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ABSTRACT: Plastics are one of the most widely used materials on
the planet, owing to their usefulness, durability, and relatively low
cost. Yet, making, using, and disposing of plastics create important
environmental impacts, most notably greenhouse gas emissions and
waste pollution. Reducing these impacts while still enjoying the
benefits of plastic use requires an integrated assessment of all of the
life cycles of plastics. This has rarely been attempted due to the wide
variety of polymers and the lack of knowledge on the final uses and
applications of plastics. Using trade statistics for 464 product codes,
we have mapped the flows of the 11 most widely used polymers
from production into six end-use applications for the United Kingdom (UK) in 2017. With a dynamic material flow analysis, we have
anticipated demand and waste generation until 2050. We found that the demand for plastics seems to have saturated in the UK, with
an annual demand of 6 Mt, responsible for approximately 26 Mt CO2e/a. Owing to a limited recycling capacity in the UK, only 12%
of UK plastic waste is recycled domestically, leading to 21% of the waste being exported, labeled as recycling, but mostly to countries
with poor practices of waste management. Increasing recycling capacity in the UK could both reduce GHG emissions and prevent
waste pollution. This intervention should be complemented with improved practices in the production of primary plastics, which
currently accounts for 80% of UK plastic emissions.
KEYWORDS: Plastics, Recycling, Demand, Stocks, Greenhouse gas emissions, United Kingdom, Trade

■ INTRODUCTION
The success of plastics is measured by their pervasiveness in
society. The total global production of plastics, from the mid-
20th century to today, equates to 9.2 billion tonnes.1 From this
total, some 6.9 billion tonnes have already been discarded as
waste, with 11% of this waste incinerated and 8% recycled.1,2

This immense amount of plastic material is made up of many
different polymers, with a wide range of mechanical properties
and colors, and used in a myriad of product applications at low
cost.
However, the ubiquity of plastics has a significant impact on

the environment, in the form of plastic waste in waterways and
oceans and the release of greenhouse gas (GHG) emissions. In
the 1960s, interactions between marine organisms and
persistent litter were first observed and documented.3 By the
early 1970s, plastic pellets were reported in the North Atlantic4

and eastern Pacific5 Ocean. More recently, Sir David
Attenborough’s BBC Blue Planet II documentary6 shed fresh
light on this problem, driving a change in the public perception
of plastics.
GHG emissions are another important environmental

impact of plastics. The modern petrochemical sector is
responsible for 17% of global industrial GHG emissions,7

which is primarily released during the production of plastics
and fertilizers. Emissions arise from chemical reactions and

high temperature heat generation during the production of
plastics, from energy conversion in the energy sector and from
end-of-life waste management after the disposal of products
made of plastics. Projections of a growing demand for plastics
are likely to result in substantial additional GHG emissions,
which is not compatible with existing climate targets.
In response to an increased public awareness of these

problems, the European Union (EU) and United Kingdom
(UK) policy-makers have recently announced bans on single-
use plastics, such as plastic straws, stirrers, and plastic bags
from 2021.8,9 In the UK, many stakeholders from the plastic
value chains have signed the “UK Plastics Pact”,10 with
commitments to achieve four targets by 2025: 100% reusable,
recyclable, or compostable plastic packaging; 70% of plastic
packaging effectively recycled or composted; eliminate single
use packaging; 30% average recycled content across all plastic
packaging.
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Addressing the environmental impacts of plastics, while at
the same time preserving the benefits of plastic products to
users, requires a deeper understanding of the complex supply
chain for polymers, products, and applications. However, as
previously recognized by Levi and Cullen,11 detailed data on
petrochemicals are scarce. Similarly, data on plastics
production, use in manufactured products, and disposal are
challenging to find, and for this reason, mapping the flows of
plastics has rarely been attempted. One early attempt to map
plastic flows was conducted by Joosten et al.,12 who mapped
the flows of plastics in The Netherlands for 1990, using
monetary transactions along the supply chain as a proxy to
estimate physical material flows. More recently, Van Eygen et
al.13 have performed a material flow analysis (MFA) for
plastics in Austria for 2010, with a detailed allocation of plastics
used across 11 end-use product categories. Both assessments
were focused on the production, uses, and disposal of plastics
as an aggregated material, but with only limited disaggregation
by polymer.
Various attempts have been conducted to map the flows of

