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SQUARING THE CIRCLE
Policies from Europe’s Circular Economy Transition

Executive Summary

Rising levels of resource consumption have
marked the course of human development.
Whereas hunter-gatherers survived on averages of
0.5-1tons of resources per capita a year, agrarian
societies prospered on 3-6 tons per head. Today,
global average per capita consumption stands at
roughly 12.5 tons per year. Over the last century,
with widespread industrialization and rapid growth,
the global economy has witnessed a surge in
material extraction and use. The total amount of
materials mobilized between 2000 and 2015 already
equals more than half of those extracted between
1900 and 2000. By 2050, global demand for virgin
materials is expected to at least double again
(Figure ES1).

These trends are expected to accelerate.
Persistently high levels of material consumption
in  high-income countries are accompanied
by rapidly growing rates of consumption in
emerging economies. Current levels of economic

dematerialization induced by global structural
change will not suffice to contain the expected
increase in material demand driven by population
growth and the convergence in wealth and
living standards. Average per capita resource
consumption in high-income countries today is
as high as five times the average of that in African
countries.

Increasing rates of material use have serious
sustainability repercussions. Although most
materials remain abundant on earth, some—
including those critical to emerging sectors such
as renewables and electronics—are scarce.
Regardless, rising demand leads to ever higher
economic costs of extraction, commodity supply
shocks, and competition over access to raw
materials. But the real sustainability concerns
arise from the environmental consequences
of extraction, processing, use, and disposal of
materials. Extraction and processing involve energy-

FIGURE ES.1: HISTORICAL AND PROJECTED GLOBAL MATERIAL EXTRACTION BY RESOURCE
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intensive activities, causing large-scale disruption in
ecosystems and water balances and air, soil, and
water pollution. The transportation, utilization, and
disposal of materials embodied in products (today,
about 90 percent of the resources consumed
worldwide end up in waste) require environmental
sink services causing additional externalities. About
90 percent of total biodiversity loss and water
stress impacts and 33 percent of health effects of
air pollution are directly linked to resource extraction
and processing. As material extraction and use
attain ever higher levels, so do the corresponding
environmental impacts (Figure ES2).

The global acceleration in material demand
has implications for decarbonization targets.
The production of goods and services, including
food, for the global economy accounts for nearly
half of the global greenhouse gas (GHG) emissions.

EXECUTIVE SUMMARY

BACK TO
CONTENTS

Addressing emissions from industry can be
technologically challenging and costly, particularly in
sectors such as iron, steel, aluminum, cement, and
plastics, which are associated with hard-to-abate
emissions related to high-temperature processes,
production emissions, and end-of-life emissions.
Previous assessments have shown that circular
economy (CE) strategies can cut global emissions
by 39 percent, mostly in the construction, transport,
and food sectors. About one-third of nationally
determined contributions (NDCs) updated and
submitted in 2021 mention CE measures.’?

Over the past decade, material efficiency
and resource productivity have surfaced on
the global policy agenda. The rise of the CE
agenda reflects the objective of moving away
from the current systems of production and
consumption based on the ‘take-make-use-

FIGURE ES.2: ENVIRONMENTAL IMPACTS OF METAL MINING ACROSS TIME
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and-waste; https://www.circle-economy.com/news/circular-economy-strategies-can-cut-global-emissions-by-39; https://www.wri.
org/insights/how-circular-economy-can-help-nations-achieve-their-climate-goals.

2 Metabolic analyses show that circular mitigation opportunities can reduce territorial GHG emissions and decrease the aggregate
carbon footprint of imported goods and materials (scope 3 emissions) by another 28 percent. Recent reports from Circle Economy,
the Ellen MacArthur Foundation, Material Economics, and Shifting Paradigms have pointed to the GHG mitigation potential of
reducing excessive resource use and waste disposal. On average about 30 percent of a nation’s carbon footprint is embedded in
imported goods and materials. However, efforts to reduce these emissions are poorly incentivized as such schemes usually focus on
territorial emissions alone. These embedded emissions can be an important part of a systems approach that aims at reducing GHG
emissions since this approach analyzes the full value chain of carbon-intensive products and their potential substitutes.
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waste’ linear economic model toward economies
centered on minimizing the use of virgin materials
without adversely affecting welfare. The focus is
on a life-cycle approach to resource management,
which starts with reducing raw material demand
by looping resources back into consumption and
production systems, through innovations in material
design, production, and reutilization processes.

In addition to easing the environmental
pressures, the circular transition can be a
driver of private sector growth. Although there
are no ex-post studies to verify the growth and
job creation potential of CE, several studies have
indicated a link between resource efficiency and
productivity gains, driven largely by the underlying
level of technological innovation, resulting in
production savings. Based on this previous
modeling, work has focused on the growth effects
of material efficiency gains, with less attention paid
to distributional and labor market outcomes of
ancillary policies.

This report reviews Europe’s experience in
spearheading CE policy. Its aim is not only to
highlight its features and accomplishments but also
to identify existing barriers to future progress and
key measures to overcome them. Its objective is
dual: contributing to CE policy development within
the European Union (EU) and identifying lessons
from the EU’s CE leadership that can be of benefit
to non-European countries.

Europe has made important progress in
achieving material efficiency gains. Over the
past two decades, total material use has decreased
by 9.4 percent, from 6.6 bilion to 6.0 billion tons.
The share of resources used derived from recycled
waste increased by almost 50 percent between

FIGURE ES.3: FROM LINEAR TO CIRCULAR ECONOMIES

2000 and 2020. Overall resource productivity
(euro per kg of domestic material consumption
[DMC]) increased by nearly 35 percent over the
same period. These gains were supported by both
exogenous shocks—particularly the impact of the
2008 crisis on material intensive sectors such as
construction—and structural change, leading to an
increasing share of relatively less material-intensive
services in EU total gross value added (VA).

The transition, however, is still in its infancy.
More than 87 percent of EU resource consumption
stil comes from primary materials, and overall
EU waste generation keeps increasing. When
accounting for the actual material footprint of
Europe’s consumption—that is, the resources
required along the entire supply chains of, and
effectively embodied in, the products consumed
in Europe—progress in decoupling growth from
material use appears more limited. Europe’s overall
resource productivity remains below comparator
countries such as the United States, Japan, and
the United Kingdom. Although the EU per capita
material footprint has stabilized following the 2008
financial crisis, it is likely that it will resume its
upward trajectory once growth picks up again.

Progress remains uneven among member
states (MSs). The four countries of focus of this
report (Bulgaria, Croatia, Poland, and Romania [EU-
4]) lag on key CE performance metrics (Figure ES.4).
Romania has the lowest circular material use rate
among EU MSs, while Bulgaria, Croatia, and Poland
are also scoring below the EU average. All four rank
among the bottom tiers for resource productivity as
well as on more basic indicators such as landfilling
rates. Despite recent progress, Croatia still landfills
over 75 percent of its waste, while at over 60
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percent, Bulgaria and Romania have a similar
performance as a non-EU country like Albania.
While being some of the least resource efficient
economies, Romania, Poland, and Bulgaria also
display fast growth rates in material consumption.

Local circumstances determine the starting
point of the transition. Due to the role that
infrastructure plays in total resource use, low
population densities typically lead to higher
DMC per capita. The structural composition of
the economy plays a key role, with economies
displaying a predominance of primary sectors
typically having relatively higher DMC. To varying
degrees since EU accession, the four focus
countries have been experiencing outmigration and
a transition out of mining—and manufacturing—
sector predominance. In addition, per capita income
convergence requires catching up with the capital
investments feeding growth through material stocks
accumulation. Finally, in some of these MSs, a
relatively large share of raw material production
actually goes toward final products consumed in
other countries.

EXECUTIVE SUMMARY
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The private sector CE potential is shaped
by countries’ economic fabric. In addition
to different initial conditions in terms of material
flow composition and standard CE performance
metrics, sectoral composition determines EU MSs’
readiness to embark on the circularity transition.
The four countries of focus share some of the
features described above as well as sectors with
low circularity potential in terms of CE value added
generated and growth rates, largely driven by weak
performance in key CE enablers such as technology
and innovation and human capital. Countries such
as Bulgaria, Romania, and Poland show limited
connectivity in their CE production networks,
with weak or nonexistent sector links. In terms of
sectors with higher circularity potential, the four
countries tend to share some commonalities, such
as machinery, automotive, food and beverage, and
construction for Bulgaria and Croatia, as well as
differences, such as the electrical and electronic
equipment (EEE) sector in Romania.

FIGURE ES.4: CIRCULAR MATERIAL USE RATE (LEFT) AND RESOURCE PRODUCTIVITY (RIGHT) OF THE EU MSS IN 2020
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SQUARING THE CIRCLE
Policies from Europe’s Circular Economy Transition

FIGURE ES.5: PERCEIVED CLARITY OF ROLES AND
FOR CE IMPLEMENTATION
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Source: World Bank.

Catching-up MSs also often display
weaknesses in levels of awareness and policy
development. Although initial conditions matter
in determining the speed of the transition, they
do not constitute destiny. While coming from a
similar starting point, Slovenia achieved significant
circularity gains in recent years in relation to the
EU-4 countries, partly due to focused policy
attention. Key stakeholders mobilized through the
European Stakeholders Platform report a general

materials are generally cheaper than recycled
materials. In the plastics sector, for example,
virgin materials are often cheaper than recycled
ones while large quantities of plastics waste are
still landfilled. In the area of critical raw materials,
recycling is only economically viable for minerals
that have reached a critical mass. In the water
sector, low water tariffs prevent the transition to a
circular water economy. Sectoral policies still focus
on downstream waste management activities,

lack of clarity as to the agencies leading the CE | whereas the potential for circular products is
transition in the EU-4 countries (Figure
ES5). While national circular economy
legislation is emerging across the EU,
in catching-up EU MSs, its scope
tends to remain heavily focused on
waste management concerns (Figure

FIGURE ES.6: DEVELOPMENT OF STRATEGIES AND LEGISLATION
ACCORDING TO DIFFERENT STAGES OF PRODUCT LIFE CYCLE
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Sectors such as plastics, construction,

agriculture, transport, water,
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levels of awareness and change.
Although the reasons are manifold,
a recurring barrier to change is that
the economics still favors linear
processes. In most sectors, markets
for secondary raw materials remain
underdeveloped, and primary raw
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typically set upstream in the design phase. Despite
the limitations of recycling, particularly in sectors
with  fast-growing material requirements  (for
example, those related to low-carbon technologies),
policies  incentivizing  reduced  consumption,
intensified product use, and extended lifetimes of
products and components are still far from being
mainstreamed across products’ life cycles.

Europe’s private sector is already playing a
critical role in creating innovative circular
business models (CBMs). Most technological and
business model innovations across sectors have
stemmed from the private sector, although public
policies and support, including in research and
development (R&D), have certainly played a role.
CBMs—those centered on reducing the extraction
and use of natural resources and the generation
of waste—are already in operation in a number of
economic sectors, including plastics, construction,
agribusiness, water, textiles, and metallurgy. Existing
CBMs tend to focus on recycling, reusing, repairing,
refurbishing, and remanufacturing, although
increasing instances of more sophisticated business
models (product as a service [PaaS]) are emerging
(Figure ES7). Despite their degree of sophistication,
to the extent that these CBMs displace production
from traditional modes (that is, avoiding any
associated rebound effects from the transition),
they deliver immediate benefits in reducing their
environmental footprint—the life-cycle CBMs based
on existing products or secondary raw materials
typically have relatively small global warming,
acidification, and pollution impacts compared to
linear business models.

EXECUTIVE SUMMARY
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Although several sectors are already
experiencing CE’s disruptive potential, CBM
innovations tend to remain limited in scale,
depth, and speed of adoption. The sharing
economy in the hospitality sector is now estimated
to be more than double the size of Europe’s
traditional hotel economy. The ‘uberization’ of taxi
services in major cities has had the same disruptive
potential. Industries that have shifted away from
one-off product sales toward capital equipment
as a service (extractives equipment, jet and ship
propellers) have typically recorded higher-than-
average margins, often through cost savings in
maintenance, equipment use optimization, storage/
logistics, and customer capture. In absolute terms,
though, CBMs remain peripheral in most markets.
Even recycled materials represent only 8.6 percent
of raw material input, while remanufactured
products take a tiny share of total manufacturing—
the proportion of remanufacturing to new
manufacturing in Europe is only 1.9 percent. Even
producing secondary raw materials from waste only
accounts for 30 to 40 percent of the physical output
of sectors such as steel, as well as pulp and paper
in which it is most established.

Firms face a range of barriers in scaling up
and accelerating the deployment of CBMs.
Despite their quick development, CBMs remain
a small niche across sectors and firms. Limited
progress with their introduction is often blamed on
technological constraints. Indeed, advancements in
recycling, design, and information technologies can
in themselves give rise to new CBMs. Stakeholders,
however, also point to a different set of barriers

FIGURE ES.7: CIRCULAR ECONOMY OPPORTUNITIES ACROSS THE PRODUCT LIFE CYCLE
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facing firms at different levels of their operating
environment, including (a) firm-specific barriers
typically under the direct control of firms; (b) those
that affect the immediate environment surrounding
the firm’s operations, including cross-firm behavior
and collaboration along and across value chains
and sectors; and (c) economy-wide barriers related
to the way entire markets operate (Figure ESS8).
While interlinked in several ways, some of these—
particularly the macro-level ones—shape and
reinforce the others.

Corporate cultures, values, and beliefs shape
firms’ openness to CBM innovation. Business
model innovation requires adequate firm-level
capacities, in terms of rethinking product offerings,
the customer base, cash flow, and financing
streams. Corporate inertia—resistance toward
the need to adapt to external environment shifts
arising from within firms—can slow sustainability-
oriented business model innovation. Even in leading
countries such as the Netherlands, CE innovators
within firms are frequently restricted to the corporate
social responsibility (CSR) departments, with more

FIGURE ES.8: BARRIERS TO CBMs
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influential departments, such as operations or
finance, taking limited interest in it. Companies
with markedly ‘linear’ backgrounds will naturally
find behavior change harder. Experience shows
that business leaders’ commitment and their role
in breaking linear inertia is a key enabler in CBM
innovation.

Uncertainties related to the novelty of the
transition compound risk perceptions and
constrain access to finance. As with any new
business models, the lack of proven track records
can induce innovating companies to be perceived
as highly risky. Initial investments to innovate
and ‘create’ new markets can lead to short-term
margins. Asset valuation in linear systems often
does not capture the CBM’s value, particularly in
cases of ‘servitization.’

In addition to generally being relatively labor
intensive, CBMs tend to require relatively
higher skill levels. ‘R’ activities, such as reuse,
repurposing, and refurbishing, are more labor
intensive compared to their linear alternatives.

Lack of CE targets
in industrial policy
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Source: Adapted from Garrido-Prada et al. (2021); Khan, Daddi, and Iraldo (2021); Kirchherr et al. (2018); and Liu and Bai (2014).
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Reverse logistics, resource sorting, and product
refurbishing all require sophisticated skill sets.
Jobs creation through these CBMs is today mostly
concentrated in  higher-skill categories and  will
continue to be in the future, with labor market
constraints already posing a considerable barrier
to firms. The analysis supporting this report shows
that labor market effects induced by the transition
will have a skills bias, supporting productivity growth
but raising challenges for countries with higher
concentrations of unskilled workers, such as the
four Eastern European MSs examined in the report.

Beyond firm-specific and intra-firm barriers,
macro-level constraints limit the private
sector’s potential to innovate. Today’s linear
economy prospers through economies of scale. It
has been sustained by policies designed to develop
and optimize the take-make-dispose model for the
prevailing production and consumption systems.
Regulations, markets, investment tools, and
practices, including financial risk assessment, are
adjusted to linear models, and externalities linked
to linear business models are largely ignored.
Publicly funded R&D still essentially caters to linear
business models. CE policy today tends to focus
on new regulation aimed at filing informational
and mandatory standards gaps, which currently
constrain CE uptake among consumers and
producers. But, in addition to new rules, CE
regulatory reforms need to address conflicts with
existing regulation across sectors as well as actual
adversarial regulation, such as health and safety
standards preventing recycled material reutilization.
Regulatory action also should consider the
downstream needs created in terms of monitoring
and enforcement, given the existing shortcomings
in achieving mandatory targets and abiding by
norms in basic aspects, such as recycling and
landfilling.

The price competitiveness of circular products
will continue to limit the attractiveness of
most CBMs. It is typically cheaper for companies
to buy virgin raw materials than to reuse waste
materials. In 2020, recycled plastics cost an
extra US$72 per metric ton compared with newly
made plastic. With commodity prices still failing
to internalize their environmental externalities,
even an enabling regulatory environment will face
hurdles. Regulation will have faster and deeper
impacts once circular products can compete

EXECUTIVE SUMMARY
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with linear products based on true pricing. But
today, not only are the externalities linked to linear
business models not taken into account in the
pricing of virgin natural resources, they are also
directly supported. All major natural resource-
based sectors, starting with fossil fuels, are heavily
subsidized —agriculture, fisheries, forestry, water,
and mining. In addition to being subsidized directly
by government budgetary and tax measures,
natural resource extraction is often indirectly
supported by trade and other policy instruments,
which skews their opportunity cost.

In addition to progress at the country,
sector, and firm levels within the EU, the
achievement of CE outcomes in Europe
depends on dynamics beyond its borders.
Trade plays an increasingly significant role in the
circularity transition. EU production has become
less material intensive over time, but the intensity
of material inputs in EU consumption and imports
has increased at the same pace as income growth.
In addition to direct raw materials imports, the
EU also imports materials indirectly, and, in fact,
most trade in materials takes place in the form of
materials embedded into products. When these
are considered, the EU’s dependency on extra EU
sources increases from only 11 percent of the EU’s
DMC to nearly 36 percent.

While the EU’s dependency on raw materials
is concentrated among a relatively small set
of export countries, imports of embedded
materials originate from a vast number of
sources. EU MSs are dependent on just a few
trade partners for their direct imports of materials—
Brazil, the United States, and Ukraine alone account
for about 30 percent of all direct imports of materials
into the EU. On the other hand, countries that
produce these downstream, material-intensive
products and export them to the EU include high-
to middle-income countries spanning from the most
important global manufacturing hubs (such as China
and the United States), to other technologically
advanced countries (Switzerland and the United
Kingdom), to regional hubs in important middle-
income countries (Turkiye, Argentina, and Ukraine),
but exclude lower-income countries that are just
breaking into manufacturing.

Many low-income countries are economically
dependent on the EU’s demand for materials.
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Many lower-income countries are heavily dependent
on the extraction of biomass, metals, and minerals
that are exported to the EU. Trade dynamics are
expected to witness significant declines in primary
metals exports, balanced growth in recycled
metals and exports, and significant opportunities
in plastics until 2030. The benefits will be reaped
by lower-middle-income countries (LMICs) shifting
away from commodity production and increasing
their presence in new industries, including trade
and other services, while also making inroads
into recycled copper, recycled steel, plastics, and
plastics recycling. Countries with very little market
diversification will have limited potential to react and
rebound from a sudden contraction in EU demand
for materials and will face additional hurdles in
capturing opportunities.

The introduction of more stringent regulatory
standards may induce production leakage.
Regulatory differences have historically been a weak
driver of shifts in trade in materials, and the current
regulatory shift toward CE is unlikely to cause
immediate harm to EU competitiveness. This may
change in the future, though, if the gap in regulatory
stringency between the EU and the rest of the world
widens. Leakage of material-intensive production
would mostly settle in capital-abundant economies,
which tend to be more developed countries and
China. If leaked production settles in jurisdictions
with lower environmental standards, EU CE policies
risk creating ‘linear production havens,” which
will create additional hurdles in limiting material
footprint. This indicates the need for coordinated
action across borders and, particularly, for
cooperative solutions aimed at reducing the material
intensity of production in other capital-abundant
countries.

