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ABSTRACT Recent disruptions in waste management, including the COVID-19 pandemic and China’s decision to

limit waste imports from the United States, have shocked materials management systems across the United States. In

Maine, these disruptions have been exacerbated by significant disturbances in the state’s waste management

infrastructure. These shocks, emerging on multiple scales, combine to strongly impact Maine’s communities.

Drawing on interviews with stakeholders involved in waste hauling, processing, outreach and education, as well as

state and municipal government. Our paper explores how participants are leveraging these experiences to envision

a more resilient materials management system for the state. However, as this case study illustrates, the complexity of

materials management systems means that there is no single solution for ongoing, emergent, and unforeseen

disruptions. Our research identifies tensions related to how to define system boundaries, the respective roles of

the government and markets, issues of scale, and the dual need for both centralized and distributed solutions. Our

exploration of materials management disruptions in Maine demonstrates the complexity of building and managing

systems that attempt to balance the social, economic and ecological dimensions of materials management systems.
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I N T R O D U C T I O N

In the early months of 2020 , the world was gripped by
the COVID-19 pandemic, reeling from the disruptions it
brought. But for Maine, where this case study takes place,
the pandemic was just the latest in a series of challenges
for the state’s materials management system. Materials
management systems include the people, organizations,
facilities, and institutions responsible for handling (and
preventing) waste. These actors have faced challenging
decisions about infrastructure investments, instability in
global recyclables markets, and changes in international
trade policy in addition to the pandemic. These disrup-
tions have made it difficult for materials managers to
figure out what to do with waste streams that continue
to grow even as the options for processing those materials
are constricted.

This case draws on interviews with Maine materials
management stakeholders to explore the disruptions to

Maine’s materials management system. We ask what we
can learn from these disruptions for, if the past is any
indicator, there are further disruptions to come. In the
following sections, we will describe Maine’s materials
management system and the challenges the system has
experienced over the past decade. We will then explore
how stakeholders experienced recent disruptions and how
they envision potential solutions. Our work suggests that
there are conflicting visions of what a materials manage-
ment system should look like, and that these visions are
underpinned by different value systems. We end by con-
sidering emergent policy tools that have the potential to
remake materials management systems in Maine and
beyond.

While our case focuses on the disruptions experienced
by materials management stakeholders in Maine, we note
here that many stakeholders framed their responses to
these disruptions—and future visions of materials
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management in Maine—in terms of sustainability and
resilience. We recognize that these terms have long and
varied histories in the academic literature [1], and distinct
definitions. Exploring the epistemological roots of
“sustainability” and “resilience” is outside the scope of this
paper. Instead, we share our stakeholders’ understandings
of these terms in reference to disruptions in Maine’s
materials management system.

C A S E E X A M I N A T I O N

Overview of Materials Management

“Materials management” is an important part of society’s
production and consumption systems. Traditionally
represented linearly (see figure 1), going from resource
extraction and processing, to manufacturing, transporta-
tion and retail, consumption, and disposal, this system
consumes water, energy, and nonrenewable resources and
emits pollution at each stage. If the system is circularized
by recapturing materials for reuse (recovery and reuse in
the same form) or recycling (recovery and reprocessing to
raw material form), materials, energy, and water inputs
can be reduced, and pollution can be minimized [2].
Circular systems also reduce the rate of resource depletion
and support a hierarchy of reduction, reuse, and recycling
of materials in that order.

Conditions in Maine

Maine is the northeasternmost state in the United States,
with a population that is more rural and elderly, on aver-
age, than other states [3]. With a well-documented culture
of reuse [4], many Mainers pride themselves on a waste-
not mentality that contributes to some of the lowest waste
generation rates in the country [5]. Maine’s materials
management “system” is, in reality, a complex assemblage

of people, organizations, institutions, businesses, and
infrastructure that interact to move objects through dif-
ferent pathways depending on their value, location, phys-
ical attributes, available markets, and associated policies
and regulations.

Many decisions about materials management in Maine
are made at the municipal level, where resources and
infrastructure vary enormously. Some towns have—or
share, through regional cooperatives—a transfer station
where residents drop off materials which are collected and
stored until there are enough to sell or ship. While trans-
fer stations are common in rural parts of the state, many
towns in more populous areas contract with haulers for
residential curbside pickup to move waste and recyclables
to regional disposal or recycling facilities (see figure 2).

The state hosts numerous food diversion operations,
some operated by towns and many more by private busi-
nesses. Within the state, there is an array of waste proces-
sing infrastructure including three waste-to-energy
(WTE) incinerators, eight active landfills, and one inno-
vative materials recovery facility with recyclables, fiber and
energy recovery which was closed at the time of our writ-
ing. Hazardous and biomedical wastes must be exported
from the state. While materials management systems are
intended to prioritize management strategies based on
“delivering the best environmental outcome” [6], in prac-
tice, decisions about how best to manage materials are
influenced by costs, power, politics, infrastructure, and
emergent local and global events that shape ideas about
risks and the various benefits of diverse strategies.

Maine’s Materials Management Disruptions

There is a long history of leadership on materials man-
agement in Maine (see figure 3 for timeline). The state’s

FIGURE 1. Materials flow through the production and consumption system.
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expansive bottle bill was one of the first in the country [7],
and Maine was the first in the nation to implement
extended producer responsibility for electronic waste [8],
a policy that holds producers responsible for end-of-life
management for the electronic goods they produce. Maine
was also the first in the nation to pass legislation to create
an extended producer responsibility system for packaging
[9], and recently rolled out a statewide ban on plastic bags
[10]. Yet, despite significant advances and steps toward
progressive, meaningful action on materials management,
Maine has been roiled by a series of events that call into
question the resilience of its system (see figure 3).

