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Abstract

While the circular economy has garnered significant attention over the last two decades,
few studies have explored the relationship between recycling and macroeconomic condi-
tions. This paper aims to elucidate how macroeconomic factors influence and correlate
with recycling indicators, focusing on European waste management. First, we analyze how
macroeconomic indicators impact key circular economy indicators related to waste man-
agement, considering 27 European countries from 2000 to 2019, categorized into West-
ern, Southern, and Eastern Europe. An ordinary least squares model serves as a baseline
for comparison with a fixed effects model and a model with regional and time dummies.
As a response to Ferrante and Germani’s (2020) call for more research on causal stud-
ies of this kind, we also address reverse causality both by testing for panel data Granger
causality and by applying the dynamic panel data approach developed by Arellano and
Bond (1991). Second, we investigate variations in circular economic performance across
European regions and countries, both before and after controlling for the macroeconomic
context. The empirical analysis reveals a substantial correlation between circular economy
indicators and key macroeconomic conditions, but we do not find evidence supporting
causal impacts from macroeconomic circumstances in the short run. Regional examina-
tions unveil disparities in circular economic performance, with Western Europe generally
surpassing Southern and Eastern Europe. However, these patterns align more closely when
considering the macroeconomic context. The methodologies employed in the study may
prove valuable for future research on the circular economy and its relation to macroeco-
nomic influences.

Keywords Circular economy - Macroeconomic influences - Regional development -
Econometric analysis - European economy - Recycling

Introduction
Waste management constitutes a major global issue, with landfilling being the most com-

monly used, yet least desirable, method of waste disposal. As a response to this issue, recy-
cling constitutes a key ingredient in the circular economy.
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Over the past twenty years, the circular economy has garnered substantial attention in
political and academic circles, particularly in Europe, where environmental issues are of
major concern. In 2015 and 2020, the European Commission [2] adopted the first and sec-
ond circular economy action plans [11], with gradual revisions, elaborations and imple-
mentations over the years. The related regulatory framework has also developed by several
different dimensions, inter alia through the adoption of the European Green Deal in 2020
and revisions to the circular economy monitoring framework in 2022, along with different
sectorial regulations and international initiatives. As the circular economy embraces the
three pillars — economic, social and environmental — the indicators that best describe it
should be selected by referring to the area of target, whether it is waste management, air
pollution and carbon dioxide emissions, energy, material management, or economic factors
[21].

Recycling plays a central role in the circular economy. As the amounts of waste are
increasing annually, the importance of recycling is growing accordingly. Recycling can
partly solve the problem of waste generation by various circular economic measures. First,
circular economy design is applied, where product from its production is designed to be
reused, recycled, or become a part of another product. Second, innovative business models
enable the transition from the traditional buy-consume-dispose principle to more sustain-
able production. Third, reverse cycles are developed, covering logistics, collections, sort-
ing, treatment, and segmentation, by enabling innovative systems for new or used materials
to be returned to the soil or production. Fourth, a network of enablers and accelerators
are established, including a wide range of relevant stakeholders (e.g., governmental insti-
tutions, clusters, partners, co-operators, investors, research centers, higher education and
other institutions that could encourage shifting to the circular economy). The concept of the
circular economy encompasses innovative business models that hinge on effective waste
management, optimized supply and consumption chains, and the adoption of resource-effi-
cient and energy-saving technologies. Additionally, it entails strategies such as minimizing
the consumption of primary natural resources, extending the lifespan of products through
closed-loop production and consumption, and promoting the recycling or cyclic utilization
of materials [23].

While the literature on the circular economy has expanded, the connections between
macroeconomic factors and waste management remain incompletely understood with only
a few notable contributions. Even fewer studies investigate systematically the differences in
characteristics of countries with high circular economic performance and how the macro-
economic context matters in this regard. Still, some notable studies address the relationship
between the circular economy and macroeconomic circumstances. A key contribution is
Ferrante and Germani [12]. The authors apply fixed-effect models and Granger causality
tests to explore both directions of the relationship between indicators of the circular econ-
omy and social-economic variables. Their results suggest that although the relationships
between the variables are not always bidirectional, the circular economy may enhance eco-
nomic growth. Ferrante and Germani call for more empirical work to explore whether the
correlation patterns between the circular economy indicators and the macroeconomic vari-
ables are causal, and how their development patterns interact.

According to Domenech and Bahn-Walkowiak [9], the analysis of European national
policies on environmental resource efficiency reveals a complex and fragmented landscape.
This landscape is marked by diverse strategies, targets, and policy instruments, which often
diminish the effectiveness of resource efficiency policies and hinder the uniform imple-
mentation of circular economy action plans. By the same token, Gutberlet et al. [15] under-
line that the development and implementation of circular economic measures calls should
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take the prevailing national business system into consideration, including macroeconomic
circumstances.

