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Abstract: Recycling is a cornerstone of waste management. Despite its significance and growing
interest, the US recycling rate has stagnated at around 35% for more than the past decade. In this
study, we investigate an effective waste collection method as well as factors that may negatively
affect recycling program management as a proxy measure of the recycling rate. To this end, recycling
program managers and coordinators were surveyed since they play a pivotal role in the flow of
recyclable materials. We found a combination of curbside and drop-off recycling to be the most
cost-effective, but when managers’ experience level is factored in, the perceived significance of the
combination approach decreases. Concerning barriers to recycling, we found that market variability
for recycled materials, insufficient public participation in waste collection, and knowledge of best
practices are critical inhibiting factors. In addition, China’s complete ban on waste import by 2030,
an organizational framing effect of recycling, and a strong need for public education and outreach
activities about recycling have emerged as new problems for recycling. Our findings point out
recycling systems that reduce those setbacks to improve recycling performance and increase the
recycling rate.

Keywords: recycling; US recycling rate; recycling program managers; curbside pickup; drop-off
recycling center service

1. Introduction

In the United States, the first recorded recycling rate (percent of generation recycled
and composted) in 1960 was 6.4% [1]. By 1985, the recycling rate had only increased to
10.1%. However, from 1985 to 2005, the recycling rate accelerated to 31.4% and then became
stagnant from 2005–2017 at ~34% [1]. The recycling rate of municipal solid waste (MSW)
is defined by dividing the total amount of MSW recycled by the total amount of MSW
generated in a year [2]. The fact that a third of MWS collected is recycled indicates that
US recycling programs have worked and diverted waste from landfills and incinerators
through recycling programs. Several laws, including the Resource Conservation and Re-
covery Act (RCRA) and the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA), relate to waste management and recycling, and the US Environ-
mental Protection Agency (EPA) has been authorized to regulate recycling in cooperation
with state and local governments [3]. States share some regulatory power through partial
preemption insofar as state laws do not conflict with federal statutes [4]. Local govern-
ments are the most involved in implementing and managing waste management, while the
autonomy level of local governments varies by state [5]. They report compliance to their
respective state governments, and state governments document compliance to the EPA.

However, if a comparative perspective is taken, the US recycling rate is relatively low
and ranked 25th in the world. Germany (56.1%), Austria (53.8%), South Korea (53.7%),
and Wales (52.2%) show far higher recycling rates, in part due to their national policies
that encourage recycling and set clear performance targets and policy objectives for local
governments [6]. The relatively low recycling performance in the US signifies foregone
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environmental and economic benefits associated with recycling, such as reduced natural
resource extraction and raw material use, decreases in waste flown to landfills and in-
cinerators, and reduction in pollution in groundwater, soil, and freshwater ecosystems.
Recycling also saves energy consumption for natural resource extraction and thereby re-
duces greenhouse gas (GHG) emissions [7,8]. Overall, by increasing the recycling rate, the
US could minimize negative environmental impacts, encourage the responsible method of
solid waste management, and advance environmental sustainability.

Against this backdrop, this study aims to investigate barriers to US recycling programs
to extrapolate the challenges of nationwide recycling practices from an industrial manage-
ment perspective. We first intend to understand the most effective waste collection method
amongst curbside pickup, drop-off recycling center service, or a combination of curbside
and drop-off approaches. It is known that collection methods affect public participation in
recycling and recycling rates [9–11]. We also examine both pre-identified and emerging
factors that result in stagnant recycling rates. With respect to the pre-identified factors, we
rely on Folz’s two seminal studies [12,13] on recycling and explore if factors found to be
problematic in the past are still an issue and remain ongoing challenges. Lastly, we assess
what emerging factors are perceived to be most significant when managing household
recycling programs. Our focus in this study is on the recycling portion of waste diversion
and materials collected from only residential sources, not commercial or industrial ones. In
2008, residential recycling programs accounted for 55 to 65 percent of total MSW generated,
so the focus was limited to household waste [14].