The disruptions described here are not an all-inclusive
accounting of threats to materials management systems in
Maine, but they do provide a sense of recent issues faced

by Maine’s waste managers, painting a picture of a system
in constant flux.

Yet, if the challenges are diverse, so are perspectives on
how to best respond to these challenges. This paper draws
on 6 years of stakeholder-engaged work by our interdis-
ciplinary team as well as a series of interviews with 14

individuals involved in materials management systems in
Maine. Our sample of participants while not representa-
tive of the state’s materials management system as a whole,
was drawn from municipal officials, waste haulers and
processors, as well as representatives from state and local
government. This range of perspectives allows us to gather
insights into the impacts of disruptions in Maine’s mate-
rials management system across scale and inclusive of
varying perspectives.

FIGURE 2. Materials management systems in rural and urban Maine.

Disruptions in Maine’s Materials Management System 3

D
ow

nloaded from
 http://online.ucpress.edu/cse/article-pdf/6/1/1706963/720978/cse.2022.1706963.pdf by Liba H

ladik on 06 July 2022



Interviews lasted approximately 1 h, were conducted
via Zoom, and were recorded with the permission of
participants (IRB#20210119). Our discussions with these

key actors in Maine’s materials management system
focused on exploring the impact of recent disruptions,
the state of Maine’s current materials management sys-
tem, and what a future might look like for materials
management systems in Maine.

DISRUPTION: UNSETTLED INFRASTRUCTURE. In 2013 ,
Maine’s materials management infrastructure experienced
significant upheaval. A long-standing power purchasing
agreement was scheduled to elapse in 2018 , which had
previously made the Penobscot Energy Recovery Com-
pany (PERC), a WTE incineration facility, the most eco-
nomical option for managing waste for 187 Maine
communities. PERC received favorable rates for the elec-
tricity generated from incinerating waste, which allowed
for lower waste processing fees for municipalities. With
the impending end of this agreement, however, the cost
for municipalities to use this facility was set to increase
substantially. Given these projections, the 187 communi-
ties that sent their waste to the incinerator sought to
develop an alternative that would allow them to meet
their needs, support waste reduction, reuse, and recycling,
and keep costs affordable.

The communities held an open call for infrastructure
proposals in 2014 , which led to dozens of submissions.
After review, the communities settled on the development
of what was eventually named the Coastal Resources of
Maine facility, which would use novel processes to sort
recyclables, recover fibers, and create energy from paper
and organic materials through a proprietary process.
While this approach had been used in a small test facility
in the United States, and had been reviewed and vetted by
experts in pulp and paper engineering fields, the technol-
ogy had not been deployed at scale [11]. Importantly,
Coastal Resources of Maine encouraged municipalities
to shift to a “one bin all-in” system, where waste and
recyclables were mixed together in the same bin rather
than being source-separated. Coastal Resources of Maine
offered a service that would separate these materials and
find the best use for them without requiring source sep-
aration. This represented a significant change for most
municipalities, whose residents had been accustomed to
separating recyclables from waste—a behavior that had
taken time and effort to teach and practice successfully.

Coastal Resources of Maine was intended to open in
2018 , however, a number of factors, including construc-
tion delays, financial issues, legal disputes, weather, and

FIGURE 3. Timeline of materials management in Maine.
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technical and political obstacles, significantly delayed its
opening [12]. As one stakeholder described to us “it had 2

years of delays, whether it be the construction—they
switched contractors during it—whether it be the permit-
ting or whatever it was . . . they went through 2 years of
delays, which they hemorrhaged their funds.” When the
facility did not open as planned in 2018 , municipalities
that had contracted to send their waste to this new plant
instead had to send their materials to an emergency bypass
location—a landfill located 65 miles away from the new
facility. When the facility finally opened in a limited
capacity in 2019 , over a year late, it quickly shuttered
again due to financial and technical issues [13]. Unable
to raise the funds needed to operate at scale, the facility
was put up for sale, again leaving its member communities
to utilize the bypass landfill [14].

These disruptions put stress on communities, haulers,
and various waste disposal sites as materials managers
scrambled to find economically and environmentally via-
ble solutions to deal with the unexpected waste stream.
The future of the facility remains uncertain, as a recent
effort by another operator to purchase the plant fell
through [15]. While some stakeholders we spoke with
were supportive of the innovative technology, they also
made it clear that good technology alone couldn’t make
the plant run. One stakeholder told us, somewhat rue-
fully, “there’s a new organization coming in [ . . . ] And
hearing their background, it’s a little concerning because
they haven’t operated a commercial facility. So I think
there’s still a lot of speculation as to—are they really going
to be able to make it work? [ . . . ] Is somebody else really
going to be able to step in and secure that disposal facility
for the [ . . . ] communities that are set to go there?”

While disruptions in local waste infrastructure have
significantly impacted Maine’s materials management sys-
tem, materials managers have also been confronted with
massive changes in the global market for recyclables.

DISRUPTION: SHIFTING GLOBAL MARKETS. From 1995

until very recently, China led global waste imports [16],
accounting for nearly half of all waste imports globally,
and over 70% of plastics imports by volume [17 ].
Imported waste products were recycled to be used as feed-
stock for production processes. Dramatic growth in global
waste exports [18] since the early 1990 ’s, in combination
with the problem of recyclables “contaminated” by trash
[17 ], led China to limit waste imports through

increasingly strict regulations. In 2013 China enacted
Operation Green Fence (OGF), with a goal of enforcing
its existing policies related to imports of hazardous waste
materials. OGF was announced and implemented in Feb-
ruary 2013 , and “waste exporters learned of the interven-
tion on the day it was launched,” [19] taking global
markets by surprise. OGF lasted 10 months, ending in
November 2013 . Operation Green Fence strictly enforced
existing laws that limited the allowable contamination of
recyclable imports. Given China’s significant role in the
international waste trade, OGF had widespread impacts
on global recycling markets [16–18].