In this research, we consider circular economy indicators reflecting recycling efforts as
kind of waste management practices. We contribute to bridging the knowledge gap on how
recycling efforts depend on macroeconomic circumstances and vice versa, as pointed out
by Ferrante and Germani [12]. Moreover, we seek to fill some of the gap in scientific lit-
erature when macroeconomic conditions impact the development of the circular economy.
We aim to shed light on how macroeconomic circumstances influence recycling efforts,
and what explains the difference between European countries. Thereby, we aim to provide
new insights into how economic development specifics impact the transition of European
countries toward a circular economy.

The empirical investigation undertaken in this paper focuses on the European Union-
28 countries from 2000 to 2019 (except for the Czech Republic due to data shortages),
exploring six circular economy indicators related to waste and six macroeconomic factors.
The study employs four econometric models. This includes a linear ordinary least squares
model as a baseline approach, a fixed effect model adjusting time-fixed and country-fixed
effects and a model with regional time dummies, which aims to capture distinct develop-
ment patterns in Western, Southern and Eastern Europe. The fourth model is the dynamic
panel data model of Arellano and Bond [3], which aims to capture the dynamics of the
correlations and potential bidirectional causal relations. In addition, we perform the panel
data Granger causality test developed by Dumitrescu and Hurlin [10] to further check the
causal relationship between the indicators for the circular economy and the macroeco-
nomic circumstances.

When analyzing European countries, regional allows us to identify successful circular
economy implementation practices through shared common characteristics. Moreover,
adjustment for the macroeconomic context allows us to shed light on what explains the
differences in the circular economy indicators. The proposed econometric models allow
the assessment of relations between macroeconomic key variables and circular economy
indicators, and the comparative development in Europe. We examine how macroeconomic
conditions influence and covaries with the circular indicators and how macroeconomic cir-
cumstances contribute to explaining differences in circular economic performance across
European regions and countries. The regional and country-specific investigations are
suited for shedding light on differences in national practices, as requested by Domenech
and Bahn-Walkowiak [9] and Gutberlet et al. [15]. The main ingredients of the empirical
approach applied are- illustrated in Fig. 1.

The empirical findings of this paper suggest that while there is no clear evidence of
a causal impact in the short term, a complex relationship exists. Regional analyses dem-
onstrate differences in circular economic performance, with Western Europe consistently
outperforming Southern and Eastern Europe, although growth in circular economy indica-
tors is higher in the latter regions. The patterns remain, but they become more similar when
controlled for the macroeconomic context.

Some other papers are also relevant for this study. Another article standing out is the
one by Tantau, Maassen and Fratila [28]. The authors examine the relationships between
circular economy indicators in the European Union using panel data regressions. Their
research utilizes measures of waste management, environmental taxes, and R&D expendi-
ture, drawing on data from 28 European Union countries between 2010 and 2014. They
selected the recycling rate of municipal waste as the dependent variable, which is also one
of the six circular economy indicators used as a dependent variable in our study. The ordi-
nary least squares regression model and the non-pooled regression by Tantau, Maassen
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Fig. 1 Illustration of methodological approach

and Fratila indicate that most of the selected independent variables are influenced by the
dependent variable.

The literature review of Razminiené et al. [25] illustrates how scholars analyze the rela-
tionship between the circular economy and economic performance on a regional level,
motivating further investigation at the European national level. The review also depicts an
exponential growth in such studies. The existing literature generally find that waste man-
agement is influenced by several circumstantial factors, among them foreign direct invest-
ment flows, environmental impacts, population, pollution and spillover effects. Van Bueren
et al. [29] review macro studies on the circular economy with the intention of finding the
optimal regions in terms of neighborhoods and planetary boundaries, while Razminiené
and Tvaronaviciené [25] review of cluster synergies in context of the circular economy.

This study investigates regional developments in the circular economy within three
European regions sharing common characteristics. Regional development is also addressed
in the literature concerning other parts of the world. Lu et al. [20] examines efficiency of
the circular economy in Chinese provinces, applying a two-stage data envelopment analy-
sis, accounting for spatial autocorrelation. The authors apply economic outputs, recycling
outputs and undesired outputs in their production estimation. They find that high circular
economic efficiency for a region is associated with proximity to similar regions, high level
of economic development, openness to the outside, government regulations, industrial
aggregation and low level of industrialization.

Other authors address the relationship between macroeconomic circumstances and
other circular economic indicators. By applying a linear regression model to evaluate the
potential correlation among European end-of-life vehicle flows in six countries, D’Adamo
et al. [8] reveal correlation patterns between generated and recycled end-of-life vehicles on
the one hand and gross domestic product and population on the other hand. Pham, Huynh
and Nasir [22] apply a panel vector autoregressive model and a fully modified ordinary
least squares model to European countries. They find that population size, urbanization,
economic growth, FDI, trade and energy consumption correlate positively with carbon
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emissions, whereas renewable energy consumption may contribute to environmental degra-
dation in the long run.