To this end, we conducted a nationwide survey, and randomly selected recycling
program managers were invited to participate. Recycling program managers were assumed
to provide a holistic perspective on recycling, as they are at the core of recycling material
flow. They are consumers of waste as well as producers of recycled materials, which are
sold as secondary products [15–17]. Our study sheds light on critical inhibiting factors,
including market variability for recycled materials, insufficient public participation in waste
collection, and knowledge of best practices. It identifies areas for further discussion that
could improve recycling program performance by hedging the external barrier and driving
more internal public attention to recycling.

2. Recycling Program Management in the US

Recycling in the US has taken place since 1960. In this study, recycling refers to a
collective form of waste divergence that includes all levels, from primary, secondary, and
tertiary to quaternary [16]. The EPA defines the recycling rate as a combined recycling
and composting rate [2] and has collected data since 1960. The recycling rate has been
split into three periods (Figure 1). Period one (1960–1985) was characterized by a period of
slow growth, in which the recycling rate increased by less than 4% in 25 years. Period two
(1985–2010) was a period of rapid growth, where the recycling rate increased by approx-
imately 25% in 25 years. Since 2010, the percentage of recycled and composted material
has plateaued at around 35%, with the recycling rate leveling at 25% and composting rate
leveling at 10%, which is a period of stagnation [1].

In relation to recycling and recycling rates, prior research has actively studied recycling
programs as an integral part of sustainable waste management and creating a circular
economy. Some scholars have focused on the phase of collecting recyclables [9–13,18] while
others have studied material processing [19,20] and markets for recycled materials [15–18].
In taking an industrial ecology perspective, research has also focused on industrial recycling
networks in which different industries are grouped to recycle byproducts such as cinder,
waste paper, wood residuals, ashes, and scrap metals and discussed the role of industrial
symbiosis networks as starting points for broader cooperation toward sustainability [21,22].
Furthermore, in line with sustainable production and consumption, individual consumers’
awareness and public perception of recycling have been studied [23–26].
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EPA’s MSW recycling and composting rates [1].

While the national recycling rate has stagnated at 35%, recycling rates within each state
and at the local level have varied. According to an in-depth analysis of state recycling rates,
states like Maine and California had high performances, but Arizona, Mississippi, Alaska,
Oklahoma, Utah, and Louisiana were found to be low performers [27]. At the local level,
the cities with the highest recycling rates are San Francisco (80%), Los Angeles (76.4%), San
Jose (75%), Portland, Oregon (70%), and San Diego (68%), which are all well above the
national recycling rate [28]. California does have a long-term goal of transitioning to zero
waste, setting strict landfill diversion percentages with a statewide goal of 75% by 2025.
The strong state mandate along with a pro-environmental culture and knowledge networks
could be attributed to four Californian cities’ strong recycling culture and practices [28].

Such variance in recycling rates partly relates to unfunded state mandates in which
recycling programs of local governments are expected to be financed by state govern-
ments [12,13]. Recycling programs have costs associated with collection, processing, and
separation, as well as the additional cost of MSW landfill tipping fees for the disposal of
contaminated materials. Some states mandate a certain proportion of materials in the waste
stream to be recycled and, under the mandates, fund recycling programs [29]. However,
states’ funding and incentives to local governments are not always equal to the recycling
program costs. Municipalities point out that limited resources are a significant hindrance
since they cannot properly manage, reinvest, and improve recycling programs. It is evident
that states’ funding support is essential but has not been sufficiently given.

Tipping fees and landfill capacity also influence local authorities’ waste management
performance [30]. Tipping fees are directly correlated with landfill capacity, and in regions
where the landfill capacity is limited, the tipping fees are higher. For example, the average
tipping fees for Northeastern states are highest, ranging from 70 to 115 dollars per ton, and
those of southeastern states are lowest, from 35 to 50 dollars per ton [31]. The difference
in tipping fees and landfill capacity thus indicates the strong need for recycling to reduce
costs associated with waste landfills in local jurisdictions.