The disruptions from Operation Green Fence served
as a prelude to further upheavals as China further
restricted imports of waste and recyclables in 2017

through a policy known as National Sword. The National
Sword policy banned the import of a broad range of
materials from all sources, including mixed paper and
mixed plastics [20]. The policy also significantly reduced
allowable contamination in recyclables, from 1 .5% to .5%
and imposed tariffs on specific recyclable products origi-
nating from the United States [20]. As a result of
National Sword, China reduced its import of mixed plas-
tic waste by over 90%, and of mixed paper waste by over
50% [21], causing “dire” impacts at the local scale in the
United States, where recycling and waste programs are
typically managed [22]. Indeed, one of our stakeholders
told us that “as soon as the National Sword came along—
I mean the bottom fell out” of recycling markets. As
recycling facilities scrambled to meet the .5% contamina-
tion threshold or find new markets for their recyclable
materials, many program managers saw their recycling
programs go from income generators to expensive line
items not accounted for in the town budget. These mar-
ket changes required municipalities to make difficult
choices about the sustainability of their recycling efforts.
One municipal official told our team that “we are paying
344 times what we normally would pay to dispose of
recycling. So our costs have gone up considerably. The
number of materials we are accepting has also gone down.
We know that this is likely not a temporary change
either.”

As shifting Chinese policies have diverted materials to
new markets, other countries have also begun to alter
their policies on waste imports. For example, in 2020 ,
South Korea placed restrictions on waste paper and PET
bottle imports due at least in part to increasing rates of
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contamination [23]. Like the rollout of Operation Green
Fence, these recent changes in South Korean policy were
made with little advance notice, presenting planning and
logistical issues for global flows of recyclable materials.
Global market disruptions are continuing to affect munic-
ipal materials management in Maine, as described by one
of our stakeholders: “The single stream recycling really
worked great for years until China stopped accepting the
material and National Sword dropped and then all the
other countries decided it was time to also follow suit. So
that had a big ripple effect on every part of the recycling
markets.”

Even as materials managers in Maine sought to deal
with challenges associated with global market changes and
infrastructural uncertainty, new disruptions continued to
emerge, including the COVID-19 pandemic, which had
nearly immediate impacts on materials management in
Maine.

DISRUPTION: COVID-19 AND EMERGENT THREATS. The
recent history of challenges to Maine’s materials manage-
ment system suggests that uncertainty and upheaval are
characteristics rather than accidents in the system. This
idea is supported by recent disruptions due to the
COVID-19 pandemic, which injected further uncertainty
into an already precarious system. As one stakeholder
noted with some frustration, “I’m trying to be an opti-
mist!—It’s a little bit discouraging because there is so
much unknown between where we’ve been, where we’re
going, COVID impacts . . .So I’m not trying to be a pes-
simist, but there’s just this sense of holy cow, what next?
What’s the next shoe that’s going to drop?” The pan-
demic stressed systems in multiple ways: in many locales,
COVID-19 infections among workers created labor
shortages [24], while budget shortfalls related to the pan-
demic (combined with rising costs for recycling and mate-
rials management) meant that many municipalities chose
to cut services deemed optional, like recycling programs
[25]. As one of our stakeholders describes, in the early
days of the pandemic “there was a lot of fear about han-
dling and [ . . . ] a lot of transfer stations shut down their
programs for a period [ . . . ] And I wouldn’t be surprised
if some still are [shut down].” Another stakeholder con-
firmed this fear, telling us that “for a while, a lot of towns
said we’re not going to recycle because we’re scared of the
virus.” These challenges were exacerbated by rising and
shifting waste streams, as social distancing, personal

protective equipment, and online ordering became de
facto strategies for risk reduction among large population
groups [26].

REIMAGINING MATERIALS MANAGEMENT SYSTEMS.

The materials management professionals and municipal
representatives we spoke to often referred to this conflu-
ence of disruptions as “a perfect storm” that created seri-
ous problems in materials management systems. As
municipalities decided to abandon unprofitable and
increasingly expensive recycling programs, and as
COVID-19 created a boom in the disposal of single use
packaging, discussions about what Maine’s materials man-
agement system should look like and how to achieve those
visions were suddenly of greater interest.

In what follows, we draw on interviews with materials
management stakeholders who occupy a variety of posi-
tions in the overall system. While our interviewees are not
necessarily representative of the whole materials manage-
ment community in Maine, our conversations help to
illustrate tensions in the ways that people prioritize mate-
rials management goals. These tensions are underlined by
different conceptualizations of system boundaries and
value propositions that depend, in part, on an individual’s
position and experiences in Maine’s materials manage-
ment system. To help illustrate these positions and ten-
sions that emerged through the interviews, we construct
three materials management typologies1 that maximize
difference [27].

