
Environ. Res. Lett. 18 (2023) 124001 https://doi.org/10.1088/1748-9326/ad067f

OPEN ACCESS

RECEIVED

25 May 2023

REVISED

27 September 2023

ACCEPTED FOR PUBLICATION

24 October 2023

PUBLISHED

2 November 2023

Original content from
this work may be used
under the terms of the
Creative Commons
Attribution 4.0 licence.

Any further distribution
of this work must
maintain attribution to
the author(s) and the title
of the work, journal
citation and DOI.

LETTER

Sustainability pathways in European waste management for
meeting circular economy goals
Giacomo Di Foggia∗ and Massimo Beccarello
Department of Business and Law, University of Milano-Bicocca, Milan, Italy
∗ Author to whom any correspondence should be addressed.

E-mail: giacomo.difoggia@unimib.it

Keywords:waste policy, waste management, circular economy goals, environment, development

Abstract
This study explores trends in recycling rates and municipal solid waste landfilling to construct a
circularity index (CI) forecasted up to 2035. This projection is contrasted with the pathways that
countries must adopt to attain set targets. We further estimate the impact of the CI on factors such
as sustainability performance, innovation, commodity trade balance, and waste reduction.
Moreover, we provide policy implications useful for designing industrial and environmental
strategies, including accelerating permit approval times for waste treatment facilities, introducing
more flexibility in state aid rules, empowering service users or waste generators, implementing tax
credits, and leveraging specialized funds. These strategies are aimed at supporting the recycling
industry to stimulate convergence and achieve circular economy objectives.

1. Introduction

The European circular economy (CE) targets foresee
65% of municipal solid waste (MSW) recycled, and
less than 10% ofMSWdisposed of in landfills by 2035
(Kostakis and Tsagarakis 2022).

Defining reliable metrics for evaluating CE is an
open field of research (Camana et al 2021). This issue
also provokes discussion in data-driven policy design
(Nikolaou and Tsagarakis 2021). Provided there is
sound governance, such policies are necessary for a
smooth transition to CE (Cramer 2022).

Although there is evidence of a tendency
toward waste management performance convergence
(Castillo-Giménez et al 2019), the imbalance inMSW
treatment capacity across European Member States
(EMSs) is a significant barrier to achieving these tar-
gets (di Foggia and Beccarello 2022).

Given the tight deadlines it is understood that
accommodating policies are necessary, such as
primary and supplemental policy instruments,
e.g. materials taxes, extended producer responsib-
ility, and technical requirements to promote resource
efficiency (Ekvall et al 2016). Another study also
proposed a policy mix-based analytical strategy for
understanding resource efficiency in the EU, focusing

on instrument design, policy synergies, and coher-
ence (Wilts and O’Brien 2019).

Recent expectations regarding the role of policies
in boosting the CE include more rigorous produc-
tion standards and norms, increased circular procure-
ment, tax breaks for circular products, tax reform
for circular products, liberalization of waste trading
(Hartley et al 2020).

Within the context of the Green Deal’s two
main policy paths, energy transition and CE, a
promising framework has recently emerged. This
includes support measures for the energy trans-
ition, such as a plan for energy efficiency, clean
energy production, and diversification of energy sup-
plies (Beccarello and di Foggia 2023), as well as
the Temporary Crisis and Transition Framework,
and the Green Deal Industrial Plan (Lemonnier
2023). However, the challenge remains to adapt these
to CE.

Previous literature analyzed the determinants
and the CE performances of EMSs to assess their
progress towards the achievement of CE objectives
(Marino and Pariso 2020, Robaina et al 2020). In our
study, we pose five research questions that investig-
ate how well EMSs are performing and to what extent
the circularity index (CI) contributes to sustainable
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development, innovation, resilience of raw materials
sectors, and reduction of MSW generated.

To answer these questions, we first estimated the
recycling and landfilling rates up to 2035 using his-
torical trends to appraise the hypothetical path that
EMSs need to follow to meet CE goals. Second, we
developed a CI to contextualize the role and relation-
ship of CE goals from a broader sustainability policy-
making perspective. Finally, we built amodel tomeas-
ure the impact of CI on sustainability, innovation raw
materials sector, and waste reduction.