2.1. Collection Type

Recycling programs for residential MSW gain their source materials through three
collection methods, which are curbside pickup, drop-off recycling center service, or a com-
bined curbside and drop-off approach. Curbside collection involves a service that picks up
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recyclable materials at an individual’s home and then transports it to a waste management
facility [9]. Drop-off recycling center service requires a separate predetermined collection
location, like a waste management facility or a sorting center, where participants can go
and drop off their recyclable materials. This collection method can be further split into
single-stream or multi-stream. Single-stream is when all recycled materials are collected in
a single comingled container and separated later in recycling and/or waste management fa-
cilities. Multi-stream collection is when participants must pre-separate recyclable materials
and then those separated materials are collected in compartmentalized trucks [9].

The single-stream method lowers collection costs by eliminating the need for special
compartmentalized trucks, but it tends to have higher operational costs for material separa-
tion [9]. High levels of contamination are concerned [20], which can reduce acceptance rates
at the facility [19] and lower prices for commodities [9,17]. In contrast, the multi-stream
collection method can lower the associated operational costs, but the collection costs are
overall high due to the need for specialized trucks [9]. Prior studies found that collection
methods affect recycling rates [10] and public participation in waste collection [11].

2.2. Factors Determining Recycling

Recycling depends much on recycling program managers’ ability to recycle or sell
recyclable materials. Many significant factors affect recycling, including material charac-
teristics, market variability, contamination of recyclable materials, and global waste trade
policy, particularly a Chinese policy to ban industrial and nonindustrial waste imports by
2030 completely. Key factors underlying recycling rates are as follows.

First, material characteristics determine a material’s recyclability. In 2017, the total
MSW was 267.8 million tons, and paper and paperboard accounted for a quarter of it. Food
(15.2%), plastics (13.2%), yard trimmings (13.1%), and metals (9.4%) followed. However, as
to recycling, paper and paperboard (46.9%), yard trimmings (25.9%), metals (8.8%), glass
(3.2%), and wood (3.2%) account for 97.2 million tons of recycled items [1]. Recycling in
plastics and food was drastically low, showing the challenges of recycling the materials
(Figure 2).
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Paper and cardboard, as well as metals (i.e., aluminum, steel, etc.), have standardized
methods for collection and processing and pre-established secondary markets. However,
plastics are hard to recycle as they are versatile with multiple applications, cheap to produce,
and have a high strength to weight ratio that indicates strong durability [7,32,33]. However,
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the rapid production and consumption of plastics have introduced a new material into
the MSW stream, adding more burdens on recycling managers. It is alarming that global
plastic production has grown from 2 million tons annually to over 381 million tons annually
from early 1950 to 2015 [7,34].

Secondly, market variability plays a significant role in recycling. Recycling managers
must operate in a complex secondary market that has high variability. Price volatility is
driven by uncertainty in secondary recycling markets [17]. Contamination, uncertainty
of the total volume of recyclables collected, and the price of virgin materials have all
contributed to fluctuating market prices for recyclables. For instance, some virgin materials
like steel and plastic resin have a higher price volatility because of natural resources, and
the prices of recycled materials, including plastics, fluctuates [17].

Third, contamination can decrease the quality of materials during sorting and recycling,
thereby lowering the recycling rate. Contamination of paper can reduce the strength of
secondary fiber [35], while contaminated plastics can cause visual imperfections and reduce
the strength and integrity of secondary products [35]. For instance, fiber products, including
paper and cardboard, can be recycled on average six or seven times. However, the bonds
that hold fibers together are weakened when recycled, and the fibers lose resilience [35].
Recycled fibers thus have a lower quality or value and often need to be combined with virgin
fibers for structural integrity. Also, public perception that recycled materials are of inferior
quality or have a higher potential for contamination results in reducing recycling [17,36].