Centralized Planning and Systems Thinking

James is the city manager for a small town in mid-coast
Maine. He came to the town after having held several
other positions in municipal and town management.
While the duties of a town manager are extremely varied,
James told us that waste is an ever-present and perpetual
problem. In his 20þ years in municipal management, he
has seen several major challenges to Maine’s waste man-
agement systems but thinks things are particularly bad at
the moment. He said, “personally, I think that materials
management in Maine is sort of at a crisis point . . .

primarily because the options are dwindling . . . and the
fallback becomes the least tenable alternative, which is
landfilling.” In addition to disruptions tied to

1 . The three “ideal type” respondents featured here are composites of
several participants. Due to the small size of our sample, we use this strategy,
mixing the personal details of multiple participants, as well as pseudonyms
to ensure participant confidentiality.
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international markets and COVID-19 , James felt strongly
that the state’s contract with the operator of the state
landfill provided too much power to the operator and
created perverse incentives for waste reduction. Once state
subsidies for the PERC incinerator expired and commu-
nities split on where to send their waste, some facilities
didn’t have enough waste to support their operations and
began importing waste from Massachusetts and as far
away as Ireland to continue to fire their boilers or make
payroll at the landfill. “It’s like crisis management at its
worst,” said James. With recycling so expensive and the
failure of the Coastal Resource of Maine facility, all the
options were “so expensive that they’re not affordable”—
except for landfilling, which was, according to James, arti-
ficially cheap due to the management contract at the state
landfill. When Coastal Resources of Maine failed, the
next best option for James’ town was to have their recycl-
ables incinerated (which, during the pandemic, the state
counted as recycling). For James and many other munic-
ipal managers, costs determine their actions, regardless of
their support for environmental protection or concerns
about local jobs at waste processing facilities.

In James’ assessment, the problem stemmed from
a lack of planning and systems thinking. James reflected,
“we really should have thought this over a lot more
before we said the free market can package anything any
way it wants to . . . we’ll just take care of it for you.”
When asked to reenvision materials management in
Maine, James argued that an improved system would
be affordable for the municipalities and would be well
planned and coordinated so as to support Maine’s waste
hierarchy. James reflected, “I think that a system would
include strong product stewardship. I think it may
include some sort of subsidy for the more expensive
processing methods that are better for us environmen-
tally. That get us up the hierarchy of it. And I know
that—subsidy?—that’s terrible, but in essence we are
subsidizing the landfills.”

The recent problems in Maine, James argued, pre-
sented the perfect opportunity to look at the whole mate-
rials management system. Rather than individual pieces
that “are not well coordinated,” James argued that there
needed to be a systematic effort to assemble those pieces
into a working system. That solution, however, would
take significant state intervention, investment, and con-
siderable political will. Without those interventions,
James argued, “it’s not going to happen.”

Good Data and Collaborative Infrastructure

Gwen has been involved in Maine’s waste management
landscape for most of her professional life, working in
a variety of positions at landfill operations, waste trans-
portation, and now in the management of a processing
facility. She argues that the simplest solutions are always
the most resilient. They can really “take a beating and
come back and still do what it was meant to do.” In the
case of waste management in Maine, Gwen feels the most
resilient option is landfilling. Ironically, according to
Gwen, as you move up the hierarchy, the complexity
makes the process less resilient. She observed, “a couple
of things happen when you tend to go up the hierarchy,
and that is the level of complexity increases and usually
the costs associated with the technology or the result for
each rung increases.” When costs increase, it is difficult to
compete with the low price of a landfill. But just because
landfilling is a resilient processing solution, Gwen argued,
that doesn’t necessarily mean it is the most desirable. Our
interview with Gwen focused on the importance of build-
ing a system that includes options for all types of waste, is
distributed, and can support the waste management
hierarchy.

Having been involved in some significant turbulence in
waste processing contracts at her facility, Gwen reflected
that operations and maintenance at recovery facilities
require steady flows of waste to keep the operation viable.
She tells us, “we have run into times where we haven’t had
enough material and we haven’t had material in the quan-
tities that were at the prices needed to support this oper-
ation. That’s really one of our big challenges, is to make
enough money to keep this thing going.” The pain of
having to lay off staff, cut hours, and completely redesign
already existing processing equipment seemed apparent in
Gwen’s voice as she talked about how different waste
management operations are often in direct competition.
Part of the problem, in Gwen’s perspective, is the com-
petitive environment. She imagines a more resilient sys-
tem built on cooperative agreements, where one process
can fill in for another and provide redundancy in the
system.

She told us that building a robust system meant not
just looking at the various processes but the system as
a whole. She said, “part of a resilient system isn’t only
just all individual components but it’s the entire infra-
structure itself. So if you have a contraction in one part of
the infrastructure, say recycling, the wrong reaction is to
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say, ‘well, the hell with it, let’s just do away with our
recycling programs.’ Really, the way [ . . . ] to go forward
is to say, let’s keep those systems in place so that long
learned behavior—and it took a while for people to learn
how to do that—you don’t have to go through all that all
over again so that the system is ready to jump start when-
ever you replace the batteries.”

For Gwen, the most important consideration for
improving resilience was establishing a distributed and
coordinated infrastructure that could “move the material
to its highest use.” She argued that all facilities have their
place because not all forms of waste can be recycled or
incinerated. But to get there, Gwen argued, two things are
necessary: good data about the whole system and policy
support. She advocated for data collection to understand
more about the waste being generated. With this infor-
mation, there is a greater chance to prevent waste and
ensure that recovered materials are processed as high up
the hierarchy as possible. She argued that we need to
better understand materials markets and waste generation
patterns—“how these supply chains and systems actually
work rather than how we want them to work.” Gwen
concluded, “In the long run any systemic change which
would actually bring truly more meaningful material into
play, higher up in the hierarchy, would require policies
that have a little bit of teeth in them to try to get them
there.”

