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1. Introduction

The growing problems around plastic pollution have
been well-documented. Plastic pollution has become
emblematic of a global environmental crisis whose
scale is both recent and unprecedented. What began
as limited production following the Second World
War, about 2 Mt worldwide in 1950, has expanded
into a system that in recent years generates close to
500 Mt annually, growing faster than almost any other
industrial material and projected to increase susbtan-
tially (OECD 2022). Because plastics do not meaning-
fully decompose, most of the billions of tonnes pro-
duced persist as waste, spreading across land, water-
ways, oceans, and the atmosphere.

Allen et al (2024) describe how the plastic
industry has for decades promoted recycling as a
solution to the plastic waste crisis, even though, as
internal documents demonstrate, they were aware
that most plastics cannot or will not be recycled. As
Geyer et al (2017) explain, only 9% of all the plastic
ever produced has been recycled. In documenting
the industry’s intentional misinformation campaign,
Allen et al (2024) call into serious question whether
widespread recycling of plastic is a genuine goal of
industry or is even feasible under current conditions.

Here, we raise a distinct but related issue concern-
ing the environmental consequences of plastic recyc-
ling: has the (limited) recycling of plastics helped to
reduce the total amount of plastic waste that goes
to landfills and incinerators or is otherwise misman-
aged to some degree? Many people presume (at least
implicitly) that each kilogram of recycled plastic can
reduce the amount of plastic that is disposed of by
other methods. This assumes a zero-sum relationship.
However, there are theoretical reasons to question
this assumption. Environmental social science theor-
ies emphasizing the structural growth imperative fun-
damental to modern economies suggest it is possible
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that plastics recycling may, paradoxically, be positively
associated with the amount of plastic entering other
waste streams (Schnaiberg 1980, Longo et al 2015,
York 2017). One potential reason behind this, as some
researchers have argued, is that industry promoted
recycling strategies may function to deflect attention
from the environmental impacts of plastic and fore-
stall regulation, thereby allowing for the continu-
ing expansion of plastics production and consump-
tion (CIEL 2017, Geyer 2020, Mah 2022, Vandenberg
2024).

2. Exploring a recycling paradox

Insights relevant to the plastic waste crisis can be
gleaned from research on energy and food produc-
tion systems. Research focusing on energy systems
has found that the growth in production of non-
fossil fuel energy sources has done little to suppress
fossil fuel use, with new energy sources (e.g. nuclear
power), for the most part, added on to, rather than in
place of, established sources (e.g. coal) (Apergis et al
2010, York 2012, Shafiei and Salim 2014, Liddle and
Sadorsky 2017, York and Bell 2019, Greiner et al 2022,
Fressoz 2024, Thombs 2025). Based on this body of
research, the failure of a new resource or technology
(e.g. renewable energy) to replace, or at least suppress,
the use of a more established resource or technology
(e.g. fossil fuels), when the newer one in principle
clearly can substitute for the established one has been
called the ‘displacement paradox’ (York 2017).
Research suggests that this is a common macro-
phenomenon. Cross-national analyses have identified
this paradox in various realms, including the failure
of aquaculture to suppress wild captured fish (Longo
et al 2019, Longo and York 2024) and the growth of
poultry consumption to suppress other types of meat
consumption (York 2021). Analysts have argued that
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although there are likely numerous reasons the dis-
placement paradox occurs, one of the main forces
leading to it relates to the growth dynamics of mod-
ern economies, where technologies and innovation
are typically deployed to expand production and con-
sumption rather than conserve resources (Longo and
York; York 2017, York and Bell 2019).

