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Brussels, 24 January 2022 - The European Union has positioned itself front and centre in the fight against climate
change and has set Europe on course to carbon neutrality by 2050. This ambitious objective set up by the Climate
Law echoes the European Green Deal and Circular Economy action plan to transition Europe towards a resource
efficient and climate neutral economy. The Waste management sector fully supports these necessary ambitions
and responds today by quantifying the potential of avoided CO2 emissions from activities along the entire waste
management chain within the EU economy by 2035.

To begin this research FEAD formed a group with three other European Waste Management Associations:
CEWEP, RDF Industry Group, and DWMA, fully representing the entire waste management chain from collection
to recycling, recovery and disposal. Jointly they pursued the project of a unique study covering the EU27 and the
UK to show the potential of improved waste management performances over the next 20 years.

Two renowned research organisations, Prognos and CE Delft were commissioned to carry out a study on nine
specific waste streams and residual waste, that were deemed to have the highest potential in CO2 reductions;
the baseline used for the study are figures from 2018, amounting to 505 Mt of waste, equivalent to 20% of the
waste generated in the EU.

The study showed in the end that the potential of avoided CO2 emissions is truly impressive under two scenarios
envisaged for 2035.

By successfully applying current waste legislation (projection 1), we would significantly improve our CO2
avoidance potential to -137 Mt CO2eq, delivering a saving of 150 Mt CO2eq. With more ambitious performances
(projection 2), the CO2 net emission avoidance would reach -283 Mt CO2eq, which would result in savings of 296
Mt CO2eq.

These results consider the CO2 savings from the manufacturing and energy sectors that rely on recyclates and
waste-to-energy instead of virgin materials and fossil fuels.

To give a concrete order of magnitude, the net CO2 avoidance potential in projection 1 represents nearly half of
the emissions of Spain in 2019 , and projection 2 represents % of the emissions of Poland in 20192.

There can be no doubt that our sector plays a pivotal role in the EU’s climate aspirations. This study clearly shows
that climate challenges will require the full enforcement of EU legislation. As previously mentioned, Climate Law
is one of the cornerstones of the EU Green Deal, and we strongly urge for current recycling and landfilling targets
to be met. We also call on the EU legislator to set up stronger regulatory signals that would increase the demand
for recyclates and trigger further investments from our industries in separate collection, sorting, and recycling
facilities. Crucial to these processes are mandatory recycled content in products, strengthened ecodesign,
positive Taxonomy rules for energy recovery, safe and efficient intra-EU waste shipments rules. Strong public
support for selective collection will be decisive.

Our four associations representing the entire waste management chain are committed to these objectives through
increased investments and performance to fully contribute to CO2 savings, and to a more circular economy for
Europe.

Peter Kurth

FEAD President

1 Emissions of Spain in 2019: 333 Mt CO2eq, Eurostat

? Emissions of Poland in 2019: 393 Mt CO2 eq, Eurostat
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Initiators of the Study

FEAD is the European Waste Management
Association  that represents  private
companies operating along the whole
waste management chain across Europe.
FEAD’s objective is to advocate for a better
regulatory framework for the waste
management sector and to strengthen the
circular economy in Europe.

www.fead.be
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CEWEP, Confederation of European Waste-
to-Energy  Plants, is the umbrella
association of the operators of Waste-to-
Energy (incineration with Energy Recovery)
plants, representing about 410 plants from
23 countries. They make up more than
80% of the Waste-to-Energy capacity in
Europe.

www.cewep.eu

The Dutch Waste Management Association
represents the national and international
interests of waste companies active in the
Netherlands. With more than 50 members,
the DWMA is an important discussion
partner for government, regional and local
authorities, and other organizations.

www.verenigingafvalbedrijven.nl
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L Dutch Waste Management Association
O ..' Partner in the circular economy

The RDF Industry Group brings together
organizations from across the European
waste-derived fuel supply chain, providing a
platform to address issues faced by the
sector and to explore new opportunities.

RDF

‘dDUSTRY GROUP

The Group currently has 33 members.

www.rdfindustrygroup.org.uk

A CEDelft Prognos

- a
Committed to the Environment



Project Team

prognoss

For over 60 years, Prognos has provided clients from enterprises, political
institutions, and civil society with a sound foundation for decision making. This is
achieved by independent research, consulting, and diagnosis. With our robust
research, dependable reports, and competent expert opinions, we at Prognos
support clients from the public and private sectors in developing future-proof
strategies.

Our inter-disciplinary project teams comprised of dedicated economists,
geographers, engineers, mathematicians, sociologists, and logistic researchers work
in unison which ensures a constant ongoing exchange between our seven
consulting fields: Economy & Labour, Society & State, Location & Regijon,
Technology & Innovation, Energy & Climate Protection, Infrastructure &
Transportation, and Management Consulting.

Prognos was the project leader of this project and worked on waste volumes and
the overall CO, assessment.

Website: WWW.prognos.com

Contacts: Dr. Barbel Birnstengel (baerbel.birnstengel@prognos.com)
Richard Simpson (richard.simpson@prognos.com)

Romy Kélmel (romy.koelmel@prognos.com)
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CE Delft is an independent Dutch research and consultancy organization specialized
in developing innovative and cutting-edge solutions to environmental problems.
Established in 1978 as a not-for-profit organization, CE Delft remains financially
independent and unsubsidized to this day. CE Delft employs around 70
sustainability experts in the areas of life-cycle assessment, environmental
economics, circular economy, energy transition, mobility and transport, and
(bio)fuels. Among the employees there’s a fruitful interchange of expertise since
everyone works at one location (Delft).

CE Delft has been providing technical support and policy analysis on waste policies,
climate policies, market-based instruments, built environment and transport
policies for over fifteen years to the European Commission, Member State
Governments, industry and other stakeholders.

Within this project, CE Delft provided the CO, factors per tonne of waste, for use in
the overall CO, assessment.

Website: www.cedelft.eu

Contact: Marijn Bijleveld, MSc (bijleveld@ce.nl)
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GWP
HDPE
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Executive Summary

Objectives and methodology Key results

This study, building on the previous study (2008), sheds light on the waste
management industry’s treatment volumes and associated CO, emissions of
selected waste streams. Respectively, this study seeks to stimulate the discussions
on the realisation of the potentials outlined in this study.

The waste management industry has many cross-industrial linkages. For example,
recovered materials are used by the manufacturing industries or for energy
generation. In the process primary raw materials and fossil fuels are substituted.
Associated CO, burdens and avoidances are not included in a solely sectoral
perspective, as avoided emissions are attributed to other industries. The waste
management industry fulfils, however, an important role in making wastes available
as secondary resources for material and energy use. This study highlights the
important contributions of the waste management industry to key European Union
policy objectives by accounting the net emissions for 10 selected waste streams.
Potential CO, emission reductions are examined against the background of recent
revisions of the EU waste legislation. The study explores the potential contribution
this legislation and the waste management industry could have to reaching the
aim/ambition of climate neutrality by 2050 set out in the European Green Deal, as
well as the effect of more ambitious targets.

Towards this aim, three scenarios are modelled: Baseline "Current status Quo”
(2018) and two projections: “Implementation of current legislation” (Projection 1)
and the highly ambitious “Potentials” (Projection 2).

The volume of the selected material waste streams and residual wastes/WDF (waste
derived fuels) are calculated by waste treatment route, such as material or energy
recovery, by modelling country specific waste volumes, and harmonized waste
streams’ and treatment specific CO, factors. While the waste volumes are kept
constant at the 2018 level, different treatment routes are modelled to reflect the
designated targets in the projections and the resulting changes in CO, emissions.
Not taken into account are other factors (e.g. change in waste composition,
demographic change, market demand and prices, etc.).

In the 20-year time horizon GWP (Global Warming Potential*), the waste industry is
for the selected waste streams almost CO, net neutral (13 Mt CO,,). Considering
only the selected 9 material waste streams, the waste industry is already
contributing to a net avoidance of 96 Mt CO,,, i.e. more than it is producing. In so
doing the waste management industry is already making key contributions to limit
climate warming; one of the European Union's policy priorities.

By successfully applying current waste legislation (Projection 1) by 2035 across the
EU27+UK, the CO, emission avoidance is significantly improved to -137 Mt CO,,,
delivering a potential saving of ~150 Mt CO,.,. The current baseline CO, net
emission burden of 13 Mt CO,, in the 20-year perspective could drop to -283 Mt net
emission avoidance in the more ambitious projection 2, delivering an additional
potential saving of ~146 Mt COy,.

The current largest net emission savings (negative) are achieved by the recycling of
the ferrous metal and aluminium waste streams by avoiding significant emissions by
the substitution of primary material production. Combined their net emissions
already make up -180 Mt CO,,,, with the potential to fall to -200 Mt CO,,, under the
current legislation projection for 2035.

The largest gains are made by reducing landfilling of particularly organic waste
materials, such as paper & cardboard and biowastes, achieving a reduction by up to
120 Mt CO,,. Additional significant potential reductions are provided by the
treatment routes of residual wastes/WDF. In the results for the combined totals of
material waste streams and residual wastes/WDF it is not possible to directly identify
the landfill and recycling targets. Minimum recycling targets of 65% (after sorting)
and maximum landfill target of 10% are met. Since residual wastes include sorting
and recycling residues, in the overall results recycling percentages (output rate)
appear lower and landfill percentages appear higher.

To achieve maximum CO, avoidance policy makers are, therefore, advised to make
optimal use of all available capacity for recycling and waste-to-energy within
EU27+UK.