Local Self-Reliance and Innovative Systems

Mark works for an organization that provides a wide array
of waste-related services from environmental education
and market analysis to assistance with regulatory require-
ments. He works with many people throughout the state
and is acutely aware of the unique challenges associated
with materials management in different communities.
Mark commented, in particular, on the dramatic impact
of China’s policies restricting US exports of recyclables
and the need for local solutions. He said, “I think the
China thing was the biggest thing. I think we need to
instead invest in local infrastructure. We need to forget
about China and all of that. Who is the end user? How
much volume can we supply and [ . . .] what can we get in
grants and finances so that we can put them next door to
us or within striking distance so we can eliminate all that,
the guy in the middle, the transportation? And then what
does that do for the carbon footprint and all that type of
thing too?” Indeed, Mark was not the only participant to

suggest colocating businesses that produce or process
waste products next to those that can take the materials
as inputs for new production.

Localized self-sufficiency was a common theme in
interviews. As with Mark, many folks argued that highly
unstable global markets will continuously insert risk into
materials management systems. For these folks, the idea of
creating local infrastructure to reuse discarded materials
had the potential to keep valuable resources in circulation
locally. Another participant echoed Mark saying, “I love
the idea of being able to think of what we currently
characterize as waste as a resource. And what do you do
with that resource? How do you best manage that? Can
we use our local talent to figure out something creative to
do with it? So let’s do it here rather than having to ship it
somewhere and have them create the product out of what
we have.”

For Mark, the development of local capacity and pro-
cessing resources at the local level required innovation and
creative thinking. He said, “Thinking outside the box.
That’s what these towns need to do . . . Innovation and
creativity. That’s it. And that’s [ . . . ] the only way
Maine’s resiliency is going to happen [ . . . ] You have to
have—you’ve got to be thinking outside the box. We talk
about resilience—somebody has got to be willing to take
a chance and to invest in new technologies and new ways
of doing things. And we can’t just keep waiting for some-
body else to do it. You know, we’ve got to step up.”

Mark’s experience working with local communities led
him to believe that there was unlikely to be a single solu-
tion that would fix Maine’s materials management system.
Instead, localized grassroots efforts and entrepreneurship
are required. This is in part because Maine is character-
ized by more densely populated communities on the
southern coast and very sparsely populated western moun-
tains and northern agricultural communities. The solu-
tions that work in one area, he argued, are not likely to
work in all. He told us, “when I think about resiliency—
I think less about just passing regulatory efforts at the
state level and more about trying to build the capacity
and the resources at the local level.”

TENSIONS AND TRADE-OFFS FOR THE FUTURE. It seems
clear that Mark, James, and Gwen—along with our other
participants—agree that Maine’s current materials man-
agement system is far from ideal. It is also clear that there
are multiple ways of envisioning a future system by those
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who occupy and are so familiar with Maine’s waste land-
scape. James’s frustration with being unable to find the
money to do the right thing at the municipal level led him
to advocate for stronger state investment and interven-
tion. Gwen’s experience competing for trash led her to
think about how we could build cooperative and compli-
mentary waste management data systems and infrastruc-
tural capacity. Mark’s experience working with
municipalities across the state left him skeptical of both
international markets and one-size-fits-all solutions. For
Mark, an improved system would be local and based on
grassroots creativity and entrepreneurship.

In part, these tensions depend on the geographical and
temporal boundaries one sets. Some seemed to talk about
the short-term operations of a particular facility, or even
the infrastructure as a whole. As Gwen said, “A landfill is
simple. You put it in the ground and the belief is, you
know, at least at that point in time that that’s the end of
it.” Others used broader time scales to think about the
system’s sustainability. Those participants were more
likely to imagine solutions linked to supporting the
waste hierarchy by reducing waste generation in the first
place and trying to ensure that Maine’s systems make the
best use of all materials. Others seemed to impose geo-
graphical boundaries on their thinking, imagining how
Maine’s system could create local solutions for materials
reuse and separate itself from dependence on global mar-
kets, while supporting local livelihoods. Still others
argued that this local approach was not tenable in
a global marketplace that empowers producers to pack-
age products how they like and consumers to choose
freely. From this perspective, the boundaries of systems
must be drawn wider not more narrowly. For example,
one participant pointed to factors that can’t be con-
trolled locally. He said, “we keep looking at this from
the back end of this animal. The consumer end is the
front end where all of this stuff comes in. And changing
the appetite of the animal might—make an outcome on
what comes out the back.”

Not only do geographical and temporal boundaries
influence how one thinks about building a system to
withstand disruptions but so do underlying value proposi-
tions tied to social, economic and environmental priori-
ties. Some respondents clearly felt that nothing would
work unless systems were economically viable. Indeed,
many facilities and municipalities are forced to simply
focus on the reality of keeping their operations afloat.

This can create competition that is reliant on growing
waste streams—in opposition to environmental goals.
When municipalities see no other choice but to go with
the lowest cost option, the focus on economic terms alone
can distract them from solutions that might also have the
potential to create good local jobs or to process materials
in ways that contribute to environmental health. As one
participant argued “a landfill really only requires like two,
three, four people [ . . . ] But when you look at recycling
systems, you need a lot more people to make that opera-
tion go [ . . . ] So it’s more resilient for jobs. It helps have
more job security. And, you know, there’s only so many
certainties in life. And I think waste is one of them. We’re
always going to have to deal with it somehow. But the
ways we do choose to deal with it could be made more
sustainable and more resilient for sure [ . . . ] it can’t
always be about the value; we need to look at the right
solution.”

For some participants, “the right” solutions were
linked to environmental values, ensuring that materials
were utilized to their fullest potential, and that pollution
is reduced. One participant remarked, “So for me a resil-
ient system would be [ . . . ] high quality processing mills
appear again in the state with the mind towards environ-
ment and in protecting water.”