For over a decade, the EU has been at the
leading edge of CE policy. The 2011 Roadmap
to a Resource Efficient Europe already outlined a
set of measures to increase resource productivity
and decouple economic growth from resource
use and its environmental impact. Since the
first EU Circular Economy Package in 2015,
the transition to a CE has acquired increased
relevance and is today central to the EU’s policy
agenda encompassed in the European Green Deal
(EGD). The 2020 Circular Economy Action Plan
represents the most ambitious and comprehensive
CE policy roadmap developed anywhere and

an attempt to break away from previous policies
focused on regulatory interventions on end-pipe
material streams such as landfilling and recycling,
in view of life-cycle approaches and an attention to
economic barriers. CE concerns are starting to be
mainstreamed across EU policy areas, starting with
the 2021 Industrial Strategy update. Most recently,
in March 2022, the European Commission (EC) set
the stage for regulating circularity requirements of
almost all categories of physical goods placed on
the EU market, marking a potential step change
toward more sustainable and circular products in
the EU.

The scale of the challenge justifies the EU’s
renewed level of ambition. Business-as-usual
(BAU) policies will not suffice to achieve significant
reductions in primary material use, which s
expected to grow 2.5 times by 2050 compared
to 2000—even as European economies become
increasingly services based. Europe will be able
to maintain the recent trend of resource efficiency
gains but not relative, not absolute, decoupling. The
shift in the production of material-intensive goods
outside the EU borders will continue, leading to an
increasing relevance of imported materials in overall
resource consumption. Growth rates in material use
across the EU reflect different structural conditions
of MSs, with those MSs having more recently
gained EU accession seeing a 2.5 faster growth in
production-based materials than the EU average,
reflecting their role in catering to material demand
outside their borders.

EU decarbonization policies will influence
material use patterns but will be insufficient to
achieve substantial efficiency gains. In addition
to significantly reducing fossil fuel consumption,
mitigation policies taken under the EU Green Deal
will affect the use of metal ores and nonmetallic
minerals (NMM) by raising their production costs,
but to a very limited extent. While critical to reducing
CO, emissions, decarbonization policies will have
only a modest impact on primary material use
and will need to be complemented by measures
targeting materials.

To increase the speed of the transition, Europe
needs a far-reaching suite of CE policies. A
comprehensive package of CE policies can allow
Europe to reduce aggregate material use by a
range of 8 to 11 percent relative to the baseline and
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achieve absolute decoupling between growth and
virgin resource use—all within a decade. Policies will
need to target both production and consumption,
vary according to the specific material being
targeted, and deploy different and complementary
instruments, including both regulatory and fiscal
measures.

Europe can achieve its CE objective without
compromising growth while enhancing
environmental benefits. CE will no doubt create
economic opportunities and many ‘bottom-up’
studies find CE to be a significant driver of growth.
The policy scenarios explored in this assessment
all aim to achieve core CE sustainability objectives
by reducing and shifting demand, thus incurring
some economic costs. But even the most ambitious
deployment of policies considered will reduce 2030
gross domestic product (GDP) by only around 1
percent below baseline projections—real GDP is
still 13.5 percent higher in 2030 compared to BAU
in 2021 under an ambitious CE scenario. This may
be considered a minor cost in achieving material
efficiency objectives. Moreover, the modeling results
presented in this report do not take into account the
substantial co-benefits of achieving CE objectives—
for example, improved health, reduced congestion,
and strengthened natural capital—all of which would
be expected to contribute to higher growth and
higher welfare.

EXECUTIVE SUMMARY
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Comprehensive CE policies will accelerate
Europe’s shift toward services sector
economies. Implementation of a  broad
combination of CE policies will have sizable impacts
on the structure of Europe’s economy by 2030, with
the services sector increasing its share of output
by 2.3 percentage points, while industry will fall
by a further nearly 1 percentage point and ‘other
goods and services’ (including extraction) by 1.6
percentage points. Policies supporting solutions to
design out materials from production and product
life extension make a particular contribution to the
shift toward services. The scale of this structural
shift is larger in the EU-4 MSs.

CE policies are likely to have moderately
regressive labor market impacts, cushioned
somewhat by progressive price impacts.
While individual policies have modest labor
market impacts, their combination is likely to
lead to aggravating the ongoing skills bias in
Europe’s labor markets, with unskilled workers
experiencing modest welfare loss from expected
real wages decline, whereas skilled workers will see
unemployment fall and wages rise. However, price
changes induced by CE policies are likely to benefit
poorer households relative to richer ones, with
prices of food, transport, and services expected
to fall, while the prices will rise for manufactured
goods.

FIGURE ES.9: IMPACT OF COMBINED CE POLICIES ON USE OF PRIMARY MATERIALS IN EUROPE IN 2030
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Country-level distributional impacts can be
significant. A higher concentration of unskilled
workers in the four focus countries results in greater
exposure to declines in unskilled activities. In the
case of Poland, the analysis shows a potential real
wage decline of up to 5.6 percent. Although skilled
workers tend to gain considerably, weaker skills
concentrations in these countries result in overall
fewer opportunities to benefit from gains in skilled
activities. Moreover, skilled workers appear to fare
less well in all four countries (compared to Europe
overall) under the upstream and demand-side
scenarios. Instead, their gains come mainly from
the production-side CE intervention scenarios. This
reflects the relatively weaker comparative advantage
of these four countries in higher-skilled services
activities and the concentration of skilled workers in
activities that will experience a relative decline under
the upstream and demand-side scenarios.

The choice in the use of tax revenues is critical
to the outcomes of CE policies. The impacts
above assume that revenues raised through CE
taxes are distributed back to households. Using CE
tax revenues to reduce other taxes that may have
distortive impacts on the economy can be more
efficient. Using revenue recycling to curtail labor
taxes can lead to growth- and welfare-enhancing
outcomes. The opportunity to use the substantial

revenues created by CE taxes to reduce labor taxes
eliminates GDP losses and reverses negative labor
effects—with unemployment for both skilled and
unskilled workers now falling, while wages rise—
highlighting the opportunity of using CE taxes to
support growth and welfare (Table ES1).

The policy framework supporting the circular
transition will need to target four dimensions:
institutions, information, incentives, and
financing. As discussed above, achieving material
use reductions in economically efficient and socially
inclusive ways requires the deployment of multiple
policy instruments. These require policy packages
to address concomitantly the role of institutions,
information, incentives, and financing.

(a) Institutions

Achieving absolute decoupling between
growth and material use calls for a retooling
of government. Without the government’s
enabling role, the private sector faces steep hurdles
in leading the transition. Despite the novelty of
the policy agenda, EU governments are already
filing technical gaps and empowering existing or
newly created units to support CE-related policies.
Feedback gathered from public and private
stakeholders, however, shows that governments still
have some way to go to incorporate the CE in their

FIGURE ES.10: CHANGE IN REAL WAGE BY SKILL LEVEL: EUROPE RELATIVE TO THE REFERENCE SCENARIO (2030)
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TABLE ES.1: CHANGES IN KEY VARIABLES RELATIVE TO THE EGD-NDC SCENARIO (2030) RESULTING FROM TAX ON
PRIMARY METALS AND FOSSIL FUELS WHEN REVENUE IS RECYCLED DIRECTLY TO HOUSEHOLDS VERSUS THROUGH

A REDUCTION IN LABOR TAXES

Revenues to Revenues to reduce
households labor taxation

Unemployment rate — unskilled (percentage point change) +0.20 -0.38
Real wage — unskilled (% change) -0.80 +1.50
GDP (% change) -0.20 +0.20
Consumer Price Index (CPI) (% change) -0.60 -0.70
Primary metals consumption based (% change) -5.10 -4.80

Source: World Bank.

policies and operations. Among the EU-4 countries,
only Poland has a CE roadmap with clear priorities
and focus areas.

Joined-up horizontal coordination across
central government agencies can achieve
improved policy coherence for circularity. CE
mandates tend to remain confined to departments
with remits limited to waste management. With
stakeholders across EU MSs pointing to a
leadership gap at the national level, the first task
of policy makers is to raise the profile of material
efficiency goals across agencies. Frontrunners such
as the Netherlands have produced government-
wide programs to mainstream CE objectives
across sectoral legislation and investments,
including through the establishment of institutional

FIGURE ES.11: STAKEHOLDERS’
MEASURES

coordination mechanisms to enhance coherence
across sectoral policies.

The opportunities and risks brought about
by circularity call for close involvement of
economic decision-making agencies. The need
to deploy economic instruments such as material
taxes and circularity subsidies calls for an active role
of Ministries of Economy and Finance. In addition,
Ministries of Finance typically have the reach and
mandate to foster closer collaboration across line
ministries. The fiscal and economic impacts of
such tools, as well as their necessary modulation
to preserve competitiveness and fairness outcomes
during the transition, require further coordination
with agencies covering social protection and labor
market remits. Luxembourg’s CE strategy has
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seen the active involvement of the Ministries of
Economy and Finance. This trend is already evident
in countries outside Europe, especially those with
important trade flows with the continent because of
the implications of future regulatory developments.

Policy coherence for circularity needs to
include the trade dimension of the transition.
The possibility of leakage of material-intensive
production toward linear production havens
following an increasingly stringent CE policy
environment in the EU calls for trade policy
instruments to play a key role in addressing both
sustainability and competitiveness  concerns.
International trade policy can be leveraged to
support domestic measures aimed at transforming
production and consumption patterns. The EU can
leverage global value chains (GVCs) to disseminate
technology and achieve material efficiency gains in
production processes located outside Europe on
a global scale while limiting risks of leakage. Given
that most leakage takes place in downstream
industries (see Chapter 3), designing policies
(material taxes or regulatory measures) such that
lead firms take responsibility for primary material use
and other externalities across the full value chain
will be critical to remove the risk that materials are
relocated to ‘linear production havens.’” This calls
for a growing relevance of CE considerations within
trade agreements.

Seeking cooperative solutions through trade
and other cross-border policies such as
development cooperation appears crucial.
Achieving CE gains in Europe will require supporting
change beyond its borders. The impact of trade-
related measures and the leveraging of lead firms in
GVCs will be commensurate with LMICs’ capacities
to reorient and upgrade production. Support to
LMICs toward investing and diffusing CE technology
will provide additional incentives aimed at raising
production standards.

Actual implementation will require vertical
collaboration with subgovernment tiers.
Cities can become engines of circularity due to
their regulatory and fiscal remits, responsibilities
for key services such as waste and recycling, their
role in fostering agglomeration economies, and,
not the least, the relative share of final resource
consumption taking place within their boundaries.
A 2020 survey of 51 cities in Organisation for

Economic Co-operation and Development (OECD)
countries showed that most cities still perceive
themselves as being in the initial phase of the
transition. Enabling and incentivizing cities to make
circularity central to their development strategies
is a top priority. Empowering cities should start by
mainstreaming material efficiency concerns within
critical sectors under their mandate such as waste
management and recycling as well as in areas
such as spatial planning, mobility, and the built
environment.

Scaling up material efficiency gains requires
coordinated efforts beyond government.
Collaborative = CE  communities, hubs, and
networks are needed within and across economic
sectors, value chains, and regions. Such
mechanisms can help increase the knowledge
base, foster sharing experiences on CE policy,
innovation and strategies, business models,
and projects. Ensuring that supply chains and
consumers have the necessary technical skills,
finance, and information to respond to the EU’s
CE aims requires a nuanced understanding of
the interconnected networks currently in place.
Decisions made in any market about how materials
are extracted, transformed, transported, sold, and
disposed of can have far-reaching ramifications.

(b) Information

Policies should aim to minimize coordination
costs within and across firms. Despite increasing
the attention of Europe’s private sector, CE often
remains marginal to corporate considerations
even when circularity can have positive benefits
on margins and bottom lines. Firms’ cooperation
requires information about circular aspects of
products exchanged in business-to-business and
business-to-consumer transactions —mandatory
product information requirements such as material
passports or publicly accessible databases can
facilitate this. The sharing of data and best practices
through knowledge platforms will bring down
information and innovation costs. Involving business
associations and existing private sector platforms
can leverage existing institutional infrastructure
to lower networking costs. Publicly supported
initiatives  triangulating research institutions with
firms across value chains and sectors can lead to
innovation in upstream and downstream material
management.
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FIGURE ES.12: ACTORS AND ROLES IN THE CE NETWORK
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Industrial parks provide a cost-effective means
to enhance CE synergies across industry
sectors. CE-oriented industrial parks can facilitate
interactions between science, technology and
business, and upstream and downstream input-
output links across businesses and sectors.
Successful industrial parks provide high-quality,
specialized services, with particular emphasis on
business incubation, spinoff activities, networking,
and logistics. Eco-industrial parks (EIPs) generate
material efficiencies by promoting recycling and the
reuse of resources and waste through industrial
symbiosis in input-output relationships. In the
process, tenant firms can achieve more cost-
efficient production, which is also resilient to price
fluctuations and resource scarcity. According
to estimates, scaling up EIPs could save EU
businesses €1.4 billion a year and generate €1.5
billion in sales (Annex 4, Focus Section D).

Supporting firms’ digitization processes is
critical to material management innovation.
Digital applications are today a key enabler of PaaS
CBMs. Digital tools such as artificial intelligence
(Al), robotics, and internet of things (loT) are already
being used to optimize production processes,
resulting in less waste and reduced emissions.
Digitally enabled solutions such as 3D printing can
help cut costs and optimize production. Online
platforms are already facilitating the reutilization of
products, components, and materials by enabling
reuse, repair, and remanufacturing business models.
Due to their share in Europe’s productive networks
and their role in creating and contributing to CBMs,

small and medium enterprises (SMEs) will benefit
from policy measures addressing the up-front costs
and skills requirements of digitization (Annex 4,
Focus Section E).

Firm-level capacities can be supported by
tailored skills programs. Due to the relatively
higher labor and skills intensity of CBMs, public
support to businesses in filling the circular skills gap
will be crucial. Measures include (a) dedicated labor
market needs assessments of CE development
trends, business demand, and existing educational
offerings; (b) targeted skills development programs
where the market alone does not generate them;
and (c) support for coordination across education
and industry actors in establishing circular skills
development partnerships. Different countries show
different levels of readiness at the outset of the
circularity transition. While displaying potential, the
four MSs targeted by the analysis all lag in terms
of skills presence. The ample material efficiency
gains that can be reaped in these MSs call for an
additional policy and investment focus in this area.

CE metrics should be geared to support
transition policies. Today, standard CE metrics
provide information on key outcome dimensions,
such as waste collection/landfilling/sorting/recycling
rates, usage of secondary materials, and domestic
materials consumption. While they provide a
necessary macro-level view, the level of aggregation
of these indicators does not always lend itself to
applications by policy makers and companies,
even in basic commodities and critical sectors.
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Water footprint metrics can guide the identification
of efficient and sustainable water production and
consumption systems, while metrics for ‘end-of-
waste’ construction and demolition waste (CDW)
can enable actors to certify the quality of recycled
and reused materials. Better material and sector
resolution can allow for measures targeting value
chains and material streams. Considering both
stocks and flows would provide a more complete
picture of countries’ different dematerialization
pathways and improve the management of existing
material assets. Finally, given that material flow
dynamics are slow to change, metrics could
better support policies by tracking their ongoing
implementation and immediate impacts. Examples
of results chain tracking of CE fiscal policies are
(@ levels of material subsidies/taxes, (b) price
wedge dynamics between primary and secondary
materials, and (c) rates of secondary material
utilization across sectors. Similar indicator chains
can be designed for a range of CE measures,
allowing for more regular and just-in-time feedback
to decision-makers and citizens on progress.

Removing informational barriers constraining
consumer actions is necessary but insufficient
in itself. The parameters and benefits of the CE are
still largely unknown to consumers, preventing their
critical role in accelerating the transition. Policies
empowering consumers include awareness-raising
measures and tools such as product labeling
and standards. Providing transparent and easily
accessible information on parameters such as
product life span, repairability, and refurbishing
options creates consumer choice in relation to
linear products. Opportunities for consumers to
exercise their preferences will increase demand and
send a message to the market, but this will also be
insufficient without adequate information to other
dimensions, such as incentives.

(c) Incentives

The lack of supportive regulation constrains
the emergence of CBMs on several fronts.
Regulatory barriers can be divided into three
categories: (a) regulatory gaps lowering CE uptake;
(b) regulations related to materials and resources
that actually hinder CE goals; and (c) regulatory
conflicts across sectors affecting CBMs. Insufficient
implementation and enforcement of recycling
targets and landfill bans, as well as the lack of

quality standards for repair activities, are examples
of regulatory gaps. Adversarial regulations prevent
some key CE practices such as those limiting the
use of recycled materials in road construction or
restrictions regarding cross-country waste trading.
Examples of regulatory conflicts include provisions
for addressing other policy goals that actually affect
circularity objectives such as those addressing
health and safety standards—progress on food
waste reduction, recycled plastics, and CDW
utilization. Starting at the EU level, policy makers
can proactively create supportive regulation for
the enabling framework for circularity. Addressing
regulatory conflicts ahead of bringing new
instruments to the table will enhance the impact of
the latter.

Addressing the economic distortions that
reinforce linear economies can unleash the
private sector’s CE potential. The business case
for CEs is limited by distorted pricing. Rebalancing
the incentives requires a combination of fiscal and
regulatory policies targeting both production and
demand. As mentioned above, if implemented
correctly such policies can redress the regressive
impacts of attaining material decoupling, with both
growth and welfare enhancing outcomes. A low-
hanging fruit here is the phasing out of subsidies to
material production and use, starting with fossil fuel
subsidies, which reach €55-58 billion a year in the
EU, mostly through tax expenditures. Beyond fossil
fuels, material production and consumption are
subsidized across sectors either directly or through
tax deductions/reductions, including in construction
(gravel and sand), agriculture, land and forestry,
fisheries, water, and, of course, waste.

Circular fiscal reforms shift the tax burden
from labor to materials. The introduction and
increase of taxes on material production can be
coupled with a corresponding, revenue-neutral
decrease in labor taxes, with positive effects on
growth and welfare. Shifting the tax burden from
labor to materials has the potential to address
both the market failures induced by linearity and
the market distortions generated by labor taxation,
which contributes to higher relative use of materials
and offshoring (leakage) of production. Taxation also
addresses rebound effects stemming directly from
increased material efficiencies and indirectly from
growth-enhancing policies.
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FIGURE ES.13: STAKEHOLDERS’ PERCEPTIONS OF LEVEL OF DEVELOPMENT OF CE REGULATORY INSTRUMENTS
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There is ample potential in Europe to consider
a circularity tax shift. Current taxation patterns
make virgin raw materials cheaper than secondary
ones, weaken the business case for CBMs, and
constrain public investments in CE. In 2019, the
27 EU countries (EU-27) raised roughly €5.6 trillion
in tax revenues—52 percent of those were labor
taxes (personal income tax [PIT], payroll, social
security contribution [SSC] taxes). The average
EU tax wedge in total labor costs is about 39
percent: for every €1.00 in labor costs, €0.39 is
taken by Treasury. Conversely, taxes on pollution
and resources generated about €10 million—0.19
percent of total tax revenues and 0.08 percent of
the total EU GDP.

No circularity-oriented fiscal reform will
succeed without phasing out subsidies for
material production and use, starting with
fossil fuel subsidies. Europe’s experience shows
how hard it is to eradicate environmentally harmful
subsidies (EHSs). An assessment of the coherence
of environmental policy with current subsidies in Italy
showed 56 EHS categories that are detrimental to
achieving CE objectives, for a financial value of at
least €13.5 billion in 2019.

Although the design of any CE-oriented tax
reforms will require EU-level coordination,
responsibility for their implementation largely
remains with MSs. EU-level policy action has
long focused on instruments within the EU’s
remit, notably regulatory measures backed by
information instruments and tools. But the EC’s

2020 CE Action Plan encourages the application
of economic instruments. Even in the case of
value added tax (VAT), where broad application
parameters are set in Brussels, their actual
determination and application remains primarily
under the remit of MSs. While the reform of
VAT regimes to promote CBMs, such as repair
services, PaaS, and the utilization of secondary
materials, has already seen a limited application, it
can be deepened and expanded.

