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Introduction
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Motivation (I)

@ Waste management relevant at global level:
UN 2030 Agenda for Sustainable Development Goals (11, 12, 14)
- SDG 12.5: by 2030, substantially reduce waste generation through
prevention, reduction, recycling and reuse.

@ EU Waste Hierarchy “Waste legislation and policy of the EU
Member States shall apply as a priority order the following waste
management hierarchy”:
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RECOVERY

DISPOSAL

https://ec.europa.eu/environment/topics/waste-and-recycling/waste- framework-DirectEve_en
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Motivation (II)

@ European Waste Management Legislation
European Directive 2008/98/EC

e Circular Economy Package (2015)

o National waste prevention programs

e Directive (EU) 2018/850, 2018/851 and 2018/852

@ Pressure on countries to implement policies and to undertake
suitable actions

@ Ambitious targets set to help monitoring and meeting countries’
commitments

— Increasing need to observe many waste dimensions and to
evaluate countries’ actions in its complexity
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What we do

We evaluate the ability of European countries to be on right track
— towards a Circular Economy transition
— towards the upper tiers of the EU Waste Hierarchy
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What we do

We evaluate the ability of European countries to be on right track
— towards a Circular Economy transition
— towards the upper tiers of the EU Waste Hierarchy

@ An innovative composite indicator - the AGRUE index

(the index for “Aderenza alla Gerarchia dei Rifiuti nell’Unione Europea”)
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We evaluate the ability of European countries to be on right track
— towards a Circular Economy transition
— towards the upper tiers of the EU Waste Hierarchy

@ An innovative composite indicator - the AGRUE index

(the index for “Aderenza alla Gerarchia dei Rifiuti nell’Unione Europea”)

e considering deviations from EU thresholds and importance with
respect to the EU Waste Hierarchy
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What we do

We evaluate the ability of European countries to be on right track
— towards a Circular Economy transition
— towards the upper tiers of the EU Waste Hierarchy

@ An innovative composite indicator - the AGRUE index

(the index for “Aderenza alla Gerarchia dei Rifiuti nell’Unione Europea”)

e considering deviations from EU thresholds and importance with
respect to the EU Waste Hierarchy

e including different priorities as expressed by a group of
interviewed experts
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What we do

We evaluate the ability of European countries to be on right track
— towards a Circular Economy transition
— towards the upper tiers of the EU Waste Hierarchy

@ An innovative composite indicator - the AGRUE index

(the index for “Aderenza alla Gerarchia dei Rifiuti nell’Unione Europea”)

e considering deviations from EU thresholds and importance with
respect to the EU Waste Hierarchy

e including different priorities as expressed by a group of
interviewed experts

@ Assessment of EU-27 countries waste management from 2011
to 2022
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Contributions

To the existing literature and current debate in three ways:
(Argoubi et al., 2020; Chioatto and Sospiro, 2022; Schilkowski et al., 2020)

@ Innovative tool for European policy makers to account for
deviations from targets and EU Waste Hierarchy importance —
First proposal integrating two techniques (AHP and GPSI)

(Ho and Ma, 2018)

@ Different system of weights —
Countries’ strengths and weaknesses in different scenarios
(Aznar et al., 2011)

© How to measure EU countries’ compliance with Hierarchy —
Beyond waste treatment, waste prevention!
(Castillo-Giménez et al., 2019; Pires and Martinho, 2019; Egiiez, 2021)
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The four steps of the analysis

Step 1 Step 2 Step 3 Step 4 AGRUE
Choice of . p. Compu- Aggre- INDEX:
. Validation . . .,
actions, . tation of gation of Countries
L with panel . S .
indicators, of experts weights indicators analysis
thresholds P (AHP) (GPSI) and ranking
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Step 1 - Indicators and EU targets

'UNIVERSITA DI PISA

Waste Indicator Targets Targets’ Definition Eurostat code Type of
hierarchy by 2030  source on waste indicator
Prevention Residual <120 kg a The tonnage of residual waste [RCV_E]+ Negative
waste/pro (sent to incineration with and with-  [DSP_I]+
capita (kg) out energy recovery and to to [DSP_L_OTH]

Prevention Circular ma-
terial use rate

landfill) divided by the population.