Contrasting system boundaries and value propositions
in participant conceptualizations of resilience certainly led
to some tensions that became increasingly apparent as we
analyzed the interview transcripts. Most notable were ten-
sions between local solutions and ensuring that solutions
operated at a scale capable of addressing larger systemic
issues. Some participants rejected “one-size-fits-all” state
level policies, arguing that oftentimes, “one size doesn’t
even fit one,” and instead advocated locally appropriate
solutions to improve community development and self-
sufficiency. Others rejected that approach arguing that
unless state or federal policies intervene there is very little
that can be done to reduce the flow of waste into the state
or ensure that it is processed so that value recovered can
be maximized. One town manager argued that until pro-
ducers are required to ensure that the materials in their
products and packaging can be recovered, it is unlikely to
happen. He said, “producers aren’t just going to voluntar-
ily do this stuff [ . . .] I really think that states are going to
struggle until we get a national - a national policy that’s
going to work better [ . . . ] I think it takes legislation, it’s
going to take more than just a local effort.”
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C O N C L U S I O N

The major disruptions to Maine’s materials manage-
ment system over the last decade provide an important
backdrop to recent policy shifts in the state in the past
year. The disruptions explored here highlight how
uncertainty is a characteristic of the complex, dynamic
system of how materials move in and out of Maine—
rather than a series of external accidents happening to
an otherwise perfectly functioning system. Faced with
infrastructure challenges, unpredictable global markets,
and inconsistent materials management capacity,
Maine has felt first-hand the difficulties of managing
materials at the end of their lifespans rather than mov-
ing upstream to manage materials when they are pro-
duced. An important lesson learned from these
disruptions is that placing full responsibility for man-
aging materials on the consumer can prevent environ-
mental goals from being met, especially for Maine’s
small and remote communities.

We heard from our stakeholders that pushing mate-
rials management upstream—toward policies and pro-
grams that reduce the amount of waste generated and
help redesign products to be easily recyclable—would
result in greater efficiencies and potential for greater
investment in recovery. Shifting to managing materials
at the “front end of the animal,” “where all of this stuff
comes in,” as one of our stakeholders put it, “might—
make an outcome on what comes out the back.” Indeed,
the “front end of the animal” is where emergent policies
in Maine are situated. For example, in 2021 Maine
became the first state in the United States of America
to pass extended producer responsibility (EPR) legisla-
tion for packaging [11]. This legislation holds producers
accountable for the packaging waste they create [28]. It
both provides incentives for producers to reduce and
redesign packaging as well as providing much-needed
funding for municipalities to invest in improvements
to their own recycling programs. While our case study
suggests that no single piece of legislation can solve all of
the issues we identified, we see this policy movement as
an important step.

The disruptions faced in Maine and elsewhere have
clearly illuminated the fault lines in how we currently
manage materials. Recognizing the plurality of visions for
the future and learning from past challenges will be crit-
ical to creating more sustainable and equitable systems in
the future.

C A S E S T U D Y Q U E S T I O N S

� What can we learn from the history of disrup-
tions to Maine’s materials management system?
Do you see any common threads between the
three disruptions outlined in this case study?

� Imagine you are working with stakeholders to re-
envision a materials management system in
Maine. What characteristics would that system
need to have to address the concerns and prior-
ities of “Mark,” “James,” and “Gwen?”

� How do the stakeholders in this case study dis-
cuss environmental, economic, and social trade-
offs of materials management systems?

� What other policies can you find that shift the
burden of materials management upstream?
What are some of the benefits and trade-offs of
these approaches?

A U T H O R C O N T R I B U T I O N S

All authors contributed equally to data generation,
analysis, and writing.

A C K N O W L E D G M E N T

We give sincere thanks to the materials management sta-
keholders who generously shared their time and expertise
with our team during this research, and over the course of
our long collaboration.

C O M P E T I N G I N T E R E S T S

The authors have declared that no competing interests
exist.

F U N D I N G

This work was not supported by funding.

R E F E R E N C E S

1 . Håkansson NT. Criticizing resilience thinking: a political
ecology analysis of droughts in nineteenth-century East Africa.
Econ Anthropol. 2018;6(1): 7–20 . doi:10 .1002/sea2 .12127

2 . EMF. Towards the Circular Economy Vol. 1: Economic and
Business Rationale for an Accelerated Transition. Cowes,
UK: Ellen Macarthur Foundation; 20 12 . Available:
https://ellenmacarthurfoundation.org/towards-the-circular-
economy-vol-1-an-economic-and-business-rationale-for-an.

3 . US Census. Quick Facts: Persons 65 Years and Over [Inter-
net]. 2020 . Available: https://www.census.gov/quickfacts/
geo/chart/US/AGE775219 . Accessed 8 November 2021 .

10 C A S E S T U D I E S I N T H E E N V I R O N M E N T 2 0 2 2

D
ow

nloaded from
 http://online.ucpress.edu/cse/article-pdf/6/1/1706963/720978/cse.2022.1706963.pdf by Liba H

ladik on 06 July 2022

https://ellenmacarthurfoundation.org/towards-the-circular-economy-vol-1-an-economic-and-business-rationale-for-an
https://ellenmacarthurfoundation.org/towards-the-circular-economy-vol-1-an-economic-and-business-rationale-for-an
https://www.census.gov/quickfacts/geo/chart/US/AGE775219
https://www.census.gov/quickfacts/geo/chart/US/AGE775219


4 . Berry B, Bonnet J, Isenhour C. Rummaging through the
Attic of New England. Worldwide Waste J Interdiscip
Stud. 2019 ;2(1): 1–12 .

5 . van Haaren R, Themelis N, Goldstein N. The State of
Garbage in America [Internet]. BioCycle. Oct 2010 .
Available: https://www.biocycle.net/images/art/1010/
bc101016_s.pdf.