Public procurement can play a key role in
making markets for CBMs. Every year, over
250,000 public authorities in the EU spend around
14 percent of GDP (roughly €2 ftrillion per year) on
the purchase of services, works, and supplies.
Public procurement plays a key role in creating
new markets but also in scaling demand. Today,
Public Procurement Directives provide a framework
to introduce sustainability considerations, but
their voluntary nature makes for a limited uptake
within national legislation and the procedures of
purchasing authorities. In 2018, 60 percent of
public contracts were awarded purely based on
lowest-price criteria. The adoption of circular public
procurement (CPP) remains, however, incipient
in several MSs, including the four focus countries
of this report. Policy should address existing
constraints to deploying CPP, starting with the
limited understanding of the economic benefits of
CPP across and beyond government, particularly
Budget Departments and legislators, and the
systematic utilization of full-cost accounting and life-
cycle costing (LCC).
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(d) Financing

The recent growth in CE financing is
promising, and the EU is mainstreaming
CE objectives through its different funding
programs. The private sector is already paying
attention, with commercial financing that flows
into CE investments now growing rapidly,
particularly in the form of equity and mainly driven
by environmental, social, and governance (ESG)
considerations. Traditional EU programs, such as
the European Structural and Investment Funds,
Horizon 2020, and the LIFE Programme, and
the more recent Recovery and Resilience Facility
(RRF) help integrate CE objectives. Some of the
larger commercial banks are stepping up to the
challenge, including by reconsidering traditional
financial and accounting approaches not adapted
to CBMs. While EU governments can perhaps
do more to support CE investments, including
through guarantee instruments and blended finance
solutions, overall, there seems to be no lack of
public and private financing opportunities. In fact,
the absorption of funds seems to be a problem,

including in EU-4. But financing the CE will not
take off in the absence of the reform of policies that
continue to support linear models.

The CE calls for a new reform agenda.
Promoting CBMs without dismantling the linear
economy and the policies supporting it is inefficient
and insufficient. It may well continue to foster the
emergence of niche markets and products, but
it will remain inadequate in decoupling welfare
creation from material consumption. The circularity
transition will proceed through incremental steps.
More than by technological progress, its pace
will be dictated by the removal of the institutional,
informational, and incentive barriers limiting the
profit-making opportunities brought about by CBMs
and their wide adoption. Europe is already showing
that the case for the transition no longer needs to
be made and an acceleration is possible. Through
comprehensive policies, the EU will achieve its
circularity ambitions while creating growth and
welfare and promoting resource efficiency progress
beyond its borders. [
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SQUARING THE CIRCLE
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1.1 Heavy growth

Global economic development has proceeded
hand in hand with material use. Over 96 billion
tons (96 Gt) of natural resources were used by
production and consumption systems globally
in 2019. Nonmetallic minerals (NMM), such as
sand, gravel, and limestone used in construction,
particularly for infrastructure, account for about
half of this, with the rest being taken by biomass
(27 percent), fossil fuels (17 percent), and metals
(10 percent). The evolution of human economies
took place through steady increases in material per
capita use. Hunter-gatherer systems developed
and thrived on averages of 0.5 to 1metric ton per
capita, and agrarian societies prospered on 3 to 6
tons per head. Today, the global average per capita
consumption stands at roughly 12.5 tons.®

Rapid and increasingly material-intensive
growth over the past century has driven
a surge in material extraction and use.
Industrialization marked a step change in material
consumption. The past century saw a fourfold
increase in global population and a 23-fold
increase in economic output. Economic growth
was characterized by a relatively high resource
elasticity of gross domestic product (GDP), with a

FIGURE 1.1: GLOBAL MATERIAL USE BY CATEGORY
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1.0 percent increase in GDP leading to an increase
of about 0.8 percent in material consumption, both
in high-income and low-income countries. The
decades after the Second World War, particularly
since the 1970s, witnessed a threefold increase in
global materials’ harvesting. Roughly one-third of all
materials extracted globally since 1900 were only
mobilized between 2002 and 2015 (Figure 1.2).4

Global convergence in wealth and living
standards, coupled with population growth,
is expected to at least double demand for
materials by 2050 (Figure 1.2). In addition to
its historically strong correlation with income,
material consumption tends to rise in line with other
determinants of progress such as human capital
and life satisfaction, albeit in a less linear fashion
(Figure 1.3), as the quality of services delivered to
society is frequently dependent on both material
stocks and flows (Chapter 2).°

The expected economic dematerialization
induced by global structural change will not
suffice to contain the global surge in material
demand in the coming decades. Material
efficiency improves in line with technological
progress and a higher share of services in the
economy. Projections indicate that the growing
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3 Krausmann et al. 2009; Global Infrastructure Hub 2021; Halberl et al. 2009; IRP 2019.
4 Haberl et al. 2020; IRP 2011; Krausmann et al. 2018; OECD 2019.

5 Carmona et al. 2020; IRP 2017.
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FIGURE 1.2: HISTORICAL AND PROJECTED GLOBAL MATERIALS EXTRACTION BY RESOURCE
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FIGURE 1.3: TRENDS IN MATERIAL CONSUMPTION: HUMAN DEVELOPMENT INDEX, HAPPINESS INDEX, AND GDP PER
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share of the tertiary sector in the global economy
will reduce growth in material use by unit of GDP,
as it is less material intensive than agriculture or
industry. This effect is expected to be coupled with
the impact of technological developments helping to
delink growth in production levels from the material
inputs to production. This would lead the global
economy’s material intensity declining at a rate
of 1.3 percent per year on average in the coming
decades, reflecting relative decoupling. This means
that economic growth is happening faster than
growth in resource extraction. However, absolute
decoupling (total material use falling while the
economy grows) has not yet been observed, even
in advanced economies, particularly once materials
embodied in imports are considered. The result
is that, although not as fast as GDP, use of global
materials will continue to increase as countries
achieve higher levels of income.®

1.2 Two planets

The linear business as usual (BAU) carries
sustainability, security, and equity implications.
Natural assets remain the key foundations of our
prosperity and well-being, but our economic model
is increasingly predicated on their erosion. In a linear
economy, the production of goods and services
comes at the expense of ecosystems and the vital
services they provide such as biodiversity; resilience
to extreme weather events; and clean air, water,
and soil. The great acceleration in material resource
extraction and consumption has long been identified
as being responsible for major shares of today’s
environmental burden. Material management—the
extraction, production, transformation, transport,
consumption, and disposal of materials used to
make products and infrastructure—today accounts
for 90 percent of total biodiversity loss and water
stress impacts and 33 percent of health impacts
due to air pollution.

Natural resource management significantly
contributes to global greenhouse gas (GHG)
emissions. The production of goods and services,
including food, for the global economy accounts for

6 OECD 2018a.

7 Mcilgorm et al. 2022.

& UNEP
the%20entire%20human%20population.; Ellen Macarthur
overview; Forti et al. (2020).

nearly half of the global GHG emissions. Addressing
GHG emissions from industry can be technologically
challenging and costly, particularly in sectors such
as iron, steel, aluminum, cement, and plastics,
which are associated with hard-to-abate emissions
related to high-temperature processes, production
emissions, and end-of-life emissions. In the food
system, food waste is a major source of GHG
emissions. In fact, it is estimated that if food waste
were a country (including food lost in supply chains
and food wasted by retailers and consumers), it
would be the third largest GHG emitter in the world.
An increasing focus on material efficiency and
circularity will help align the emissions trajectory of
these sectors with the goals of the Paris Agreement.

Waste is a major cause of public health,
environmental, social, and economic costs.
Globally, inadequate solid waste management
contributes to climate change—accounting for
about 5 percent of global carbon emissions—and
plastic pollution, which has caused damages to
the marine environment estimated at over US$21
billion per year.” Locally, solid waste harms public
health, putting millions at risk due to soil and water
contamination and poor air quality. Solid waste
generation is set to double in large and medium-
size cities by 2050 and triple in the world’s poorest
countries.

Reducing material consumption leads to less
pollution, waste, and related health impacts
and is key to preserving vital ecosystem
services and natural resources, including
biodiversity. In the linear system, products
eventually end up as waste, most of which is
landfilled or incinerated. For instance, the world
generates around 400 million tons of plastics waste
annually as well as 54 million tons of electronic
waste,® which becomes hazardous to human health
and ecosystems when mismanaged. One of the
principal aims of the circular economy (CE) is to
minimize waste and pollution by returning products,
materials, and resources into the product cycle at
the end of their use. Reducing waste and pollution
and associated negative environmental impacts
will thus have substantial benefits for public health,

https://www.unep.org/interactives/beat-plastic-pollution/#:~:text=Today %2C%20we%20produce%20about%20300,0f%20
Foundation https://ellenmacarthurfoundation.org/topics/biodiversity/
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FIGURE 1.4: ENVIRONMENTAL IMPACTS OF METAL MINING ACROSS TIME
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including through designing out toxic chemicals.
In addition, it is estimated that the extraction and
processing of natural resources is responsible
for more than 90 percent of biodiversity loss.
Decreasing the need for virgin materials can thus
make a major contribution to healthy ecosystems
and biodiversity preservation.

The objectives of several international
environmental agreements revolve around
the achievement of material efficiency gains.
There is currently no international environmental
agreement specifically dedicated to the CE, even
though the Sustainable Development Goals (SDGs)
contain several targets and indicators aimed
at increasing circularity under SDG 12. Indeed,
circularity will be required to achieve the visions
and goals of numerous international environmental
agreements, particularly those related to the
elimination of toxic substances and waste. For
example, the Basel, Rotterdam, and Stockholm
(BRS) Conventions aim to protect human health
and the environment from hazardous chemicals
and wastes. The Basel Convention is the only
global legally binding agreement that specifically

addresses plastic waste and has been instrumental
in generating momentum to launch negotiations
for a new treaty to end plastic pollution. Similarly,
chemical safety as promoted by the Strategic
Approach to International Chemicals Management
(SAICM)  will  require  improving  chemicals
management through the adoption of circularity
in chemistry and its products. Further links exist
with the Montreal Protocol, for example, through
designing out ozone-depleting substances (ODSs)
and increasing the lifetime of refrigeration and air
conditioning appliances, and with the Minimata
Convention, where the elimination of mercury from
industrial activities aligns with the circularity principle
of designing out toxic materials.

The crossing of key planetary boundaries
has material use as its main driver.®
The immediate limits to current levels of virgin
materials stem from their environmental impacts,
particularly  when  considering the potential
irreversibility of some of these impacts on natural
ecosystems, biodiversity, and climate trends.
Based on today’s production technologies and
resource demand patterns for major metals, global

9 Allwood et al. 2011; IRP 2019; Klee and Graedel 2004; Rockstrém et al. 2009; Steffen et al. 2015.
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FIGURE 1.5: MATERIAL USE DRIVES PLANETARY BOUNDARIES’ OVERSHOOT
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production will need to be reduced by 40 times
compared with 2016 levels to keep within safe earth
system boundaries.™

In addition to sustainability concerns,
ballooning resource consumption compounds
risks from commodity supply shocks, with
worldwide trade and economic security
implications. Many basic materials such as iron
ore as well as NMM are generally available and
remain abundant in the earth’s crust, albeit at lower
and decreasing concentrations than the deposits
mined today. But concerns around resource
constraints cannot be dismissed. Extraction rates
for NMM—including sand, gravel, and clay that
are used in large quantities to produce concrete,
asphalt, and glass for infrastructure and account

for the largest proportion of global material
consumption—are rapidly increasing. In a world of
increased competition over resource access and
ever higher rates of extraction, both advanced
and emerging economies face supply risks. The
COVID-19 pandemic compounded the already
existing exposure of both advanced and emerging
economies to commodity markets volatility and
supply chain and price shocks (Figure 1.6). More
importantly, several raw materials that are ‘critical’
to emerging sectors (such as renewables and
digital industries) as well as established ones
(such as machinery, vehicle parts and standard
electronics) are actually rare. Manufacturers are
running increasing supply risks because of their
dependence on rare earth metals such as cobalt,

0 Steinman et al. (2017) argue that resource use accounts for more than 90 percent variation in environmental damage indicators
across countries. Van der Voet, van QOers, and Nikolic (2004) show a tight coupling between aggregate mass flows and ecological

impact.
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FIGURE 1.6: COMMODITIES PRICE TRENDS PROCEED IN STEP WITH MATERIAL RESOURCE USE
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tungsten, tantalum, tin, indium, bauxite, and copper,
which are ultimately finite, nonrenewable resources,
whose remaining reserves are increasingly located in
remote or protected locations.™

Current patterns of resource consumption
reflect the growing divide between and
within countries. On average, each human being
consumed 8 tons of materials in 1980, 10 tons
in 2009, and over 12 tons today. But per capita
consumption levels are increasingly uneven across
countries and income brackets. North America’s
average stands at 21.94 tons compared with
Africa’s at 4.76 tons. The wealthiest billion people
on the planet consume 72 percent of the world’s
resources, while the poorest billion consume less
than 1 percent.'

Once measured in terms of global material
stocks dynamics, rather than yearly flows,
the materials divide is even starker. The extent
of resource extraction needed for developing
countries to match high-income countries’ material
endowments is staggering. Between 1900 and
2010, industrial countries held the largest share of
global material stocks, essentially embodied in fixed
capital assets, such as buildings and infrastructure.

" Valero and Valero 2015; Van Vuuren, Strengers, and De Vries 1999.

2 |RP and UNEP 2018.

1995 2000 2005 2010 2015 2020

By 2010, countries outside the Organisation for
Economic Co-operation and Development (OECD)
group and China had a share of only 18 percent
of global stocks, whereas their share of the global
population was 62 percent. Although the share of
global materials stocks held by industrial countries is
slowly decreasing in line with the rapid acceleration
in stocks held by emerging economies such as
China (by 2010 China already owned 22 percent of
global stocks), developing countries’ share in the
global stock of materials is projected to continue
to remain limited based on current flows, with large
differences in per capita stocks continuing to exist
between industrial and emerging countries, on the
one hand, and developing countries, on the other
(Figure 1.8).

Addressing the growing environmental, equity,
and economic security imbalances brought
about by material consumption patterns
requires breaking away from traditional
production and consumption systems. Our
economy is based on a linear model of extraction,
utilization, and disposal (also known as take-
make-use-waste model, Figure 1.10) of resources.
Globally, the amount of materials embodied in
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FIGURE 1.7: DOMESTIC MATERIAL CONSUMPTION PER CAPITA (2017)
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FIGURE 1.8: DISTRIBUTION AND DYNAMICS OF GLOBAL MATERIAL STOCKS (1990-2010)
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products discarded after reaching their end of life
is expected to increase by 70 percent by 2050,
largely outpacing population growth. This is far from
being solely a solid waste management problem.
With roughly 90 percent of the raw materials
used in manufacturing becoming waste before
the final product leaves the production plant and
about 80 percent of products manufactured being

8 Ellen MacArthur Foundation 2021a; World Bank 2018.

disposed of within the first six months of their
life, it is estimated that 80 percent of a product’s
environmental impact is determined during the
design phase. This indicates that the solutions
require a transformation of the entire operating
system, not just at the end-of-life disposal of
resources.'®
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FIGURE 1.9: CIRCULAR ECONOMY ACTIVITIES: THE 9RS FRAMEWORK

Smarter product use RO Refuse
and manufacture R N —

R2 Reduce
Extend lifespan of R3 Reuse
product and its parts

R4 Repair

R5 Refurbish

R6 Remanufacture

R7 Repurpose
Useful applications of R8 Recycle
materials

R9 Recovery

Source: Adapted from Potting et al. (2017) and Morseletto (2020).

Linearity implies that by 2060 we will need
at least two planets to meet the demand for
materials. Unless prosperity can be dramatically
decoupled from resource use, environmental
pressures, economic risks, and inequality will
continue their rise, and an increasing number of
tipping points will rapidly be crossed. The rise of the
CE concept responds to a growing consensus of
the relevance of these trends.

1.3. The promise of circularity

A CE aims at creating welfare while minimizing
the production, consumption, and disposal
of materials. CE-related policies, investments,
and business models strive to maximize resource
efficiency by organizing production-consumption

systems into closed loops, thereby reducing
extraction, waste, and related environmental
pressures.

Current definitions of CE tend to articulate
complementary objectives: (a) preserving the
value of products, materials, and resources for
as long as possible; (b) phasing out waste by

Make product redundant by abandoning its function
or by offering the same function with a radically
different product

Re-use by another consumer of discarded product
which is still in good condition and fulfills its original
function

Repair and maintenance of defective product so it
can be used with its original function

Restore an old product and bring it up to date

Use parts of discarded product in a new product with
the same function

Use discarded products or its part in a new product
with a different function

Process materials to obtain the same (high grade) or
lower (low grade) quality

Incineration of material with energy recovery

intervening at the different stages of the product
life cycle, including during design and production;
(c) avoiding inefficiencies, thereby inducing
resource savings within the whole production-
consumption cycle; and (d) encouraging innovation
through new business models that minimize the
negative environmental externalities associated
with  extraction, production, and consumption
processes.' Its conceptualization has evolved
by extending end-of-pipe waste management
approaches centered on the 3Rs rule (reduce,
reuse, and recycle) to more extensive and fine-
grained frameworks encompassing upstream
consideration of materials, such as the 9Rs
hierarchy adopted by the Ellen MacArthur’s
Foundation, which further articulates the hierarchy
of circularity and has become a benchmark (Figure
1.10)." Given that material management accounts
for up to two-thirds of global GHG emissions, the
CE can play a key role in climate change mitigation.
In industry, circularity can cost-effectively reduce
GHG emissions, which are considered hard to
abate—particularly in the production of iron, steel,
aluminum, cement, and plastics.

4 A 2017 metareview counted more than 114 definitions of CE (Kirchherr, Reike, and Hekkert 2017). Among the most known is the one
by the Ellen MacArthur Foundation (2013) which frames CE as “an industrial economy that is restorative or regenerative by intention
and design.” For an overall discussion, see Kirchherr, Reike, and Hekkert (2017).

5 Cramer 2014.
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FIGURE 1.10: FROM LINEAR TO CIRCULAR ECONOMIES
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Source: Based on Bol (2020).

In addition to easing environmental pressures,
the circular transition can be a driver of private
sector growth. Although there are still very few
ex post studies to verify growth and job creation
potential of CE, technological innovation in resource
efficiency can lead to productivity gains. What
is certain is that the goal of decoupling natural
resource extraction and use from economic output
has already led to a range of concrete business
applications aimed at closing resource utilization
loops, slowing down material use, as evidenced by
the growth of repair and remanufacture services,
the birth of the sharing economy,'® or quite simply
by an uptick in recycling and reuse rates. Today,
an estimated 8 percent of the Dutch workforce is
employed in CE jobs, with the biggest concentration
in activities that preserve and extend the value
of materials already in use, such as reuse and
recycling.'”

Despite the promise of multiple environmental
and economic objectives, actual progress
on the ground remains slow. Indeed, by
some measures, the global ‘circularity gap’ is
growing. The global rate of recycling—the most
elemental level of the circularity hierarchy, for which
technologies are largely available—is still limited,
at just 13 percent. Even perfectly and infinitely
recyclable materials are lost every day to landfills.
About 22 percent of all copper ever mined has
been landfilled, only 75 percent of aluminum ever

Return Reuse

\/ \

—_ > Waste

/\ /

Recycle Repair

produced is still in use today, and 7 million tons of
potentially recyclable aluminum is lost to landfills
every year, particularly through consumer products.
Overall, the adoption of circular business models
(CBMSs) remains in its infancy.'®

A range of theoretical weaknesses often go
unaddressed in the mainstream description
and promotion of CE. This further adds to the
complexity of the concepit.

e Despite the attempts to articulate the concept
of circularity through a more refined hierarchy of
actions, the diverse definitions of the different Rs
that exist within the discipline add to the fuzzy
conceptualization of the CE agenda.™

e Perfectly closed material loops are ideal
archetypes. Today technology allows certain
materials (glass and aluminum) to be fully
recyclable, but even zero waste advocates
recognize that a share (up to 10 percent) is
nonrecyclable/non-compostable/nonreusable.?®

e Rebound effects expected from resource
efficiency gains are often not considered.

¢ \While being over-conceptualized, CE is currently
‘under measured.’” The flurry of CE dimensions is
matched by a dearth of attention to classifying
and measuring material stocks and flows in CE
metrics reports.