Lastly, global waste trade policies like the Chinese ban on waste imports by 2030
would crucially affect recycling. For instance, since the 1980s, China has imported foreign
waste to subsidize the shortfall of raw materials, becoming the world’s largest importer of
solid waste [37]. However, recently, China banned the import of over 24 distinct types of
solid waste, including several recyclable materials like scrap metals and non-industrial and
industrial plastics, and dedicated 100% of the implementation of the ban by 2030 [38–40].
This policy would be highly impactful to countries exporting waste to China, including the
US [40]. Scholars have found that the Chinese ban policy has already started shifting waste
exports to other South Asian countries like Malaysia, Vietnam, and Taiwan [38,40], where
cost-effective recycling technologies are not equipped [39]. In the US, over sixty curbside
recycling programs seem to have been affected by the ban policy [41].

3. Research Design and Methods
3.1. Survey Plan

To understand problems associated with the stagnated recycling rate in the US, we de-
cided to conduct a survey targeting recycling program managers. Folz’s surveys conducted
in 1989 and expanded in 1996 were insightful, as they investigated recycling program
managers’ perceived problems in recycling [12,13].

In 1989, Folz distributed a national survey to the recycling coordinators of 450 cities
across 25 states, and 264 officials responded to the survey. Overall, 60% of the survey re-
spondents were full-time recycling coordinators and 40% were part-time employees. Some
of the part-time employees held positions in local public works departments [12]. The
second survey was undertaken in 1996, inviting the same individuals. In total, 158 recycling
program managers and coordinators responded, showing a response rate of 64%. The
respondents’ average years of experience in the industry increased from 6.7 years (1989) to
8.9 years (1996). Folz found that financing recycling programs, getting residents to partici-
pate in recycling, and the lack of reliable material markets were critical issues impeding
recycling, as shown in Table 1 [13]. We surmised that the factors identified by Folz provide
a baseline for consideration in designing our survey, even though we acknowledge that
there may be other factors that should be counted and reflected in the current context of
recycling markets and the global waste trade. Table 1 summarizes the mean scores of each
factor from Folz’s 1989 and 1996 surveys and subsequent ranking based on the means. In
Folz’s studies, program managers scored each problem with a 5-point Likert scale, and the



Sustainability 2024, 16, 3539 6 of 14

mean scores were averaged out and divided by the number of managers answering the
survey [13].

Table 1. The importance of problems in municipal recycling programs in 1989 and 1996.

Mean 1989 * Mean 1996 * Rank in 1989 Rank in 1996

Financing recycling programs and
securing adequate budgets for recycling 3.37 3.68 4 1

Getting residents to participate
in recycling 3.70 3.59 2 2

Lack of reliable material markets 4.17 3.37 1 3

Unfunded state mandates 3.47 3.28 3 4

Obtaining information about best
recycling practices 2.85 2.76 5 5

Theft and scavenging of recyclables 1.78 2.16 6 6
Source: This table was created based on the findings from Folz’s studies [6,7] and ranks were added by authors.
* 1 = not important, 2 = slightly important, 3 = moderately important, 4 = important, 5 = highly important.

3.2. Data Collection and Analysis

The survey was posted on the open forum for the Planning & Management Technical
Division www.community.swana.org (accessed on 1 February 2024) of the Solid Waste
Association of North America (SWANA). SWANA is a nationally reputed organization of
public- and private-sector professionals committed to solid waste management and resource
management, working directly with local governments and their private sector partners [1].
The survey was open for three weeks, from 16 March 2020 to 3 April 2020. Survey responses
did not include any personal information except for participants’ dwellings in the industry.
To qualify for the study, participants must have at least one year of experience in the waste
management industry and be 18 years or older.

The survey questionnaire was composed of three sections. The first section focused
on survey participants’ experience level and their perception of the effectiveness of waste
collection methods amongst curbside pickup, drop-off recycling center service, and a
combination of curbside and drop-off approaches. Section two asked how the factors known
as barriers to recycling in Folz’s studies, namely, established factors, are still perceived to
be important by respondents. Responses to each factor were rated on a 5-point Likert scale
from 1 (not important) to 5 (highly important).