It is anticipated that the mean CI increased from
39.4 in 2011 to 54.4 in 2021, indicating an overall
improvement in CE performance during this time-
frame. Results also suggest that CI positively impacts
on sustainability performance, innovation score, and
raw materials sector competitiveness. In contrast
there is no evidence on waste generation reduction.

The added value of this letter to the existing
body of knowledge is linked to multiple contribu-
tions. First, this letter quantifies member states’ pro-
gress in achieving CE goals. Stemming from this, a CI
is developed, amalgamating performances based on
recycling and landfilling rates. By analyzing contem-
porary trends in solid waste management, explicitly
recycling and landfilling, this letter forecasts the tra-
jectory of the CI up to 2035. Additionally, it suggests
pathways that nations can adopt to realize their CE
targets. Central to our methodology is the aspiration
to foster convergence within Europe, aiding EMSs
lagging in bridging the gap.

The reminder of this letter is organized as fol-
lows: section 2 resumes some pertinent literature.
Section 3 contains the research methodology, includ-
ing: research questions and hypotheses, data man-
agement and variable definition, and model setup.
Prominent pieces of evidence are summarized in
section 4 and discussed in section 5. Conclusions
follow.

2. Background literature

Globally, the discourse around waste management
and its critical role in advancing the CE has gained
momentum, emphasizing the importance of a well-
informed approach based on measurable goals. The
increasing pressure to protect the environmentmeans
that countries are being urged to adopt CE models
(Ghisellini et al 2014, Kirchherr et al 2017), charac-
terized by reduction, reuse, and recycling activities
(Kirchherr et al 2017). In light of this ongoing change,
it is consequential that the importance of waste man-
agement facilities has been elevated at the policy level
(Tisserant et al 2017, Makarichi et al 2018, Zeller
et al 2019).

There is an interest in wastemanagement options,
with CE goals calling for technologically advanced
facilities (Swart and Groot 2015), provided that
such facilities can be vital in an integrated waste

management system (Cobo et al 2018). However, this
may increase the cost of waste management.

Consideration must be given to the fact that the
approach toward waste management and the pos-
sible technologies used depend on the local context
(Yao and van Woerden 2018) as well as the bene-
fits derived fromwaste management efficiency, which
incorporates the environmental, social, and economic
spheres (Loures 2015, Blagojevíc andTufegdžíc 2016).
Consequently, a coherent waste management policy
must also consider these three dimensions (Allesch
and Brunner 2014).

Despite the implications for growth demon-
strated by econometric studies, significant underin-
vestment persists in the area of waste management
(Amann et al 2016). Previous studies have confirmed
the importance of WtE in an integrated waste man-
agement cycle (Massarutto 2015), despite the fact
that policymakers and local communities have often
opposed such facilities (Bocken et al 2014). That said,
many scholars agree that the introduction of interme-
diate treatments is recommended (Trulli et al 2018).

Therefore, the development of treatment capa-
city within an industrial development path for the
waste management sector is necessary to pave the
way for investments in more efficient waste man-
agement technologies (Malinauskaite et al 2017,
Liu et al 2019).

Policymakers should strike a balance between dif-
ferent options to achieveCE goals, especiallywhen the
recovery of materials is maximized (Zaman 2016) in
the context of the growing need to incentivize second-
ary rawmaterial markets (Schreck andWagner 2017).

The European Commission is increasingly rais-
ing awareness and responding to the environmental
urgency with policies on the CE as the CE plans for
a cleaner and more competitive Europe (Camilleri
2020). Expectations to increase competitiveness, pro-
mote economic growth, and create jobs while redu-
cing environmental impacts and resource depend-
ency are high (Calisto Friant et al 2021). Therefore,
it is worth highlighting that such expectations are
deemed to be met under business as usual if EMSs
need asymmetric support.

Our results will provide policymakers with reli-
able benchmarking information useful to set upwaste
capacity industrialization policies and support EMSs
in developing policies aimed at promoting the overall
efficiency of the service while meeting the environ-
mental targets set by the CE package.