specific groups of plastic polymers. Examples of this are the
probabilistic MFA developed by Kawecki et al.,14 which has
examined the flows of seven plastic polymers in Europe, and Di
et al.,15 who have conducted a detailed material flow analysis
for plastics in the USA for 2015, with flow disaggregation by
polymer and including end-use product allocations and end-of-
life waste flows. Other attempts have also accounted for the
stocks of plastics in service, such as the MFA developed by
Ciacci et al.,16 who have assessed the flows of PVC in Europe
and estimated their stocks in service since 1960.
A handful of studies examine plastic production and use in

the United Kingdom (UK), but are limited in scope to specific
product segments or conducted at a highly aggregated level.
For example, WRAP17 has estimated the flows of plastic
packaging in the UK by conciliating several data sources. They
estimate that in 2017 2.36 Mt of plastic packaging was placed
on the UK market, of which 1.53 Mt was in the consumer
sector. PlasticsEurope18 publishes annual aggregated statistics
on plastic production, applications, and waste arisings in
Europe and for some years for the UK. For 2016,
PlasticsEurope18 estimates that 3.8 Mt of plastic postconsumer
waste was collected through official schemes, 32% of which was
sent to recycling, 38% incinerated, and the remaining 30%
landfilled. Unfortunately, the narrow coverage and lack of
depth for these studies limits their use in understanding the
scale of plastic flows across the entire UK supply chain.
Extensive literature exists on the quantification of the

environmental impacts of plastic production and disposal, for
specific products or segments of the supply chain, in the form
of life-cycle assessment (LCA) studies. For example, Chen et
al.19 have provided a comprehensive LCA comparing the
impacts of alternative end-of-life treatment options for plastics
in China, including mechanical recycling, incineration and
landfill. Other assessment have provided similar assessments
for packaging waste in Portugal,20 or comparing recycling
options in Italy.21 Some LCA studies have also explored
alternative production routes of some of the resins used to
produce plastic polymers, such as Ghanta et al.,22 who
compared various routes for ethylene production. Several
studies have assessed other impacts from plastic production
and waste, including Azoulay et al.,23 who examined the impact
of plastics on human health, and Jambeck et al.,24 who studied
the impacts of the mismanagement of plastic waste.

Plastic production and disposal results in significant impacts
from the release of GHG emissions. Zheng & Suh25 have
quantified global GHG emissions from plastics across all stages
of their life cycle. They have estimated that global emissions
caused by plastics could increase from 1.7 Gt CO2e in 2015 to
6.5 Gt CO2e by 2050 if the sector continues the current
trajectory of plastic demand and fails to change the way plastics
are made. More recently, Nicholson et al.26 have quantified the
energy and emissions associated with the plastics annually
demanded by the USA. They have estimated that 104 Mt
CO2e are produced annually to supply the current demand of
plastics in the USA, and have highlighted the importance of
reducing feedstock energy contributions for plastics manufac-
turing by shifting toward biobased and waste-based feedstock.
Many studies which assess the impacts of plastics, rarely take

stock of plastic products currently in use, and how these stocks
might evolve in the future. Such prospective assessments,
which anticipate the future, are rare in literature, but critically
important to identify the most meaningful opportunities for
mitigating emissions. One exception is the ground-breaking
study by Geyer et al.,2 which models the changes in global
plastic stocks out to 2050. Using this dynamic model the
authors estimate the future global demand for plastic products
and the plastic waste arising from discarded products. The
model anticipates an enormous quantity of plastic waste (12
Gt) being discarded to landfills or the natural environment by
2050. Similar analyses by Eriksen et al.27 and by Liu et al.28

have conducted a dynamic material flow analysis for PET, PE
and PP in Europe, and for PVC in China, respectively.
Several studies have attempted to understand the flow of

plastics along the supply chain, to quantify the environmental
impacts of plastic production, use and disposal. However, we
find that many studies are forced to trade-off the breadth of
study scope with the depth of analysis, because of data
limitations. On the one hand, assessments with a wide scope,
taking in the whole life-cycle of plastics production, use and
disposal, will often lack granular detail about specific polymers,
products and applications. Four recent studies of plastic system
in China,29 in Switzerland and Europe,30 and in the United
States of America15,31 are the few exceptions. These provide
historical detailed assessments of plastics flows, applications
and disposal for a wide range of polymers. However, these
studies do not explore the future, and the few prospective
assessments conducted to date often aggregate flows into only
a few polymers and applications. This lack of resolution makes
the identification of specific interventions, particularly for
product reuse and polymer recycling, challenging. On the other
hand, assessments which focus on specific polymers or
products (i.e., LCA analyses) or stages of the life-cycle (i.e.,
production or disposal) lack the breadth of analysis to
understand the behavior of the whole plastics system and
thus cannot weigh the true impact of intervention oppor-
tunities.
In this paper, we address this knowledge gap by developing a