The research on the displacement paradox sug-
gests that recycling of plastic may not suppress the
total volume of plastic that ends up as non-recycled
waste. There may in fact be a recycling paradox. While
in an immediate sense, each piece of plastic that is
recycled is one that does not become another form
of waste, the overall effect of recycling in an economy
may be tied to social processes that generate growth
in the factors that produce so much plastic waste in
the first place. As we noted above, analysts have dis-
cerned processes by which recycling can be part of a
structured system that facilitates, rather than inhib-
its, plastics waste production (Mah 2022, Allen et al
2024). Emphasis on the benefits of recycling systems
furthers the plastics industry assertions that plastic
waste can be managed in an environmentally sensit-
ive manner and may help reduce political and public
pressure for strict regulations on plastics production
and consumption. Thus, it is conceivable that plastics
recycling may not only fail to reduce plastic in other
waste streams; it may in fact help to spur growth in
plastic waste in all forms.

To explore the argument we make here, that recyc-
ling may not necessarily have reduced non-recycled
plastic waste, we can examine the patterns of waste
production and recycling within nations. Although
there are limitations in the cross-national data that
are available on plastic waste, especially those broken
down into end-of-life fate, the OECD (2024) provides
useful data that allows for a preliminary assessment
of the association between plastic recycling and the
quantity of non-recycled plastic waste. These data
are not available for most individual nations, but
rather for regional aggregates (e.g., OECD Asia, Latin
America). However, there are data for the three most
populous nations in the world—China, India, and the
United States—which combined are responsible for
over 44% of the world’s total amount of plastic waste.
We therefore take a closer look at the plastic produc-
tion and recycling dynamics in these nations to fur-
ther reflect on the potential for displacement.

For each nation, we estimate a Prais—Winsten
time-series regression model which corrects for first
order autocorrelation. We use the amount of plastic
(per capita) that is landfilled, incinerated, misman-
aged, and littered (‘non-recycled’ plastic waste) for
each nation as the dependent variable. The amount
of waste that is recycled is our key independent vari-
able. Importantly, we include factors that are associ-
ated with the scale of production and consumption
in general. These are commonly used variables in the
literature cited above on the displacement paradox:
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GDP per capita (including a quadratic to allow for
a non-linear relationship), energy consumption per
capita, urbanization, and the age dependency ratio of
the population (since populations with higher ratios
of dependents to working age people are less econom-
ically productive, all else equal).

Since we are focusing on per capita values, the
structure of the model accounts for direct scaling con-
sequences of population growth, although not neces-
sarily controlling for changes in various structural
and behavior factors that may be associated with
that growth. If we did not control for these factors,
it would be unsurprising to find a positive associ-
ation between the amount of plastic that is recycled
and the amount of plastic that is not recycled, since
they are both part of the total amount of plastic
waste that is generated. However, if the macro-level
factors that we include in the model account appro-
priately for the forces behind the scale of resource
use, the amount of plastic that is recycled should
have a negative effect on the amount that is not
recycled if recycled plastic is cutting down on the
non-recycled waste stream. In fact, given the structure
of the model, we would expect to find a regression
coefficient of approximately —1 if each kg of plastic
recycled removes one kg of plastic from other parts
of the waste stream (proportional displacement), in
an idealized, all else equal, scenario. Of course, since
these are real-world data in non-experimental con-
ditions, we are only getting a descriptive sense of
the association between the amount of plastic that
is recycled and the amount that is not, and there
may be multiple potential explanations for such an
association.

The data on plastic waste are from the OECD Data
Explorer Archive (2024) and are for the years 1990-
2019. They report the end-of-life fate of plastics by
disposal method. We use the amount recycled and
the amount not recycled (which includes landfilled,
incinerated, mismanaged, and littered). We analyze
per capita values in kilograms of waste. As noted
above, most of the data on plastic waste are aggreg-
ated by global region. The data on all other vari-
ables are from the World Bank (2025). GDP per cap-
ita is measured in 1000s of inflation adjusted (con-
stant year 2015) USD. The age dependency ratio is
the number of young (under 15 years) and old (over
64) per 100 people of working age (15-64). Energy
use per capita is measured in tonnes of oil equival-
ent. Urbanization is the percentage of the popula-
tion living in urban areas. All data are first-differenced
in our models, which addresses trending and non-
stationarity.

