 2018). This means that as
people recycle more, they feel better about their actions, and as a result, consumer more goods.
This is counterproductive and could result in more waste generation and therefore higher GHG
emissions.

Other local factors such as age, population density, income, etc., have been shown to

influence GHG emissions (Liddle, 2014; O’Neill et al., 2012). Young adults (20-34) have a
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statistically positive relationship with GHG emissions, while older adults (34-60) have a
statistically negative relationship (Liddle, 2014; Liddle & Lung, 2010). Additionally, more urban
areas have a statistically negative influence on GHG emissions (Liddle, 2014).

Studies from the 1990s show that environmental regulation and protection result in job
creation. (Ackerman, 1997; Bezdek, 1995; Goodstein, 1999; Hall, 1994; Morgenstern et al.,
2000; Renner, 1991; Templet, 1996). Therefore, recycling, which is an environmental protection
and conservation effort, has job-creating and revenue potential. The establishment of more
facilities for recycling creates employment opportunities, and increases tax collection (Makridis
& Dawson, 2018). Park et al. (2015), in their study of solid waste management and recycling
jobs in Florida, found that private sector jobs in the solid waste management jobs had increased
between 1989 and 2011, while public sector jobs had fluctuated in the same years. Thus, a
relationship between recycling and positive environmental and economic outcomes is germane to
an efficient waste management program.

Theoretical Framework

The study employed multiple frameworks to understand local-level factors that influence
recycling outcomes and the environmental and economic benefits (if any) from those outcomes. I
adopted theories from previous literature regarding factors that influence recycling—
administrative and fiscal capacity of local governments, resident composition, spatial location,
and technical capacity to manage recycling. My approach for this study was to amalgamate all of
those factors to provide a comprehensive understanding of recycling systems. To these theories
of demographics, structural provisions, and voting preferences, I added spatial components of
urban—rural classification and distance from MRFs. In the study of local governments’ recycling

practices, how the existence of technical structures such as MRFs assisted or hindered the

36



efficiency of implementation provided an important dimension to understanding local-level
recycling outcomes.

The second part of this study examined recycling and environmental and economic
outcomes. This part was anchored in theories of environmental protection and conservation,
which advocate for recycling to reduce environmental impact (Ackerman 1997; Bezdek 1995;
Goodstein 1999; Hall 1994; Morgenstern et al. 2000; Renner 1991; Templet 1996). The circular
economy as a theoretical framework predicts large environmental and economic benefits from
conservation strategies. Although the circular economy framework provides for a holistic
foundation for the effectiveness of recycling programs and their environmental and economic
benefits, government waste management and recycling policy also helps inform existing theory
of the benefits associated with recycling programs. The contents of rules, policy, and law deepen
scholars’ and policy makers’ understanding of the expected outcomes of an activity. Per the
2003-2013 North Carolina Waste Management Plan, “When recycled materials are used in
industrial production, energy and other resource demands decrease” (p. 44). Therefore, one
would expect decreased energy consumption and thereby decreased GHG emissions.
Furthermore, recycling is touted to increase employment in the recycling industry. According to
the same document, “North Carolina’s economy has boomed since the last ten-year state plan
was released” (p. 32). Therefore, one would expect an increase in recycling-related employment
due to a spur in recycling activities. However, is it recycling that influences these outcomes? Or
do other local factors explain these variations?

To my knowledge, an empirical study assessing both the factors that influence recycling
and the benefits of recycling has not been conducted for the counties of North Carolina.

Additionally, previous literature is generally outdated and stems from single disciplines,
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neglecting the interdisciplinary aspects of recycling programs. Furthermore, although previous
studies have focused on cross-sectional variations or contingent valuation reports of recycling
programs, this study used observational data from multiple sources to better understand the
nuances of recycling and the results to date. This place-based study was innovative in that it
looked at recycling outcomes using panel data across several parameters at the local level. A
closer look at local-level recycling mechanisms in North Carolina helped to uncover what
recycling could look like for these areas in the future. Using smaller geographic units, such as
counties, as the unit of analysis provided variation in both the dependent and independent factors
needed to parse out individual effects. Additionally, the use of county-level data was appropriate
given that each county implements its own recycling program with supervision and guidance
from the state. Currently, North Carolina is facing major challenges regarding its local recycling
economy in the face of China’s import ban, compelling some counties to charge higher landfill
tipping fees or entirely withdraw from curbside recycling (Rosengren et al., 2019). An
investigation into these changes and what they mean for the future of recycling within the
counties was needed. Finally, the study evaluated alternatives to better recycling outcomes,
which could help inform local- and state-level policy making. The findings from this study could
be extended and applied to states that are facing similar challenges as North Carolina.