dynamic MFA that relates 464 product codes and disag-
gregates them by 11 polymers and 6 end-use product
categories along all stages of the life cycle of plastics. This
MFA is the first detailed map of UK plastic flows, which
includes polymers, products, applications and trade flows. We
use this model to test the impact of various interventions along
the supply chain to reduce GHG emissions associated with the
production and disposal of UK plastics. This allows us to
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identify priorities for intervention to reduce plastic waste
production and to increase the value of plastic waste streams.

■ METHOD: MODELING CURRENT AND FUTURE
DEMAND OF PLASTICS AND WASTE
GENERATION

A dynamic material flow analysis is required to test the impact
of future interventions along the plastics supply chain in terms
of GHG emissions and plastic waste generation. This analysis
starts with an assessment of the flows of UK plastics from
production to end-use products and waste generation,
including imports and exports, since trade records exist and
until 2017. This information is then used to model the
dynamic of plastics flows, its accumulation into products in
service and the later discard as waste. This model is then used
to test the impact of future interventions along the supply
chain of plastics in terms of waste production and global GHG
emissions.
Mapping Flows of Plastics in the UK. Data about

plastics production, its end-use applications and waste
generation is disperse, since there is no single publication or
official statistics body providing systematic information about
plastics in the supply chains. Detail and resolution about the
individual polymers used at the various stages of the supply
chain of plastics is even more challenging to find. Yet, this data
is required to understand which polymers are used in plastic
products and to anticipate the lifespan of products in service
applications and when products will become available as waste.
The first task in mapping the flows of plastics is the collation

of many disparate data sources, as presented in Table 1.
Although some sources provide data on the production of UK
plastics in primary form, no source is found to give estimates of
plastics placed in service in the UK. This is a common problem
of any material flow analysis, as statistics often report
production flows but not where materials are used. Mapping
the flows of plastics has an added difficulty, as it requires a
prior estimate of the polymer content of all plastic products,
the trade of polymers and plastic in and out of the UK, and
their placement at the appropriate stages of the plastics supply
chain.
To collate this data for the UK, we require production and

trade data. Although there are input-output (IO) tables for the
UK, the derivation of physical flows from economic IO tables
is subject to considerable uncertainty. Fortunately, PROD-
COM trade data32 provides data in physical units for
production and trade of a wide range of products, thus
avoiding the additional uncertainty of converting economic
data into physical data. We have thus identified 464 product
categories from the PRODCOM32 as having some type of
plastic in their composition. For each product category, we
estimate the polymer composition and the plastic mass share,

to build a picture of the aggregate mass of production, imports
and exports for each product category and polymer type. Each
product category is classified as belonging to one of the
following stages of the supply chain: plastics in primary form,
intermediates, end-use manufactured products, and waste.
Production and trade flows are provided by PRODCOM32 and
polymer composition data is obtained from the European data
reported by PlasticsEurope.18 A detailed breakdown of this
estimate is provided in Section 1 of the Supporting
Information.
For waste generation, much fewer data is available. The main

sources are PlasticsEurope,18 WRAP,17,34,36 and Eunomia.37

Further detail on plastic waste exports deemed to be recycled
in other countries is obtained from PRODCOM32 and
estimates on marine debris pollution and waste mismanage-
ment is estimated from Jambeck et al.24 Full detailed data on
waste generation is compiled in Section 2 of the Supporting
Information.
Understanding the Dynamic of Plastic Flows in the

UK. Dynamic material flow analyses have been used
successfully in several other studies to model the dynamics
of material stocks in cars38−40 and buildings,41,42 but also in
plastics.2,27,28 In this paper we use a similar method, starting
from the mapping of plastic flows in the UK described before,
disaggregated by end-use product categories. Each year (n),
new plastics placed in service (Bin,n) are required to meet the
total demand for each end-use product category (Sn),
considering the plastics removed from service each year as
waste (Bout,n):

B S S Bn n n nin, 1 out,= + (1)

The amount of plastic waste generated each year (Bout,n in eq
1) is estimated by the failure rate of log-normal distribution for
each cohort of end-use products with age t in each product
category p. This is calculated using eq 2, where ϕ is the
cumulative distribution function of the standard normal
distribution. Our model uses the same life span distributions
as Geyer et al.2 in their study of global plastics. Further details
about the estimates of the distribution parameters V and M are
provided in Section 4 of the Supporting Information.