>19% b Share of material recovered and
fed back into the economy - thus
saving extraction of primary raw
materials - in overall material use.

[SDG_12.41] Positive

Source: Authors’ own elaboration on Eurostat data. About the targets:

a) https://zerowasteeurope.eu/10-priorities-to-transform-eu-waste-policy/;

b) https://eu-dashboards.sdgindex.org/map/indicators/sdg12_circular/trends,
https://ec.europa.eu/commission/presscorner.
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Step 1 - Indicators and EU targets
Waste Indicator Targets Targets’ Definition Eurostat code Type of
hierarchy by 2030  source on waste indicator
Recycling > 60% ¢ The tonnage recycled from mu- [SDG_11.60] Positive
rate of mu- nicipal waste divided by the total
nicipal waste municipal waste arising.
Packaging > 70% ¢ Total quantity of recycled pack- [W1501] Positive
rate aging waste divided by the total
quantity of generated packaging
waste.
Paper and >85% ¢ Total quantity of recycled pack- [W150101] Positive
cardboard aging waste divided by the total
packaging quantity of generated packaging
rate waste (only paper).
Plastic pack- > 55% ¢ Total quantity of recycled pack- [W150102] Positive
aging rate aging waste divided by the total
quantity of generated packaging
waste (only plastic).
Wooden > 30% ¢ Total quantity of recycled pack- [W150103] Positive
packaging aging waste divided by the total
rate quantity of generated packaging
waste (only wood).

Glass pack- > 75% ¢ Total quantity of recycled pack- [W150107] Positive
aging rate aging waste divided by the total
quantity of generated packaging
waste (only glass).
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Step 1 - Indicators and EU targets

Waste Indicator Targets Targets’ Definition Eurostat code Type of
hierarchy by 2030  source on waste indicator
Energy re- <35% q The tonnage of waste sent to (R1) [RCV_E] Negative
covery rate incineration with energy recov-

ery divided by the total municipal

waste arising.

Landfillrate < 10% ¢ The tonnage of waste sent to (D1-D7, D12) Negative
landfill divided by the total mu- [DSP_L_.OTH]
nicipal waste arising.

Source: Authors’ own elaboration on Eurostat data. About the targets:

c) EU Waste Framework Directive - Directive 2008/98/EC, Directive (EU) 2018/850,Directive (EU)

2018/851, Directive (EU) 2018/852, https://www.europarl.europa.eu;

d) Residual to recycling rate of municipal waste.
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Step 2 - Interaction with the experts (l)

@ Six experts with different roles and different points of view in the
international waste management framework.
e a member of the OECD Network of Economic Regulators
a policy officer at the European Environmental Bureau
the scientific coordinator of Zero Waste Europe
a waste expert at the European Environmental Agency
two policy officers at European Commission DG Environment

@ Experts are asked to express their priorities for the chosen
criteria and sub-criteria using the Saaty’s 1-9 fundamental scale.
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Step 2 - Interaction with the experts, an example (II)

We are evaluating the waste
management perfomance at country

level in the European Union, having in
mind the EU Waste Hierarchy.

=3

Relative importance of actions with respect to the EU Waste hierarchy.
How much importance would you give between ...2 1}

Equal Moderate Stong  Verystrong  Extrame
inporance of  impartanceof  imporianceof  imporiance o importance of
ot heovrte  oreovrthe  orecverthe  one overthe
ather ather her aher aher
Prevention VS Re-use and ~ C C ) e
eventi ) o O o o
Prevention VS Recovery e} e} e} e} o)
Prevention VS Disposal o) o) o) o) o)
Re-use and recycling VS e) o o) o) le)
covery 9) O C C
Re-use and recycling VS ~ C C O Ie
Disposal O O O O O
Recovery VS Disposal e} e} e} e} C

e European Unio
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Step 3 & 4 - Weights and aggregation into the index