3. Research methodology

3.1. Context and scope of research
The MSW management chain can be modeled by
dividing it into two sequential stages that differ
both technically and economically. The separation
of mixed and sorted waste occurs in the collection
and transportation phase, while recyclable waste is
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Figure 1. Research scope and CE targets within the MSWmanagement chain.
Source: Authors’ elaboration.

processed, and residual waste is disposed of in the
treatment and disposal phases. Depending on treat-
ment capacity and policy direction, disposal typic-
ally takes place through landfill or incinerator facilit-
ies, including waste to energy (WTE) plants (Zaman
2016) that rank higher in the waste hierarchy than
landfilling (Gharfalkar et al 2015). The MSW man-
agement chain and roles of different operators vary
substantially across countries (Pires et al 2011).
Consequently, it is becoming increasingly important
to lay the foundations for designing environmentally,
economically, and socially efficient waste manage-
ment systems (Rodrigues et al 2018). Figure 1 presents
an overview of the MSW chain.

The European Commission adopted the
European Green Deal in December 2019 to achieve
climate neutrality by 2050 (Wolf et al 2021). The latest
action plan to accelerate the transition to a CE was
issued in 2020 (Johansson 2021). Such ambition is
indeed high, including stricter recycling standards
and binding targets for material use and the carbon
footprint. Through the standards to be set, products
placed on the EU market will be designed to last
longer, be easier to reuse, repair, and recycle, and con-
tain recycled materials to the greatest extent possible.
The plan also focuses on sectors that use the most
resources and have a high potential for circularity.

3.2. Research questions
As the CE concept emphasizes the reuse, repair, and
recycling of materials and resources, the transition
necessitates the establishment of advanced recycling
and secondary raw materials industries to ensure the
sustainable management of resources and materials.

The study sets out five research questions (RQs) to
investigate the relationships between CI and various
sustainability outcomes, including sustainable devel-
opment goal (SDG) performance, innovation score,
resilient raw materials sector, and waste reduction.
RQ1: how well are EMSs performing on their path
to meeting European CE goals? The purpose of this
wide RQ was to shed light on the probability that dif-
ferent EMSs have of achieving their goals by 2035.
The implication is to create awareness by compar-
ing information on EMSs’ performance. RQ2: towhat
extent doesCI contribute to sustainable development,
asmeasured by SDG performance? RQ3: does CI pos-
itively influence the innovation score of countries?
RQ4: in what ways does CI contribute to building
more resilient raw materials sectors? RQ5: can CI
reduce the amount of MSW generated? To investig-
ate these research questions, the following hypotheses
(Hs) were formulated. H1 predicts a struggle for con-
vergence in EMSs performance towards meeting CE
goals by 2035. H2 postulates a positive impact of CI
on SDG performance. H3 suggests that CI positively
affects the innovation score. H4 posits that CI fosters
the resilience of rawmaterials sectors. Finally,H5 con-
jectures that CI contributes to reducing the quantity
of MSW produced.

3.3. Data management and variables
In order to project the performances to 2035, three
variables were defined as follows: observed is the
2011–2021 trend of either recycling or landfilling
rates available in the EUROSTAT CE database. The
variable named predicted is a linear prediction of such
targets to 2035. Finally, compliance is the estimated
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Table 1. Recycling and landfilling rates.

Variable Scope Mean Std. dev. Min Max

Recycling o 35.906 15.203 8.300 69.000
b 14.251 12.109 66.218
w 5.908 17.343 56.443

Landfilling o 38.100 29.588 0.215 105.164
b 28.821 0.874 84.179
w 8.536 11.697 77.993

Source: Authors’ elaboration. N: 297, n: 27, T: 11. Scope: o: overall, w: within, b: between.

recycling and landfilling rates that EMSs shall follow
according to the CE goals compliance path as in
equation (1) where xgi indicates the average yearly
increase required for a specific country i tomeet a des-
ignated target g (either recycling or landfilling rate) by
the year 2035

xgi =
xtgi − xagi

yeart − yeara
. (1)

Equation (1) determinates the difference between
the 2035 target xtgi and the actual percentage in a given
year i.e. 2021 xagi, and then divides this value by the dif-
ference in years between 2035 and the latest available
year i.e. 2021. Table 1 summarizes the recycling and
landfilling rate variables in the panel data.