6 The sharing economy means different things to different people. In one of its accepted meanings, the sharing economy is a system
of renting and a service economy as a shift from a system of selling and buying to just utilization of products (Stahel 1986; Zhu
2010). The suggested system will reduce resource needs and the wasted and lower production capacity will be compensated by the
creation of a new service economy (PaaS) which has been heralded as an effective instrument for moving society toward resource

efficiency (Tukker 2015).
7" Gircle Economy 2017; EC 2019a; IISD 2020.
8 Circle Economy 2020.
' Reike, Vermeulen, and Witjes 2018.
20 Hestin et al, 2010.
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TABLE 1.1: THE RELEVANCE OF CIRCULARITY TO THE ACHIEVEMENT OF SDGs

N I S

resource use and
associated environmental and social impacts are at the heart of this goal.

CE practices decoupling economic activity from

SDG target 12.3 pledges to reduce food losses along production and supply

chains, including post-harvest losses. Regenerative agricultural practices are

key to reducing malnutrition and eliminating hunger.

Circular mobility solutions can cut urban air pollution and provide low-carbon
mobility. Toxic waste and industrial effluent reduction has a direct impact on

CE practices such as small-scale water purification, sustainable sanitization,
waste water treatment, water reuse and recycling, nutrient recovery, biogas
systems, and so on can help increase access to safe drinking water and

equitable sanitation, reduce pollution, and improve water quality.

The shift to renewables and increased energy efficiency are examples of
circularity in the use of energy resources.

CBMs can generate efficiency savings. Waste valorization can generate

Very high resource efficiencies required due to the large share of materials

12 Sustainable m

Consumption and

Production
2 Zero Hunger (]
3 GoodHealthand J\/\_

Wellbeing

' population health

6 Clean Water and

Sanitation
7 Affordable and L

Clean Energy "Q‘

(]

8 Decent Work and //I

Economic Growth ‘I‘ higher-value green jobs.
9 Resilient

Infrastructure > ’ embodied in infrastructure
11 Sustainable Cities

and Communities

14 Life below Water

Cities account for 75% of global natural resource consumption, 78% of

energy, 60-75% of GHG emissions, and 50% of waste generation. Because
of their remits, cities are key actors in designing and implementing material

efficiency interventions.

Preventing waste generation and leakages from land-based activities
through CE practices will directly reduce waste entering the oceans. This
also includes recovery of nutrients from wastewater streams before entering
oceans. Additionally, CE contribution to tackling climate change will indirectly

reduce ocean acidification.

Source: Schroeder et al. 2019.

Despite such shortcomings, the mounting
awareness of the need to transition away from
‘linear’ economic models has placed CE within
the realm of mainstream sustainability policy.
With CE approaches increasingly seen as central to
the achievement of various SDGs, starting with SDG
12 on Sustainable Consumption and Production
(Table 1.1), entities such as the Group of Seven (G-
7) and the Group of Twenty (G-20) have made it the
centerpiece of their work programs.?’

21 Schroeder et al. 2019.

But its actual application remains nascent.
Explicit CE policy development only dates back
to the late 1990s, with the early application of
closed-loop thinking in Germany?* and Japan.?®
China has in many ways been a frontrunner in
considering the policy implications of the concept,
with a first strategy developed in 2003 and then
later developed and extended within several five-
year plans.?* But the transition clearly requires
systemic changes that only powerful, disruptive,
and steadily implemented measures can trigger.

2 Germany’s 1996 ‘Closed Substance Cycle and Waste Management Act’ made both producers and consumers responsible for
recycling, reuse, and dispose of waste “in order to conserve natural resources and ensure environmental sustainability.”

2 Bangert 2021.
2 Mathews and Tan 2016.
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The challenges that national and local policy makers
face in building CEs are mostly not of a technical
nature. They are rather economic and institutional in
nature. Information and accountability frameworks,
normative and legal tools, and collaboration
platforms have been built to suit linear models;
institutional and cultural inertia hinders change and
maintains the status quo or leads to uncoordinated
and fragmented approaches; and externalities are
not factored into material resource pricing, inevitably
leading to linear preferences. In this light, the
achievement of substantial materials efficiency gains
seems to have all the hallmarks of a super-wicked
policy problem?® (Figure 1.11).

The circular transition will require country-
level attention. Most of the existing analytical and
policy work has a global or business/sector focus,
with relevant studies mostly utilizing a case-by-case
or sector-by-sector approach, without considering
systemic interdependencies. The progress of
circular models of production and consumption
will largely revolve around country-level and local

actions underpinned by coherent and operational
policy frameworks. Opportunities for closing the
resource loop are highly contextual, depending
on what drives an inefficient resource cycle within
a country. Actions should be designed around
those drivers. Progress is also constrained by
multiple barriers, including policy biases providing
advantages to linear economic models, and the
mix of regulatory, economic/fiscal, and soft tools
needed to shape economic actors’ incentives to
overcome such barriers, which are largely country
specific. Although the willingness and capacities to
shape such incentives lie primarily within the realm
of national policy making, an adequate level of
action and attention by national governments is still
missing.

Lastly, CE policies have implications for
the developing world. The CE can often be
dismissed as a high-income country policy problem.
In many ways, it is—wealthy countries bear a
disproportionate share of materials consumption
and its environmental and economic spillovers.

FIGURE 1.11: PROMOTING CE AS A SUPER-WICKED PROBLEM
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% Levin et al. 2012.
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At the same time, the environmental impacts of
linear economic models are felt globally and often,
primarily, in lower-income countries. Conversely,
while the current distribution of material flows and
stocks has global equity implications, material
efficiency policies implemented by high-income
countries will inevitably have repercussions beyond
their borders.

1.4 Squaring the circle

This report proposes a policy framework
to bridge the gap between envisioning and
implementing the circularity transition. Its main
aim is to contribute to the development of reforms
and investments accelerating CBMs and limiting
linear ‘take-make-use-waste’ activities. The focus
is on the EU and its MSs, with particular attention
paid to Bulgaria, Croatia, Poland, and Romania (EU-
4). The EU is a frontrunner in the CE agenda and
plays a global role in ‘exporting’ it, through both the
sheer weight of the single market and its role as a
global environmental standards maker. The report
showcases the EU’s significant achievements as
well as aspects to consider for accelerating the
circularity transition, with a view to contributing
to policy development inside the EU and sharing
lessons with countries outside the bloc. The report
therefore targets not only EU policy makers but
also a global audience willing to learn from the EU’s
experience.

This report is structured in six chapters,
complemented by an annex with sectoral deep
dives and focus sections dedicated to thematic
issues.

Following this introduction, Chapter 2 gives an
overview of the state of circularity in the EU. It
shows that significant resource efficiency gains have
been achieved over the past two decades and the
EU has mainstreamed resource efficiency and CE
principles into its policy. However, progress among
MSs is uneven and needs to accelerate to contain
the environmental impacts of Europe’s resource
consumption.

The role of trade in making or breaking the circularity
ambitions of the EU is introduced in Chapter 3. The
chapter describes the impacts of the potentially
widening gap in regulatory stringency between

EXECUTIVE SUMMARY
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the EU and the rest of the world and provides
recommendations on how possible negative effects
can be overcome through trade and aid policy.

The role of the private sector in driving the transition
is addressed in Chapter 4. While it is already an
engine of CE innovation, the private sector is
still confronted with barriers at different levels. If
companies are to scale up CE-related investments,
removing these barriers is the policy priority for
governments.

Chapter 5 addresses the economics of the
transition to a CE through a computable general
equilibrium (CGE) modeling exercise. It shows
that neither BAU nor limited measures will
achieve substantial efficiency gains. However, a
comprehensive suite of targeted policies can reduce
Europe’s resource use at very little economic cost or
in ways that are both growth and welfare enhancing,
depending on how new fiscal revenues are used.

Chapter 6 proposes a policy framework for the
circular transition, drawing on the preceding
analysis. The framework is built on four key
policy pillars (institutions, incentives, information,
and financing) critical to addressing the barriers
to accelerating Europe’s progress in achieving
materials efficiency and circularity objectives.

The report is based on different
methodological approaches. Most of the
research is based on the analysis and elaboration
of official data as well as desk research and a
literature review, including a review of policies,
strategies, and action plans. In addition, a survey
has been conducted among key stakeholders
in the CE in various EU MSs, the results of which
are integrated into the different chapters. Results
on the economics of circularity (Chapter 5) and
partly of the trade implications (Chapter 3) are
based on a unique global CGE exercise using the
‘environmental impact and sustainability applied
general equilibrium’  (ENVISAGE) model. This
model was calibrated on the extended Global
Trade Analysis Project Circulatory Economy
(GTAP-CE) database, which includes both primary
and secondary activities for key materials. The
geographical coverage of the modeling exercise
included the 27 EU countries (EU-27), European
Free Trade Association (EFTA) states (lceland,
Liechtenstein, Norway, and Switzerland), and the
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United Kingdom. In the rest of the report, the terms
‘EU’ and ‘Europe’ are used interchangeably unless
otherwise stated explicitly.

The report does not aim to provide a
comprehensive treatment of challenges and
potential solutions. The complexity of the circular
transition and its systemwide nature cannot be
easily covered within a single piece. The report does

not cover all economic sectors. It does not delve
into micro-level processes related to technology
and engineering constraints and opportunities nor
does it provide an exhaustive treatment of regulatory
landscapes. Nonetheless, it provides insights on
the direction of travel of the EU and its MSs and
recommendations to accelerate the transition.
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Since 2008, the EU has made important progress
in its transition toward a more material-efficient
economy. Dematerialization is caused by both
endogenous and exogenous drivers and s
differentiated within and across MSs. EU MSs,
including the four countries of focus in this study,
show different initial conditions in embarking on the
CE transition, in terms of economic structure and
capacities. Such heterogeneity will emerge as an
opportunity for achieving further materials efficiency
gains, but it is also a challenge for implementing
the increasingly ambitious direction being set by the
EU’s CE policy.

2.1 Europe’s dematerialization
trajectory

Since 2008, the EU has made significant
progress in increasing its resource
productivity. Europe’s economy depends on
virgin materials for about 87 percent of its material
consumption, but it is increasingly becoming more
resource efficient. Its circular material use rate—
the share of resources used derived from recycled
waste —increased from 8.3 percent in 2004 to 12.8
percent in 2020. Domestic material consumption
(DMC), the annual quantity of raw materials
extracted in the EU plus all physical imports minus
all physical exports, is also decreasing. DMC

went down by 9.4 percent, from 6.6 billion tons in
2000 to 6.0 billion tons in 2020 (Figure 2.1). DMC
increased consistently between 2000 and 2007,
decreased sharply after 2008, and has since
flattened out after 2012.28

Europe’s resource productivity is improving but
remains below peer countries. Between 2000
and 2020, Europe achieved absolute decoupling
of economic growth from domestic resource use.
DMC decreased by 9.4 percent while the economy
grew by 22.5 percent (Figure 2.1). As a result, EU
resource productivity improved by 35.2 percent,
from €1.19 per kg of DMC in 2000 to €2.23 per kg
in 2020. Despite such progress, the EU’s resource
productivity remains slightly below comparator
economies (Figure 2.2), although it is significantly
higher than emerging economies such as China.

Reduced rates of DMC have been
accompanied by increased waste generation.
Overall EU waste generation (excluding major
mineral waste) continued to increase at an average
annual rate of 4.2 percent between 2004 and
2018, reaching 812 million tons. Despite progress
in recycling rates in key waste streams (Figure 2.4),
the EU still recycles less than half its total waste
generation (2016) and large differences remain
across MSs (Figure 2.3).%7

FIGURE 2.1: RESOURCE PRODUCTIVITY IN COMPARISON TO GDP AND DMC, EU (2000-2020)
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FIGURE 2.2: EU RESOURCE PRODUCTIVITY IN RELATION
TO COMPARATORS (2020)
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Source: Eurostat 2022d; OECD 2022.

Material efficiency gains have been supported
by a number of drivers. In addition to demand
contractions induced by economic  shocks,
decreasing DMC was driven by structural change
and the outsourcing of material-intensive production
beyond Europe’s borders. The 2008 global financial
crisis severely affected material-intensive sectors,

FIGURE 2.3: MUNICIPAL WASTE RECYCLING RATES
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particularly construction. Due to its relatively low
resource productivity, the sector’s contraction led
to an improvement in overall resource productivity.
EU dematerialization was supported by the
transition toward renewable energy and away from
fossil fuel consumption, which decreased by 32.2
percent during the same period. Europe’s structural
shift away from manufacturing and toward less
material-intensive  services—the contribution of
the services sector to EU total gross value added
(GVA) increased from 71.0 percent in 2005 to 73.1
percent in 2020—was a second driver. Finally,
increased rates of material-intensive production
outsourced outside of Europe reduced domestic
material consumption, as imports of finished or
semifinished products typically weigh less than the
total raw materials used to produce them.?®

2.2 Uneven progress between
Member States

The transition to a CE does not proceed
homogeneously. Vast differences characterize the
progress achieved by EU MSs. The Dutch economy
recorded the highest circular material use rate (31
percent), followed by Belgium and France. Other
Western European member states (MSs) such as
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FIGURE 2.4: EUROPE’S RECYCLING RATES BY WASTE STREAM (2004-2020)
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Portugal (2.2 percent) and Ireland (1.8 percent) were
among the worst performers. The four countries of
focus in this report show large potential for further
circularity gains. Romania (1.3 percent) had the
lowest circular materials use rate among EU MSs.
But Bulgaria (2.6 percent), Croatia (5.1 percent),
and Poland (9.9 percent) also score below the

2% Eurostat 2021b.

2012 2013 2014 2015 2016 2017 2018 2019

Electrical and electronic waste

Tons per capita
7.5-10.3
10.3-12.1

12.1-175

Most Recent Value*

2017: Bosnia and Herzegovina
2018: Turkey, Albania

2019: Iceland, Norway,
Switzerland, Serbia, United
Kingdom and North
Macedonia

2020: Rest of values

EU average. Resource productivity follows similar
patterns of variation between EU MSs, with the
highest-performing  country, the Netherlands,
displaying almost 14 times higher resource
productivity than that of the most under performing
country, Romania.?®
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FIGURE 2.6: CIRCULAR MATERIAL USE RATE (LEFT) AND RESOURCE PRODUCTIVITY (RIGHT) OF THE EU MSs IN 2020
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Material consumption varies between, and
within, MSs. DMC per capita between MSs
ranges from 7.4 tons per capita to 31.3 tons (Figure
2.6). Structural characteristics play a role. Low
population density (Scandinavia) is a key driver of
DMC rates, because of the relatively larger material
requirements for infrastructure, for example, roads
and energy, serving relatively smaller numbers
of people living in these regions. The relative
importance of primary sectors such as mining and
forestry as well as downstream industries such as
pulp production and a higher dependence on fossil
fuels for electricity generation are often determining
factors in Eastern Europe countries.°

Initial conditions matter in determining the
speed of the transition, but they do not
constitute destiny. Although income levels and
the share of the services sector in the economy
are important drivers, they are not determining
factors. Slovenia provides an example of vision and
policy playing a role in moving an economy toward
circularity from initially unfavorable conditions. The
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country underwent a similar economic transition
to the four focus countries of this report but has
achieved significant circularity gains in recent years.
From a nearly all-landfiling economy, it moved
to a predominantly recycling society by making
circularity a national priority and developing a solid
CE framework with advanced national policies and
contributions from local and regional authorities. As
a result, Slovenia is now a frontrunner in separate
waste collection and recycling rates. Municipal
waste recycling rates are above the EU average
and the country scores second place at the EU level
with a recycling rate of 59.2 percent.

Current levels of in-use stocks shape resource
consumption rates. In-use materials stocks®' in
buildings, infrastructure, machinery, and equipment
of all four focus countries are also increasing (Figure
2.7), albeit at varying levels. Between 1990 and
2019, absolute stocks’ growth recorded average
annual growth rates between 0.2 and 1.5 percent.
Bulgaria’s in-use materials stock decreased until
2003 but started growing thereafter. Growth of

81 In-use stock is defined as the matter within any final commodity with a positive or economic value that is used by a human

population (Gerst and Graedel. 2021).
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FIGURE 2.7: PER CAPITA IN-USE STOCK OF FOUR FOCUS in-use stock is mainly driven by NMM in all four
COUNTRIES VERSUS COMPARATORS countries. Per capita in-use stocks have been
Per capita in-use stock (2018) (tons / capita) . . . .
400 growing in recent years without showing any
350 indication of saturation. In fact, their per capita in-
300 use stock in 2018 was surprisingly higher than
250 higher-income economies (Figure 2.8). In addition
200 to rapid materials stock accumulation, high per
150 capita materials stocks reflect material-intensive
100 construction methods before 1990 and decreasing
50 population (Bulgaria 20 percent, Croatia 15 percent,
Bulgaria Croatia Poland Romania United United Germany and Romania 17 percent) during the same periOd'S2
States  Kingdom This calls for more efficient use of materials in-built
Source: Original analysis (Bulgaria, Croatia, Poland, and . )
Romania); Streeck 2021 (United States); Streeck et al, 2020 | In capital assets.
(United Kingdom), Schiller et al. 2017 (Germany).

FIGURE 2.8: HISTORICAL DEVELOPMENT OF ABSOLUTE AND PER CAPITA MATERIAL STOCKS BY COUNTRY BY
CATEGORY FROM 1990 TO 2019 FOR BULGARIA, CROATIA, POLAND, AND ROMANIA
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Source: Original analysis for this publication based on (a) IRP; (b) Eurostat; (c) United States Geological Survey (USGS); (d) British
Geological Survey (BGS); (e) World Bureau of Metal Statistics; (f) United Nations Commodity Trade Database; (g) Food and Agricultural
Organization of the United Nations; (h) United Nations Statistical Commission; (i) World Steel Association (j) Tilasto database (k) Statistics
Poland; () National Institute of Statistics of Romania; (m) National Statistical institute of Bulgaria®

%2 Daxbeck et al. 2009; Streek et al. 2020, 2021; Schiller et al. 2017.

33 |RP. Global Material Flows Database by International Resource Panel. https://www.resourcepanel.org/global-material-flows-
database; EuroStat, economy-wide material flow account (EW-MFA);https://ec.europa.eu/eurostat/web/environment/material-flows-
and-resource-productivity; USGS,, https://www.usgs.gov/; BGS. https://www.bgs.ac.uk/; World Bureau of Metal Statistics. https://
world-bureau.co.uk/; UN ComTrade. https://comtrade.un.org/; FAO. https://www.fao.org/statistics/en/; UN Statistical Commission.
https://unstats.un.org/unsd/statcom/; World Steel Association, Steel statistical yearbook https://worldsteel.org/steel-by-topic/
statistics/steel-statistical-yearbook/; Tilasto database https://www.tilasto.com/en; Statistics Poland https://stat.gov.pl/en/; National
Institute of Statistics of Romania https://insse.ro/cms/en; National statistical institute of Bulgaria. https://www.nsi.bg/en.
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FIGURE 2.9: HISTORICAL DEVELOPMENT OF ABSOLUTE IRON AND STEEL STOCK IN POLAND (INSET) AND ITS FLOW
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Source: Original analysis for this publication based on (a) IRP; (b) Eurostat; (c) World Steel Association; and (d) USGS.3*

Increasing rates of material stock
accumulation can limit countries’ future
circularity potential. Material stocks remain in
service for a long time, locking in opportunities
and constraining material efficiency. While building
new stocks requires material flows, so do their
maintenance, operation, and functioning. The
estimated average lifetimes for typical materials
used in buildings, including concrete, bricks, and
iron/steel are 52, 75, and 34 years, respectively.®®
When added to in-use stocks, these materials will
typically not be available for recycling and recovery
for several decades while requiring additional
materials and energy during their lifetime. Catching
up on in-house stocks therefore locks in resource
flows, for instance, in-use steel stock in Poland,
which has been saturated for the past two decades

(Figure 2.8). In 2019, 9.4 million tons of steel was
added to its stock and 8.8 million tons out of stock
became available for recovery, of which 6 million
tons was recycled back into the country (Figure
2.9). In contrast, in-use steel stock in Croatia is still
accumulating without any saturation (Figure 2.10). In
the same year, in Croatia, 0.86 million tons of steel
was added to the stocks, whereas only about half
of that went out of the stock (Figure 2.10), while
only 0.08 million tons (6 percent) of end-of-life
steel is recycled back to its economy. At current
accumulation rates and BAU policies, Croatia will
not meet the growing demand for steel even with full
recovery of end-of-life materials. This underscores
the scale of the challenge in achieving material
decoupling.