( )
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2 2
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The input required to estimate future plastics demand and
waste generation is the annual required stock of plastics (Sn in
eq 1). This is obtained by multiplying stock per capita
estimates with the UK Office for National Statistics’
projections for the future UK population.43 This is therefore
a method of estimating future demand that is independent of
any underlying economic model dependent on future GDP

Table 1. Source of Disparate Data Used for This Analysis

Flow Source

Production • production of plastics in primary form � PRODCOM32

• plastics manufactured products � British Plastics Federation33

Export • direct and indirect exports � PRODCOM32

Import • direct and indirect imports � PRODCOM32

Waste • waste generation by management route � PlasticsEurope18

• packaging waste � WRAP17

• recycling rates by polymer � WRAP34

• PVC recycling rates � Recovinyl35
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estimates. Although GDP growth may obviously influence the
pace of increase in material accumulation for developing
countries, most industrialized nations seem to have already the
amount per capita of bulk materials they need. This has been
shown by Pauliuk et al.44 for steel, and more recently by
Wiedenhofer et al.45 for other materials. The method used to
determine future stock per capita estimates required to
compute Sn is described in detail in Section 5 of the
Supporting Information.
Quantifying the GHG Emissions Impact of Various

Interventions. The dynamic model described in the previous
section is used to explore the impact of possible future
interventions to mitigate GHG emissions, along the whole life-
cycle of plastics. This requires the use of estimates of emissions
associated with production and disposal of various polymers
and plastic products. Table 2 summarizes the emissions factors
obtained from existing literature, which are used to build the
emissions profiles in this analysis.
The global emissions resulting from the production and

disposal of plastics in the UK are estimated using the emission
factors reported in Table 2. These factors are used in our
dynamic model to quantify the future emissions of various
interventions in the plastics supply chain. Table 3 presents a
description of the three intervention options assessed. These
seek to explore the potential to reduce GHG emissions of
changes both upstream of plastics use (by reducing demand)
and downstream (by increasing recycling). The effect of
demand reduction is here exemplified only by a reduction in
the demand for packaging, which is the single largest end-use
fate of plastics in the UK.

■ PLASTIC FLOWS AND STOCKS IN THE UK
Figure 1(a) shows the modeled flows of the plastics from
production of polymers in primary for to end-use products
added to the service in the UK during 2017, using the method
described in section ”Mapping ows of plastics in the UK”. The

results show that in 2017 an estimated 6.3 Mt of plastics were
consumed in the UK, most of which were imported as finished
products and used as packaging (2.2 Mt) and consumer
products (2.0 Mt). A wide range of polymers are used to
supply UK demand, but PP, PE, PET and PVC together
account for 58% of total demand.
Plastic waste arisings are well reported by PlasticsEurope.18

However, understanding the final destination of UK waste
requires a reconciliation of the data for waste arisings and
waste trade state statistics.47 The results are shown in Figure 2
and reveal that of all plastic waste generated in the UK,
approximately one-third is sent to landfill, one-third to
incineration, and one-third for recycling. The limited recycling
capacity in the UK (only approximately 0.4 Mt per year34)
leads to 0.7 Mt of waste exports, labeled to be recycled in other
countries. Yet, it is unclear whether exported plastic waste is
effectively recycled at destination countries.
Our historical assessment of the dynamic of plastic flows in

the UK enables the estimation of current stocks of plastics in
service. The results are presented in Figure 1(b) and show that
the stock of plastic products in service (42 Mt) is almost seven
times the annual demand for plastics (6.3 Mt), owing to longer
lifetimes of plastics used in construction and vehicles and
consumer products. The limited amount of recycling capacity
in the UK is also visible in Figure 1(b). Although recycling
well-sorted waste streams of certain polymers is achieved with
high yields of approximately 80%, lower recycling yields are
observed for products containing mixed materials.17 High
recycling yields are obtained for most plastic packaging waste
and polymers, but average yield losses of 50% are reported34

for recycling nonpackaging waste. For this reason, we found
that only 3% of the current demand for plastics in the UK is
supplied by domestically recycled plastics. A detailed list of
recycling yield estimates and references can be found in
Section 3 of the Supporting Information.

Table 2. Greenhouse Gas Emissions Considered in This Analysis for Various Polymers and Stages of Life Cycles. Landfill,
recycling, and incineration emissions apply to all polymers.