6 . Papargyropoulou E, Lozano R, Steinberger JK et al. The
food waste hierarchy as a framework for the management
of food surplus and food waste. J Clean Prod. 2014 ;76:
106–115 .

7 . Blackmer T, Criner G, Hart D et al. Solid Waste Manage-
ment in Maine: Past, Present and Future. Auburn, ME:
University of Maine Senator George J. Mitchell Center for
Sustainability Solutions; 2015 .

8 . MacBride S. Recycling Reconsidered: The Present Failure
and Future Promise of Environmental Action in the United
States [Internet]. Cambridge, MA: MIT Press; 2011 . Avail-
able: http://ebookcentral.proquest.com/lib/umaine/
detail.action?docID¼3339378 . Accessed 25 October 2018 .

9 . Quinn M. Maine Governor Signs Nation’s First EPR Law
for Consumer Packaging [Internet]. Waste Dive. 2021 .
Available: https://www.wastedive.com/news/extended-
producer-responsibility-packaging-maine-oregon/602479/.
Accessed 8 November 2021 .

10 . 38 MRSA §1611 . An act to eliminate single-use plastic
carry-out bags [Internet]. LD 1532 . 17 June 2019 . Avail-
able: https://www.mainelegislature.org/legis/bills/
getPDF.asp?paper¼HP1 1 1 5 &item¼4 &snum¼1 2 .
Accessed 11 November 2021 .

11 . Schipani S. Integrated Collection May Be the Future of
Recycling [Internet]. Bangor Daily News. 3 Sept 2019 .
Available: http://bangordailynews.com/2019/09/03/
homestead/integrated-collection-may-be-the-future-of-
recycling/. Accessed 15 November 2021 .

12 . Eichacker C. Hampden Waste Plant’s Opening Delayed,
Again [Internet]. Bangor Daily News. 12 Jul 2019 . Avail-
able: http://bangordailynews.com/2019/07/12/news/
bangor/hampden-waste-plants-opening-is-delayed-again/.
Accessed 15 November 2021 .

13 . Eichacker C. What Went Wrong at the Shuttered $90 M
Trash Processing Plant in Hampden [Internet]. Bangor
Daily News. 22 Jun 2020 . Available: http://
bangordailynews.com/2020/06/22/news/bangor/heres-
what-went-wrong-at-the-shuttered-90m-trash-processing-
plant-in-hampden/. Accessed 15 November 2021 .

14 . Stone M. Most Waste Meant for Shuttered Hampden
Plant Will Temporarily Go to Orrington Incinerator
[Internet]. Bangor Daily News. 1 Jul 2020 . Available:
http://bangordailynews.com/2020/07/01/news/bangor/
most-waste-meant-for-shuttered-hampden-plant-will-
temporarily-go-to-orrington-incinerator/. Accessed
15 November 2021 .

15 . Associated Press. Maine Towns Will Try to Buy the Shut-
tered Hampden Trash Plant for $1 .5 M. US News & World

Report. 2 Mar 2022 . Available: https://bangordailynews.com/
2022/03/02/news/bangor/hampden-trash-plant-sale-
joam40zk0w/. Accessed 12 April 2022 .

16 . Sun M. The effect of border controls on waste imports:
evidence from China’s Green Fence campaign. China Econ
Rev. 2019 ;54: 457–472 .

17 . Li B, Alleyne A, Zhang Z et al. Sustainability and waste
imports in China: pollution haven or resources hunting.
Sustainability (Basel, Switzerland). 2021 ;13(2): 932 .

18 . Kellenberg D, Levinson A. Waste of effort? International
Environmental Agreements. J Assoc Environ Resour Econ.
2014; 1(1/2): 135–169 .

19 . Balkevicius A, Sanctuary M, Zvirblyte S. Fending off waste
from the west: the impact of China’s Operation Green
Fence on the international waste trade. World Econ.
2020; 43(10): 2742–2761 .

20 . SWANA. Resetting Curbside Recycling Programs in the
Wake of China: Executive Summary [Internet]. SWANA
Applied Research Foundation. 2019 . Available: https://
hub.swana.org/resetting-recycling. Accessed 18 October
2021 .

21 . Tran T, Goto H, Matsuda T. The impact of China’s tight-
ening environmental regulations on international waste
trade and logistics. Sustainability (Basel, Switzerland).
2021;13(2): 987 .

22 . Staub C. Local Programs Feel the “Dire” Effects of China’s
Ban—Resource Recycling [Internet]. Resource Recycling
News. 2017 . Available: https://resource-recycling.com/
recycling/2017/10/03/local-programs-feel-dire-effects-
chinas-ban/. Accessed 18 October 2021 .

23 . Staub C. South Korea to Enact Import Restrictions—
Resource Recycling [Internet]. Resource Recycling News.
2020 . Available: https://resource-recycling.com/recycling/
2020/03/10/south-korea-to-enact-import-restrictions/.
Accessed 18 October 2021 .

24 . Staub C. COVID-19 Cases Disrupt More Recycling Pro-
grams—Resource Recycling [Internet]. Resource Recycling
News. 2020 . Available: https://resource-recycling.com/
recycling/2020/06 /30/covid-19 -cases-disrupt-more-
recycling-programs/. Accessed 18 October 2021 .

25 . Staub C. Budget shortfalls threaten local recycling pro-
grams—Resource recycling [Internet]. Resource Recycling
News. 2020 . Available: https://resource-recycling.com/
recycling/2020/05/27/budget-shortfalls-threaten-local-
recycling-programs/. Accessed 18 October 2021 .

26 . Brock J. The Plastic Pandemic: COVID-19 Trashed the
Recycling Dream [Internet]. Reuters. 5 Oct 2020 . Available:
https://www.reuters.com/investigates/special-report/health-
coronavirus-plastic-recycling/. Accessed 18 October 2021 .