* The Global Warming Potential is the heat absorbed by any greenhouse gas in the atmosphere equivalent to the mass of carbon dioxide (CO,). For other gases other than CO, the potential depends on the gas and the time frame and expressed as CO,
equivalent (CO,). A 20-year time horizon was selected, given the recent IPCC report’s emphasis on the need to reduce GHG-emissions fast. In addition, sensitivities for a 100-year and a 20-year marginal approach are provided for comparison.

January 2022
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Resource savings ana
potential in waste manageme.
and the possible contributi.
to the CO, reduction target in 20z

o Study 2008

© Prognos AG
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First study 2008

...on resource saving and CO, reduction potentials in waste
management in Europe and the possible contribution to the EU CO,
reduction target in 2020

= carried out by a team at Prognos AG in co-operation with the
Institute for Environmental Research at the University of
Dortmund and IFEU - Institut flr Energie- und Umweltforschung
Heidelberg GmbH

= supported by a unique coalition of European waste management
associations

= Scope: municipal residual waste plus 18 additional waste streams

Main result

= ldentification of CO,,, reduction potential from material recycling
of municipal residual waste and additional streams

=  Compared to the reference year 2004, the waste management in
Europe can contribute to significant additional CO, emission
reductions by recycling by between 146 - 244 Mt CO,., and,
thereby, contribute between 19% - 31% to the European climate
reduction targets of 780 Mt CO,,, until 2020.

| ACEDelt Prognos
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Achievements in CO, reduction since 2004 for selected waste streams

Divert from landfills

The 2008 published study conveyed a clear message “Divert from landfill”: a key for
a new and intelligent waste management system, which can act as an integrated
part of a sustainable environmental, economic, and energy policy.

The 2008 study highlighted that the resolute abandonment of landfilling for
biodegradable waste and waste with high calorific value is one of the key drivers to
reaching sustainable waste management in Europe by 2020.

Material waste streams

— Considering the same material waste streams as in the current study, in 2004
178 Mt of the material waste streams were still being landfilled i.e., 44%.

— In scenario 1 it was assumed that by implementing the 2008 applicable
legislation a reduction to 27 % in 2020 could be achieved.

— The results for 2018 show a landfill reduction to 18 % on average for the
material waste streams. However, it must be noted, that for textiles and biowaste
and to a certain extend for plastics no significant reductions have been achieved.

Municipal solid waste

— The 2008 study revealed that in 2004 47% of the municipal waste was landfilled
(119 Mt).

— By 2018 this amount was reduced to 24% on EU average
(56 Mt), with significant differences between the Member States.

Source: Prognos 2008

January 2022

Waste as Resource (1 of 2)

The 2008 study found that above all the recycling of paper, metal, clean plastics,
glass, and textiles provides clear and documented climate protection benefits. Thus,
recycling of these materials should be clearly supported for a better raw material use
of wastes in all European Member States.

Material waste streams

— In 2004 the input-based recycling rate for the considered material waste streams
would have amounted to 49% by 2020 on average across the EU Member
States.

— In scenario 1, the amount of waste generated was kept constant at 2004 level
and the full implementation of the in 2008 applicable legislation was assumed.
Based on the scenario assumptions a recycling rate of 63% (input-based) would
be achieved by 2020.

— In 2018 an average EU recycling of 56 % (input-based) was achieved. The gap is
caused mainly by the still low recycling rates of biowaste and textiles.

Municipal solid waste

— The amount of municipal solid waste prepared for recycling/composting (input-
based) amounted in 2004 to 90 Mt i.e., 36 % of the amount generated.

— In 2018 already a share of 48 % (120 Mt) was achieved. Based on the
methodology of the 2008 study this leads to CO, emission savings of
182 Mt CO,,,, with significant differences among the Member States. The
assumed results of the 2008 study for scenario 1 (158 Mt/2020) have not yet
been fully fulfilled.

— The resolute abandonment of landfilling for biodegradable waste and waste with
calorific value suitable for energy recovery will remain one of the key drivers in
reaching a sustainable waste management in Europe.

A CE Delft Prognos
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Achievements in CO, reduction since 2004 for selected waste streams

Waste as Resource (2 of 2)

= Considering waste as a resource includes also thermal recovery of all waste fractions
and residual waste/WDF not suitable for recycling. In this regard the 2008 study
called for a more energy efficient use of the respective waste materials.

= Municipal solid waste

— In 2004, nearly 44 Mt of municipal waste was incinerated with or without energy
recovery, leading to CO, emission savings of about 3 Mt CO,,

— For scenario 1 the direct amount of municipal waste thermally treated was
assumed to increase until 2020 to 52 Mt. Additional 26 Mt were assumed to be
treated through mechanical-biological methods for fuel preparation and
stabilization.

— Current data for 2018 show a relevant contribution of waste to energy. In total
72 Mt of municipal waste were thermally treated, and energy recovered.

= Residual wastes/WDF for thermal treatment

— Regarding the residual wastes and WDF, both studies’ methodologies differ and
are not directly comparable. In the 2008 study only a share of higher quality WDF
was considered.

Source: Prognos 2008

w January 2022 A CE Delft prognOS
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Study 2021

Objective

Analyse the CO, net-savings already achieved by the waste
management industry within the EU 27+UK for a selection of
material waste streams, which have a high material recycling
potential, incl. their residues, mostly originating from pre-
treatment and recycling activities, and other residues.

Identify and present the still untapped potential for avoiding CO,
emissions.

Potential CO, emission reductions are examined against the
background of recent revisions of EU waste legislation, circular
design, and use of products set out in the new circular economy
action plan, as well as a highly ambitious development in waste
management practices across Europe.

| ]
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Objectives and scope (1)

Identifying the potentials to protect the climate and save resources

The urgency to act on climate change has grown significantly in the last decade.
Simultaneously, efforts for a circular and green economy have picked up pace to not
only reduce CO, emissions, but also to reduce primary resource usage and increase
material circularity.
The present study, supported by a coalition of European waste management
associations, identifies the potential CO, emission reductions that can be achieved
by the waste management industry in the coming decade for a selection of waste
streams. Potential CO, emission reductions are examined against the background of
recent revisions of EU waste legislation, circular design, and use of products set out
in the new circular economy action plan, as well as a highly ambitious development
in waste management practices across Europe. In so doing, the study explores the
potential contribution the waste management industry could have to reaching the
aim/ambition of climate neutrality by 2050 set out in the European Green Deal.

The general objectives of this study are:

— To analyse and present the CO, net-savings already achieved by the waste
management industry within the EU 27+UK via a selection of material waste
streams, which have a high material recycling potential, incl. their residues,
mostly originating from pre-treatment and recycling activities, and other residual
wastes/WDF.

— To identify and present the still untapped potential of avoiding CO, emissions
within the EU 27+UK by implementing the recent EU waste regulation to
determine the possible contribution of the waste management sector to reducing
CO, and to reaching the reduction targets set by the EU.

— To provide an overview of the identified resource saving potential when waste is
recycled or used as fuel for energy recovery/other thermal treatment.

— To identify the potentials arising from the EU landfill targets and more ambitious
theoretical future reductions.

January 2022

The following selected waste streams are assessed:

— Paper

— Glass

— Plastics

— Ferrous metals

— Aluminium

— Wood

— Textiles

— Waste tyres

— Biowaste

— Residual waste/WDF: mixed municipal waste (non-recycled) and rejects from
waste treatment/waste derived fuels

This study, therefore, does not include all waste streams.

The main waste sources, from which these selected waste streams are comprised,

include commercial and industrial waste, construction and demolition waste,

municipal waste amongst others. Information on their statistical composition can be

found in the Annex - EWC codes. Not considered was home composting. This

treatment option was not considered due to a lack of data. In addition, while the

circular economy action plan sets out ambitions for the overall waste reduction, this

study holds waste volume constant at 2018 levels to portray the effect of changed

targets on volumes by treatment route and CO, emissions.

A 20-years time horizon was selected given that the recent IPCC report highlighted

that sectors that emit large amounts of methane (e.g. agriculture and waste

management) and black carbon (e.g. residential biofuel) are important contributors

to warming over short time horizons of up to 20 years. The 20-year time horizon

better represents the so-called ‘individualistic’ point of view of humans, i.e.

emissions effect the lives of the currently living people (most), can be technologically

solved and adapted to. It provides a perspective stressing greater urgency.

Consequently, it was chosen as the default for this study.

A CE Delft Prognos

Qe
Committed to the Environment



Objectives and scope (2)

Identifying the potentials to protect the climate and save resources

= The intention of the study is to help the EU decision-makers in their aim to reduce
CO, levels. It also seeks to contribute to establishing a sustainable European society
in which waste is (re)used in an effective and efficient way. Lastly, it attempts to help
increase Energy Recovery/other thermal treatment to reduce the dependence on
fossil fuels, and facilitate the discussions on how the identified potentials can be
realised in practice.

=  Towards this aim, the following key parameters are modelled in a Baseline "Current
status Quo” (2018) and two projections: “Implementation of current legislation”
(Projection 1) and the highly ambitious “Potentials” (Projection 2).

= Waste volume: The volume of the selected material waste streams and residual
wastes/WDF were calculated by waste treatment route, such as material or Energy
Recovery/other thermal treatment, as secondary raw materials or fuels. While the
waste volumes were kept constant at the 2018 level, different treatment routes
were modelled to reflect the designated targets in the projections. These effect the
energy and resource use of the respective EU Member States plus the UK. Details
can be found in the Chapter 3 Methodology and Data Basis and Annex - EWC-
Codes.

= The main treatment paths of the material waste streams are shown in this study.

= CO, emission factors: CO, equivalence factors were derived based upon the most
recently available data to show the net CO, emissions from waste processing and
associated emission avoidance. Details can be found in the Chapter 3 Methodology
and Data Basis and Annex - CO,, factors.