Polymer Production and conversion (kgCO2e/t)
25,46 Landfill (kgCO2e/t)

25 Recycling (kgCO2e/t)
25 Incineration (kgCO2e/t)

25

PET 2995 89 906 2351
PE-HD 2923
PVC 2583
PE-LD 2958
PP 2806
PS 2250
PUR 4200
PA 7000
PMMA 4770
PC 3400
ABS 3100
Others 3873

Table 3. Tested Interventions in Supply Chain of Plastics in UK

Interventions Description

(A) Business as usual Continuation of trends verified in recent years: no change in per capita demand for all product categories (see
Section 5 of Supporting Information for further evidence on this); no change in the split of waste by disposal
destination and recycling capacity.

(B) Increasing UK recycling capacity Linear increase in UK recycling capacity from current levels until 6 Mt in 2050 (which would be15 times greater
than today), together with a linear change from the current share of end-of-life waste destinations to 90%
recycling, 5% landfill, and 5% incineration in 2050.

(C) −50% demand for packaging per capita Linear reduction in demand for packaging per capita from current 26 kg per capita to 13 kg per capita in 2050.
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Figure 1. (a) Flows of plastics in the UK for 2017 from production of polymers in primary form to end-use products. (b) Summary of flows and
stocks of plastics in the UK in 2017.
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■ IMPACT OF INTERVENTIONS ON FUTURE
EMISSIONS AND WASTE GENERATION

The dynamic plastic flow model enables the estimation of the
future demand for plastics in the UK. Figure 3(a) shows these
results, where the demand for plastics is anticipated to remain
stable through to 2050 at about 6 Mt of plastics per year. The
proportion of demand in each product category and polymer is
also expected to remain roughly constant, with the exception of
construction, where an increase in demand is anticipated as a
result of estimated new construction in the UK and the need to
replace construction plastics installed over the last few decades.
The continued accumulation of plastics in service over the

coming decades is expected to lead to an increase in the
amount of plastic waste being generated in the UK. Figure
3(b) shows that if current patterns of plastic use continue, the
UK will be required to treat approximately 50% more plastic
waste in 2050 than today. Graphs similar to Figure 3 but with
flows broken down by polymer are shown in Section 6 of
Supporting Information.
Figure 4 shows the resulting GHG emission reductions for

each of the interventions listed in Table 3. Currently, two-
thirds of the emissions associated with plastics used in the UK
result from the production of polymers and manufacture of
end-use plastic products, with the remaining third attributed
almost entirely to the incineration of plastic waste in the UK.
As a result, future reductions in plastic emissions will need to

be based on a reduction of production and incineration
emissions. For this reason, avoiding the production of virgin
plastics, either by reducing demand or increasing plastic
recycling, should be the basis of any mitigation interventions.
The expected increase in waste arisings shown in Figure

3(b) would result in a 16% increase in total UK plastics
emissions, if there are no changes to the patterns of use and
disposal (Figure 4). However, even with the joint implemen-
tation of interventions (B) and (C) from Table 3, only a
modest decrease in total emissions would be achieved.

■ DISCUSSION
The results show that increasing recycling capacity in the UK
(currently only 0.4 Mt per year34) could both avoid exported
waste and avoid production of virgin plastics. This action alone
would lead to a reduction of approximately 20% of UK plastics
emissions in 2050, as suggested by the estimates shown in
Figure 4.
Further reductions in the impacts associated with plastic

production and disposal would require a reduction in the
demand for plastics. Currently, packaging accounts for

Figure 2. Fate of end-of-life UK plastic waste in 2017.

Figure 3. (a) Estimated demand for plastics in end-use products in the UK by polymer. (b) Estimated plastic waste generated in the UK by
polymer.

Figure 4. Estimated life cycle GHG emissions of UK plastics for each
intervention listed in Table 3.
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approximately 40% of the annual consumption of plastics in
the UK and having this demand alone could lead to an
important but modest reduction in GHG emissions, as shown
in Figure 4. However, a reduction in the demand for packaging
plastics would lead to a rapid reduction in in the environmental
impacts of plastic waste management, owing to the short
service lives of packaging products. According to WRAP,17

approximately 35% of plastic packaging used annually in the
UK market is packaging used in business-to-business trans-
actions. Reducing this type of packaging could be a meaningful
opportunity to reduce total packaging demand without directly
impacting on final consumers and their purchasing behavior.
However, Figure 4 shows that the combined potential for