First scenario: A hierarchical circular perspective

Second scenario: A linear treatment penalizing perspective

Hierarchical circular Linear treatment penalizing
perspective perspective
Waste Hierarchy Indicators Weights Weights Weights Weights
in AGRUES in AGRUE" | in AGRUE® in AGRUEY
Prevention Residual waste 48% 48% 48% 3%
Circular material use rate 10% 10% 10% 1%
IRreparingiearecyelingll Recycling 13% 13% 13% 3%
Packaging 8% 8% 8% 2%
Paper 2% 2% 2% 1%
Plastic 3% 3% 3% 1%
Wooden 2% 2% 2% 1%
Glass 2% 2% 2% 1%
Energy recovery rate 8% 8% 8% 32%
Landfill rate 4% 4% 4% 55%

Compliance witl i in the European Union: a comparative assessmel
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Step 3 & 4 - Weights and aggregation into the index

First scenario: A hierarchical circular perspective
@ Countries whose strengths are related to the highest levels of the EU
Waste Hierarchy are the best positioned
@ Lenient with countries whose infringements are in the lower part of the
EU Waste Hierarchy
Second scenario: A linear treatment penalizing perspective

Hierarchical circular Linear treatment penalizing
perspective perspective
Waste Hierarchy Indicators Weights Weights Weights Weights
in AGRUES in AGRUE" | in AGRUE® in AGRUEY
Prevention Residual waste 48% 48% 48% 3%
Circular material use rate 10% 10% 10% 1%
Recycling 13% 13% 13% 3%

Packaging 8% 8% 8% 2%
Paper 2% 2% 2% 1%
Plastic 3% 3% 3% 1%
Wooden 2% 2% 2% 1%
Glass 2% 2% 2% 1%

| Preparing & recycling |
Energy recovery rate 8% 8% 8% 32%
Landfill rate 4% 4% 4% 55%

Compliance with the waste hierarchyin the European Union: a comparative assessment
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Step 3 & 4 - Weights and aggregation into the index

First scenario: A hierarchical circular perspective
@ Countries whose strengths are related to the highest levels of the EU
Waste Hierarchy are the best positioned
@ Lenient with countries whose infringements are in the lower part of the
EU Waste Hierarchy
Second scenario: A linear treatment penalizing perspective
@ Different importance for strengths and weaknesses’ deviations
@ More penalizing towards the lowest part of the Waste Hierarchy

Hierarchical circular Linear treatment penalizing
perspective perspective
Waste Hierarchy Indicators Weights Weights Weights Weights

in AGRUES in AGRUE" | in AGRUE® in AGRUEY

Prevention Residual waste 48% 48% 48% 3%

Circular material use rate 10% 10% 10% 1%

IRreparingiearecyelingll Recycling 13% 13% 13% 3%

Packaging 8% 8% 8% 2%

Paper 2% 2% 2% 1%

Plastic 3% 3% 3% 1%

Wooden 2% 2% 2% 1%

Glass 2% 2% 2% 1%

Energy recovery rate 8% 8% 8% 32%

Landfill rate 4% 4% 4% 55%
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AGRUE index in the hierarchical circular perspective
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Figure: Countries reporting alarming very low- p performance scores are in red,

average performance scores in yellow, while encouraging -very high- performance
scores in light blue. Source: Authors’ own elaboration on Eurostat data, 2022.
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AGRUE index in the linear treatment penalizing p.
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Figure: Countries reporting alarming -very low- performance scores are in red,
average performance scores in yellow, while encouraging -very high- performance
scores in light blue. Source: Authors’ own elaboration on Eurostat data, 2022.
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Evolution of AGRUE index (hierarchical circular p.)
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Figure: Source: Authors’ own elaboration on Eurostat data 2011-2022.
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Figure: Source: Authors’ own elaboration on Eurostat data 2011-2022.
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Conclusions

Circular economy: not only to reduce generated waste, but also
to prevent it

@ EU Waste Hierarchy: “Prevention ” is the most preferred and
“Disposal” the least preferred one

@ EU countries’ different responses and different strategies
@ Only very few countries already met the targets

@ Need to improve effective adoption of Waste Hierarchy

@ Ranking helpful to identify countries with virtuous circular
strategies
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Want to read more about it? Check the book!

WASTE HIERARCHY
IN ACTION

Italian and European Models
for a Sustainable Future

Edited by Giulia Romano

Thanks for your

attention!
giovanna.dinverno@unipi.it
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