Section three focused on identifying respondents’ viewpoints on emerging factors that
may influence recycling management program performance. Relying on prior research, we
selected eight key factors and asked survey participants to answer using the 5-point Likert
scale of 1 (strongly disagree) to 5 (strongly agree) about the influence of each factor. For
instance, in order to measure an organizational framing effect on recycling, we asked “how
an organization communicates and/or defines recycling to the public would influence
recycling program management”.

As one of the critical research questions, we focused on how recycling program
managers’ experience level affects their preference for collection methods. We posited that
more experienced participants could have a deeper understanding of recycling performance
depending on waste collection types. Data analysis was conducted using an independent
t-sample test in R Studio after creating a categorical variable of “experience in the waste
management industry”. For this analysis, 0 to 9 years of experience was coded as 1, 10 to
25 years of experience was coded as 2, and more than 25 years of experience was coded as
3. Also, we used descriptive statistics for emerging and established factors that are setbacks
to recycling program management.

4. Results

We collected 54 responses from recycling program managers and coordinators, and
they worked for at least one year to forty-plus years, with an average of nineteen years
working in the industry. Table 2 presents how the years of experience were divided

www.community.swana.org
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into experience categories; 15 individuals met the qualifications for level one (<10 years),
24 individuals met the qualification for level two (10–25 years), and 15 individuals met the
qualifications for level three (>25 years).

Table 2. Survey respondents’ experience level (n = 54).

Experience Level Years of Experience
Number of Recycling
Program Managers or

Coordinators
Percentage Points (%)

1 <10 year 15 27.8

2 10–25 years 24 44.4

3 >25 years 15 27.8

Figure 3 shows the three experience levels with changes in the US recycling rates.
The EPA graphic extends from 1960 to 2017, and experience levels would be by 2020. The
reported recycling rates can be split into three major periods in relation to this research.
Period one (1985–1994) represents a rapid increase in the percentage of MSW recycled and
composted, approximately 15%. Level 1 individuals worked in the waste management
industry when the recycling rate began to become stagnant. Period two (1995–2009)
represents a slower increase and/or rise in recycling rate, approximately 10%. Level
2 individuals would have experienced slowed growth and eventual stagnation of the
recycling rate. Finally, period three (2010–2017) was the period when the recycling rate
began to stagnate, and that period extends to the present day. Respondents in experience
level 3 would have knowledge of the recycling industry throughout multiple transitions.
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4.1. Collection Types

Regarding collection types, we asked which collection method is more effective among
the three collection types compared: curbside only, drop-off only, or a combination of both.
Table 3 shows the percentage of respondents who reported that curbside only, drop-off
only, or a combination of collection types were the most effective. The percentages were
computed by adding all responses divided by the total number of respondents in each
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experience group, experience level 1, 2, and 3. The results showed that 75.9% of respondents
believed that a combination of both curbside and drop-off collection was the most effective,
20.3% stated that curbside only was the most effective, and only 3.7% stated that drop-off
only was the most effective. We also find that as experience level increases, the number
of responses for curbside only or drop-off only increases, but the number of combination
responses decreases.

Table 3. Most effective collection type by recycling program managers’ experience level (n = 54).

Curbside Only Drop-Off Only Combination

Experience Level 1 13.33% 0% 86.6%

Experience Level 2 20.8% 0% 76.16%

Experience Level 3 26.6% 13% 60%

Table 4 depicts the results of two-sample t-tests between experience levels and collec-
tion type responses. Our findings suggest that the differences between experience levels
and curbside only responses are not statistically significant (p > 0.10), but the differences
between experience levels and drop-off only (p < 0.5) and combination (p < 0.1) responses
are statistically significant. This means that, as managers’ experience increases, they find
that drop-off only could also be cost-effective in some cases, while managers of experience
levels 1 and 2 never consider drop-off only as an effective waste collection method. As
far as a combination approach is concerned, the less-experienced managers favored the
approach as a cost-effective option.

Table 4. Two-sample t-test of equality of means.