Since the study empirically aims to assess the
role of CE performance in the competitiveness and
sustainability of the EMSs, pertinent variables were
defined and operationalized to run the analyses.
BAL resumes the balance of trade of raw materials
between EMSs and is used as a proxy for compet-
itiveness; data source: EUROSTAT database on raw
materials. To measure the circularity of waste man-
agement systems, CI is the CE performance index,
which considers the two pillars of the CE invest-
igated in this paper: landfilling rate and recycling
data source: EUROSTAT CE statistics. ENV is the
ratio of environmental protection expenses and taxes,
reflecting the intensity of environmental spending.
GDP is the per capita gross domestic product to cap-
ture the economic context; data source: EUROSTAT
environmental statistics. INN is the innovation score
obtained from the European innovation scoreboard
published by the European Commission; data source:
European Commission Innovation score. INT stands
for the interaction between CI and WtE to under-
stand if the role of WtE remains constant or changes
according to the level of CI. MSW corresponds to the
total amount of MSW generated; source, while PSW
captures the per capita MSW production in kg; data
source: EUROSTATwastemanagement statistics. The
study assesses the sustainable development perform-
ance of the EMSs through SDG, which is the sustain-
able development goal performance obtained from
the UN dedicated website. WtE is also considered
in this context as the share of waste treated in WtE

plants. Table 2 provides additional information and
key descriptive statistics of the variables used tomodel
the data.

The data analysis consisted of two steps. The first
stepwas a comparative assessment of the performance
of the EMSs based on their performance in achiev-
ing the objectives listed in the CE package. Based on
an analysis of past years and current conditions, this
forecast can provide notable preliminary points to
consider not only regarding CE goals but also with
reference to economic development, job creation,
and competitiveness. The values of the compliance
variable were obtained starting from the recycling
percentage of 2021 and adding to this, year by year,
until 2035, following a parametric linear factor.

3.4. Model setup
The impact of circularity on prominent variables
could be studied using regression analysis; linear
panel models can be described through restrictions of
the following general model as in equation (2) where
i= 1,…, n is the group componentwhereas t= 1,…,T
is the time; and a random disturbance µit of mean 0
taking into consideration thatµit is not estimablewith
N= n× T,

xyit = αit +βT
it xit + uit. (2)

A great deal of assumptions are usually made
about the parameters, the errors and the exogeneity
of the regressors; the parameter homogeneity, which
means that αit = α for all i,t and βit = β for all i,t is a
commonly accepted assumption resulting in a linear
model pooling all the data across i and t,

yit = α+ βTxit + uit. (3)

To model individual heterogeneity, one often
assumes that the error term has two separate com-
ponents, one specific to the individual and does not
change over time. This is called the unobserved effects
model showed in equation (4),

yit = α+ βTxit + uit + εit. (4)

The appropriate estimation method for this
model depends on the properties of the two error
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Table 2. Descriptive statistics.

Var. Input Scope Mean SD. Min Max

BAL Exp.–Imp. of materials
o −135.724 3407.523 −13 116 15 364.9
b 3430.075 −9997.6 12 069.97
w 493.232 −3603.5 3159.20

CI Rec+100−lan
2

o 48.903 21.799 2.868 84.15
b 21.076 13.965 82.672
w 6.782 22.212 65.387

ENV Env. expense
Env. taxes

o 0.786 0.29 0.298 1.787
b 0.27 0.352 1.432
w 0.117 0.389 1.173

GDP GDPm
Populationm

o 28.609 19.828 5.592 113.899
b 19.76 7.225 98.48
w 3.986 9.414 56.083

INN —
o 95.003 31.783 32.035 149.168
b 31.661 35.702 141.245
w 6.451 46.209 121.562

INT CI×WtE
o 1433.85 1530.888 0 12 398.6
b 1367.484 2.952 3929.389
w 732.654 −443.65 11 790.14