= Given the limited data basis for mainly transboundary movements and very limited
carbon impact of transport compared to the treatment method, the figures do not
include transport emissions. A sensitivity incl. transport emissions is simulated for
the residual wastes/WDF (as defined by this study) in Chapter 6.

w January 2022

Net CO, emissions by waste stream were calculated for the current net CO,
emissions according to the waste processing route of the selected waste streams to
provide a baseline for comparison with the 2 projections. A 20-year time horizon was
used applying a net CO,,, calculation method based on IPCC [2013]. The CO,
calculation is based on the country specific waste generation data. To indicate
sensitivities alternative CO, calculation approaches (GWP) were also computed, i.e. a
100-year time horizon and a marginal approach. Details can be found in the Chapter
3 Methodology and Data Basis and Annex - CO, factors.

A 20-year time horizon was selected, given the recent IPCC report’s emphasis on
the need to reduce GHG-emissions fast. From a LCA-methodology perspective, the
20-year time horizon better represents the so-called ‘individualistic’ point of view of
humans and a sense of urgency i.e. emissions effect the lives of the currently living
people (most) and can be technologically solved and adapted to.

The CO, factors are harmonized to ensure comparability between countries. This
means that average EU CO, factors for different waste processing activities per
waste stream were derived and applied to all Member States.

Regional focus: The report considers the EU 27 Member States plus the UK. The
selected waste streams were derived based on official statistical sources (e.g.
Eurostat) at country level, where available. The modelling of the Baseline and
projections were confronted with several challenges, especially concerning limited
data availability. This necessitated the use of several modelling assumptions, which
are detailed in the subsequent Chapter 3 Methodology and Data Basis.

For comparability, the waste volume was held constant at the 2018 Baseline-level
for the Projections 1 and 2. Potential impacts of selected key drivers influencing the
quantity, such as population growth, thus, are not considered.

A CE Delft Prognos
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Carbon Emissions from Waste Management

Waste management activities according to the sectors of the National Greenhouse Gas Inventories

Collection / Transport

e sk

Sorting / Pre-Treatment

i..
= ~0

Recovery

-

Disposal

\ 4

A 4 A\ 4

Transport

Direct thermal treatment
Waste derived fuels

Selected (Pre-) Treatment
procedures

Provision of recycled raw materials

and energy sources

= Transport
(CRF* 1.A.3)

Energy

(CRF sector 1)

=> Public Electricity and
Heat Production
(CRF1.A.1.a)

= Manufacture of Solid
Fuels and Other Energy
Industries
(CRF1.A.1.c)

= Manufacturing
Industries and
Construction
(CRF1.A.2)

.

Waste and Waste Water
(CRF sector 5)

Waste landfilling
(CRF5.A)

Biowaste Treatment
(CRF 5.B)

Incineration (without Energy
Recovery/other thermal
treatment) (CRF 5.C)

Waste Water Treatment
(CRF5.D)

Others —e.g. MBT (CRF 5.E)

Industry
(CRF sector 2)

e.g. (not exhaustive)

>
>

2>

Glass Industry (CRF 2.A.3)

Chemical Industry
(CRF 2.B)

Metal Production (CRF 2.C)

Road Asphalting
(CRF2.D.3)

Pulp and Paper Production
(CRF 2.H.1)

*CRF: Common reporting format (CRF) tables - a series of standardized data tables containing mainly quantitative information

Source: [IPCC 2019]

January 2022

Waste management cannot be regarded as a silo
industry, as many interlinkages to other sectors exist.
Some of these activities are causing, others
preventing GHG-emissions such as:

— Emissions from transport (waste collection,
transport of residuals, secondary raw materials
(more recently/future: avoided emissions from
fuels co-produced for incineration).

— Avoided-emissions through the provision of heat
and electricity replacing fossil fuels.

— Avoided-emissions in industries using waste
derived fuels such as cement and metal industry
replacing fossil fuels.

— Avoided-emissions in industries processing
recycled raw materials replacing the extraction
and processing of primary raw materials.

The present structure of the national greenhouse gas
inventory reported to the UNFCCC, which the IPCC
bases its calculations on, however, only incompletely
describes these interlinkages, as emissions are
calculated by sector. Thus, it incompletely describes
the services of waste management in climate
protection via sector 5 "waste".

To model the climate impact of waste legislation
these interlinkages need to be considered.

A CE Delft Prognos
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Methodology
and Data Basis
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Projections — Three scenarios
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Assumptions
for Projections

January 2022

Three scenarios

Baseline - 2018

“Status quo”
CO,-emissions* from current waste processing in the EU27 and
the UK in 2018.

Projection 1 - 2035 (2040)

“Implementation of current legislation“

CO,-emissions* from waste processing in the EU given a
successful implementation of existing waste regulation and
recycling targets by EU27 and the UK, which are extended to
commercial and industrial waste (see full assumption in slide 22).

Projection 2 - 2035

“Potentials”

CO,-emissions* from waste processing in the EU27 and UK incl.
the impact of a more ambitious CO,-emissions legislation with
more recycling and less landfilling.

* Net CO,.,emissions are calculated based on a 20-year global warming potential
(GWP) perspective.

| ACEDelt Prognos
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Baseline - 2018

~Status quo”

Background

Goal: The goal of this study is to show the net CO, emissions from waste processing
in the EU27+UK by providing a baseline for comparison with the two future
projections.

Waste volume: The volume of the selected material waste streams and residual
wastes/WDF were calculated by waste treatment route, such as material or Energy
Recovery/other thermal treatment, as secondary raw materials or fuels. While the
waste volume was kept constant, different treatment routes were modelled to reflect
the designated targets in the projections. These effect the energy and resource use
of the respective EU Member States plus the UK. Details can be found in the
Chapter 3 Methodology and Data Basis and Annex - EWC-Codes.

The main treatment paths of the material waste streams are shown in this study.

CO0, emission factors: CO, equivalence factors were derived based upon the most
recently available data.

Net CO, emissions by waste stream: CO, equivalence factors were calculated
based upon the most recently available data using a 20-year time horizon by
applying a net CO,, calculation method based on IPCC [2013]. The CO, calculation
is based on the country specific waste generation data. To indicate sensitivities,
alternative CO, calculations approaches were also computed, i.e. a 100-year time
horizon and a marginal approach.

January 2022

Assumptions

Waste data: Given that no complete dataset on the individual treatment and
disposal routes for the selected waste streams exists, estimations of waste volumes
generated were derived based upon statistically recorded wastes within the EU
27+UK in 2018. For this end, a broad range of waste related official documents,
studies and waste stream related literature were analysed. Additionally, several
interviews with relevant stakeholders were carried out to verify necessary
assumptions regarding waste composition, waste stream specific shares, treatment
routes, as well as sorting and recycling losses. Compared to the 2008 study, the
availability of official detailed waste data has declined.

Included waste streams: The inclusion of waste sources of the selected waste
streams, as described in the Introduction and more detailed in Annex - EWC-Codes,
was as extensive as possible.

Data gaps and inconsistencies: In addition to the lack in the detail of the available
and current waste data, data inconsistencies were identified, e.g. between the waste
volumes originated and treated across Europe. Reasons may include import-export
effects, exclusion of certain recovery and disposal (R/D) treatment procedures, data
confidentiality, direct deliveries to production facilities, or methodological and data
errors.

Due to limited data availability, CO, emission factors are derived for the overarching
situation across EU27+UK by waste stream and treatment route (see Annex - CO,
Factors Sources and Explanations). CO, factors may differ in certain Member States
from the harmonized factors used in this study, e.g. due to differences in electricity
mix, WIE plant efficiencies, landfill practices and energy efficiency at recycling
facilities.

To provide a holistic picture, net CO, emissions are shown, which is the sum of the
emissions generated by the waste treatment route and the avoidance through, e.g.,
the waste’s material or Energy Recovery/other thermal treatment. Their composition
is detailed in the Annex - CO, Factors per Scenario.
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Projection 1 - 2035 (2040)
~implementation of current legislation

Background Assumptions

Goal: The goal is to show the impact of the implementation of the existing European
legislation with a focus on the selected waste streams of the study, i.e., to show the
development against the Baseline.

Considered legislation: Existing EU Directives to be implemented into national
legislation formed the basis of the targets. Already achieved higher targets are
carried over. Additional specific national legislations were not considered. The
achievement of the targets per Member State was assumed. A derogation option for
respective countries was considered by a marginally lower target and modelled as a
sensitivity. For the realization of the legislation targets, it was assumed that societal
behaviour, product design, and technical capacities are given.

Net CO, emissions by waste stream: CO,net-emissions by waste streams were
calculated for Projection 1 to identify the future potential CO, savings compared
against the status quo Baseline.

Theoretical potential: The modelled projection reflects the theoretical potential
assuming the use of best available technologies, along with necessary behaviour,
societal and product design changes.
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Waste volume: For the projections 2035 the waste volume was held constant at the
2018 level. Potential impacts of selected key drivers influencing the quantity, such
as population growth or changes in waste composition, were not considered.

Calculation method: Given the data situation and for reasons of comparability,
calculation method 4 (calculation of preparation for re-use/recycling against the total
municipal waste) was applied to all countries considered regardless which method
was applied domestically. It follows the method pursuant to Decision 2011/753/EU
“Preparation for reuse and recycling of municipal waste”. This calculation method is
related to the recycled amount of municipal waste in general.

— This implies a change of calculation methodology to an output-oriented
methodology (i.e. point of measurement) requiring the application of average
sorting losses to derive the needed recycling output to achieve the modelled
recycling target.

For comparability, the applied CO, factors have the same methodological
background as the factors for the Baseline scenario.