27 . Stake RE. The Art of Case Study Research. Thousand
Oaks, CA: Sage Publications; 1995: p. 192 .

28 . Stewardship program for packaging [Internet]. §2146 .
2021 . Available: https://legislature.maine.gov/statutes/38/
title38sec2146 .html. Accessed 1 April 2022 .

Disruptions in Maine’s Materials Management System 11

D
ow

nloaded from
 http://online.ucpress.edu/cse/article-pdf/6/1/1706963/720978/cse.2022.1706963.pdf by Liba H

ladik on 06 July 2022

https://www.biocycle.net/images/art/1010/bc101016_s.pdf
https://www.biocycle.net/images/art/1010/bc101016_s.pdf
http://ebookcentral.proquest.com/lib/umaine/detail.action?docID=3339378
http://ebookcentral.proquest.com/lib/umaine/detail.action?docID=3339378
http://ebookcentral.proquest.com/lib/umaine/detail.action?docID=3339378
https://www.wastedive.com/news/extended-producer-responsibility-packaging-maine-oregon/602479/
https://www.wastedive.com/news/extended-producer-responsibility-packaging-maine-oregon/602479/
https://www.mainelegislature.org/legis/bills/getPDF.asp?paper=HP1115&item=4&snum=12
https://www.mainelegislature.org/legis/bills/getPDF.asp?paper=HP1115&item=4&snum=12
https://www.mainelegislature.org/legis/bills/getPDF.asp?paper=HP1115&item=4&snum=12
https://www.mainelegislature.org/legis/bills/getPDF.asp?paper=HP1115&item=4&snum=12
https://www.mainelegislature.org/legis/bills/getPDF.asp?paper=HP1115&item=4&snum=12
http://bangordailynews.com/2019/09/03/homestead/integrated-collection-may-be-the-future-of-recycling/
http://bangordailynews.com/2019/09/03/homestead/integrated-collection-may-be-the-future-of-recycling/
http://bangordailynews.com/2019/09/03/homestead/integrated-collection-may-be-the-future-of-recycling/
http://bangordailynews.com/2019/07/12/news/bangor/hampden-waste-plants-opening-is-delayed-again/
http://bangordailynews.com/2019/07/12/news/bangor/hampden-waste-plants-opening-is-delayed-again/
http://bangordailynews.com/2020/06/22/news/bangor/heres-what-went-wrong-at-the-shuttered-90m-trash-processing-plant-in-hampden/
http://bangordailynews.com/2020/06/22/news/bangor/heres-what-went-wrong-at-the-shuttered-90m-trash-processing-plant-in-hampden/
http://bangordailynews.com/2020/06/22/news/bangor/heres-what-went-wrong-at-the-shuttered-90m-trash-processing-plant-in-hampden/
http://bangordailynews.com/2020/06/22/news/bangor/heres-what-went-wrong-at-the-shuttered-90m-trash-processing-plant-in-hampden/
http://bangordailynews.com/2020/07/01/news/bangor/most-waste-meant-for-shuttered-hampden-plant-will-temporarily-go-to-orrington-incinerator/
http://bangordailynews.com/2020/07/01/news/bangor/most-waste-meant-for-shuttered-hampden-plant-will-temporarily-go-to-orrington-incinerator/
http://bangordailynews.com/2020/07/01/news/bangor/most-waste-meant-for-shuttered-hampden-plant-will-temporarily-go-to-orrington-incinerator/
https://bangordailynews.com/2022/03/02/news/bangor/hampden-trash-plant-sale-joam40zk0w/
https://bangordailynews.com/2022/03/02/news/bangor/hampden-trash-plant-sale-joam40zk0w/
https://bangordailynews.com/2022/03/02/news/bangor/hampden-trash-plant-sale-joam40zk0w/
https://bangordailynews.com/2022/03/02/news/bangor/hampden-trash-plant-sale-joam40zk0w/
https://bangordailynews.com/2022/03/02/news/bangor/hampden-trash-plant-sale-joam40zk0w/
https://hub.swana.org/resetting-recycling
https://hub.swana.org/resetting-recycling
https://resource-recycling.com/recycling/2017/10/03/local-programs-feel-dire-effects-chinas-ban/
https://resource-recycling.com/recycling/2017/10/03/local-programs-feel-dire-effects-chinas-ban/
https://resource-recycling.com/recycling/2017/10/03/local-programs-feel-dire-effects-chinas-ban/
https://resource-recycling.com/recycling/2020/03/10/south-korea-to-enact-import-restrictions/
https://resource-recycling.com/recycling/2020/03/10/south-korea-to-enact-import-restrictions/
https://resource-recycling.com/recycling/2020/06/30/covid-19-cases-disrupt-more-recycling-programs/
https://resource-recycling.com/recycling/2020/06/30/covid-19-cases-disrupt-more-recycling-programs/
https://resource-recycling.com/recycling/2020/06/30/covid-19-cases-disrupt-more-recycling-programs/
https://resource-recycling.com/recycling/2020/05/27/budget-shortfalls-threaten-local-recycling-programs/
https://resource-recycling.com/recycling/2020/05/27/budget-shortfalls-threaten-local-recycling-programs/
https://resource-recycling.com/recycling/2020/05/27/budget-shortfalls-threaten-local-recycling-programs/
https://www.reuters.com/investigates/special-report/health-coronavirus-plastic-recycling/
https://www.reuters.com/investigates/special-report/health-coronavirus-plastic-recycling/
https://legislature.maine.gov/statutes/38/title38sec2146.html
https://legislature.maine.gov/statutes/38/title38sec2146.html