MSW —
o 8.085 12.067 0.257 53.748
b 12.167 0.296 51.244
w 1.611 −16.335 11.404

PSW MSW
POP

o 495.747 133.736 246.796 845.148
b 126.775 265.574 817.06

SDG —
o 78.38 3.499 70.97 86.48
b 3.4 72.583 86.072
w 1.038 75.173 80.594

WTE Waste in WtE
MSW × 100

o 22.406 20.943 0 187.008
b 18.302 0.109 53.679
w 10.72 −5.689 176.569

Source: Authors’ elaboration. Note: rec: recycling rat, lan: landfilling rate. N: 297, n: 27, T: 11. Scope: o: overall, w: within, b: between.

components. The idiosyncratic error εit is usually
assumed to be well-behaved and independent of both
the regressors xit and the individual error compon-
entµi. The individual componentmay be either inde-
pendent of the regressors or correlated. Starting from
the above consideration, the following model was set
up as formalized in equation (5)

yit = α+βT
1CIit +βT

1WTEait +βT
1GDPit +βT

1 ENVit

+βT
1MSWit +βT

1 INTait + uit + εit (5)

where y = SDG, PSW, INN, BAL respectively,
t = 2011, 2021, and i= EMS.

4. Results

In this section, we report the results of our analysis.
Figure 2 illustrates the evolution of the CI from 2011
to 2021. The mean CI increased from 39.4 in 2011
to 54.4 in 2021, indicating an overall improvement in
the CE performance of EMSs during this timeframe.

Additionally, there is evidence of a slight yet consist-
ent convergence toward a more homogeneous dis-
tribution of the CI values, as reflected by the stand-
ard deviation decreasing from 23.2 in 2011 to 19.9
in 2021.

The results from the model set in equation (5)
are presented in table 3. CI positively impacts sustain-
able development (0.081∗∗∗) given that the CE aims
to keep resources in use for as long as possible, thereby
reducing waste and minimizing negative environ-
mental impacts; it seems plausible that countries
that adopt CE principles are likely to see posit-
ive outcomes in terms of sustainable development.
This could include reduced greenhouse gas emis-
sions, improved resource efficiency, and increased
economic resilience.

In addition, CI positively affects the innovation
score (0.208∗∗∗), presumably because countries that
embrace CE principles are likely to be more innov-
ative because CE principles require innovative think-
ing and new approaches to product design, resource
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Figure 2. Evolution of CI.
Source: Authors’ elaboration.

management, and waste reduction. Such countries
may also benefit from new markets due to more sus-
tainable products and services.

Also, CI contributes to creating more competit-
ive and resilient raw materials sectors (16.57∗∗∗), as
the CE can improve the economy’s competitiveness
by creating more resilient raw materials sectors. This
could include the development of new supply chains,
the use of more sustainable materials, and the adop-
tion of new business models that prioritize resource
efficiency.

However, no evidence of municipal waste reduc-
tion emerged (1.325∗∗∗). While there is no evid-
ence that CI leads to reduced municipal waste
production, it is worth noting that waste gener-
ation prevention is a prominent principle in the
waste hierarchy and a benefit of the CE. Systems
that prioritize resource efficiency andwaste reduction
help minimize the amount of waste which reduces
negative environmental impacts. Table 3 shows the
results of equation (5).

The study found a significant relationship
between WtE capacity and SDG performance, indic-
ating that countries with higher WtE capacity tend
to have better sustainable development outcomes.
However, the relationship between the share of
MSW treated in WtE plants and innovation score
was found to be non-significant regarding trade
impact. The results also indicate a significant inter-
action effect between CI and WtE on the sustain-
ability measure (−0.000 954∗∗), where the posit-
ive effect of WtE capacity tends to be stronger at

lower industrialization levels but diminishes at higher
industrialization rates.

In contrast, in more advanced countries, the pos-
itive impact of WtE capacity is less pronounced.
Similarly, the positive effect of WtE capacity on waste
reduction is stronger in countries with a lower CI
but weaker in countries with higher performance.
Countries with higher GDP per capita generally have
more resources and financial capacity to invest in
sustainable development (0.0601∗∗∗) and innova-
tion (0.409∗∗∗), including funding for research and
development, infrastructure improvements, regulat-
ory frameworks aimed at reducing the environmental
impact of economic activities and effective environ-
mental protection expenses (0.869). Figure 3 shows
historical trend and the projected path of the CI.