The current legislation scenario refers in this study to the waste treatment route
targets. The requirements of the EU Landfill Directive to extract landfill gas for energy
use is not considered. This allows for better comparability against the baseline. Also
only limited data is available for its calculation. The model considered an average
methane recovery rate of 53% as provided by the available datasets. The datasets,
therefore, include the net methane emission.

Modelled targets and sorting and recycling losses: Based upon the considered
legislation, targets for recycling and landfilling were modelled. In addition, it was
assumed that the sorting losses of specific wastes are lower through improved
sorting and pre-treatment technology and behavioural change. In contrast, recycling
losses from heterogenous wastes were increased, where possible, to account for the
increasing challenge to extract recyclable material. For details and additional
assumptions on treatment routes see Chapter 3.2 Data Modelling.
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Projection 2 - 2035 (2040)
,Potentials“

Background Assumptions

Goal: The goal is to show the impact of a more ambitious legislation with more
recycling and less landfilling of the selected waste streams of the study resulting in
an increase in energy recovery/other thermal treatment, i.e., to show the
development against the Baseline.

Net CO, emissions by waste stream: Net CO,net-emissions by waste stream were
calculated for Projection 2 to identify the future potential CO, savings of more
ambitious targets compared against the status quo Baseline, given that realistic
technical optimization, societal behaviour, product design and technical capacities
are provided to protect the climate.

Theoretical potential: The modelled projects reflect the theoretical potential
assuming the use of best available technologies, along with necessary behaviour,
societal and product design changes.

This scenario is based upon the discussions with the clients on a further marginal
intensification of recycling, assuming that technical capabilities and behavioural
changes needed by all actors along the value chain are provided.
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Waste volume: The projection for 2035 applies the 2018 waste volume as a
constant for the projections. Potential impacts of selected key drivers influencing the
quantity, such as population growth and change in waste composition, were not
considered.

Modelled targets and sorting and recycling losses: More ambitious targets for
recycling and landfilling were modelled. Sorting losses were modelled as described
for Projection 1. Additional assumptions on treatment routes are described in the
Chapter 3.2 Data Modelling.

Landfilling: Waste streams suitable for recycling and recovery were not allocated to
landfilling in the modelling of Projection 2, even though it is widely recognized that
landfill capacities will need to remain (e.g. to handle contingencies such as flood
disasters or other treatment plant breakdowns, as well as to treat wastes not
considered in this study). Waste disposal through landfilling here, thus, only reflects
the modelled waste streams. If the not considered specific waste streams were
included, landfilling may be higher. Also, the requirements of the EU Landfill
Directive to extract landfill gas for energy use is not considered (also see
Projection 1).

Technological developments: The waste management industry is an evolving
industry with ongoing technological innovation and development and, thus,
improvements in resource conservation and emission reduction. One of these
promising developments in the future is chemical recycling and carbon capture,
utilisation, and storage. A brief description of these technologies is provided in
Chapter 5.4 Plastics and 3.3 Data Modelling - CO, factors . As data on the recycling
yield, carbon footprint and technical feasibility of chemical recycling and carbon
capture are still insufficient, they are not included in the model of this study.

Energy mix: The CO, factors for this projection include expected changes to the heat
and electricity mix in the year 2035 (see Chapter 3 Data Modelling - CO, factors).
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Projection 1 and 2
Waste treatment targets

Overview of target-based assumptions for reuse/recycling/recovery

Projection 1

Projection 2

Recycling

Landfilling

Residues

* Municipal waste:

— 65% target (for derogation option 60%)

— Output-based calculation based on calculation methodology 4 (pursuant to Decision
2011/753/EU) (measurement point after sorting, see slide 34)

— Home composting is not considered

Packaging waste:

— Implementation of the Material specific Packaging Directive targets

C&I waste (waste streams related):

— 65% Output-based recycling target as for municipal waste*

CDW (waste streams related):

— 65% Output-based recycling target as for municipal waste*

WEEE (waste streams related):

— WEEE category specific targets according to WEEE Directive

ELV (waste streams related):

— 85% reuse / recycling target

Waste tyres:

—  95% recovery target / no specific recycling target

* Municipal waste:

— < 10% target or status quo if lower (for derogation option 15%),
Cé&l waste (waste streams related):

— < 10% target or status quo if lower, as for municipal waste

» Average Sorting loss rates per waste stream at point of measurement and recycling loss
rates (please refer to next section)

Treatment routes:

— As per Baseline scenario

— Additional losses suitable for recycling and recovery are not allocated to landfill

* Municipal waste:
— As Projection 1
— 60% recovery (composting/digestion) target for biowaste
Packaging waste:
— Higher material specific Packaging Directive targets
C&l waste (waste streams related):
— 70% Output-based recycling target
CDW (waste streams related):
— 70% as Projection 1 (recycling target for non-mineral fractions)
WEEE (waste streams related):
— Higher WEEE category specific targets
ELV (waste streams related):
—  90% reuse / recycling target
Waste tyres:
— 80% reuse / recycling target

Municipal waste:

— Waste streams suitable for recycling and recovery are not allocated to landfill,

ensuring that biowaste is accounted for as diverted from landfills

Packaging waste; C&I waste (waste streams related):C&| waste (waste streams related);
CDW (waste streams related); WEEE; Waste tyres:

— wastes suitable for recycling and recovery are not allocated to landfill.
The landfill treatment modelled only reflects the selected waste streams. Necessary
landfilling of other not considered specific waste streams may be higher.

Average Sorting loss rates per waste stream at point of measurement and recycling loss

rates (please refer to slide 25 for assumptions on sorting/recycling losses)

* Treatment routes:

— Waste streams suitable for recycling and recovery are not allocated to landfill

— Note: landfilling of specific residues will still be necessary (e.g. asbestos) but these
specific waste streams are not part of the scope of this study.

* Based on the legislative targets for municipal waste, the same assumptions were applied to other waste areas i.e. commercial and industrial waste, and construction and demolition waste, which do not have non-
mineral waste stream specific targets, for the selected material waste streams.
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Projection 1
European legislation considered

Legal act Relevant regulation

= Legal framework for the handling of waste in the Member States.
= Waste hierarchy for dealing with waste: (1) prevention, (2) preparation for re-use, (3) recycling, (4) other, e.g. Energy Recovery,

Waste Framework Directive backfilling (5) disposal.

2008/98/EC = Binding targets for the separate collection of recyclable materials from households.
Entered into force on 12 December 2008 = Recycling targets since 2020:
currently valid version — 50% for MSW

—  70% for mixed CDW

. . = Binding targets for the separate collection of construction and demolition waste from 2022, organic waste from 2024 and textiles
Directive (EU) 2018/851 of the from 2025

European Parliament and of the
Council of 30 May 2018 amending
Directive 2008/98/EC on waste

Entered into force on 4 July 2018

= Higher recycling targets for MSW:

— 2025:55% = 2030: 60% = 2035: 65%
= Longer transition periods for countries with low recycling and high landfill rates in 2013.
= Change in calculation methodology (output-based)

Directive (EU) 2018/850 of the
European Parliament and of the
Council of 30 May 2018 amending
Directive 1999/31/EC on the landfill
of waste

Entered into force on 4 July 2018

= Limitation of MSW sent to landfills to a maximum of 10% of the MSW volume by 2035 (2040 for countries that were granted a
derogation option as they landfilled more than 60% of their MSW in 2013)

= Limitation of biodegradable waste sent to landfills to a maximum of 35% by weight of biodegradable municipal waste as of 1995
since 2016 (2020 latest for countries that were granted a derogation option)

= Ban on tyres (whole tyres and shredded), medical waste, liquid, flammable, explosive or corrosive waste
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Projection 1
European legislation considered

Legal act Relevant regulation

= General goal of reducing packaging waste and increasing material recycling.

Directive (EU) 2018/852 of the = Recycling targets until 31 December 2025 = 31 December 2030 respectively (weight as reference value):

European Parliament and of the — Plastics (50% = 55%); wood (25% =» 30%); ferrous metals (70% = 80%); aluminium (50% =» 60%); glass (70% = 75%);
Council of 30 May 2018 amending paper and cardboard 75% =» 85%); packaging in total (65% = 70%).

Directive 94/62/EC on packaging = Member states shall take measures to increase the share of recyclable packaging, such as deposit systems or economic
and packaging waste incentives (Art. 5).

Entered into force on 4 July 2018 = Member states shall take the necessary measures for the introduction of take-back, collection and recovery systems (Art. 7 (1)).

= Introduction of Extended Producer Responsibility by 31 December 2024 (Art. 7 (2)).