34 |IRP, Global Material Flows Database by International Resource Panel https://www.resourcepanel.org/global-material-flows-database;
EuroStat, economy-wide material flow account (EW-MFA) https://ec.europa.eu/eurostat/web/environment/material-flows-and-

resource-productivity;

World Steel Association, Steel statistical yearbook. https://worldsteel.org/steel-by-topic/statistics/steel-

statistical-yearbook/; USGS, Iron and Steel Statistics and Information, https://www.usgs.gov/centers/national-minerals-information-

center/iron-and-steel-statistics-and-information.
3 Streeck et al. 2020.
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FIGURE 2.10: HISTORICAL DEVELOPMENT OF ABSOLUTE IRON AND STEEL STOCK IN CROATIA (INSET) AND ITS FLOW
(2019)
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2.3 Material consumption beyond crisis. However, contrary to DMC, it picks up
borders thereafter, reaching 23.4 tons per capita in 2017

(the latest available). Comparison between DMC
Europe’s dematerialization progress partly and material footprints clearly shows that the EU
stems from the outsourcing of material- has shifted raw material extraction and processing
intensive processes. As seen above, Europe’s to other regions to meet the resources required for
resource consumption, as measured in DMC terms, their societal needs. In other words, DMC-based
has decreased since 2008 and remained flat since | dematerialization in the EU has been realized at
then. But when considering the total amount of raw | the cost of increasing domestic consumption
materials extracted to meet final demand (that is, | and alssociated environmental burdens in other
the material footprint), the resource consumption | Ccountries.

of the EU-27 has actually increased.®” Figure 2.11
shows that the EU per capita material footprint
also declined sharply after the 2008 global financial

In the four focus countries, DMC per capita
has increased during the same period.
Figure 2.11 presents DMC per capita for the four

%6 |RP, Global Material Flows Database by International Resource Panel https://www.resourcepanel.org/global-material-flows-database;
EuroStat, economy-wide material flow account (EW-MFA) https://ec.europa.eu/eurostat/web/environment/material-flows-and-
resource-productivity; World Steel Association, Steel statistical yearbook https://worldsteel.org/steel-by-topic/statistics/steel-
statistical-yearbook/; United States Geological Survey (USGS) Iron and Steel Statistics and Information, https://www.usgs.gov/
centers/national-minerals-information-center/iron-and-steel-statistics-and-information.

87 By including all materials used across a product supply chain, rather than merely those embodied in the product, material footprint
indicators better represent the environmental pressures stemming from material consumption (Wiedmann et al. 2015this question is
far from trivial to answer and has indeed not been addressed satisfactorily in the scholarly literature. We use the most comprehensive
and most highly resolved economic input-output framework of the world economy together with a detailed database of global
material flows to calculate the full material requirements of all countries covering a period of two decades. Called the “material
footprint,” this indicator provides a consumption perspective of resource use and new insights into the actual resource productivity of
nations.Metrics on resource productivity currently used by governments suggest that some developed countries have increased the
use of natural resources at a slower rate than economic growth (relative decoupling).
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FIGURE 2.11: COMPARISON BETWEEN DMC PER CAPITA AND MATERIAL FOOTPRINT PER CAPITA FOR THE EU-27,

BULGARIA, CROATIA, POLAND, AND ROMANIA
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Note: DMC per capita and material footprint per capita from OECD statistic database (https://stats.oecd.org). Currently, Eurostat
does not publish material footprint for individual MSs other than the EU-27 in raw material equivalent (RME). While the difference
between DMC from the OECD statistic database and EuroStat is minimal within 1-2 percent, material footprint of the EU-27 between
two sources has a large difference as material footprint of the EU-27 measured in RME from Eurostat is relatively similar to DMC and
only slightly higher than DMC in 2019 (DMC 14.1 tons per capita versus RME 14.5 tons per capita). This report uses OECD data for

consistency due to lack of data for MSs.

focus countries. While the per capita material
consumption of all countries dropped after the
financial crisis, it has since been increasing
continuously, with no indication of dematerialization
in terms of domestic consumption. Croatia has not
recovered to the level of DMC per capita before the
global financial crisis, but it shows an increasing
trend in the past five years.

The shifting burden of raw material extraction
also takes place across EU MSs. The four focus
countries show different trends in their material
footprint and DMC trajectories (Figure 2.11).
Bulgaria and Romania, characterized by lower
income levels and strong mining sectors, have a

lower material footprint per capita than DMC per
capita, meaning that raw materials produced in
these countries are mostly used for meeting the
demand for final products in other countries. This
explanation is also supported by waste generation
statistics. The share of mining and quarrying waste
in total waste in Bulgaria and Romania is at 82.4
and 88 percent, respectively, compared with 26.6
percent of the EU average in 2018. Non-exported
mine tailings are included in the DMC of exporting
countries, whereas they are allocated to the
countries importing final products when accounting
for the material footprint. In Poland, the material
footprint per capita surpassed DMC per capita in
2002, indicating a transition from producing raw

-y
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materials to focusing on more downstream activities
of the value chains as well as the country’s record
levels of growth. Poland is following the path of
other wealthier countries in externalizing resource-
intensive processes.®®

Both DMC and material footprint are highly
aggregated indicators that do not reflect the
heterogeneity of circularity progress by different
materials. For example, as a transitioning economy,
Poland has significantly different trade patterns
depending on materials. Poland is a copper
exporting country with a strong focus on upstream
activities (that is, extraction) within the copper life
cycle. It therefore generates a significant amount of
mining waste, as shown in Figure 2.12. Conversely,
for steel, Poland strongly depends on import flows,
not only raw materials, but also semi- and final
steel-based material products, as shown in Figure
2.9, and the country has the highest recycling rate
for steel, achieving more than 89 percent in 2018.%°

FIGURE 2.12: COPPER FLOWS IN POLAND (2019)

Waste exports contribute to shifting the
environmental burden  associated with
resource consumption. In 2020, EU exports of
waste to non-EU countries reached 32.7 million
tons, representing an increase of 75 percent since
2004. Waste trade could facilitate more efficient and
cost-effective recovery, for instance, by leveraging
the international network of recovery facilities.
However, recipients tend to include countries with
weaker environmental regulations and poor recovery
capacities. In 2020, the largest recipient was Turkiye
(18.7 million tons), followed by India and the United
Kingdom. Waste export is also considered a serious
loss of materials and resources. It is estimated
that the EU annually loses between €800 million
and €1.7 billion through waste exports. Given that
some of these materials are considered critical and
subject to supply risks, the opportunity costs of
exporting these materials need to be considered.
The revision of the Waste Shipments Regulation
proposed by the EC in 2021 contains measures
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%8 Eurostat 2021c.
3 WEKA Industrie Medien GmbH 2021.

Recycling

I Copper equivalent

40 International Resource Panel (IRP), Global Material Flows Database https://www.resourcepanel.org/global-material-flows-database;
EuroStat, economy-wide material flow account (EW-MFA) https://ec.europa.eu/eurostat/web/environment/material-flows-and-
resource-productivity; Statistics Poland https://stat.gov.pl/en/; United States Geological Survey (USGS) Iron and Steel Statistics and
Information, https://www.usgs.gov/centers/national-minerals-information-center/iron-and-steel-statistics-and-information.
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to limit the environmental impacts of waste trade
and is expected to induce EU MSs to take more
responsibility for their waste by building their own
capacity for recycling and recovery.*!

2.4 Europe’s evolving policy
landscape

The transition to a CE has become a central
feature of the EU’s policy agenda. As a term,
CE has been around for many years, but in the
EU, it only became widely used with the first EU
Circular Economy Package in 2015. Since then, it
has featured in various strands of policy and is now
central to the 2019 European Green Deal (EGD).
Beyond its sustainability objectives, EU policy casts
circularity within long-term growth considerations,
as shown in the EU’'s 2020 Industrial Strategy. The
2020 Circular Economy Action Plan (CEAP) provides
a product-focused policy framework aimed at
improving product design, empowering consumers
and public buyers, and promoting circularity in
production processes. The CEAP focuses on seven
key product value chains that combine resource
intensity and circularity potential: electronics and
information and communication technology (ICT);
batteries and vehicles; packaging; plastics; textiles;
construction and buildings; and food, water, and
nutrients. While the plan includes a list of 35 actions
that promote circularity along the entire life cycle
of products, it does not set an EU-level target to
reduce the material footprint with respect to the use
of the material in absolute terms.*?

While EU legislation already embodies
circularity principles, it remains largely focused
on recycling. EU legislation encourages MSs
to prioritize waste hierarchy principles (that is,
prevention and reuse as first-order options), followed
by recycling (including composting) and energy
recovery, with landfiling only as a last resort. In
applying the waste hierarchy, the Waste Framework
Directive (WFD) sets targets for recycling and
preparing for reuse of municipal waste and calls on
MSs to set up systems for the separate collection of
biowaste and textiles. The Packaging and Packaging
Waste Directive sets targets for recycling packaging
waste, and the Waste Electrical and Electronic
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Equipment (WEEE) Directive sets targets for the
separate collection and recycling of electrical and
electronic waste. In addition, the Landfill Directive
sets a target for limiting the share of municipal waste
landfilled. Overall, EU waste legislation has set more
than 30 binding targets for 2015-2030.43

TABLE 2.1: EXAMPLES OF EU-WIDE TARGETS IN WASTE
MANAGEMENT

Legislation Ob]ectlve Target Year
(%)

Waste Preparlng for reuse 2020
Framework and the recycling of 55 2025
Directive municipal waste (by I
weight) 60 2030
65 2035
Preparing for reuse, 70 2020
recycling, and other
material recovery
of nonhazardous
construction and
demolition waste (CDW)
 (by weight) |
Packaging Recycling - all 65 2025
and packaging 70 2030
Packaging . . I
Waste Recycling - plastic 50 2025
Directive %5 2030
Recycling -wood 25 2025
30 2030
Recycling - ferrous 70 2025
izl 80 2030
Recycling - aluminum 7 50 | 2025
60 2030
Recycling - glass 70 2025
75 2030
Recycling - paper and 75 2025
cardboard 85 2030
Directive on ' Separate collection of ' 77 2025
Single-Use  plastic bottles 90 2029
Plastics I
Recycled plastic 25 2025
in polyethylene
terephthalate (PET)
beverage bottles |
Recycled plastic in all 30 2030
| plastic beverage bottles |
Landfill Share of municipal 10 2035
Directive | waste landfilled

Source: Directive on waste (2008/98/EC), Directive (EU) on
packaging and packaging waste (2018/852), Directive (EU) on
the reduction of the impact of certain plastic products on the
environment (2019/904), and Directive on the landfill of waste
(1999/31/EC).

4 EC 2021b; Eurostat 2021e; Parajuly and Fitzpatrick 2020; United Nations University 2015.

42 EC 2019b, 2020e; Pantzar and Suljada 2020.
4 EEA 2021.
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New policy proposals are shifting the focus
upstream toward more sustainable and
circular products. With the proposal for a new
Ecodesign for Sustainable Products Regulation
(ESPR) published in March 2022, the EC has
presented a framework that will allow it to regulate
circularity requirements for almost all categories
of physical goods placed on the EU market.
Performance  and  information  requirements
covered by the framework address the entire
range of circular activities, including product
durability, reusability, upgradability, reparability,
and recyclability, among others. Based on the
existing eco-design framework, the approach
allows for product-specific measures based on
dedicated impact assessments. Importantly, the
ESPR proposal enables mandatory green public
procurement (GPP) criteria, prevents the destruction
of unsold consumer goods, and reinforces the
market surveillance and customs control on the
products regulated.

The EU’s regulatory framework for circularity
is rapidly evolving, but the application of
economic instruments remains modest.
The EU’s system of quotas, for instance,
regarding mandatory minimum recycled material
content of products (see the example of plastic
beverage bottles in Table 1.1), aims to encourage
secondary raw material markets. In  most
sectors, however, secondary raw materials tend
to remain noncompetitive compared to virgin
resources. EU legislation mandates MSs to
introduce extended producer responsibility (EPR)
to support recovery and recycling of materials in
areas including packaging, waste electrical and
electronic equipment (WEEE), batteries, and end-
of-life vehicles (ELVs). But the application of fiscal
incentives to achieve material efficiency objectives
has been more limited, partly due to the limited EU
competence in taxation matters. One remarkable
exception is a new contribution of EU MSs to the
EU budget introduced in 2021, which is based
on the quantity of packaging waste that is not
recycled (at a rate of €0.80 per kg). Technically, this
contribution is not a tax but a levy based on national
plastics waste management patterns and treated as
an own resource.

Slow uptake of EU-level CE policies by MSs
delays progress. EU-level policy setting (Section
2.4) requires and builds on national- and regional-
level visions and implementation. Among the four
focus countries, only Poland has adopted a national
CE strategy. While circular strategies are under
development in Bulgaria and Romania, progress has
been limited and their adoption has been delayed.
Supportive national legislation still largely focuses
on waste management, and, even in this area, the
transposition of EU legislation is incomplete. All four
countries received an early warning report from the
EC in 2018 because they were identified at risk of
missing the 2020 target of 50 percent preparation
for reuse/recycling for municipal waste stipulated in
the EU WFD.

Subnational governments often drive the
transition, even within countries with lagging
national-level attention. In Romania, the city of
Buzau has developed a CE strategy until 2030 and
is home to the largest integrated recycling park
in Europe. In Bulgaria, the city of Burgas is
developing projects in support of the CE, including
an industrial park focusing on industrial symbiosis.
In Poland, many cities and regions are actively
working toward the transition to a CE through
its participation in EU programs such as Horizon
2020 and Interreg. Examples include the regions of
t6dzkie, Matopolska, Mazowieckie, Pomorskie, and
Wielkopolska. In Croatia, three cities, namely Prelog,
Krk, and Koprivnica, have reached a separate waste
collection share exceeding 50 percent. Prelog, for
example, is the city with the first reuse center in
Croatia.

Progress will require increased coherence
across policy areas and increased uptake by
MSs. The need for additional coherence starts at
the EU level. One example is agriculture. Despite
its increasing focus on incentivizing sustainable
agricultural practices, the EU’'s Common Agricultural
Policy (CAP)—responsible for 36 percent of the
overall EU budget in 2019—continues to provide
incentive structures encouraging linear production
processes, which maintain the material footprint of
the EU agri-food sector. Similarly, EHSs encouraging
resource consumption, such as fossil fuel subsidies,
are still pervasive within MSs’  expenditure
frameworks (Annex, Focus Section C), creating

4 https://ec.europa.eu/environment/publications/proposal-ecodesign-sustainable-products-regulation_en
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systemic disincentives to accelerate the circular
transition.*

2.5 Conclusion

The EU has mainstreamed resource efficiency
and CE principles into its policies. lts CEAP
has become an indispensable part of Europe’s
growth strategy and the EGD. These policies have
accompanied decreased DMC and improved
resource productivity over the past two decades.
Progress remains limited to some key indicators,
however, and when accounting for material footprint
dynamics, progress in reducing resource intensity
appears more limited still.

Progress in transitioning toward a CE remains
uneven between MSs and material categories.
The four focus countries show growing resource
consumption and limited use of circular materials.

% EC, n.d.-f.
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Some of their economies depend on the material-
intensive sectors that partly meet the global demand
for resources. In addition, their in-use material
stocks have been continuously increasing and will
continue to increase in line with their economic
transition.

The progress achieved so far will not contain
the environmental impacts of Europe’s material
consumption. Under a BAU scenario, the amount
of materials needed to meet EU demand could
increase by a factor of 2.1 by 2050 compared with
2000. With a per capita resource consumption of
13 tons per European (2020) and waste generation
of 5.2 tons (2018), the average European has an
ecological footprint of 4.8 global hectares (gha),
compared with the global biocapacity of 1.7 gha per
person.*® Ambitious policies are required to address
these trends.*

|

4 The ecological footprint is the area required to address resource production and waste absorption (Global Footprint Network 2022).

47 Baldock and Charveriat 2018; Eurostat 2021c.
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International trade has a significant impact on
the trajectory and outcomes of CE policy. This
chapter assesses the dynamics of the relationship
between trade and CE outcomes both in the EU
and globally, with a specific focus on developing
countries. Four key findings are as follows:

About 11 percent of EU MSs’ DMC and
almost 36 percent of their total footprint
are imported. Interestingly, while EU production
has become less intensive in material inputs
over time, the intensity of material inputs in EU
consumption and imports has increased at the
same pace as income growth. This suggests
that reducing imports of materials will require
more than just a change in the relative cost of
materials at the border. A shift in EU consumer
habits will also be necessary.

Most material-intensive production that
leaks out of the EU is likely to go to other
capital-intensive countries, not to capital-
constrained low- and middle-income
countries (LMICs). Hence, while LMICs will
not benefit from possible trade diversion, they
will suffer from adverse effects on their exports
and GDP. The largest impacts are likely to be
felt by the poorest and most fragile countries in
the world, whose dependency on commodity
exports to the EU is greater.

The EU’s direct
nonnegligible. The EU imports 11.2 percent of
its domestic consumption
dependency on materials is much
import dependency on fossil fuels, which stands at
almost 80 percent. However, the aggregate figures
overshadow much higher external
on some categories such as metal ores, where it
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Most of the trade partners from which the
EU sources its materials could potentially
diversify away from commodity production.
But such a structural change needs to be
supported by the EU and other high-income
countries. Facilitating the shift toward a CE in
partner countries is in the EU’s interest, as it
represents the most effective way of reducing
the net material intensity of global production.

Leveraging the major presence of brands
and lead firms in global value chains (GVCs)
would accelerate the needed changes in
production and consumption. Firms holding
major brands are responsible for designing
products, organizing financing, and innovation.
This allows them to use their influence to push
for more stringent standards worldwide.

3.1 The EU’s dependency on
external sources of materials

imports of materials are

(Figure 3.1). Import
lower than

dependency

FIGURE 3.1: IMPORTANCE OF IMPORTS IN EU DOMESTIC MATERIAL CONSUMPTION

%
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Source: UNEP and Eurostat data.
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FIGURE 3.2: MATERIAL EXTRACTION, DIRECT AND EMBEDDED TRADE, GLOBALLY AND IN THE EU
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Million tons globally, 2017
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Source: UNEP and Eurostat data.
Note: EU excludes intra-EU trade.

stands at 78.3 percent of DMC.*® Some individual
goods such as rare earths also post high external
dependency, despite representing a small share
of overall EU imports, and are indispensable and
critical inputs for many advanced technologies.
Annex 3 discusses rare earths specifically.

The EU’s dependency increases threefold
when materials embedded in other imports
are included. In addition to direct imports of
materials, the EU also imports materials indirectly,

Materials imported or extracted by the EU

Million tons
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minerals

B Extracted [ Imports ¥ Embedded Imports

Import dependency in EU DMC and MF

200
150
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50
Biomass Metal ores Non-metallic
minerals
W DMC = MF

that is, as embedded in other products. Materials
are a major input to manufactured products as
diverse as communication equipment, jewelry, and
wet corn milling. When this indirect (or virtual) trade
of materials is considered, the EU dependency
on extra-EU sources more than triples (that is, it
increases from 11.2 to 35.7 percent; see Figure 3.2
and Figure 3.3).* The EU’s external dependency
figures are in line with world aggregates, except for
metal ores, a category in which the EU dependency
from extra-EU sources is high, concerning both

“ Import dependency is measured as physical imports over extraction plus physical imports minus physical exports. External
dependency on biomass and minerals is 12.9 and 3.3 percent, respectively.

4 Estimates of embedded materials may be downward biased. Embedded materials are not a directly observed quantity. These flows
are calculated based on final consumer demand and global input-output tables. Hence, materials embedded in intermediate trade
flows are not included and thus their relevance compared to physical imports can in some cases be underestimated.
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FIGURE 3.3: LARGEST EXPORTERS OF MATERIALS AND FOSSIL FUELS TO THE EU
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direct and total consumption.