My research fits well among these studies, focusing on what local factors affect recycling
outcomes and the broad environmental and economic impacts of recycling. Conducting a state
level analysis contributes to the research highlighted above, as well as other state level analyses
that examine recycling in a local context. In addition to the variables that exist in the literature, 1
include MRF distance, recycling coordinator, and urban-rural typology, to account for other

factors in the recycling process. I also use proxy measures for GHG emissions and employment
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to incorporate any impacts from recycling. Finally, I conduct a qualitative analysis to help
understand the findings from the quantitative analysis. Earlier research is used to guide the

selection of variables and methodologies, which are described in chapter three.
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CHAPTER 3: DATA AND METHODS

The literature detailed in Chapter 2 provides a firm foundation for the analytical approach
used in this study. I applied the knowledge and in-depth insight from previous studies to develop
a research design to test the effects of my explanatory variables on my dependent variable. I
systematically used quantitative and qualitative analyses to examine North Carolina counties to
test the effects of various county-level factors on recycling efforts and to deepen understanding
of aspects of recycling across the state. The results from this analysis add to and complement the
scholarship on recycling systems.

To ensure meaningful results, I used a research design which incorporates variables that
help achieve validity. Although some effects on recycling were unobserved or not included in
this study, I conceptualized and operationalized my variables in a manner appropriate for
producing reliable results. Moreover, the interdisciplinary characteristics of the topic and the
study allowed for a comprehensive research design, adding to the validity and reliability of the
results. This chapter details the study’s research design, data, and methods.

This study evaluated county-level predictors of higher recycling rates. It further assessed
the economic and environmental benefits of current county recycling efforts and covered missed
effects via qualitative interviews with experts in the field. Previous efforts to conduct similar
evaluations have resulted in a mixed understanding of these effects. This chapter details the data
and methods employed for (a) testing the effects of different county-level indicators on recycling
efforts, (b) investigating the economic and environmental benefits to recycling, and (c)

uncovering existing challenges and missed opportunities in the recycling process.
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Research Questions
County-Level Factors and Recycling Outcomes

For the first part of my research, I analyzed the local-level factors that that might
facilitate or hinder recycling rates across the counties. Local-level factors included bureaucratic
(type of personnel responsible for recycling program), political (prior election data), economic
(expenditure on recycling, per capita income), structural (MRFs, type of recycling program),
geographic (urban—rural classification, distance from material recovery facility), and social
(recycling education program, demographics).

I used panel data over cross-sectional data to provide more “informative data, more
variability, less collinearity among variables, more degrees of freedom and more efficiency”
(Guyjarati et al., 2012, p. 623). Panel data provide better detection and measurements of effects,
which can be more challenging to observe in cross-sectional data (Gujarati et al., 2012).

The primary research question was:

RQ:  What local-level factors influence recycling rates across North Carolina counties?

The dependent variable is the recycling rate for each county, which is specifically the
total traditional materials collected for recycling from each county in tons for the years 2013—
2018. Data for this variable were obtained from the NCDEQ Solid Waste Management Annual
Reports 2013-2018, which provided county recycling rates for each year and ranked counties by
recycling rate. Although recycling rate has been used widely in the literature (Hotta, 2016), the
measure’s definition varies by state. For North Carolina, where the recycling rate is simply the
recyclables collected, there are limitations to understanding source reduction efforts (Starr &
Nicolson, 2015). Collection of recyclables only addresses the last “R” in the 3R framework of

reduce, reuse, and recycle.
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Figure 3.1 shows the recycling rate (i.e., tonnages of recyclables collected) at the state
level which indicates a gradual increase in recycling from 2013 to 2015, and 2017 marks the
peak of recycling for the years 2013—-2018. After 2016, we see a gradual increase in recycling
until 2018. In the section that follows, I discuss my explanatory variables; the reason for their
selection, their data sources, and how I operationalized them in my study.

Figure 3.1

Recycling Rate, by Year
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Note. Recyclables collected in tons.
Explanatory Variables

I list all the factors that were under consideration for this study in Table 3.1. The table
includes data sources and how I operationalized each variable in the model. Below, I discuss the

explanatory variables in more depth.
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Table 3.1

Study Variables—RQ1

Serial. Variable Definition/Measure Coding/Format Source
No.
Dependent Variable
recyc Total Traditional recyclable Continuous variable North Carolina
materials collected through Department of
local government programs Environmental Quality
Independent Variable
1 coord A designated recycling 1- If county has a recycling North Carolina
coordinator at the county coordinator Department of
0- If county doesn’t have a Environmental Quality
recycling coordinator
2 rural urban County classifications into 1- Urban county Andrew Isserman U-R
rural, urban, mixed rural, and 2- Rural county codes (Full definitions in
mixed urban 3- Mixed urban Appendix A)
4- Mixed rural
3 pol Voter registration statistics by ~ Continuous variable—percentage of North Carolina State
county registered Democrats Board of Elections
2013-2018
4 recyc_ed County recycling education 1- If county has a recycling North Carolina
and awareness programs education program Department of
0- If county does not have a Environmental Quality
recycling education program
5 hh inc Median household income by ~ Continuous variable Census Bureau
county
6 crb County curbside recycling 1- If county provides curbs