emissions savings of the above measures (interventions (B)
and (C) from Table 3), although important, only account for
approximately one-third of 2050 UK plastics emissions. This is
because of high yield losses in plastic recycling, owing to
polymer mixing in waste streams and the limitations of the
mechanical recycling processes. As a result, a substantial
increase in recycling capacity would not directly translate to an
offset in the production of virgin polymers and their associated
emissions.
Further emissions savings would have to be generated from a

combination of other strategies, including improved product
design to enable longer product lives, increased reusability, and
easier separation from waste streams. Polymers produced from
biomass feedstock instead of fossil fuels could be an effective
alternative to reduce environmental impacts associated with
the production of plastics. However, biobased plastics create
currently important challenges to plastic waste management
systems, as these are designed to separate and recycle
conventional plastics,48 and the impacts of biobased plastics
in the environment are not always known. Moreover, some
biobased plastics can lead to more disposal GHG emissions
than conventional plastics, as was exemplified by Papong et
al.49 who concluded that landfilling PLA can produce more
emissions than incinerating PET. Additionally, biomass
feedstock production is likely to compete with food production
for land use, which may prevent the deployment of these
materials at scale, and the adoption of alternative materials
needs to be able to compete with the current low costs of
plastic production.
The projections presented in this study consider current

practices in the chemical industry and energy sector.
Decarbonization of the electricity supply and petrochemical
processes may reduce production emissions of plastics but
does not change the impacts of waste management and waste
pollution. However, innovative recycling technologies, such as
chemical and feedstock recycling, could enable higher grades of
recycled plastics and lower yield losses, thus increasing the
potential of recycling as an effective strategy to reduce waste
and emissions. Chemical recycling is still not available at
commercial scale, but if powered with zero-emission energy
sources, it could lead to the displacement of virgin plastic
production and substantial emissions savings.
The analysis devised in this study relies on quantitative data

on mass flows from PRODCOM trade statistics32 and granular
data on polymer use by product applications from European
trade association statistical data.18 Despite the use of
uncommon top-down data sources, our MFA estimates
produced results in line with various existing plastics MFA
for other countries. We estimated a current annual
consumption of approximately 0.1 t per capita, which is of

the same order of magnitude of other studies, such as 0.156 t
per capita for Austria in 2010,13 0.11 t per capita for the USA
in 2015,15 and twice the value estimated by Jiang et al.29 for
China in 2017. Similarly, our shares of plastic consumption by
end-use application show the predominance of packaging,
followed by vehicles, construction, and consumer products,
which has also been observed globally by Geyer et al.2 and at
the European level by PlasticsEurope.18 We have also validated
our model by comparing the model outputs on plastic
consumption and waste generation with other disparate
estimates available in the literature for the UK, such as
WRAP17 and Eunomia.37 The validation shows a good
agreement with other existing estimates, with the details
included in Section 7 of the Supporting Information.
The results provided in this study result from reconciling

disparate data sources about plastics at various stages of the
supply chain and with different levels of granularity and
frequency of reporting, which do not have assigned
uncertainties. For this reason, it is challenging to perform a
formal uncertainty analysis to the estimates presented in this
study. However, all data used in this study were extracted from
official statistics (e.g., PRODCOM), plastics trade associations
(e.g., PlasticsEurope), peer-reviewed academic literature, and
estimates provided by knowledgeable specialists (e.g., Recov-
inyl). The validation of our results by comparison with other
similar studies for other countries shows that the uncertainties
associated with our estimates do not appear to compromise the
order of magnitude and scale of the key destinations of plastic
demand and sources of waste generation, and this is sufficient
to support the claims made in this section. However, the lack
of detailed data on polymer composition for all 464
PRODCOM products codes considered in this analysis, and
particularly for the codes accounting for the smallest mass
flows, is an important source of uncertainty, and therefore our
estimates should not be considered as providing detailed
polymer compositions for all product categories. A detailed
discussion on our approach to coverage and resolution of
product categories is provided in Section 1 of the Supporting
Information.
There are no official data sets reporting regularly and with

enough resolution about the production, use, and disposal of
plastics. This has been one of the key challenges for
undertaking material flow analyses and for understanding the
uncertainty and variability of results. For this reason, we share
the conclusions reported by Wang et al.50 on the need for
research addressing the problems of inconsistent classification,
missing data, conflicting data, and inexplicit data for plastics
products and waste. We hope that the potential for novel
insights capable of mitigating most of the environmental
impacts of plastics and other materials could be a strong
incentive to enhance data acquisition and reporting of resource
flows.
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