Over the last decade, EMSs have significantly
improved their CE performance, as evidenced by
the increase in the average circularity index from
39.4 in 2011 to 54.4 in 2021. From table 3, one
can underscore the importance of investing in the
CE industry, revealing its positive impact on sus-
tainable development, innovation, and the compet-
itiveness of the raw materials sectors. However, the
findings also highlight that municipal waste reduc-
tion has not yet been achieved. Investing in the
CE can promote sustainable development, reduce
negative environmental impacts, and drive innov-
ation by encouraging new approaches to product
design and resource management. Furthermore, the
CE can bolster economic resilience by fostering more
competitive and sustainable raw materials sectors.
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Table 3. Regression analysis.

SDG INN BAL PSW

Sustainable development Innovation score Balance of trade Waste generation

CI 0.0811∗∗∗ 0.208∗∗∗ 16.57∗∗∗ 1.325∗∗∗

(0.008 76) (0.0705) (5.307) (0.439)
WTE 0.0658∗∗ 0.285 −24.74 −5.573∗∗∗

(0.0306) (0.247) (18.43) (1.538)
GDP 0.0601∗∗∗ 0.409∗∗∗ 10.93 2.804∗∗∗

(0.0127) (0.0974) (8.162) (0.608)
ENV 0.869∗∗ 7.830∗∗ −80.26 61.73∗∗∗

(0.421) (3.383) (254.0) (21.07)
MSW 0.0408 0.134 −170.4∗∗∗ 3.462∗∗

(0.0341) (0.227) (29.40) (1.426)
INT −0.000 954∗∗ −0.002 65 −0.128 0.0842∗∗∗

(0.000 456) (0.003 69) (0.271) (0.0230)
Constant 71.57∗∗∗ 63.30∗∗∗ 920.1 278.3∗∗∗

(0.734) (5.237) (721.0) (32.79)

Observations 297 297 297 297
Number of id 27 27 27 27
σ_u 2.449 14.274 3281.612 90.132
σ_e 0.807 6.362 483.251 39.546
ρ 0.9021 0.834 0.978 0.838
R2
Between 0.457 0.114 0.144 0.346
Within 0.336 0.804 0.226 0.363
Overall 0.343 0.756 0.224 0.354

Source: Authors’ elaboration. Standard errors in parentheses, ∗∗∗ p< 0.01, ∗∗ p< 0.05, ∗ p< 0.1.

Given these benefits, countries must prioritize invest-
ments in the CE industry to improve their circular-
ity index and achieve long-term environmental, eco-
nomic, and social sustainability.

5. Discussion and policy implications

This article shares some similarities with previous lit-
erature. In similar works, resource productivity was
selected as a proxy of the countries’ economic circu-
larity (Robaina et al 2020). Similarly, another study
grouped the EMs according to their performance
usingCE indicators proposed by the EC. Interestingly,
the paper underlined that only a few of the adopted
development strategies might be considered effective
in meeting the challenges of CE according to the EU’s
standards (Mazur-Wierzbicka 2021). Regarding the
relationship between CE and SDGs, this paper goes
in the same direction as a recent study, whose find-
ings provide policymakers with relevant insights into
the consequences of policies that promote the CE,
above all on the difference in outcomes depending on
prominent CE fields such as renewable energy, reuse,
repair, and recycling (Knäble et al 2022). Findings
also comply with the suggestions of a recent study
analyzing the relationship between waste manage-
ment policies and CE goals, which suggests that
policymakers should urgently focus on such policy
implications (D’Adamo et al 2022). Finally, it is

important to underline that a shift to a CE can
have remarkable sectoral distributional effects among
countries and sectors. Therefore, CE policies need the
support of supplementary re-distributional policies
(Boonman et al 2023).

Our results provide policymakers with informa-
tion for charting out a waste capacity industrializ-
ation path and regulators with data regarding how
and to what extent they should define tariffs for the
use of facilities (Scharff 2014, Schreck and Wagner
2017). Specifically, these results can support policy-
makers in designing policies that promote the over-
all efficiency of the waste management industry to
meet CE goals. It is also important to focus policies
on the infrastructural capacity of the waste sector
by selecting and promoting different waste manage-
ment structures based on the existing treatment capa-
city and the objectives to be achieved (di Foggia and
Beccarello 2021). However, for this to happen, there
must be broad political agreement, as it is a difficult
path, given the complexity of obtaining permits to
build new structures and the management of con-
sensus by policymakers.