Experience Level 1
vs. Experience

Level 2

Experience Level 2
vs. Experience

Level 3

Experience Level 1
vs. Experience

Level 3

Curbside Only
Percentage Difference 7.47 5.8 13.3

T statistic
p-value

−0.603
0.55 *

−0.401
0.691 *

−0.894
0.379 *

Drop-off Only
Percentage Difference 0 13 13

T statistic
p-value

−2.46
0.021 **

−2.25
0.040 **

−2.25
0.040 **

Combination
Percentage Difference 10.44 −16.16 −26.6

T statistic
p-value

5.30
0.001 ***

3.61
0.001 ***

4.02
0.001 ***

the number of observations was 54 in all t-tests. * p > 0.10; ** p < 0.05; *** p < 0.01.

4.2. Established Factors Associated with Recycling

Figure 4 shows a comparison of mean scores of the established factors influencing the
management of municipal recycling programs in 1989, 1996, and 2020. Originally, there
were six factors listed in Folz’s studies; our study included four factors after eliminating
the lowest-scored factor, “theft and scavenging of recyclables”, and simplifying financial
assistance-related factors into “state and federal funding”. Therefore, four factors, “knowl-
edge of best practices”, “state and federal funding”, “market variability”, and “public
participation”, were examined as established factors. Also, Folz’s studies and our studies
have unequal sample sizes. Figure 4 gives an approximate idea of whether certain factors
are still regarded as important or not, rather than directly comparing Folz’s prior studies
and this study. The mean scores in 1989 and 1996 were adopted from Folz’s studies, while
the mean scores of 2020 were computed using a descriptive statistic of means for each factor
in our survey.
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Note that if the problems identified in Folz’s studies [12,13] were addressed, the means
of the established factors in our study should be lower. For instance, Folz found that
recycling program managers’ perceived importance of market variability was reduced from
1989 to 1996, when the recycling rate was sharply soaring. Market variability thus was a
less significant problem in 1996 than in 1989 [13].

However, our survey showed that the mean of “market variability” increased com-
pared to 1996. Also, “public participation” and “knowledge of best practices” were found
to be important, as their mean scores were higher than those in the 1989 and 1996 studies.
It is interesting to know that those established factors are still perceived to be important,
contributing to the stagnant recycling rate at 35% since 2010. In contrast, “state and federal
funding” was perceived to be less problematic, indicating that financial support from
higher governments in 2020 has been more available than in 1989 and 1996.

4.3. Emerging Factors Associated with Recycling

When the importance of emerging factors in recycling was asked, China’s policy to
ban waste imports by 2030 was found to be highly important (mean = 4.48/5.00, in Table 5).
Organizations’ approach to defining and/or communicating recycling (mean = 4.09/5.00),
as well as a strong need for public education and outreach activities (mean = 4.07/5.00),
were perceived to be important to affect recycling. Both factors relate to the significance of
organizational attitudes toward recycling internally and externally to the public. Depending
on material characteristics, costs of managing recycling programs, and willingness to reduce
landfills and disposals via recycling, organizations may decide what to recycle and how to
collect and communicate the prioritized cost-effective recyclable items to the public.



Sustainability 2024, 16, 3539 10 of 14

Table 5. The importance of emerging factors influencing the management of recycling programs.

Factors Explanation of Factors Mean Score Rank

China’s policy to ban waste imports China’s policy announced in 2018 to ban the illegal imports of
solid waste including non-industrial plastics by 2030 4.48/5.00 1

Organizational framing effect of recycling How an organization communicates and/or defines recycling to
the pubic 4.09/5.00 2

Public education and outreach activities Strong need for public education and outreach activities to
inform effective recycling methods including waste collection 4.07/5.00 3

Extended Producer Responsibility (EPR)
Establishing Extended Producer Responsibility (EPR) laws and
policies to establish a holistic approach to product production
and waste management

3.98/5.00 4

Budget deficits of recycling programs Shortfall between operation costs of recycling programs and
financial assistance from external entities 3.81/5.00 5

Growing plastic consumption Rapid increases in plastic production and consumption fed into
the MSW treatment stream 3.72/5.00 6

Technical assistance from state and
federal governments Technical assistance provided by state and federal government 3.53/5.00 7

Reasonable waste collection charges Waste collection and disposal fees that are adequate to cover the
deficit created by the decrease in profits from recyclables 3.50/5.00 8

5-Likert scale was used for the mean scores (1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree,
4 = agree, 5 = strongly agree).