A handful of countries account for most of the
EU direct imports of materials. Overall, EU MSs
are dependent on just a few trade partners for their
direct imports of materials.®® The largest EU trading
partner of materials is Brazil, followed by the United
States and Ukraine (Figure 3.3). Taken together,
these three countries alone account for about 30
percent of all direct imports of materials into the
EU.5

Largest exports of fuels to EU
T$
Russia .
Norway NN
United States | INEENN
Great Britain NN
Kazakhstan [N
Saudi Arabia NN
Nigeria I
Iraq I
[y |
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Egypt
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Share on fuel imports from EU
%, Other = countries with <1.5%
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Libya NN
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India I

There is, however, substantial heterogeneity
across different materials, and treating all
direct imports of materials to the EU as
one aggregate may be misleading. Table 3.1
presents measures of concentration known as the
Theil Index and Hirschman-Herfindahl Index (HHI),
adjusted by the authors to capture the specificity
of trade in different categories of materials. Overall,
the table shows that EU sourcing of biomass and
minerals is more diversified than metals, a category
in which sourcing is almost as concentrated as

% Data by trade partners are only available for direct trade, so we will not be able to capture diversification of the supplier base for

virtual or embedded trade.

5" When we include fuels in the definition of materials, the largest single exporter of materials to the EU is not surprisingly the Russian
Federation. Its exports account for about 25 percent of EU imports in materials. But the largest part of these imports are fuels,
accounting for almost 76 percent of all Russian exports to the EU. Other large exporters of fuels to the EU are Norway, the United

States, and Kazakhstan.
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FIGURE 3.4: EU VERSUS RoW IMPORT DEPENDENCY BY CATEGORY

Import dependency in DMC, EU vs RowW
%

80
70
60
50
40
30
20

10
' —_
Biomass Metal ores Non-metallic

minerals
M e Row

Source: UNEP and Eurostat data.
Note: MF = Material Footprint; RoW = Rest of the world.

in fuels. About 54.9 percent of all EU imports of
metals are sourced in as few as five countries (for
fuels, this figure is 59.7 percent). At the other end
of the spectrum, direct imports of biomass are the
least concentrated category of materials, posting
a degree of diversification in sourcing that is similar
to non-primary commodities. Despite the lower
measures of concentration, as soon as one focuses
on individual products, the EU’s dependency on just
a few sources increases for biomass too.

Most indirect imports of materials originate
from other high-income countries or China.
Most of the EU’s exposure to the rest of the world
is through materials embedded in downstream
products. Thus, the analysis above would be
incomplete without assessing which countries
produce and export these downstream, material-
intensive products to the EU. Two conclusions
can be drawn. First, following all the downstream
links of materials rapidly becomes difficult. Some
international convergence on how to define
and delimit which goods should be considered

Import dependency in MF, EU vs RoW
%

200
150
100

50

o [
Biomass Metal ores Non-metallic
minerals
M Row

environmentally harmful or worth  protecting
becomes vital. To some degree, these decisions
will be arbitrary, but they also have important
implications for the destiny of many more countries,
firms, and industries that the sole focus on direct
trade of materials might suggest. Second, most
of the countries that produce these downstream,
material-intensive products and export them to the
EU are high- to middle-income countries spanning
from the most important global manufacturing hubs
(China and the United States) to other technology
advanced countries (Switzerland and the United
Kingdom) to regional hubs in important middle-
income countries (Turkiye, Argentina, and Ukraine)
but exclude lower-income countries that are just
breaking into manufacturing (Figure 3.5).

In conclusion, most trade in materials takes
place in the form of embedded materials, and
this has important policy implications. Most
materials are not shipped in their raw form but
instead are incorporated in manufactured goods,
which has important policy implications (see Section

TABLE 3.1: EU IMPORT CONCENTRATION MEASURES IN DIFFERENT GOODS CATEGORIES

Overall

Materials
economy
Theil Index 3.300 3.177
Herfindhal-Hirshman Index (HHI) ' 0.073 0.091
Top 5 exporters’ share ' 0.528 0.512
Top 10 exporters’ share 0.675 0.692
Top 15 exporters’ share 0.748 0.791

Biomass Metal ores Minerals
3.582 2.926 3.117 2.708
0.047 0.081 0.062 0.128
0.386 0.549 0.460 0.597
0.565 0.777 0.720 0.824
0.683 0.864 0.838 0.894

Source: Original calculations for this publication based on BACI-ComTrade data.
Note: Rows 3 to five 5 show the share that the top exporters have in the total EU import volume in this goods category.
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FIGURE 3.5: EU TRADE OF TIER-1 MATERIAL-INTENSIVE DOWNSTREAM GOODS - IMPORT SHARE AND LARGEST

EXPORTERS OF GOODS TO THE EU
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Note: Tier-1 downstream goods are defined as those whose direct input of material accounts for 10 percent or more of the total (see

methodology in Annex B).

3.2). Effective legislation on the CE will need to
account for the fact that most materials that enter
the EU are embedded in downstream products and
the set of countries and trading partners that EU
legislation will affect is broader than the analysis of
direct trade flows would suggest. A first conclusion
is, therefore, that the EU will need to seriously
consider the potential repercussions of its policy
on the CE on some of its largest trading partners.
Furthermore, the bloc itself is likely to be vulnerable
to policy responses by these countries.

3.2 More stringent EU regulation
may result in more leakage

Following the introduction of more stringent
CE legislation, production may ‘leak’ out of
the EU. If this then settles in jurisdictions with
lower environmental standards, we refer to such
countries as ‘linear production havens.” Given this
risk, it is useful to analyze the relationship between
trade and a country’s domestic usage of materials
and its total material footprint. Based on evidence
from 147 countries worldwide over 23 years, three
main conclusions can be reached. First, freer trade
is associated with higher levels of production and
consumption of materials, but most of this positive
association is explained by increases in GDP that

trade stimulates. Second, most material-intense
production settles in places with a capital-abundant
economy. Third, regulatory differences have
historically been a weak driver of trade in materials,
but this may change in the future.

Freer trade is associated with GDP growth
and, through this channel, with higher levels of
domestic and total consumption of materials.
Material consumption, both domestic and its
footprint, grows in sync with trade openness. In
periods of rapid trade integration, such as during
the 1990s, material usage has also increased at a
comparable speed (Figure 3.6). This correlation
between trade openness and environmental
exploitation does not present a causal link,
however, since these increases in trade openness
also correspond to periods when global income
and consumption increase. Econometric analysis
confirms that it is precisely the increase in income
triggered by trade that leads to more material
usage. It does so by increasing the scale of
production, which in turn is responsible for higher
material usage. In theory, increases in income can
also bring about improvements in technique and
efficiency gains, which refer to the use of materials
per unit of production. In practice, these income-
related improvements in technique decrease
domestic consumption significantly, but they
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FIGURE 3.6: CORRELATION OF DOMESTIC MATERIAL CONSUMPTION AND DOMESTIC MATERIAL FOOTPRINT WITH

TRADE OPENNESS
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Source: Sommer and Taglioni 2022.
Note: Average of a sample of 147 countries over 23 years.

have no significant effect on the material footprint
measure. The results for raw materials mimic those
already well studied of CO, emissions.

In overall terms, the negative scale effect
associated with more income dominates,
leading to more overall consumption of
materials. These results are illustrated in Figure 3.7,
which plots the coefficients and confidence intervals
of a set of econometric regressions evaluating
the role that trade openness, income (GDP), and
a country’s capital intensity play in accounting for
DMC and footprint. The corresponding effects
for pollution (CO, emissions) are also reported for
benchmarking. Focusing first on Figure 3.7a, which
presents baseline results for variables expressed in
levels, the key finding is that the seemingly strong
correlation between trade openness and material
consumption depicted in Figure 3.6 does not
survive the econometric treatment. Once country
differences in income levels are accounted for, the
trade openness coefficient is close to zero and
statistically not significant. The large-scale effect of
GDP dominates the entire relationship and drives
domestic material and total consumption.

Improvements in techniques associated with
higher income reduce DMC but not a country’s
footprint. The results of Figure 3.7b show another
important insight: while in theory income leads to
improvements in technique, these effects are too
small to offset the negative size or scale effect. This

50,050 /
£-0.100
-0.150
1995 2000 2005 2010 2015
——  Trade Openness Material Footprint
_— CO, Footprint per Capita per Capita

is easily shown by expressing the variables in trade
intensity terms instead of levels. This modification
allows us to neutralize the size effect of income so
that the resulting coefficient associated with the
income only reflects the technique effects. Income-
related improvements in technique are highly
visible on domestic consumption and emissions
but not for the footprint of a country. This means
that richer countries may be able to reduce their
domestic/direct usage of materials, but they do not
significantly reduce their consumption of embedded
materials and CO,. This discrepancy between
domestic and total consumption also indicates
that—absent a modification in  consumption
habits—some outsourcing of material-intensive
production is in order. The next key question
is therefore what drives the relocation of such
production. This is discussed in the following
paragraphs.

Most material-intense production settles in
places with a capital-abundant economy.
Based on historical data, evidence for a ‘linear-
production-haven’ effect in material consumption
is weak. Poorer countries, which tend to have
laxer environmental legislation, tend to increase
their DMC when opening up for trade, while rich
countries do not reduce it. Similar evidence holds
for CO, emissions. The overall result is a coefficient
close to zero for the interaction between trade
openness and income, as shown in Figure 3.7.
Most material-intense production settles, instead,
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FIGURE 3.7: DETERMINANTS OF DOMESTIC CONSUMPTION AND FOOTPRINT OF MATERIALS AND CO2 EMISSIONS
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Source: Sommer and Taglioni 2022.

in places with a capital-abundant economy. In
Figure 3.7, this is demonstrated by the fact that the
interaction between trade openness and income
is dominated by the interaction between capital
intensity and income, although both coefficients are
small. This means that capital-intense countries,
which tend to be high-income or middle-income
countries, become both more material intensive and
dirtier when opening up for trade. Interestingly, that
is the case for both the domestic and the footprint
measure, meaning that if more capital-abundant
countries open up, then they will also increase their
material and CO, footprints.

What will happen if the EU starts tightening
CE regulation? By computing the marginal effects
of increasing trade openness for different levels of
relative income and relative capital intensity, one can
attempt to answer this question. The results indicate
that, for high levels of relative capital abundance, an
increase in trade openness significantly increases
DMC and emissions. This is demonstrated by
the fact that while a 1.0 percent increase in trade
openness leads to an increase of DMC by about
0.1 percent and of CO, emissions by 0.065 percent
for low to median levels of relative income, the
effect moves toward zero or becomes negative the
richer the country is. We take this as a weak signal
of looming ‘material leakage and linear production
haven’ (LPHH) and of "pollution haven’ (PHH) should
the regulatory gap between countries increase. In
short, richer countries decrease their emissions and
domestic material usage when opening up to trade,
while the opposite is the case for poor countries.
This, together with the fact that we cannot establish

Materi‘als Co,
Trade Openness _al —
Relative Capital Intensity * TO - L
Relative Income * TO - -
Income | A [
Capital Intensity 1 —_—

Domestic Material Consumption
A Material Footprint

€0, Emissions - Production
A €0, Emissions - Consumption

such effects for the footprint measures, provides
some evidence for both material and emission
leakage. Even though the magnitude of these
effects is small, it may increase as regulations
start diverging more. However, the analysis also
shows that material-intensive production mostly
settles in places with capital abundance, which
tend to be mostly developed countries and China,
as discussed in Section 3.3. Hence, this evidence
should indicate to policy makers that trade policy
must be taken seriously when designing future
regulation on CE issues. Furthermore, cooperative
solutions with other capital-abundant countries
are needed to reduce the material intensity of the
production that potentially accumulates there and
make it environment friendly.

3.3 Adverse effects on EU trade
partners

Considering the potential impacts of stricter
CE regulations on EU trading partners should
be an integral part of the EU CE strategy. In
aggregate, CGE analysis suggests that the impact
on trade partners’ exports and GDP will be limited
(Figure 3.8 and Chapter 5). However, the EU is an
important global importer of materials. It accounts
for more than one-quarter of the world’s imports of
such goods and is a dominant trade partner for
many smaller exporters of raw materials. Many
of these countries tend to have an insufficiently
diversified economy to absorb a sudden shortfall
in demand from an important trade partner. Hence,
a contraction of EU demand could pose a major
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FIGURE 3.8: CGE ESTIMATES OF IMPACTS ON EXPORTS AND GDP

Exports (2030) relative to baseline (EGD-NDC scenario)
for Combined CE scenario
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Source: World Bank.

threat to many neighbors and some of the poorest
developing economies. The potential effects that
a reduction in material imports will have on specific
developing countries should be considered, not as
an afterthought but as an integral part of the EU CE
strategy.

Dependency on EU demand is high among
many small and fragile countries. While the
United States and Brazil are the largest EU partners
in the direct trade of materials (see Section 3.1),
these countries are not those most dependent
on EU demand. Many lower-income countries
possessing very little market diversification are
heavily dependent on the extraction of biomass,
metals, and minerals that are exported to the EU.
To identify which countries might be especially
dependent on material exports to the EU, we
defined an adjusted revealed comparative
advantages (RCAs) measure that gives insights
into how large the share of a given good is in the
total exports of a country compared with the same
measure on a global scale.

For as many as 17 countries, exports of
materials to the EU represented more than
10 percent of the total in 2019 (Figure 3.9). In
the case of Sierra Leone, for example, more than
30 percent of its total exports are in materials to
the EU (mostly metal ores). Monserrat (22 percent)

GDP (2030) relative to baseline (EGD-NDC scenario)

for Combined CE scenario
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and Ethiopia, Ukraine, and Georgia (all 17 percent)
also have high shares of dependency on exports
of materials. Clearly, for the smaller countries, such
exports also represent a large share of their GDP.
For example, Liberia, Sierra Leone, and Ukraine
all accrue more than 5 percent of total GDP from
the export of such materials to the EU. Finally, if
we focus on our measure of adjusted RCAs, there
are several African countries whose exports to the
EU are skewed toward materials subject to CE
regulation. These include, in addition to the already
mentioned Sierra Leone, Liberia, and Ethiopia,
Burkina Faso, the Central African Republic, Kenya,
Rwanda, and Somalia as well as some fragile
countries around the world such as Palestine,
Timor-Leste, and Paraguay. In comparison, the
dependence of some countries on EU imports of
fossil fuels is even higher. For example, 60 percent
of Libya’s exports and 30 percent of its GDP
are based on fossil fuel exports to the EU. Other
countries also post large dependency rates on
EU imports of fossil fuels: Azerbaijan (49 percent),
Ethiopia (17 percent), and Kazakhstan (40 percent).
Even some large economies, including Russia and
Nigeria, are dependent on the export of materials
(predominantly fossil fuels but also other materials)
to the EU (more than 30 percent of these countries’
total exports.
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FIGURE 3.9: COUNTRIES THAT DEPEND MOST ON MATERIAL EXPORTS TO THE EU, IN TERMS OF SHARE ON TOTAL
TRADE AND GDP OR THE ADJUSTED RCA MEASURE
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Source: BACI-ComTrade data.

TABLE 3.2: INDEX OF EXPORT MARKET PENETRATION BY GOODS CATEGORY

Country A A Biomass A Metal ores A A A Dirty goods
(World Bank)

SLE - Sierra Leone 0.012 0.010 0.060 0.007 0.008 0015
RQ-Iraq 0013 0011 0014 0010 0041 0012
LBR - Liberia 0013 0011 0038 0007 0018 0011
LBY - Libya 0014 0008 0018 0007 0046 0017
MRT - Mauritania 0014 0013 0026 0011 003 0010
ARM - Armenia 0017 0016 0048 0018 0020 0017
GEO - Georgia 0018 0018 002 0013 0022 0022
DZA - Algeria 0019 0015 0016 0019 0072 0013
GNQ - Equatorial Guinea 0019 0018 0009 0005 004 0017
AZE - Azerbaijan 002 0020 002 0013 0070 0021
MDA - Moldova 002 0024  NA 0008 0008 0014
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Country A A Biomass A Metal ores A A A Dirty goods
(World Bank)

KAZ - Kazakhstan 0.026 0.024
MDG - Madagascar 0.035 0.036
CRI - Costa Rica 0.042 0.047
NOR - Norway 0.043 0.034
UKR - Ukraine 0.061 0.064
MAR - Morocco 0.067 0.070
RUS - Russia 0.107 0.100

Source: BACI-ComTrade data.

0.036 0.025 0.056 0.039
0.028 0.027 0.046 0.010
0.017 0.018 0.028 0.033
0.051 0.067 0.086 0.139
0.116 0.045 0.046 0.054
0.081 0.065 0.027 0.057
0.101 0.100 0.210 0.175

Note: Higher numbers indicate that a country exports to relatively more countries in this category and thus indicate a greater
diversification, and countries are ranked by increasing degree of diversification.

Most of the countries that we consider to be
heavily dependent on exports of materials
to the EU are also often poorly diversified
in terms of their export basket in general. In
particular, for Sierra Leone, Ukraine, Madagascar,
and Mauritius, more than 35 percent of total exports
are material exports, mostly either metal ores or
biomass (Figure 3.10), and these countries, plus
a handful of others, also serve very few export
markets (Table 3.2). Our adjusted version of the

index of export market penetration also shows
that larger and more developed countries in the list
manage to serve more markets than smaller or less
developed countries such as Armenia, Moldova,
and Mauritania.

These numbers suggest that the potential for
diversification and a rebound from a sudden
contraction in EU demand for materials is
limited. This potential is even more limited in

FIGURE 3.10: ANALYSIS OF COUNTRIES THAT DEPEND ON MATERIAL EXPORTS TO THE EU

Export intensity
Total export value as % share of GDP
Liberia I
Morocco I
Ukraine
Madagascar GG
Mauritania R
Armenia I
Moldova
Casta Rica G
Sierra Leone G

Georgia INEEG—_—_—
0 10 20 30 40 50 60

Share of materials (w/o fuels) exports on GDP
%

Morocco I
Ukraine
Sierra Leone
Liberia
Moldova G
Mauritania [
Armenia I
Madagascar |G
Casta Rica

Georgia [N
0 5 10 15 20

Source: Sommer and Taglioni 2022

Share of materials (w/o fuels) exports on total exports
%
Sierra Leone I
Morocco I
Ukraine I
Moldova
Mauritania [IEEGEG
Armenia I
Casta Rica
Georgia | INEG—
Liberia [

Madagascar [
0 10 20 30 40 5 60 70 80

Share of materials (w/o fuels) exports to EU
% of total materials (w/o fuels) exports

Georgia I
Liberia I
Madagascar I
Sierra Leone I
Ukraine I
Mauritania
Casta Rica
Moldova
Armenia IS

Morocco NG
0 20 40 60 80

S 56—



those countries that will be hurt the most. From a
dynamic point of view, if the EU succeeds through
its regulatory agenda in setting new more stringent
global standards for the CE, that is, exporting de
facto its regulatory framework, then the medium-term
effects for countries that do not manage to comply
may become even more severe over time, lowering
demand for these countries’ exports of raw materials
even further. It will thus be important for the EU to
consider these large dependencies when designing
new policies and regulations on material inputs.

Reducing waste and material intensity in
consumer goods may also lead to unwanted
negative economic and social impacts in
partner countries. The EU’'s CEAP targets the
reduction of waste in the EU as one of the key areas
for improvement. In recent years, waste exports
have become a global emergency and a problem
that calls for urgent solutions. There may, however,
be unwanted negative economic and social impacts
associated with such a move which should also be
considered.

FIGURE 3.11: MAIN RECIPIENTS OF EU EXPORTS OF WASTE

Share of waste
% share

1.0

0.8

0.82
0.73
0.62
06
04
0.2
0.0

On world OnEU On EU exports
trade exports (including  (excluding intra-EU
intra-EU trade) trade)

Percentage share

Largest importers of waste exports from EU

T$
Turkey I ——

China.
Great Britain NG :
India. I
United States RN
Japan
Switzerland [IEEEGEGEGG_
South Korea |INEG_
Norway [N
Pakistan [
Egypt I
0 500000 1000000 1500000 2000000 2500000 3000000 3500000

Source: Sommer and Taglioni 2022.