Results also show that the European command
and control approach must be supplemented by
additional policy measures to promote convergence
among member states.

This letter has policy implications. First, author-
ization times for waste treatment facilities shall be
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Figure 3. Projected circularity index.
Source: Authors’ elaboration.

reduced along with the introduction of simplified
procedures for the authorization processes in analogy
to as envisaged by RePowerEU to accelerate invest-
ments in renewable production. One-stop-shop pro-
cedures should also be introduced for facilities func-
tional to CE goals to enhance certainty to private
investors.

Second, greater flexibility regarding state aid. It
is necessary to strengthen the measures to support
investments for the CE by extending the extraordin-
ary measures envisaged by the European Temporary
Crisis and Transition Framework to investments to
achieve the recycling and landfill reduction targets. It
would be appropriate: (i) to derogate from the cur-
rent state aid framework by increasing aid schemes for
investments in waste treatment facilities, (ii) to sim-
plify the notification procedures by including invest-
ments in CE in a General Block Exemption with rel-
evant threshold values below which it is not necessary
to notify the investment aid.

Third, tax credit schemes to promote investments
reduce or prevent waste production or improve the
quantity and quality of sorted waste.

Fourth, the Just Transition Fund shall provide
for the less-performing EMSs specific measures to

strengthen human and professional skills, which will
be increasingly important to ensure a waste collection
and treatment system in line with CE goals.

Fifth, CE goals may constitute a driving force for
promoting EU leadership regarding the production
capacity of waste management and treatment tech-
nologies. It is, therefore, necessary that alongside the
projects that promote research on key technologies
for the CE, specific measures are developed to pro-
mote industrial development.While our analysis yiel-
ded significant insights, it should be acknowledged
that it is not exempt from limitations as alternat-
ive approaches could be employed for prediction by
adjusting the baseline, especially given that the altern-
ative scenario aligns with common EU targets for
2035. To this end, we have introduced an alternative
prediction method using an autoregressive moving
average, comparing its results with the used approach.
The outcomes often show slight variations, with some
predictions closely aligning with the original results.
Summarizing the differences between the two meth-
ods at the European level, the ratio of the average
CI between the approaches stands at 1.031 in 2028,
i.e. half of the predicted period, and 0.99 in 2035, sup-
porting the viability of our proposed approach.
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6. Conclusions

The need to understand how and to what extent waste
management systems need to be upgraded and sup-
ported to meet the CE goals set forth in the CE pack-
age, justifies our research approach.

First, we analyzed the recycling and landfilling
rate trends, merged in a CI and, by predicting them
until 2035 from a business-as-usual perspective. We
compared such predictions with the path countries
shall hypothetically follow to meet CE goals.

Using the CI as a reference variable, we modeled
the impact of the indexwith prominent variables such
as sustainability performance, innovation, rawmater-
ials sectors competitiveness, and waste generation, to
better contextualize waste management capacity in
the policymaking debate.

In light of policy measures for supporting energy
transition, a parallel was drawn with regard to
the CE industry. Five policy implications were
identified to accelerate the development of structural
interventions in facilities relating to waste treat-
ment to increase recycling capacity and reduce waste
landfilling. Authorization times for waste treatment
facilities shall be reduced along with the introduc-
tion of simplified authorization procedures, more
flexibility on state aid rules, allowing service users
or waste producers, the use of tax credit schemes,
and the application of the Just Transition Fund to
provide less-performing EMSs with specific measures
to strengthen human and professional skills and spe-
cific measures to promote industrial development.

Our results can significantly assist policymakers
in defining industrial policies that facilitate the cre-
ation of appropriate technological options, thereby
supporting a country’s ability to achieve CE goals.
Future studies should focus on three topics. First, it
is important to analyze the cost-effectiveness of dif-
ferent waste management technologies. Second, there
is a need to understand the regulatory role of waste
management tariffs in the development of facilities
to ensure optimal capacity. Third, future research
should focus on market structure as it is crucial in
designing a single European market for waste man-
agement compliant with leadership in environmental
targets.
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