Extended Producer Responsibility (EPR) is a prevalent concept in the EU and other
countries with high recycling rates [6], but it is relatively less practiced in the US. As
such, it is unsurprising that this factor was not considered very important. The factor of
“growing plastic consumption” ranked sixth out of eight factors, indicating that increasing
plastic production and consumption has not greatly affected recycling performance, while
plastic recycling has emerged as a significant waste management issue. The availability of
technical assistance from federal and state governments was also not found to be highly
important, implying that recycling program performance is more likely to rest with local
governments and recycling management organizations’ capacity to prioritize recyclable
items and communicate them with the public [42]. Table 5 summarizes the importance of
emerging problems in managing recycling programs.

5. Discussion

In this study, we aimed to understand an effective waste collection type and problems
associated with managing recycling programs and thereby contributing to the stagnant US
recycling rate at around 35%. Recycling involves multiple stakeholders, but the perspectives
of recycling program managers and coordinators are crucial to understanding the material
flow in recycling. Recycling program managers provide a holistic perspective in their roles,
as they are consumers of waste and producers of recycled materials, which are sold as
secondary products [15–17]. We thus relied on recycling managers’ viewpoints regarding
the barriers to recycling and weighed on their experiences, through which they could have
experienced varying speed of recycling rate growth.

We found that the combination method of curbside and drop-off is most cost-effective,
but when the experience of recycling managers was accounted for, either curbside only
(26%) or drop-off (13%) was perceived to be cost-effective compared to their perceived cost-
effectiveness by managers with low experience levels. Concerning the curbside approach,
59% of US households have access to curbside recycling programs [43], and curbside
pickups are mostly carried out in a single stream and thus assumed to be cost-ineffective
with mixed recyclables [24]. When recyclable items are mixed in single-stream recycling
bins, the curbside approach can increase program costs, although providing convenience to
consumers and increasing the volume of recyclable items collected. Accordingly, recycling
program managers’ perspective illuminates the value of combined recycling collection with
curbside pickup and drop-off service.
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With respect to the problems of recycling, we included the established factors that
have historically affected the management of recycling programs and the emerging factors
that have impacted the management and operation of recycling programs after Folz’s
studies. As to established factors, we found that market variability for recycled materials,
insufficient public participation in waste collection, and knowledge of best practices remain
problematic, affecting recycling performance. Market variability and its associated price
volatility in secondary recycling markets are hard to correct, as they would depend on
the total volume of recyclables collected, contamination in recyclable materials, and the
virgin price of materials. Preventing contamination during collection, selecting a collection
type suitable for towns, and improving education and government policy for the financial
stability of recycling markets could alleviate this problem. Insufficient public participation
in waste collection and knowledge of best practices, which ranked second and third of the
remaining issues, need to be approached with more strategic public education and outreach
as well as knowledge sharing on multiple information sharing platforms [23]. Individual
consumers’ attitudes and preferences towards recycling and products based on recycling,
age, region, and education create variances, which indicates segmentation of the public is
important to communicate recycling, create demands for recycled products, and thereby
raise the national recycling rate [44].