THE TRADE IMPLICATIONS
OF THE CIRCULARITY TRANSITION

BACK TO
CONTENTS

Reducing exports of waste will adversely affect
important regional trade partners. When, in
2017, China decided to reduce the amount of waste
imported from the G-7 countries from 60 to 10
percent in less than a year, there were considerable
global repercussions. The EU’s intent to reduce
the volume of waste produced and exported to
world markets may have similarly large global
repercussions. Currently, the EU exports roughly
US$1.4 billion in waste. The largest importer of EU
waste in 2019 was Turkiye, a country that increased
its imports of EU waste dramatically after China
banned ‘dirty’ waste imports in 2017. As a result,
EU waste represents 1.6 percent of total Turkish
imports, which is a nonnegligible share. Another
EU neighbor, Moldova, is also relatively reliant
on EU waste imports (1 percent of the country’s
total imports) and Pakistan is not far behind, at
0.7 percent of its imports (Figure 3.11). It is hard
to judge the full extent to which these imports of
waste are critical to the recipient economy, but
their existence and importance for some EU trade
partners should not be underestimated.
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Economic and social impacts of reducing
e-waste in the consumer durable industry
should also not be neglected. EU legislation to
reduce waste may also affect developing countries
through this indirect but important channel,
potentially  disrupting development trajectories
within  the developing world and undermining
gains made in female employment. This sector
is resource intensive and an immense waste
generator. Millions of goods, from cell phones and
printers to microwaves and washing machines,
are disposed of every year. This is fueled by the
industry preference for business models based
on maximizing the number of units sold and
for products with ever shorter life cycles and
limited repair options. Although there is already a
global proliferation of multiple extended producer
responsibility requirements to limit these nefarious
business trends—78 countries have policies and/
or legislation to make manufacturers responsible for
environmentally sound disposal—the EU may want
to go further, with the potential to force a reshaping
of those consumer goods value chains, from
apparel to electronics and white goods that span
numerous countries around the world and whose
business model is based on mass production of
goods with unnecessary short life-cycles and limited
to none opportunities to reuse and repair.

Many developing countries depend
significantly on the consumer goods value
chain for their socioeconomic development.
For example, electrical and electronic goods exports
accounted for 44 percent of Vietnam’s exports
in 2019 (US$123 billion), employing more than
600,000 people, 85 percent of whom are young
females. Making more durable, more sustainable
products reduces the need for factories and labor-
intensive operations. While new but fewer jobs
can be created in high-value knowledge roles to
analyze data, many factory workers in developing
countries will be at risk of losing their jobs if a
successful transition occurs to more sustainable
and less-material-intensive  consumer  goods.
This will not only have a potential impact in the
assembly stages of manufacturing changes but
is also likely to replicate throughout the supply
chain. Manufacturers will need stronger and more
capable suppliers that can provide them with the
quality guarantees required to produce durable
goods, and the weaker suppliers of components,

especially those in developing countries, may end
up being pushed out of the chain. In these cases,
sustainability gains will have negative social impacts,
which will also need to be managed. Section 3.4
discusses how these outcomes can be avoided.

With regard to plastics and single-use plastics,
the EU is more self-sufficient, and legislation
can move faster. The CEAP also targets the
reduction of single-use plastics, which makes it
interesting to look at EU imports in this category.
Since we focus only on three HS4 codes for which
we are confident of capturing nothing else but
single-use plastics, packaging, and waste, the
share relative to total EU imports is naturally small.
Interestingly, it appears that most EU imports are
from within the bloc (about 71 percent, Figure 3.12).
The largest non-EU trading partner in single-use
plastics is China, which provides about one-third of
EU imports in this category, followed by the United
Kingdom and Switzerland. Some small countries
and insular states, such as Montserrat or Samoa,
however, are highly dependent on exports of such
goods, even if the total volumes are negligible in
the aggregate. This evidence suggests that single-
use plastics is one area in which the EU can move
faster, since most of the effects will not be felt
by third countries. In the countries where these
effects are felt, the relatively small overall amounts
would make it possible to address the negative
externalities with compensation schemes.

3.4 Leveraging GVCs toward
material-efficient production
in the EU and in trade partner
countries

Between now and 2030, there will be
significant declines in exports of primary
metals, balanced growth in recycled metals
and exports, and significant opportunities in
plastics, according to CGE analysis. LMICs
could shift away from commodity production and
increase their presence in new industries, including
trade and other services, while also making inroads
into recycled copper, recycled steel, plastics, and
plastics recycling (Figure 3.13).

Helping developing countries diversify away
from commodity production is also in the
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FIGURE 3.12: EU IMPORTS OF PLASTIC
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FIGURE 3.13: CGE ESTIMATES OF RECONVERSION POTENTIAL IN LMICs
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EU’s interest. A shift toward low material intensity
requires producing many new and innovative
products at affordable prices—and doing so
at a rapid pace. The successful experience
from technology-intensive goods as diverse as
smartphones, solar energy panels, wind turbines,
electric vehicles (EVs), and, most recently,
vaccine production has shown that when this has
happened, it was because of the complementary
capabilities that GVCs can leverage. Moreover,
there are important lessons to learn also from the
only country that has made significant inroads into
many new emerging sectors, China. Its significant
investment to develop an industrial expertise in the
production and manipulation of base materials, and
in their usage inputs in downstream production, is
one possible reason for its successful outcomes.

The main question is whether LMICs have the
capacity to invest and compete in the new
sectors. This section shows that, despite some
promising inroads in some areas, at present most
developing countries are still marginal players in the
new emerging industries. For a structural shift to
take place toward material-efficient products, the
EU and other rich countries need to facilitate the
transition in these countries, including by creating
incentives for the private sector to design and invest
in material-efficient products and business models.

Almost no developing country participates
in the production of recycled metals. In
recycled copper, aluminum, and steel, the
upstream stages of these industries (exploration,
extraction, and primary processing) are highly
concentrated in a small number of locations. This
limited global footprint is due to reserve locations,
geological conditions of those reserves, and
the capital intensity of the operations necessary
to extract the metals from the ground. These
stages involve locating and extracting metal

ores from the ground and the first stages of
removing superfluous materials and impurities.
This is also the only segment of recycled metal
GVCs in which developing countries other than
China play a significant role.5? China is the largest
producer in the next stage of these GVCs. Chinese
commitments to establishing processing capacity
in the 2000s, together with Japan’s historical
leadership in the smelting of nonferrous metals
and the region’s primacy in manufacturing, have
made Asia-Pacific the center of the mid- and
downstream stages of the GVCs of these metals.5®
While Europe is the second-largest region in
concentrate processing, refining, and usage for
both aluminum and copper, this share has steadily
declined as China’s position in the industry has
strengthened.®® The downstream segments of
the value chain are mostly dominated by high-
income countries, since recycling and reduction
efforts largely hinge on the proactive stance of
the industries into which these commodities flow.
Products must be designed and developed with
recycling and reduced metal use as the end goal.
For example, reducing alloy use and improving
traceability of the metals used to allow for direct
melt recycling. The downstream industries for
these commodities are similar, except for the large
food and beverage participation in aluminum.
Three categories, namely machinery equipment,
construction, and transportation, account for
three-quarters of the end use in these metals.

The potential impact of EU initiatives and
private actors is global in the industry of
food packaging. Meeting the steadily increasing
demand for food by a growing and richer world
population places significant pressure on the
planet’s biomass. Innovative business models aimed
at reducing food loss in producer countries and
food waste in consumer countries are emerging. In

%2 The upstream mining stages of the copper GVC are dominated by Latin America (led by Chile and Peru), which accounts for 44
percent of copper concentrate production. Together with Australia, Canada, and Mexico, these top five countries accounted for 69
percent of global ore concentrate exports in 2019. The aluminum sector is even more consolidated with Australia accounting for 29
percent of the world’s bauxite output, followed by China (23 percent) and Guinea (15 percent). Guinea, indeed, is a central actor to
the aluminum GVC. It holds 25 percent of the world’s bauxite reserves and accounted for 51 percent of global exports of aluminum

concentrate in 2019.

5 Asia accounts for 75 percent of traded copper concentrate imports and produces 56 percent of the world’s refined copper; China
accounts for two-thirds of that. Chile is the only significant non-Asian exporter of refined copper. China’s growing dominance is even
more pronounced in the aluminum chain, where it increased its world market share of bauxite imports from 40 percent in 2010 to
72 percent in 2019. It is also by far the largest smelter of aluminum globally accounting for approximately 58 percent of primary

aluminum output in 2020/21.

5 Very few aluminum and copper mining countries depend on the EU today as a destination. Only 7.5 percent of Guinea’s aluminum
concentrate and 10 percent of Latin America’s copper concentrate are processed in European plants.
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this context, food packaging has become a major
focus of CE initiatives.® This is not surprising, as the
food sector also accounts for about 37 percent or
8.2 billion tons of global plastics.

The most immediately available option to
improve sustainable goals for actors in the
fresh produce chain is to improve plastic PET
containers as much as possible. This includes
several actions: (a) increasing the share of recycled
content and recyclability of packaging materials; (o)
reducing the total weight of PET in each container;
(c) shifting designs such as reduced labeling; and
(d) changing packaging type (from clamshells to
sealed punnets), which can reduce PET content
by 40 percent. On recycling these containers, the
EU, the United Kingdom, and Canada are driving
much of the change, establishing legal packaging

requirements around these issues for food
containers.

However, capacity to meet these new
requirements varies across the diverse

range of global fruit and vegetable exporters,
especially in developing countries. \When

FIGURE 3.14: LMIC EXPORTS OF ENVIRONMENTAL GOODS
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sufficient economies of scale in packaging demand
and regulations that support recycling are in place,
exporters from developing countries can adapt
to these new demands. However, where these
conditions are not met, they are forced to import,
adding to global emissions and cost.

To drive this change, regulatory decisions in
the EU, together with the choice of business
models by EU firms and GVCs, matter. The
potential impact of EU initiatives and private actors
is global; Europe is the world’s largest importer and
sources close to 40 percent of its imports from
outside the region. Achieving sustainable goals thus
requires policy makers and private sector firms alike
to examine how actors beyond the EU’s borders are
positioned to respond to these changes.

The lack of significant presence of developing
countries in material-efficient products
mimics well-known patterns in green goods.
The above anecdotal evidence is consistent with
trends in green goods as reflected in the Asia-
Pacific Economic Cooperation (APEC) definition
(APEC 2012) of clean and environment-friendly

Share of clean good exports on total exports (%)
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% Packaging plays a critical role in the fresh produce industry, extending the shelf life of products, reducing post-harvest losses, and
protecting quality and food safety. Simply sheathing a cucumber in plastic wrap extends its shelf life by 66 percent. Transparent,
sturdy, and resistant to humidity, plastic has been essential in facilitating long-distance shipping of high-value soft fruits from the
production location to supermarket shelves. These soft fruits, such as berries and cherries, need greater protection and less handling
than hard fruits that can be shipped in cartons (for example, bananas, citrus, and apples).
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goods. This is a measure that we take as a rough
proxy for countries’ ability to develop innovative
and environment-friendly business models and
products. Based on such a list of goods, it appears
that the EU is a major producer and exporter and
much less an importer of them. Almost 60 percent
of the imports of these goods are supplied from
within the EU (Figure 3.14). From a development
perspective, the other largest exporters of these
goods are capital-intensive countries and mostly
do not overlap with the exporters of raw materials
that need to shift away from commodity production.
Clean goods are imported for the most part from
larger and richer economies. China is the biggest
extra-EU source of clean goods imports (27.7
percent of total EU imports), followed by the United
States (19.2 percent), the United Kingdom (9.5
percent), and Switzerland (8.3 percent). Almost
none of the countries that we previously identified
as heavily dependent on material exports also
export green goods (Figure 3.15). Norway is an
exception, but even there these goods exports
are minor, at only 1.7 percent of its total exports.
This finding is not surprising and is fully consistent
with the econometric results shown above that
most material-intense production settles in capital-
abundant countries (see Section 3.2).

One sector in which developing countries
are making promising inroads is the one of
sustainable forestry products. The growing
importance of CEs amid rising concern for
climate change has revitalized the global forestry
industry. After a decade of slowdown induced by
digitization’s steady elimination of printing paper, the
industry is once again preparing for booming future
demand. Buoyed by global commitments to climate
action since 2015, forestry’s value proposition has
shifted from providing basic printing paper and fuel
to providing innovative, sustainable substitutes for a
wide range of products, from concrete to plastics,
fabrics, and steel.®® Developing countries are still
marginal players in these new areas of growth,
but their presence is growing, particularly in the
upstream (plantation and harvesting) and midstream
(milling and processing) stages of production.

Tropical and southern hemisphere suppliers
have gained in importance in the upstream
and midstream stages of the chain. While
northern hemisphere developed-country suppliers
have dominated the industry (top four in 2001:
44 percent), the past two decades have seen this
market share decline (top four in 2019: 31 percent),
with increased globalization of the industry and
significant growth from tropical and southern
hemisphere suppliers. Tropical and southern
hemisphere suppliers have gained importance in
the milling stage of the chain by undertaking more
sawmill and pulp mill activities. The leading wood
chip exporters include Vietnam, Australia, Chile,
Thailand, and South Africa (total 82 percent of
non-coniferous wood chip exports). China imports
about half of this trade (47 percent) and Japan a
further 38 percent. Similar to the case of metals
and some green goods such as solar panels, the
development of the global trade in pulp and the
increasing opportunities for developing countries
to capture a market share in this segment have
also grown as a result of China’s installation of
processing capacity in its paper mills. Canada,
the United States, and Sweden have been among
the leading exporters of pulp for a long period.
However, new southern hemisphere exporters,
including Brazil, Chile, and Indonesia, have
emerged as important competitors supplying
market pulp to the new Chinese paper mills.
China’s growth as an import market to process and
create forest-based products to meet demand has
been explosive, with its market share increasing
from 6.3 to 24 percent. As a result of the entry of
these new actors, trade in forest-based products
has doubled in both value and volume since the
turn of the century.

Firms can help in this goal through disseminating
technology and contributing to lower production
costs and prices for CE products, but legislation
needs to create the incentives for them to do
so. To realize a CE at scale, effective material
flow and longer life span on products need to be
enabled globally. Making these products possible
requires changing consumer demand, making

% Paper packaging is being adopted as a biodegradable alternative to single-use plastics; resin-lined carts can even be used for long
shelf-life liquids, from milk to whisky. PureFibre from StoraEnso replaces single-use plastic—not only is it recyclable, but it has a 75
percent lower carbon footprint. New high-performance textiles such as modal and lyocell are being made from cellulose fibers. These
can be even more sustainable than organic cotton; a t-shirt made from wood fiber, for example, uses just 1 percent of water required
for a cotton shirt. These substitutions are driving renewed demand in the industry.
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innovative goods rapidly affordable, and pushing
stringent standards of production down the value
chain to producers globally. To achieve this effort,
regulatory interventions need to be matched with
measures that make firms with leading brands
responsible for their global industrial strategies and
facilitate financing of new technologies and their
dissemination across the globe.

Firms need to finance and design new
technology, products, and business models
and disseminate them globally. Firms will need
capital investments in material-efficient business
(greenfield or through acquisitions) or strategic
efforts to evolve (new) market segments. The
current efforts in climate finance can serve as
guidance on the tools that can help speed up the
financing of innovative, material-efficient business.
Various environmental, social, and governance
(ESG)-linked sources of capital terms have both
grown and become more standardized by 2021,
with total issuance being estimated at over US$1
trillion (Green Bond Initiative).

Firms will also need to design products
and business models in a way that avoids
production leaking away from jurisdictions
with more stringent regulatory environments.
To do so, they need to be made responsible for
the overall material footprint associated with the
products they produce. A good starting point is to
make them responsible for Scope 3 emissions.%’
This will lead them to disseminate new technologies
and support the development of new competences
in LMICs in the critical areas of manufacturing of
base materials; sensor and connectivity technology;
and supporting of trade, recycling, and other
services. Evidence on how countries transition out
of commodities and break into higher-value-added
activities suggests that developing competences
in manufacturing, particularly in base metals, is
a successful way of laying the foundations for
sustainable industrialization.5®

Helping firms develop product-as-a-service
(PaaS) approaches, of the type already

THE TRADE IMPLICATIONS
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adopted by capital equipment manufacturers
in the past, is also likely to help the shift
toward material-efficient production. Today’s
global economy is driven largely by a disposable
society, in which consumer business models are
sustained on economies of scale, while quality,
durability, and reuse are not central to producers’
core business. The PaaS approach moves away
from the traditional product-oriented business under
which the good is sold outright to use-oriented (that
is, pay per use) and results-oriented (that is, pay
per outcome) ones where the product’s ownership
remains with the provider and the contracting
depends on availability or outcomes. As the product
then shifts from being a profit generator to part of
the cost function, the manufacturer is incentivized
to increase its efficiency, extend its life cycle, and
optimize the potential for reuse. By definition, these
products become capital equipment.

The experience in capital equipment value
chains offers numerous insights into how
to shift toward more material-efficient
and durable products. It highlights both the
opportunites and challenges related to the
approach of shifting the revenue stream from the
product itself to the associated services. In capital
equipment value chains, this strategy shift toward
PaaS has turned out to be good for both sellers
and buyers and has facilitated a shift to a more
circular economy in the capital equipment industry.
For manufacturers, this has been a profitable
move, leading to high margins and opportunities
for innovative services offering. Margins (EBITD)*®
generated by services-based models have been
found to be considerably higher compared with new
equipment sales. Moreover, unlike new equipment
sales, PaaS provides a long-term, captive, and
constant revenue generator for the manufacturer,
mitigating revenue fluctuations and uncertainty
during periods of economic downturn.

There are challenges to applying this model
to the consumer durables sector, however.
Highly fragmented buyer power and information
asymmetries do not create the incentives for

57 GHG emissions are categorized into three groups or 'scopes’ by the most widely used international accounting tool, the GHG
Protocol. Scope 1 covers direct emissions from owned or controlled sources. Scope 2 covers indirect emissions from the generation
of purchased electricity, steam, heating, and cooling consumed by the reporting company. Scope 3 includes all other indirect

emissions that occur in the value chain.
% Cherif and Hasanov 2019; World Bank 2020b.
% EBITD = Earnings before interest, taxes, and deduction.

- J



SQUARING THE CIRCLE
Policies from Europe’s Circular Economy Transition

producers to manufacture good quality products
and invest in shifting their revenue stream toward
maintenance and repair services. In addition,
strong forces exist against change from developing
countries, especially those currently specializing in
the mass manufacturing of consumer goods. These
countries are largely dependent on rapid production
systems for employment and export revenue and,
as a consequence, are likely to be the major losers
in this shift.

Hence, legislative change is also needed
for such structural changes to happen at
scale. Some countries are working to introduce
legislation and incentives to force consumer goods
companies to manufacture more durable products
for their markets. Requiring durability of products,
however, may prove insufficient to fully stimulate
firms to shift to services-led products due to the
myriad of challenges that they face in doing so.
Many of these are internal organization challenges,
from restructuring, operationalizing changes, and
shifting attitudes among teams to finding the correct
pricing strategy across their market segments.
While resolving these challenges depends mostly
on managerial strategies, there are other more
fundamental issues where government intervention
could catalyze change. In particular, there are
three areas in which governments could accelerate
change. First, governments can push for a change
in consumer demand. Consumer protection
agencies around the world need to be strengthened
to channel consumer demands for more material-
efficient and durable goods. Second, the shift to
PaaS has a major impact on short- and medium-
term cash flow within businesses. Continued
equipment ownership by the manufacturer means
that they must assume full up-front costs of that
product. The information asymmetries regarding
how potential services clients might treat these
products increases the risk associated with
financing them, making it more difficult or expensive
to borrow. Governments can play a role during
this transition period by providing access to lower-
cost financing. Third, such a shift hinges on well-
developed digital connectivity and infrastructure,
another area in which public investment can help.
Governments have a key role to play in improving
these enabling factors and overcoming the
market failures in access to finance to facilitate the
transition.