. = The main objective of the WEEE Directive is to prevent the production of WEEE and to promote a resource efficient and
Directive ~ 2012/19/EU  of  the environmentally friendly handling by re-using, recycling and otherwise recovering of such wastes.
Europgan Parliament and of the = Targets as per WEEE category from 15 August 2018 for reuse and recycling/recovery:
gzzrr‘i:tl:laloaf\n: :Iuel (‘:/trcz)g:cz e:rsli;vn?::i Cat. 1 + 4 (Temperature exchange equipment + large equipment): reuse and recycling rate of 80%, recovery rate of 85%
(WEEE) Cat. 2 (Screens and monitors): reuse and recycling rate of 70%, recovery rate of 80%
Entered into force on 13 August 2012 — Cat. 5 + 6 (Small equipment + small IT/tele equipment): reuse and recycling rate of 55%, recovery rate of 75%

— Cat. 3 (lamps): reuse and recycling rate of 80%

Directive = 2000/53/EC  of the = The End-of- Life Vehicles Directive addresses the end of life for cars and automotive products and promotes their reuse,
European Parliament and of the recyclability and recovery

Council of 18 September 2000 on = Targets since 2015 (by average weight per vehicle and year):

end-of life vehicles — reuse and recycling: 85%

Entered into force on 21 October 2000 — reuse and recovery: 95%
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Baseline, Projection 1 and 2

Assumptions on sorting and recycling losses

Overview of assumptions for sorting/recycling losses

Results of literature review / interviews
Range identified for total

Sorting losses

Applied in this study

Recycling losses

Applied in this study

losses
Waste stream No of from to Baseline Projections Baseline Projections
sources* (2018) (2035) (2018) (2035)

Paper 9 (6) 2% 15% 8% 5% 12% 12%
Glass 8 (6) 1% 35% 10% 5% 5% 5%
Plastics 19 (15) 5% 54% 35% 25% 15% 15%
Ferros (Steel) 8 (4) 2% 21% 5% 3% 12% 12%
Aluminium 4(4) 3% 17% 5% 3% 12% 12%
Wood 3(3) 4% 10% 10% 5% 10% 10%
Textiles 1(2) 20% 20% 20% 10% 10%
Biowaste 12 (6) 1% 18% 15% 10% - -
Tyres 2% 2% 5% 5%

* Number of data sources identified and evaluated, number in brackets refer to the number of data sources with information for recycling

losses

Sources: Desk research, expert interviews
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Explanation

Literature and expert interviews provide varying
indications on the sorting losses, i.e. the difference
between inputs and outputs of wastes for recycling.
Figures on sorting losses from available data sources
reflect a broad range of specific conditions, such as
collection systems (bring-/pick-up systems), collected
fractions (single/co-mingled), spatial factors
(rural/urban), specific “sub-"fractions (e.g. news
paper only) etc.

In addition, there is not always a clear distinction
between losses from sorting and losses from
recycling.

Consequently, a derivation of averages was applied by
weighting available data based on the types of
collection and countries.

The respective sorting losses were subsequently
applied to the waste specific waste streams in the
Baseline and the Projections 1 and 2 as shown in the
table to the left.

Given the heterogenous waste composition of the
other considered waste sources, the projections
required additional considerations. Given higher
impurities of these heterogenous wastes, an up to
~20% higher sorting loss was applied where
compatible with the projection targets.

For the municipal solid waste (MSW) a country
specific sorting loss was derived based upon the
share of the waste stream in the estimated waste
composition of municipal waste.
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Data Modelling — Waste volume
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Data Basis

Use of comparable publicly available data

Eurostat

For methodological reasons, a comparable and consistent data base
for all EU Member States and UK from Eurostat was chosen. The data
on the waste generation, treatment, and transboundary shipment
published by Eurostat is based on the European Waste Statistics
Regulation. The reference year used is 2018.

Other statistical sources

As data published by Eurostat is available on an aggregated level only,
additional country specific statistics, as well as statistics provided by
relevant associations were assessed to verify the waste stream
specific data, fill data gaps, and to derive necessary assumptions.

Literature review / expert opinion

Additionally, a broad range of waste related official documents,
studies, and waste stream related documents were analysed and
several interviews with relevant stakeholders carried out to verify
necessary assumptions regarding waste composition, waste stream
specific shares, treatment routes etc.

Data sources used are summarized in Annex Bibliography
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Data modelling

Data collection and processing

Waste generation data for the selected waste streams is not
available from official statistical sources at the European level.
Thus, waste stream volumes needed to be derived by drawing
upon the different statistical waste sources across the different
waste classification systems and data sources, especially from
Eurostat and ETRMA’s End-of-Life Tyres statistics.

Data modelling - waste volume

Building upon the list of waste (LoW) classification some waste
codes are specific, while most have a heterogenous composition
of waste materials. To derive at a realistic waste potential, also
heterogeneous waste codes were considered. Their composition
for each waste stream and country varies. Data inconsistencies
and gaps presented a reoccurring challenge at each data
processing step.

Data modelling - CO2 factors

The CO, emission factors are based on existing inventories, such
as the Ecoinvent database, and existing life cycle assessment
(LCA) studies. For modelling the treatment routes the Simapro
LCA software was used. Existing models have been adapted to
represent the EU average situation. The methodology is detailed
in the subsequent chapter.
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Data Modelling: Data collection and processing

Statistical waste data sources to derive volumes by waste stream

Mapping of wastes of
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mapped waste for each
waste stream

Explanation

Waste generation data for the selected waste streams are not available from official
statistical sources at the European level. Their waste potential needed to be derived by
drawing upon different waste sources across different waste classification systems and
data sources.

I. Working step I: Mapping of relevant wastes to selected waste streams

1. Based on the list of waste (LoW) classification relevant wastes were identified and
mapped to the selected waste streams (see Annex EWC-Codes).

Il. Working step Il: Maximising use of available data

2. Available data by LoW classification is, however, insufficient at the European level to
derive the data basis on waste stream volume. Detailed waste data in the LoW
classification (EWC) is only available for few countries. These are used as input to
sub-step 4.

1ll. Working step lll: Conversion of selected LoW to EWC-Stat classification

3. Drawing upon the Table of Equivalence between EWC-Stat Rev 4 and the LoW, the
previous LoW mapping was converted to the EWC classification for which waste data
is principally available for the EU27+UK.

4. Given no 1:1 relationship, this conversion drew upon the shares of the known
relationships between Low and EWC from the few available countries. Their average
was applied to the remaining countries.

IV. Working step IV: Country specific waste stream specific share

5. The shares from sub-step 4 provide an estimate of the relevant wastes to be
considered, but not yet the relevant respective part for each waste stream. By
drawing upon literature, complementary statistics, and expert interviews, the waste
composition of each EWC-mapped waste for each country was decomposed to derive
the relevant waste stream part for the respective selected waste stream.

6. The respective shares from step 4 and 5 were applied to the waste data in EWC
classification. Sub-step 4 was not applicable to the data sources WEEE and ELT.
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Data Modelling: Waste volumes and treatment routes

Baseline: Data modelling (illustrative overview)

Basis: treatment routes of waste sources
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Explanation

Data modelling was carried out in 4 working steps with several sub-steps

Waste sources > Waste stream volumes I,
@ shares

Working step I: Data collection, processing and deriving of the waste streams within
the scope of this study (described in the previous section)

Working step lI: Allocation of treatment routes

3. Waste stream treatment routes: The waste treatment routes of the respective EWC-

Stat code were applied drawing upon the respective datasets.

— Data gaps: Projecting data to fill data gaps in treatment routes data and/or by
application of the EU average

4. Generation-Treatment gap in the waste specific wastes: Amount was assumed to be
treated mainly within Europe except for plastic and textiles with very large gaps.

These gaps are likely caused by exports to outside Europe.

— As the treatment routes and the quality of final treatment could not be confirmed
by the secondary sources, these volumes are processed as an “unknown
treatment” and presented separately in the results and considered as additional
potentials in the projections. The potential is then assumed as treated in the EU.

Ill. Working step llI: Treatment routes, sorting and recycling losses

5. Adjustments in the recycling treatment volumes

— Accounting for sorting losses in recycling of the waste specific wastes.

— Given that most recycled wastes of the selected waste streams are part of the
waste specific wastes, it was assumed that the remaining amount in the
heterogenous wastes are largely not part of the recycling amount. The respective
treatment routes were adjusted to reflect this.

— These sorting and recycling losses, as well as non-recycled municipal residual
waste for the waste streams, subsequently both feature in the material waste
streams and residual wastes/WDF. This is marked as a data overlap. The selected
material waste streams and residual wastes/WDF are analysed separately.

— The methodological assumptions on the distribution treatment routes may lead in
the case of construction and demolition wastes (esp. for wood), with data
available at only a very high aggregate level, which includes soils and stones, to an
overestimation of energy recovery/other thermal treatment relative to the other
treatment routes.

6. Additional distributive consideration of the treatment routes for compatibility with the
treatment routes provided by the CO, calculation method.
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Data Modelling: Waste treatment projections

Projections: Data modelling (illustrative overview)
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Explanation

Projection modelling was carried out in 4 working steps with several sub-steps
I. Working step I: Data transfer from Baseline scenario.

1. For methodological reasons, the amount of waste was left at 2018 levels.
Il. Working step II: Target-based allocations

2. Reallocation of waste streams by treatment routes

— Recycling target: Re-allocating volumes to satisfy an output-based approach and
targets defined by Projection 1 and 2.

— Landfill targets: Re-allocating volumes to satisfy the maximum amount provided by
the defined targets.

— Accounting for derogation option in Projection 1 as the default.

IIl. Working step lll: Treatment routes, sorting and recycling losses
3. Adjustment of assumptions about sorting losses of waste specific wastes as defined
for the projections. Considered improvements in collection and sorting/pre-treatment
lead to lowered sorting losses and, thus, slightly higher output rates for recycling.
4. Accounting for treatment routes of direct treatment routes and indirect treatment
routes (sorting losses)

— After sorting, and point of recycling target calculation, additional treatment splits
for the CO, calculation (direct, recycling losses, and sorting loss) are carried out to
account, e.g., for difference in residual waste/WDF with a high and low calorific
value.

— These sorting and recycling losses as well as the non-recycled municipal residual
wastes subsequently both feature in the material waste streams and residual
wastes/WDF. This is marked as an overlap. The selected material waste streams
and residual wastes/WDF are correspondingly analysed separately.