Concerning emerging factors, the Chinese policy to ban waste imports by 2030 raises
the biggest concern for US waste management, as much of the US waste is exported
to China [38–40]. This fact illustrates a solid reason to expand and invest in recycling
programs to mitigate the impact of the ban policy. The organizational framing impact is
ranked second, indicating conceptualizing recycling is critical. Recycling can be understood
differently, including remanufacturing, closing the loop, cycling, and reusing waste [31].
A win-win rhetoric of sustainability could appeal to the public rather than grounding in
individuals’ moral motives [23,45]. Furthermore, public education and outreach activities
to inform effective recycling methods were revealed to be critical. Recycling performance
is highly dependent on material characteristics, and the public should be informed about
the details of the collection, such as recyclable materials and the need to rinse and wash
recycling items at the source. Accordingly, recycling program managers must develop and
implement effective public information campaigns with concrete and specific messages
on how and what to recycle [23] while educating the public on recycling as an essential
means to promote environmental sustainability, create a circular economy, and lessen social
inequality with reduced landfilling or incineration needs [26].

Our study sheds light on the complexities of recycling challenges, drawing on insights
from recycling program managers who bring years of experience to the table. This approach
has enriched our comprehension of the obstacles to recycling and provided a precise depic-
tion of national recycling efficacy. Despite the value of this study, it is worth acknowledging
the limitations of our research. First, the experience level of recycling program managers
is critical in assessing problems associated with recycling, but other factors may need to
be considered. For instance, while some program coordinators indicate their long-term
experience in waste management, their understanding of recycling problems could differ
by sector (i.e., public vs. private) and location (i.e., urban vs. rural). Demographic and
geographic factors, including population density and distance to recycling facilities, could
also tell a difference in whether drop-off could be more cost-effective than a curbside
approach. Future research may replicate this study by considering those factors on multiple
distribution platforms that could allow a larger sample size.

6. Conclusions

Recycling stands at the core of waste management, fostering both economic and envi-
ronmental health. By reducing the need for raw materials, it lowers both the financial and
environmental impacts associated with landfill usage or burning waste. The simple act of
recycling by individuals contributes to a decrease in the extraction of natural resources, cuts
energy use and soil pollution, combats greenhouse gas emissions, and encourages sustain-
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able living practices. Acknowledging its benefits to economic, environmental, and social
sustainability, the United States has implemented recycling practices since 1960, with nearly
one-third of discarded waste now being recycled. Reflecting this tradition, there has been
significant research exploring various aspects of recycling, including the steps involved
in recycling programs like collection [9,11–13,15,18,19], material processing [19,42], the
markets for recycled goods [15–17], trends worldwide, and international policies [37,39,40].

The United States leads the world in the generation of municipal solid waste, yet
its recycling rates have plateaued since 2010, prompting questions about both internal
and external challenges. A distinct survey involving waste management and recycling
professionals has revealed that well-known issues, along with emerging factors, could
hinder the increase in recycling rates. The array of emerging challenges underscores the
complexity of enhancing recycling through behavioral changes, rather than simply raising
environmental awareness, confirming the results from prior research [44,46]. New concerns
include the necessity for EPR, funding shortfalls in recycling programs, and the rising
consumption of plastics, all of which demand cooperative efforts and innovative solutions.
For example, replacing plastic packaging with bio-based materials, supported by research
and development policies and entrepreneurial ventures, could significantly promote the
circular economy and environmental sustainability [7].

This study paves the way for numerous research opportunities. Firstly, considering
the significant increase in US recycling rates between 1995 and 2009, identifying which
sustainability measures played a key role in this growth would be insightful. Secondly,
there is a need for further study into the most effective recycling management practices and
how these can be applied in regions and states with lower recycling rates, particularly in
light of new challenges. Thirdly, examining the readiness of local governments to enhance
recycling policies, especially with the impending bans on waste exports and the push
for broader adoption of EPR in the US [47], warrants attention. Fourthly, it is crucial for
those managing recycling programs to craft and execute targeted public awareness cam-
paigns that provide clear guidance on recycling practices and promote waste minimization
alongside recycling [23,26]. Lastly, engaging various stakeholders—including the general
public, community and environmental leaders, and policymakers at all levels—could
broaden our understanding of how to optimize the financial and environmental benefits
of recycling. In summary, our findings indicate a significant scope for research aimed at
overcoming these challenges to enhance recycling efforts and foster a circular economy and
sustainable future.
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