3.5 Conclusions

The EU’s dependence on material imports
is significant, particularly when looking at total
material consumption, inclusive of material footprint
(Section 3.1). The analysis has also found small
but significant signs that if regulation tightens in
the future, some production of materials as well
as downstream activity that is intensive in material
inputs may relocate outside of the EU (Section 3.2).
Based on evidence from historical data, however, it
seems as if most material-intense production settles
in places that already have a capital-abundant
economy, that is, mostly other rich countries and
China. Still, unilateral action in the EU risks having
destabilizing spillovers on many lower-income
countries, many of which are very poor, sometimes
plagued by conflict and fragility, and posting an
undiversified domestic economy (Section 3.3).
The more ambitious the CE regulatory agenda,
the broader the range of impacts and affected
countries. Most importantly, the analysis has shown
that more production means more use of materials
and more pollution. That connection has to be
disrupted. To do so, addressing the problem at its
source, that is, the production stage, is important.
But targeting production alone will not suffice.
Consumption habits also need to change. Currently,
as countries become richer, they consume more
materials, even when their domestic production
becomes less intensive in raw commodities.

The EU can leverage GVCs for achieving
overall reduction in the net resource intensity
of production on a global scale and avoid
leakage. Assigning responsibility for Scope 3
emissions and material usage along the entire value
chain to the firms that design products and unlock
financing can speed up the CE transition. New
products that are material efficient and low waste
need to be invented, made affordable, and adopted
rapidly on a global scale. Pushing lead firms to
make such changes will help in pivoting toward
more material efficiency on the production side.
It will also help disseminate new technology and
lower the prices for innovating CE-friendly products.
This will also facilitate the shift in end consumer
habits, since brands design products and influence
consumer taste. Finally, such measures help
pricing in externalities along the whole value chain
associated with their end products, curbing the
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risk of leakage and future relocation of production
toward pollution havens. Anything short of pricing in
externalities along the whole value chain could imply
some form of leakage, even if so far none of this has
been observed.

The EU is an important global buyer, exporter,
and home to many lead firms in GVCs. With
this status comes a large standard-setting power,
which the EU exerts through the globalization of
its standards and the internationalization of its lead
firms. This role is visible in many industries but
perhaps most notably in those linked to forestry
and in food-related value chains. The current
policy in Europe for forestry and related products
is an extension of decades-long efforts to improve
recycling, enhance sustainable management of
global forests, and eliminate illegal logging. The
region is the world’s largest exporter (33 percent)
and second-largest importer (29 percent) of forest
products. It leverages extensive influence over the
global industry through widespread adoption of the
sustainability standards largely set by Europe, the
internationalization of its lead firms, and the market
power it exerts over end products, from furniture
to packaging of materials. It has used this market
access through trade agreements to encourage
and facilitate the development of multistakeholder
sustainability initiatives across the developing
world.® In food industries, a host of initiatives in
the European Union (EU) have set out to improve
the sustainability of the fruit and vegetables GVC.
These leverage public sector regulations, private
sector requirements, and civil society demands
not only to make the GVC more environmentally
friendly and healthy but also to ensure it operates
on a fair and inclusive basis. The potential impact
of these EU initiatives is global because of Europe’s
importance as the world’'s largest importer and
its sourcing of close to 40 percent of its imports
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from outside of the region. Even for countries that
are not dependent on EU sales, as the leader in
the industry, the region has been at the forefront
of global standards setting. With increased trade
in produce, issues of food safety, phytosanitary
conditions, and acceptable product quality became
increasingly important.®

How actors beyond the EU’s borders are
positioned to respond to policy changes
matters. The multitude of global spillovers and
spill-backs in both the production and consumption
of materials and in downstream industries
suggests that unilateral measures are likely to face
pushbacks from trade partners across the globe.
Take the example of a shift from the current way
the EU consumer goods industry works to PaaS
business models. As discussed in Section 3.4,
PaaS is considered a critical strategy to reduce
both material intensity and waste and increase
the duration and reuse of many manufactured
products. At first sight, one could argue that this is
a purely domestic measure, but in fact it can have
major global repercussions. It is likely to create
many challenges in many emerging economies
that specialize in mass manufacturing, since these
are largely dependent on such rapid production
systems for employment generation and export
revenue and to achieve a range of socioeconomic
objectives. These countries are therefore likely to
be the major losers if such a shift occurs, unless
they also operate the same shift. The global food
value chain offers another telling example of why
trade policy coordination is needed. Upstream
segments of the chain comprise many developing-
country suppliers. Policies in these locations have
not necessarily focused yet on issues of the CE, as
priorities are focused more on social and economic
needs of jobs creation and income generation.
As stand-alone measures, regulations, norms,

8 There are many examples of how the EU has shaped global sustainable forestry policy over the past three decades through the
globalization of its standards and the internationalization of its lead firms. In the 1990s, the region pioneered certifications for
sustainable forestry management (SFM) to alleviate the local consequences of deforestation. The Pan European Forest Certification
(PEFC) was founded in 1999, introducing independent third-party certification. The PEFC has since expanded significantly beyond
Europe, covering over 300 million ha of forest by 2021. Today, the PEFC works with national governments and regional groups (for
example, Cameroon, Congo, and Gabon - Pan African Forest Certification for the Congo Basin) around the world to establish SFM
frameworks. Its leading firms, Stora Enso (Finland), Holmen (Sweden), and UPM (Finland), are among the largest in the world (top
12). These firms have expanded abroad, with forests not only across Europe and Russia but also across North and South America,
and have expanded their sustainable practices to both their own plantations and those they source from. Uruguay, a major supplier
for pulp plants for both Stora Enso and UPM, has certified all of its forests in Forest Stewardship Council (FSC)/Programme for the

Endorsement of Forest Certification.
6

In 1997, the EU, along with its leading supermarkets, established the now globally accepted norms through the creation of

EUrepG.A.P. This became the predecessor to GLOBALG.A.P.—the most widely adopted standard around the world for fruit and
vegetable production. This revolutionized global agriculture and pushed small actors out of the industry.
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standards, and policies made in the EU may end up
having exclusionary effects on developing countries
producers. For example, smallholders who cannot
effectively certify efficient use of materials could
be pushed out of the chain. Suppliers that cannot
access sufficient recyclable packaging also may no
longer be able to sell fruit to high-value markets.

These findings motivate three main policy
conclusions. First, trade policy and trade
diplomacy at all levels (bilateral, regional, and
multilateral) can be deployed not only to pursue

a unilateral reduction in the amount of materials in
the EU but also to help other countries make the
same transition and manage any adverse impacts.
Second, assigning responsibility for CE outcomes
to the firms that design products and unlocking
financing can be achieved effectively through
accountability for Scope 3 emissions. Finally, the EU
can deploy its large standard-setting power and the
internationalization of its lead firms to push for more
stringent standards globally.

|

B 56—

BACK TO
CONTENTS




EXECUTIVE SUMMARY

-

Chapter 4

The role of the private
sector: Opportunities and
barriers




SQUARING THE CIRCLE
Policies from Europe’s Circular Economy Transition

__

4.1 Speed, depth, and scale

The private sector will be central to the
introduction of CE business models. Across
sectors, most, if not all, technological and business
model innovations have stemmed from the private
sector, although public policies and support,
including in research and development (R&D), have
certainly played a role. CBMs—those centered
on reducing the extraction and use of natural
resources and the generation of waste—are already
in operation in several economic sectors, including
plastics, construction, agribusiness, water, textiles,
and metallurgy.5?

Existing CBMs tend to focus on recycling,
reuse, repair, refurbish, and remanufacture,
although increasing instances of more
sophisticated business models (PaaS) are
emerging. Despite their degree of sophistication,
to the extent that these CBMs displace production
from traditional modes, they deliver immediate
benefits in reducing their environmental footprint.
The life-cycle CBMs based on existing products
or secondary raw materials typically have relatively
small impacts on global warming, acidification, and
pollution compared with linear business models.

The rise of CBMs has the potential to disrupt
key economic sectors. For instance, the sharing
economy in the hospitality sector (of which Airbnb is

FIGURE 4.1: CBMs ACROSS THE PRODUCT LIFE CYCLE

the best known model) is now estimated to be more
than double the size of Europe’s traditional hotel
economy and is having a huge impact on the hotel
industry. The ‘uberization’ of taxi services in major
cities has had the same disruptive impact. Industries
that have shifted away from one-off product sales
toward capital equipment as a service (extractive
industries equipment, jet and ship propellers) have
typically recorded higher than average margins,
often through cost savings in maintenance,
equipment use optimization, storage/logistics, and
customer capture.®

But CBM innovations remain limited in scale,
depth, and speed of adoption. Although
instances of CBMs—whether adopted wholly or
partly by a firm—are increasing, they are still limited
in absolute terms and occupy a peripheral position
in most markets, averaging a market penetration
of between 5 and 10 percent in economic terms.
Recycled materials (metals, plastics, pulp and
paper) represent only 8.6 percent of raw material
input, and remanufactured products account for
only a tiny share of global manufacturing—the
proportion of remanufacturing to new manufacturing
in Europe is only 1.9 percent. Even producing
secondary raw materials from waste only accounts
for 30-40 percent of the physical output of the
sectors in which it is most established (such as pulp
and paper and steel).5
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Source: Adapted from Mirjam Bani and Marieke Blom, “Rethinking the Road to the Circular Economy,” (January 2020), https://think.ing.
com/uploads/reports/Rethinking_the_road_to_the_circular_economy _FINAL_RB1.pdf. and OECD 2019

62 Ellen McArthur Foundation 2018; Jagtap and Rahimifard 2017; Long et al. 2017; OECD 2019.

8 European Parliament 2017.

84 Bocken et al. 2016; Circle Economy 2022; Geyer, Jambeck, and Law 2017; Van Ewijk, Stegemann, and Ekins. 2017.
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Without rapid scale-up, the CE risks remaining
a niche rather than a fundamental disruptor.
This is true within sectors as well as often even
in some of the larger firms that are pioneering
CE models. If circularity entails the large profit
opportunities foreseen by modeling exercises and
advocates of the concept, why have competitive
firms not embraced the concept already? What
prevents the CE from reaching scale? Some of the
answers lie within the firms themselves, but most
are found well beyond them.

THE ROLE OF THE PRIVATE SECTOR:
OPPORTUNITIES AND BARRIERS
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4.2 Country characteristics
shape private sector capacity for
circularity

CBM penetration differs across EU MSs. As
with any transition, countries’ initial conditions
shape the potential gains from the shift toward
circularity. Chapter 2 discusses how EU MSs depart
from different starting points in terms of material
flow composition and standard CE performance
metrics. The private sector’s potential for circularity
also differs markedly across countries. EU MSs,
depending on their economic structure, show

FIGURE 4.2: ECONOMIC IMPACT OF CE SECTORS AND THEIR GROWTH RATE
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Source: Eurostat 2021.
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Note: Indicator of CE impact includes ‘gross investment in tangible goods,’ ‘number of persons employed,’ and ‘value added at factor
costs’ in three sectors: the recycling sector, repair and reuse sector, and rental and leasing sector. Data run from 2008 to 2018. Most
countries have information after 2010. The VA growth rate was estimated as an average of annual growth rates. Data from 2008 to
2018 show that the growth rate of the value added generated by CE sectors varies across countries.
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varying potential in key dimensions of a CE, such
as sustainable inputs, extension of useful lifetime, or
increase in the intensity of use.® This is in line with
the findings of Chapter 5 which show that countries’
different economic fabrics yield different economic
gains and labor market effects, also depending on
the suite of CE policies followed.

VA generated by CE sectors varies across
countries. Growth rates of CE VA show how fast
EU MSs have been moving in the transition toward
CBMs (Figure 4.2). The speed of the transition
depends on a country’s characteristics, with some
MSs with lower growth rates already in the top
category of economic impact (that is, higher CE VA
per capita). Bulgaria and Romania are among the

FIGURE 4.3: CE VA VERSUS DRIVERS OF PRODUCTION
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countries with lower CE economic impact. Although
Romania shows higher growth rates than Bulgaria,
economic outcomes are still not significant. Croatia
is on the borderline between mid-low CE and low
CE VA per capita but with low levels of growth rates.
If this trend continues, it may lose the modest CE
economic impact achieved so far. Poland is in the
upper of the mid-low CE VA per capita group, and
its growth rate is above the EU average. Thus, it
has a higher potential to move ahead, at a faster
pace, in its CE economic standing among European
countries.

Differences in the CE VA of countries depend
on specific production drivers. Drivers of
production are enablers allowing countries to
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Source: Based on WEF (2018) data on production drivers.

% Indicators of the category of sustainable inputs include circular material use rate; share of total organic area in total utilized agricultural
area; and energy consumption in manufacture, transportation, and households. Indicators of the category of end-of-life include
packaging waste recycle, generation of waste per GDP unit, industrial and municipal waste treated by recycle, patents to recycling,
and secondary raw materials. Indicators of the category of extension of useful life include ELVs recovered and reuse, value added of
retail sale of second-hand goods, and employment in repair and reuse sectors. Indicators of the category of increase of the intensity
of use include individuals using websites or apps for transportation, accommodation services, collective transportation, and internet

usage (European House - Ambrosetti and Enel foundation 2020).
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THE ROLE OF THE PRIVATE SECTOR:
OPPORTUNITIES AND BARRIERS

BOX 4.1: FOCUS SECTOR SELECTION METHODOLOGY AND EVALUATION OF THEIR CIRCULAR POTENTIAL

In countries such as Romania, Bulgaria, Croatia, and Poland, where VA from the CE is still relatively low, a
focus sector selection methodology can help better evaluate where policy makers’ actions should be directed
to foster additional value creation and overcome barriers. To identify the barriers and enablers for adopting CE
business models in the private sector more concretely in a country, targeting the right sectors is essential. A
methodological approach to prioritizing sectors and evaluating their circular potential can help in better
understanding the challenges and opportunities in the country context. The team developed such a focus sector
selection methodology, including an evaluation of the CE potential in strategically relevant sectors. The first step
involved selecting the strategic sectors according to their institutional and economic importance to the growing
CE. Potential sectors were identified through a review of CE-related regulations, policies, national strategies, and
action plans as well as other documents associated with industrial investments in markets and services (Annex 1).
This first step produced a list of top five sectors which then allow for narrowing the prioritization down to the top
three sectors with higher CE potential and impact over time. The second step determined the CE potential across
10 CE indicators, which allowed the sectors to be ranked. This step involved analyzing the top three sectors on
their potential to adopt CE approaches in selected country examples with low CE VA, such as Bulgaria, Croatia,

Romania, and Poland.

capitalize on emerging technologies and future of
production opportunities. Countries with high and
mid-high CE VA rank higher on indicators linked
to drivers of production positively correlated with
the CE VA, including technology and innovation,
human capital, global trade and investment, and
institutional framework (Figure 4.3). On the other
hand, countries with mid-low to low CE VA are also
ones that rank lower in the same indicators.®® The
latter applies to Bulgaria, Croatia, and Romania,
which rank low in terms of CE VA and indicators
linked to drivers of production.®”

Sectoral composition influences the potential
for the emergence of CBMs. The analysis shows
that although certain sectors such as machinery
and appliances and food and beverages are
common, the EU-4 countries show differences in
terms of priority sectors (see Box 4.1).

Bulgaria’s main CE potential sectors are
machinery and appliances, construction,
and food and beverages. The first principal
sector, machinery and appliances (orange), with
81 percent of circularity potential, has a better
performance than construction and food and
beverages. The results show (Figure 3) that this
sector has enormous potential in the CE pillar: (a)
extension of a useful lifetime regarding transport
and distribution at 83 percent of circularity
potential (for example, remote transport and geo-

localization, research, development, and innovation
[R&DA&I]); (b) sales at 100 percent of circularity
potential (eco-labeling, servitization); and (c) useful
life (reverse logistics), product life extension, and
repairability at 100 percent of circularity potential.
The secondary sector is construction (blue), with a
total of 68 percent circular potentiality. This market
presents excellent opportunities for improvement
at the beginning of the pipe (key performance
indicator [KPI] sustainable inputs at 56 percent),
such as selecting local materials, fair trade, and
using recycled or secondary raw materials (50
percent). Finally, the third leading sector is food and
beverages at 53 percent of circularity potentiality
(green). This sector shows significant opportunities
for the enhancement of R&D&l to develop products
with adequate traceability (50 percent) and fair trade
with suppliers and the use of sustainable and green
raw materials for packaging (87 percent).

Sectors including machinery and appliances,
construction, and food and beverages display
the highest level of circularity potential in
Bulgaria and Croatia (Figure 4.6 and 4.7). The
machinery and appliances sector (orange) has
enormous potential in the CE pillar extension of
useful lifetime (for example, distribution [83 percent],
sales [100 percent], useful life [100 percent],
product life extension [100 percent], and repairability
[100 percent]). The second circular sector is

8 The drivers of production include about 60 indicators that aim to assess the country’s readiness for the future of production.

87 World Economic Forum 2018.
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FIGURE 4.4: KPIs FOR CE POTENTIAL IN ROMANIA
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FIGURE 4.5: KPIs FOR CE POTENTIAL IN POLAND
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FIGURE 4.6: KPIs FOR CE POTENTIAL IN BULGARIA
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FIGURE 4.7: KPIs FOR CE POTENTIAL IN CROATIA
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Main Croation Sectors - Circular Potential
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construction (blue), with 68 percent circularity. This
sector presents excellent improvement opportunities
regarding eco-design (63 percent), secondary
raw materials selection (50 percent), product life
extension (58 percent) (industrial symbiosis with
other industries), and repair and recycling materials
(67 percent). Finally, food and beverages, with 53
percent of CE potential (green), is the third leading
sector. This sector holds significant opportunities
for improving packaging (87 percent) (eco-design,
useful lifetime, and recycling), which is one of the
most significant steps for these industries to achieve
circularity in the value chain.

The most promising sectors in Poland include
automotive, construction, and agriculture and
food. Automotive (orange) presents the best CE
potentiality (78 percent) among the main sectors
(Figure 5.5). This sector has vast potential in the CE
pillars: extension of useful lifetime and increase of
the intensity of use through six KPIs (for example,
distribution [83 percent], sales [89 percent],
useful life [89 percent], product life extension [92
percent], repairability [100 percent], and recycling
[89 percent]). The second circular industry is
construction (blue), with 68 percent circularity.
This sector presents good upstream development
opportunities at the beginning of the tube regarding
eco-design (63 percent), secondary raw material
selection (50 percent), and ample end-of-pipe

opportunities at the end of the tube for reusing/
recycling materials in new facilities and construction
(67 percent). The third main sector is agriculture
and food (green), with 64 percent circularity. This
sector has significant opportunities for packaging
improvements (87 percent) in KPIs such as eco-
design (63 percent), useful lifetime (44 percent),
and recycling (22 percent). Packaging is one of
the most significant barriers for these industries to
achieve circularity in the value chain. For example,
the eco-design analysis improves the material use of
secondary raw material selection (67 percent), and
there are significant opportunities at the end of the
tube for recycling packaging.

Romania’s sectors with CE potential are
electrical and electronic equipment (EEE),
automotive, and food and beverages (Figure
4.4). EEE (blue) has a higher circularity potential (83
percent) than the other main sectors. This sector
has a broader potential in the CE pillars: end-of-
life, extension of useful lifetime, and increase of the
intensity of use. EEE has potentiality in seven of the
ten KPIs: eco-packaging (87 percent); distribution
(94 percent); sales (89 percent); full potentiality in
useful life, product life extension, and repairability;
and recycling (89 percent). The second circular
industry is automotive (orange). This sector also has
good potential in the CE pillars: extension of useful
lifetime and increase of the intensity of use through
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six KPIs (for example, distribution, sales, useful life,
product life extension, repairability, and recycling).
Food and beverages is the third leading sector,
with 53 percent of circularity potential (green). This
sector presents major improvement opportunities in
packaging (87 percent) through different KPIs, such
as eco-design, useful lifetime, and recycling.

4.3 Firm links within and across
sectors make for thriving CEs

Firms’ capacity to engage in CBMs depends
on their position within production networks.
Accelerating CE development at scale and
prioritizing actions require strengthening sectors
with circularity potential and firms’ links within
production networks. CE sectors are often made
of primarily local industries with different sect