The estimates presented in table 1 are consist-
ent with the possibility that rather than necessarily
reducing non-recycled plastic waste, recycling may
be associated with rising overall plastic waste gen-
eration. For all three nations, the coefficient for
recycled plastics is positive and substantial in size.
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Table 1. The association between non-recycled plastic waste (dependent variable in all models) and recycled plastic waste, 1990-2019.
Plastic wastes are in per capita terms (kg). All data are first-differenced. The estimates are from Prais—Winsten regression models

correcting for first-order autocorrelation.

China Coef. (S.E)

India Coef. (S.E) USA Coef. (S.E)

Recycled 7.555% %
(.467)

Energy use, p.c. 1.785%*
(.478)

Age dep. ratio —.290%**
(.070)

Urbanization —1.572%**
(.291)

GDP p.c. 1.151*
(.460)

(GDP p.c.)? —.167%**
(.017)

Intercept 1.588%**
(.017)

N 29

R? 977

5.623%** 23.810%**
(.526) (2.094)
—1.205 2.724*
(.821) (1.192)
.009 —1.719*
(.064) (.620)
—.522%* 11.476%**
(.179) (2.631)
3.527** 3.131
(.981) (1.609)
—1.516** —.037*
(.373) (.016)
214%** —6.043%%*
(.049) (1.119)

29 29

977 917

FEE P <001 **F p < .01 * p < .05 (two-tailed tests).

Although not indicative of a direct causal relation-
ship, these associations point to a pattern that non-
recycled plastics and recycling have risen together
in these three nations in recent decades, even when
accounting for factors related to overall production
and consumption.

3. Conclusion

It has been well established that the plastics industry
has promoted recycling as a solution to the plastic
waste crisis while knowing that most plastic cannot
or will not be recycled. In fact, research has argued
that recycling, far from being an effective solution to
the plastic waste crisis, is part of industry efforts to
evade regulation and allow for continuing growth of
plastic production (Mah 2022, Allen et al 2024). This
suggests the possibility that plastic recycling in cur-
rent political-economic contexts may not necessarily
reduce the amount of non-recycled plastic waste over-
all, since recycling programs may help allow for over-
all growth in plastics production and consumption.
For example, in the three most populous nations
in the world, India, China, and the United States, the
amount of non-recycled plastic waste is positively cor-
related with the amount of plastic that is recycled,
even controlling for numerous factors that may drive
overall production and consumption. This aligns
with displacement paradox arguments that plastic
recycling is likely interconnected with plastic produc-
tion and may not, when all things are considered, help
to suppress plastic waste. Clearly, more research and
more robust data are necessary to assess the forces
leading to the expansion of plastics use and pollu-
tion, the specific dynamics of how these processes
work, how recycling fits into these dynamics, the
political-economic forces that empower the plastics

industry, and how these processes operate in various
nations around the world. Studying these processes
in more detail, including the recycling paradox that
we outlined here, will be a worthwhile effort for con-
fronting plastic pollution concerns.

The body of research produced by numerous
scholars (e.g. Center for International Environmental
Law 2017, Geyer 2020, Mah 2022, Allen et al
2024, Vandenberg 2024) suggests that addressing
global plastic pollution may require challenging the
industry-promoted solution of plastic recycling and
taking measures to directly suppress plastic pro-
duction and consumption. An effective response to
plastic pollution will likely involve binding policies
at the national and international levels that directly
limit aggregate plastic production through impos-
ing hard caps on virgin polymer production, espe-
cially in affluent economies that account for a dis-
proportionate share of global demand. These types of
solutions have been strongly challenged by the petro-
chemical industry and state actors strongly influenced
by fossil fuel producers (Mah 2023, Dauvergne et al
2025). Ultimately, this implies confronting an eco-
nomic growth regime oriented toward perpetual cap-
ital growth, which systematically externalizes envir-
onmental costs and functions as a fundamental driver
of plastic pollution and other forms of global environ-
mental degradation.
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