IV. Working step IV: Calculation of CO, emissions
5. Respective country level treatment volumes computed against available CO, factors
per waste stream and treatment route for the following GWP/time horizons:

— 20-year time horizon (with and without derogation option for the MSW targets)

— 20-year time horizon with marginal approach (as a sensitivity)

— 100-year time horizon (as a sensitivity)
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Data Modelling — CO, factors
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Data Modelling - CO, factors: Methodological background

Methodological background

A 20-year time horizon was selected, given the recent IPCC report’'s emphasis on
the need to reduce GHG-emissions fast. From a LCA-methodology perspective, the
20-year time horizon better represents the so-called ‘individualistic’ point of view of
humans and the sense of urgency i.e., emissions effect the lives of the currently
living people (most), and that climate change can be technologically solved and
adapted to.

The recent IPCC findings of the recent IPCC report point out that sectors that emit
large amounts of methane (e.g. agriculture and waste management) and black
carbon (e.g. residential biofuel) are important contributors to warming over short
time horizons of up to 20 years. Further, “Cutting methane emissions is the best way
to slow climate change over the next 25 years”, according to Inger Andersen,
Executive Director of United Nations Environment Programme.

CO, factors are harmonized to ensure comparability between Member States. This
means that the same average EU CO, factors per waste stream and treatment were
applied to each Member State.

Per waste treatment route, the net CO, equivalent emissions were calculated per
tonne of waste. This net result represents the emissions minus the avoided
emissions, due to generated power, heat, secondary materials or fuel replacing
primary material. The net results were linked to the inventoried waste volumes. The
emissions, avoided emissions, and net results per tonne of treated waste material
are documented in Annex - CO, factors.

The CO, factors are based on existing inventories, of existing LCA studies and the
Ecoinvent database. No new inventory was performed for this study.

Effects of carbon capture, utilisation and storage of WtE plants were not included in
the study’s model as it cannot yet be considered a common practice. A brief
description is, however, provided.

January 2022

Simapro LCA software was used to model the waste treatment routes and calculate
the CO, factors. The Ecoinvent database v.3.6, available within Simapro, contains
environmental (emission) inventories for landfilling, incineration, energy carriers and
production of materials.

Existing models, in which inventory data is linked with environmental background
information, have, however, been adapted to represent the average current EU
situation. For Projection 2 also changes to the model were applied, such as by
applying a future electricity mix (i.e., forecast). See details in the Annex.

The inventory on which the CO, factors are based could have originated from a study
conducted at national level, or from a specific company. In this study, however, the
background data is averaged on EU level, for instance, the average EU electricity
mix and the EU average net efficiency of waste-to-energy (WLE) plants were applied.

CO, results were calculated with the impact assessment method ‘IPCC 20a’ [IPCC
2013]. The time horizon for greenhouse gas (GHG) effects in the atmosphere, thus,
is 20-years. CO, factors with a 100-year time horizon (IPCC 100a) are also
calculated for a sensitivity assessment.

The avoided emissions from incineration in a WtE plant are based on the average
electricity and heat mix. As a sensitivity assessment, CO, factors were also
calculated with a marginal approach. This means that the most carbon intensive
power generation technologies - fossil fuel sources - are avoided instead of the
average mix.

The emission and uptake of biogenic CO, from incineration of biobased materials is
excluded and, thus, not part of the CO, factors. This is in line with LCA methodology
stating that the net emission of biogenic CO, is net zero: the uptake of CO, from the
air by plants and trees is equal to the biogenic CO, emission after disposal. The
release of (biogenic) methane from landfills is included, since methane is a stronger
greenhouse gas than CO,.
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Data Modelling - CO, factors: Recycling (1)

System boundaries for recycling
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General explanations

= This figure shows schematically the life cycle stages
and products included in the calculation of emissions
and avoided emissions by recycling.

= The measurement point for recycling is after sorting.
This means that the CO, factors are applicable to
1 tonne of sorted material. This approach fits best
with the waste volume modelling described above.

= Aspects that lead to emissions are:
— Energy related to sorting
— Energy, auxiliary materials, water consumption
related to preparation for recycling and recycling
processes
— Final treatment: waste treatment of sludges,
residues, removed materials at point of recycling.

= Avoided emission: The mass balance is important.
This determines the amount of produced secondary
(recycled) material. This secondary material avoids
the production of primary materials, leading to
avoided emissions.
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Data Modelling - CO, factors: Recycling (2)

Sorting and pre-treatment

During sorting and pre-treatment processes, impurities are removed (dirt, non-target
materials). Separately collected waste glass, for instance, contains also paper labels,
bottle stoppers and lids (cork, plastic, aluminium). As glass is the target material for
recycling, during a sorting step these non-target materials are removed. Some are
recyclable, such as the metal fraction. Some are suitable for co-incineration
(plastics). Remaining residues like sludge are incinerated and landfilled. Each CO,
factor for recycling of a specific material does not include the recycling or
incineration of removed other (‘non-target’) materials. For the recycling and
incineration of each material, a separate CO, factor is available. In the CO,
assessment, in which the CO, factors are linked to waste statistics, all recycled and
incinerated fractions are included. All fractions are linked to their specific CO, factor.
For instance, the recycling of metals removed during the sorting processes of glass
and plastics recycling are statistically covered under metal recycling, not as glass or
plastics recycling. The setup of the CO, factors reflects these allocations to avoid
double counting.

During the sorting and recycling process, it is inevitable that some of the target
material is lost and will not be recycled. In the example of glass, tiny, sand-like glass
fragments are lost while only the larger glass cullets are recycled. The mass balance
(input - output) considers these eventual losses of the target material. Finally, the
recycled material, also called secondary material, avoids the production of primary
materials of similar quality.

Source: CE Delft

January 2022

Chemical recycling of plastics

Chemical recycling of plastics is only be described qualitatively in the study, rather than
quantified, given that:

Diverse techniques exist for the recycling of various plastic types, which creates a
diverse range of final products.

Techniques are in various stages of development (i.e. technical readiness).
Full-scale LCAs are mostly confidential.

Publicly available ‘quick scan’ figures are based on assumptions and do not cover all
process steps and are, therefore, deemed to be too limited to draw robust
conclusions from.
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Data Modelling - CO, factors: Incineration in a waste-to-energy (WtE) plant (1)

System boundaries for incineration in a WE plant
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Source: CE Delft
January 2022

General explanations

This figure shows schematically the life cycle stages and
products included in the calculation of emissions and
avoided emissions by incineration in a WtE plant.

For incineration in a WtE plant the CO, factors are
applicable to 1 tonne of material. Factors are provided
both for specific materials and for average municipal
residues.

Emissions originate from the incineration of the waste
itself (direct emission) and energy consumption and
auxiliary substance use related to the handling of waste
and other operations at the WtE plant.

A WLE plant generates heat and/or power, which avoids
generation of heat and electricity from conventional
sources. These avoided emissions are included as a
CO, benefit (i.e. avoidance) in the study.

The net result for WLE incineration used in the
assessment represents the emissions minus the
avoided emissions. The emissions, avoided emissions,
and net total per tonne of waste material are reported
in the Annex - CO, factors.

Metal recovery from bottom ash is not included in the
CO, factors for incineration but allocated to the metal
waste stream. For steel and aluminium recovery from
bottom ash, a separate CO, factor is available.
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Data Modelling - CO, factors: Incineration in a waste-to-energy (WtE) plant (2)

EU average net electrical and thermal efficiencies

CEWEP [2021] has provided data on net EU efficiencies for electricity and heat from
WILE plants for this study:

— Net export electrical efficiency: 15%
— Net export thermal efficiency: 32%
The net efficiencies are based on:

— A representative sample of WLE plants in the EU in terms of age and type: heat
only plants, electricity only plants, and combined heat and power plants.

— Actual reported electricity and heat, representing the average operating status
per plant.

— Weighting according to capacity.

The average net efficiencies do not represent a specific WtE plant, but they are

representative of the overall EU WIE fleet.

— There are differences in the operating range of a plant depending on the location
and the seasonality. For instance: in Nordic countries WtE facilities are typically
more oriented towards heat production, whereas in warmer countries WtE
facilities are more oriented towards electricity production.

— In this study, when calculating CO, factors for incineration, the same efficiencies
were applied to all materials/waste streams.

CEWEP also provided an outlook for Projection 2. Higher net efficiencies for both

heat and power recovery were predicted, based on the assumption that older plants

will be substituted by more efficient facilities, typically as CHP plants that will
gradually also become more predominant in Europe in the future.

The estimated future average net EU efficiencies for electricity and heat from WtE

plants, calculated for this study by CEWEP [2021], are:

— Net export electrical efficiency: 20.4%

— Net export thermal efficiency: 43.3%

Source: [EC 2018], [EC 2020], [CEWEP 2021], [Ecoinvent v.3.6], assessment and calculation by CE Delft

January 2022

Average EU electricity mix

The electricity mix is relevant for waste treatment processes, production of primary
material (being avoided through recycling) and avoided electricity from other sources
by incineration in WtE plants.
The following CO, factors were used within this study for the average electricity mix:
— Status quo: 0.415 kg CO,./kWh (100y perspective)

0.453 kg CO,,/kWh (20y perspective) [Ecoinvent v.3.6]
— Projections (2035):  0.150 kg CO,,/kWh [EC 2020]

Average EU heat mix

The heat mix is relevant for avoided heat generated from other sources by
incineration in WtE plants. The source shows that the heat mix is expected to change
only marginally, as the heat sector is facing a greater decarbonization challenge than
the electricity sector. Therefore, it is reasonable to assume that the CO, factor will be
stable for all three scenarios.

The following CO, factor was used within this study for the main assessment:
0.0596 kg CO,,/MJ [EC 2016].

A CE Delft Prognos
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Data Modelling - CO, factors: Incineration in a waste-to-energy (WtE) plant (3)

EU average net electrical and thermal efficiencies

= Marginal approach: as a sensitivity assessment, results were also calculated with
CO, factors that represent a marginal approach for avoided electricity and heat from
WLE plants. A marginal approach means that the energy generated at WtE plants
avoids the most carbon intensive conventional power generation technologies -
fossil fuel sources - instead of the average electricity and heat mix that also
contains renewable energy.

Marginal EU heat mix

= The share per heat source in Europe is provided by EC [2016].

= The marginal EU heat mix is based on the shares of fossil heat sources extrapolated
with the share of renewable heat (27%).

= The future heat mix is expected to change only slightly, as the heat sector is facing a
greater decarbonization challenge than the electricity sector. Therefore, the shares
were kept the same for all three scenarios.

= The following shares were used within this study:

Fossil power source for heat, Baseline & Projection 2

marginal approach Projection 1 (2035)
Natural gas 57.5% 57.5%
Coal 2.7% 2.7%
Fuel ol 21.9% 21.9%
Electric 17.8% 17.8%

Sources: [Agora & Sandbag 2020], [EC,2016], [Ecoinvent v.3.6], assessment and calculation by CE Delft

W January 2022

Marginal EU electricity mix

The share per electricity sources in Europe is provided by Agora & Sandbag [2020].

The marginal mix was based on the fossil sources for electricity - oil, coal, lignite and
natural gas - extrapolated with the share of non-fossil sources (renewables and
nuclear)

For the future marginal electricity mix it was assumed that the most CO, intensive
sources - oil, coal and lignite - will be phased out.

The following shares are used within this study:

Fossil power source for electricity, Baseline & Projection 2
marginal approach Projection 1 (2035)
Natural gas 54.4% 100%
Oil 9.0%
Coal 17.0%
Lignite 19.5%

For all power sources, multiple Ecoinvent datasets are available: for most EU
Member States datasets are available per power source and sometimes for more
than one technique. Per power source, an unweighted average of all the available
datasets was created.
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Data Modelling - CO, factors: Co-incineration in coal-fired power plants

System boundaries for co-incineration (coal-fired power plant)
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Legend

| Measurement point |

| Life cycle stage causing emissions |

Obtained final product

| Aspect leading to avoided emissions

T = Transport

= WDF may be co-incinerated in a coal fired power plant. Not all materials are suited for co-incineration. CO,
factors are provided for plastics, paper/cardboard, tyres and mixed WDF (paper/plastic).

= A combined CO, factor is provided for co-incineration: a certain share of waste is attributed to co-incineration in
a coal-fired power plants, another share to co-incineration in cement kilns.

Source: [Ecoinvent v.3.6], interviews provided, assessment and calculation by CE Delft

" January 2022

Avoided emissions

= Co-incineration in a coal-fired power plant avoids the
use of coal as an energy source. The coal substituted
was based on:

— The lower heating value of the material (for material
specific LHVs see Annex - CO, Factors: Sources and
Explanations)

— Information on the CO, emission per GJ coal
incinerated in a furnace: 89,8 kg COQeq/GJ coal.
(Emission factors per energy carrier derived from
RVO [2020])

= One CO, factor was established for both types of co-
incineration. The distribution assumed in this study is:

Co-incineration Baseline & L.
I Projection 2
route Projection 1
Coal fired plants 50% 10%
Cement kilns 50% 90%
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Data Modelling - CO, factors: Co-incineration in cement kilns

System boundaries for co-incineration (cement kiln)

1 tonne of material,

(calorific value)

.
representing x MJ LT

\

)

|

Cement kiln

Avoided: x MJ from fossil

energy sources

Legend

| Measurement point |

| Life cycle stage causing emissions |

Obtained final product

| Aspect leading to avoided emissions

T = Transport

= WDF may be co-incinerated in a cement kiln. Not all materials are suited for co-incineration. CO, Factors are

provided for plastics, paper/cardboard, tyres and mixed WDF (paper/plastic).

= A combined CO, factor is provided for co-incineration: a certain share of waste is attributed to co-incineration in

cement kilns, another share to co-incineration in coal-fired power plants.

Source: [Ecoinvent v.3.6], interviews provided, assessment and calculation by CE Delft

w January 2022

Avoided emissions

Co-incineration in a cement kiln avoids the use of fossil
energy sources as an energy source, mainly coal and
lignite and a small share of fuel oil (<2%) [Merlin & Vogt
2020]. The coal substituted was based on:

— The lower heating value of the material (for material
specific LHVs see Annex - CO, Factors: Sources and
Explanations).

— Information on the CO, emission per GJ coal
incinerated in a furnace: 89,8 kg CO,.,/GJ coal
(Emission factors per energy carrier derived from
RVO [2020]).

One CO, factor was established for both types of co-

incineration. The distribution assumed in this study is:

Co-incineration Baseline & .
.. Projection 2
route Projection 1
Coal fired plants 50% 10%
Cement kilns 50% 90%
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Data modelling - CO, factors: Landfilling

System boundaries for landfilling

1 tonne of material or
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Not within system boundary

General explanations

The impact of landfilling is based on Ecoinvent
inventories of materials 'to sanitary landfill. These
Ecoinvent inventories include a methane emission, if
relevant to the waste stream, which accounts for
methane capture. The datasets, therefore, show the net
methane emission. The average methane recovery rate
is 53% in the datasets.

The CO, factor for average MSW by Ecoinvent database

municipal waste T = Transport

is compared with a study on methane emissions of
T_ MSW landfilling (Wang et al., 2019). This study shows a
T ‘I range in CO, emission factors for three methane
_) capturing techniques (passive venting, flaring and
v energy recovery). The Ecoinvent models represent the
average of the several existing techniques. The CO,
factors (20-year and 100-year time horizon) based on
Ecoinvent were found to fall exactly within the range for
the flaring technique as reported by Wang et al. The
passive venting has a (much) higher CO, factor whereas
the Energy Recovery has a lower CO, factor. The
Ecoinvent models are, therefore, considered to be
representative for landfilling on average.
= No credit is included for the share of landfill gas energy
recovery or other thermal treatment, which additionally
avoids fossil CO, from conventional energy sources. The
percentage of landfills that on average utilize the landfill
biogas (energy recovery) is not exactly known but
supposed to be small (Interreg/Cocoon 2018). Although
= Methane recovery of methane released through the decomposition of biobased materials in landfills is included. It this leads to a slight overestimation of the CO, factors,
is accounted for in the final emissions to air. they are still within the (uncertainty) range by Wang et
= CO,-emissions from burned recovered methane are also accounted for. al. The avoided methane emission has the most
= For waste tyres a landfill ban is in place since 2003/2006; no CO, factor for landfilling of tyres is calculated. significant effect on the CO,-equivalence factor.

(

|
\

Energy for maintenance
L~ Sanitary landfill Emissions

(incl. methane capture) to air, water and soil

Auxiliary substances

= In this study, the statistical volumes of waste are linked to the CO, factors or the processing/treatment of that
waste stream.

= For landfilling the CO, factors are applicable to 1 metric tonne of material. Factors are provided both for specific
materials and for average municipal waste.

Source: [Ecoinvent v.3.6], assessment and calculation by CE Delft
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Data Modelling - CO, factors: Waste derived fuel and average residual municipal solid waste

Waste derived fuel

Waste derived fuel (WDF), sometimes referred to as refuse derived fuel or solid
recovered fuel, is a fuel that is produced from a mixed waste stream such as from
municipal solid waste or residual fractions from sorting and recycling processes.
WDF is processed mostly in waste-to-energy plants but is partly also co-incinerated in
coal-fired plants or cement kilns.

This study considered the available capacities in WtE and co-incineration facilities
and derived waste stream specific assumptions for the respective allocation, which
lead to an average distribution across Europe of about 75% of the WDF to be
processed as by WLE plants and 25% as by co-incineration. They were estimated
based on the estimated available national plant capacities of WtE and co-
incineration.

Source: [Ecoinvent v.3.6], interviews provided, assessment and calculation by CE Delft

January 2022

Residual municipal solid waste

Residual municipal solid waste (MSW) is a heterogenous mix of materials, which gets
landfilled or incinerated in a WtE plant. The CO, factor of average residual municipal
solid waste was based on the (calculated) average composition of the MSW, and the
respective CO, factors per waste stream. For details see the Annex - CO, Factors:
Sources and Explanations.

As for all datasets, transport is excluded from the calculation.
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Role of carbon capture, utilisation & storage (CCUS)

Additional potential from CCUS in industrial sectors

Carbon capture is a technical solution that is considered a necessity in order to
reach the GHG emission reduction goals of the Paris agreement. The captured
carbon can be stored (CCS) or utilized as fuel or feedstock for products (CCU).
According to the global CCS institute in Europe* 42 commercial CCS facilities are
currently planned or under development to become operational between 2024 and
2030. Three commercial CCS plants are currently in operation, as well as eight
pilot/demonstration facilities. The planned, commercial CCS facilities are applied to
WIE plants, cement production, power generation, natural gas processing, hydrogen
production and chemical/fertilizer production.

Facilities operating today capture around 90% of the CO, from the flue gas, and
future plants could be designed to capture 99% or more [IEA, 2020] .

Capturing CO, reduces the CO, emission of a facility but also leads to GHG
emissions. Capturing CO, requires energy and requires using auxiliary substances
(chemicals). For CCS, energy for storage activities and CO, leakage during transport
also lead to emissions. Multiple LCA studies on CCS that take into account the
upstream and downstream effects conclude that CCS leads to a net CO, reduction
e.g. [IEAGHG, 2020], [Raadal and Modahl, 2021], [CE Delft, 2018], [Marx et al,
2011].

For CCU [Raadal and Modahl, 2021] and [CE Delft, 2018] conclude that recycling
CO, into fuel is not a sustainable way to move forward, as the captured CO, is re-
emitted after going through energy intensive processes. In [CE Delft 2018]
application in greenhouses (horticulture) and mineralization lead to a net CO,
reduction. Both studies conclude that a net emission increase occurs for methanol
production if fossil energy is used for this production. This means that the GHG
emissions for methanol production out of CO, (by means of fossil fuels) are higher
than the CO, reduction of the captured CO,. It thus depends on the application
whether CCU leads to CO, reduction or not.

Additional potential of CCUS in energy recovery from waste

Within the scope of this study, CCS, and in certain applications CCU, could lower the
CO, emissions of WEE plants, cement kilns, and conventional power plants. This will
lower the emissions of waste incineration and co-incineration. Application of
CCS/CCU at conventional fossil-based power plants and at natural gas processing
plants would also have a lowering effect on the avoided emissions of incineration in
a WLE facility, because CCS/CCU would lower the CO, emission of conventional heat
and power.

Because of various uncertainties the effect of CCS and CCU cannot be quantified in
this study:

— Itis hard to estimate to what degree CCS and/or CCU in 2035 will be deployed at
WIE plants, cement kilns, and/or conventional (fossil based) power plants.

— The CO, reduction effect strongly depends on the choice of CCS or one of the
possible utilization routes (CCU).

— Within the scope of this study, CO, reductions may occur due to CCS/CCU at WtE
plants, cement kilns, and coal-fired power plants. At the same time large-scale
application in the heat and power sector would reduce the avoided emissions
from waste incineration in WLE plants. The net effect on the CO, factors is,
therefore, unknown.

— The integration of CCUS technologies in WtE facilities could be an extra tool to
further reduce the carbon footprint of the Energy Recovery/other thermal
treatment sector in the future.

* Including Norway and the UK

Sources: [IEA, 2020], [IEAGHG, 2020], [Raadal and Modahl, 2021], [CE Delft, 2018], [Marx et al, 2011], assessment CE Delft

January 2022
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Sensitivities
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Sensitivities

100-years perspective

The time horizon selected for greenhouse gas effects in the
atmosphere in this study is 20-years to better reflect urgency and in
particular the short-term climate impacts of methane emissions. A
sensitivity with a 100-years perspective was applied, which is the
common international standard.

20-years marginal approach

A marginal approach means that the energy generated at WtE plants
avoids the most carbon intensive conventional power generation
technologies - fossil fuel sources - instead of the average electricity
and heat mix that also contains renewable energy. This sensitivity
focuses on the effect of such an energy mix being replaced by energy
recovery treatment from waste.

Derogation option

For fulfilling the landfill and recycling targets for municipal waste a
derogation option can apply to Member States. In this sensitivity the
effect without the derogation option is calculated.

Transport emissions

Given the limited data and carbon impact of mainly transboundary
movements, transport emissions were disregarded. A sensitivity incl.
transport emissions is simulated for residual wastes/WDF (as
defined by this study) in Chapter 6.
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Sensitivities: GWP Comparison

CO,., Emissions by Global Warming Potential

The 100-years perspective is the common GWP time horizon standard for national

and international studies.

— Greenhouse gas emissions, of especially higher potential such as methane, and
their warming potential are spread over a 100-year timeframe.

The time horizon for greenhouse gas effects in the atmosphere in this study isa 20-

years perspective.

“Just like the 100-year GWP is based on the energy absorbed by a gas over 100
years, the 20-year GWP is based on the energy absorbed over 20 years. This 20-
year GWP prioritizes gases with shorter lifetimes, because it does not consider
impacts that happen more than 20 years after the emissions occur. Because all
GWPs are calculated relative to CO,, GWPs based on a shorter timeframe will be
larger for gases with lifetimes shorter than that of CO,, and smaller for gases
with lifetimes longer than CO,. For example, for CH4, which has a short lifetime,
the 100-year GWP of 28-36 is much less than the 20-year GWP of 84-87. For
CF,, with a lifetime of 50,000 years, the 100-year GWP of 6630-7350 is larger
than the 20-year GWP of 4880-4950.” [EPA 2021].

— For a comparison of the different GWP per time frame and greenhouse gas,
please see the Global Warming Potentials, IPCC second assessment [UNFCCC
2021]

— The 20-year time horizon better represents the so-called ‘individualistic’ point of
view of humans, i.e. emissions effect the lives of the currently living people
(most), and climate change can be technologically solved and adapted to. It
provides a perspective stressing greater urgency. Consequently, it was chosen as
the default for this study.

The marginal approach is a complementary 20-year perspective in which the most

carbon intensive power generation technologies - fossil fuel sources - are avoided

instead of the average mix. It allows for a better comparison of a situation in which
priority is given to the substitution of conventional energy sources in the energy
network.

Sources: [EPA 2021], [UNFCCC 2021]

January 2022

Results by different GWP perspectives in Mt CO,,

20 years GWP  m 100 years GWP  m Marginal approach GWP (20 years)

Baseline (2018)

Projection 1 (2035) Projection 2 (2035)

Mt COseq

The comparison of the results reflect these differences (see figure above). The 20-
year perspective with a significantly higher methane factor results in higher CO,,
emissions compared to the 100-year perspective up to the point where methane
emissions from landfilling are substantially lowered.

The marginal approach, which accounts the avoidance of a fossil-fuel-based energy
mix, shows correspondingly a higher avoidance than the 20-year perspective based
on an actual average energy mix representative of the European grid including
renewable energy.

The detailed results are discussed in the following result chapters.
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Overview of Main Results
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Key results

Material waste streams’ volume*

402 Mt of estimated waste generated and statistically recorded
within the EU 27+UK in 2018. Corresponding to an average of 784
kg per inhabitant. In weight, ferrous metal (101 Mt), paper (79 Mt)
and wood (67 Mt) constitute the largest amongst the 9 selected
material waste streams.

Material recycling

In 2018, approx. 50% (201 Mt) were recycled and 28% (114 Mt)
were energy recovered/otherwise thermally treated* *.

In the projections, the total material recycling rate was estimated to
achieve ~73% by 2035, corresponding to approx. 295 Mt. By
decreasing the allocated amount to landfilling, in the more
ambitious Projection 2, approx. 104 Mt will be energy
recovered/otherwise thermally treated.

CO, emission savings

While in 2018 the net CO, emission burden amounted to
-96 Mt CO,,, in Projection 1 it falls to -235 Mt CO,,, in 2035. This
is primarily the result of a lowered allocation to landfilling. By
further avoiding landfilling of waste, net emissions of approx. -267
Mt CO,,, are achieved by 2035 in Projection 2. -
6 Mt CO,, of additional potential exists in treating currently
unknown treated plastic and textiles wastes in the EU as in
Projection 2.

*for the allocated EWC-Codes please refer to Annex EWC-Codes
**at point of measurement after sorting

*material waste streams, i.e. all material streams considered in this study (paper & cardboard, glass, plastic, ferrous metal, aluminium, wood, textiles, biowaste,

w January 2022

tyres) i.e. except residual waste/WDF
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Material waste stream totals

Waste Management Route

402 B Recycling (outputrate) ' Energy Recovery/otherthermal treatment M Landfilling Treatment unknown (all figures in Mt)
84 228 25
M/2018 788 (2%) . (6%) 1045 (<1%)

(20 %) 94.1 (26 %)

o ' 3% AV

[’M\ 784 201.4

z@; kg/ihn (2018) (50 %)

1138 2855 205 5
(28 %) (71 %) (73 %)

CO,., Net Emissions

B Total CO,., Net Emissions per year

Key results —-

= An increase in recycling rate from 50% -96.0
(201 Mt) to 73% (296 Mt) and a
decrease in landfill from 20% (79 Mt)
to below 1% (<3 Mt) is estimated in

COq¢q from unknown treatment (all figures in Mt COyq)

Projection 2. 2404 -0,
= The resulting net CO, emissions fall -273.7
from -96 Mt to -267 Mt CO,,, by 2035
in Projection 2. -6.4 Mt CO,, of Baseline (2018) Projection 1 (2035) Projection 2 (2035)
additional potential exists in treating
currently unknown treated plastic and Projection 1 waste targets incl. derogation option. Projection 2 does not consider contingency capacities for landfilling or other wastes requiring landfilling. Treatment unknown not included in Baseline CO,
textiles wastes in the EU as in gstimatign. In projections assumed to bg treated as in EU, and separately indicated. Recycling figures relate to output rates after sorting losses, in accordance with the legislative point of measurement.20-year
i i time horizon for greenhouse gas effects in the atmosphere, excl. transport.
PrOJeCtIOﬂ 2. Sources: Eurostat, ETRMA, various sources of bibliography; assessment and calculation by Prognos and CE Delft

Sources: Eurostat, ETRMA, various sources of bibliography; assessment and calculation by Prognos and CE Delft
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Material waste stream totals

Waste material and CO, reduction potential to protect the climate

= Amongst the material waste streams (402.5 Mt), ferrous metal (25%), paper &
cardboard (20%), and wood (17%) are the largest.

* Paper & cardboard (76 Mt CO,,,), biowaste (37 Mt CO,,), and plastics (1 Mt CO,,)
have a net CO, burden.

* Ferrous metal (-121 Mt CO,,), aluminium (-59 Mt CO,,,) and wood (-23 Mt CO,,)
have net CO, savings (i.e. a negative burden) in the baseline.

= Considering the material waste streams, an increase in recycling rate from 50% (201
Mt) to 73% (296 Mt) is estimated along with a decrease in landfill from 20% (79 Mt)
to below 1% (<3 Mt) in Projection 2.

= The 