Another part of the literature analyzes the relationship between the circular economy
and macroeconomic circumstances by model simulation. Integrating circular materials into
a standard neoclassical general equilibrium model, [7] show that the optimal recycling rate
depends positively on marginal pollution damage and waste content of final consumption
goods. Furthermore, they show that technological improvements in recycling technology
enhance total output and the circular economic activities. Higher cost of natural materi-
als, on the other hand, diminishes output, and increases waste accumulation and recycling.
Based on scenario analysis across countries, Aguilar-Hernandez, Rodrigues and Tukker [1]
predict that circular economy measures may increase median figures for gross domestic
product, employment and carbon dioxide emissions by 2.0 percent, 1.6 percent, and minus
24.6 percent, respectively, compared to the business-as-usual scenario.

Yet another part of the literature with relevance for this paper are carried out at micro
level. Siedschlag and Yan [27] study how internal and external factors influence firms’
decisions to invest in environmental protection in Ireland. They apply an instrumental
variable approach with the proportion of local firms in each peer group as an instrument,
exploiting that local-owned firms are more likely to invest environmental protection than
foreign-owned firms. The authors find that more prominent firms tend to invest in equip-
ment for pollution control and cleaner technologies. In a sample of more than 10,000 small
and medium-sized European firms Bassi and Dias [5] find that 73.2 percent of them imple-
ment at least one circular economic activity. Green actions are positively associated with
firm size and R&D intensity.

Methodology

In this section, we describe the model and the econometric strategy employed to analyze
how the macroeconomic influences and regional development patterns are associated with
the circular economy.

Macroeconomic Influences on the Circular Economy

To address how macroeconomic conditions influence and correlate with factors of the cir-
cular economy, we estimate four econometric models.

As the simplest model, we apply the linear ordinary least squares estimator. The model
is cross-sectional in nature and suited to capture correlation patterns between the variables.
Formally, let y;, be a circular economic indicator for country i at time ¢. Furthermore, x;, is
a vector of macroeconomic key variables (including the intercept), which possibly influ-
ences the circular economic indicator. The model becomes:

Vi = x:,; FOLS 4 €3LS )

where is fO5 a vector of regression parameters associated with the explanatory vari-

ables and ¢;, is an error term. Note that neither the error term nor the estimation of the

coefficients’ standard errors takes potential autocorrelation or heteroskedasticity into
consideration.
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In addition, we construct panel data models. Within these models, we let the error terms
account for potential autocorrelation and heteroskedasticity, and apply robust standard
errors. As it concerns the second model, we estimate a standard fixed effect model with
time and country fixed effects. Here, we introduce a vector of time dummies D7, at time
and a vector of country dummiesDC; at country i:

Vis = x;Y[ﬂFE + DT:ODT’FE + DC;GDC’FE + eftE (2)
where pFE, gPT-FE_DC.FE
term.

As a third model, we apply an alternative fixed effect with regional time effects. Here,
all countries are sorted into regions r. Compared to the standard fixed model, this model
does not involve country fixed effects, but it does in return allow for regional development
patterns. We let DRT,, , denote a vector of regional time dummies for country i located in
region r at time ¢. The linear regression model with regional time dummies becomes:

are vectors of regression parameters and eftE denotes the error

_ ! pRTD ! DRT,RTD RTD
yi,t - xi,tﬂ + DRTr(t) te +e 1 t (3)

ﬂRTD eDRT RTD

where and are regression parameters, and eRTD denotes the error term.

Reverse causality from the output variable to the explanatory variable and mutual
dependence on omitted variable may cause challenges in the mentioned approaches. To test
reverse causality, we apply Dumitrescu and Hurlin’s [10] test for detecting reverse causality
in panel data, building on Granger [14]. The test considers whether an explanatory variable
is explained by an outcome variable or not. In the empirical implementation, we apply the
Wald test and tests building on the standard normal distribution.

As the last model specification, we apply the dynamic panel data model, as proposed by
Arellano and Bond [3]. We also refer to Holtz-Eakin, Newey and Rosen 1988 [16], Arel-
lano and Bover 1995 [4], and Blundell and Bond 1998 [6]. This model is known for han-
dling reverse causality issues in the absence of solid external instruments. Such an estima-
tion technique can be useful to tackle potential endo eneity problems. Here, we split the
vector of explanatory variables into two subsets, x; ¢ x xZ } where x | constitutes a vec-

tor of strictly exogenous covariates and xZ constltutes a vector of poss1bly endogenous
covariates. Furthermore, we assume that the error term consists of two independent com-
posites, e/ = v2IM pidPM. Here, v2™ is a white noise error term, whereaspi’"" is panel-
level effects that may be correlated w1th the covariates. We assume that the past variations
in the response variables are independent of the current shocks in the circular economy

indicators that we employ. The model becomes as follows:

_ DPM | 1CaDPM |, 4Z.DPM , 71 oDT.DPM , - DPM | -:DPM
Yie = Yig—1® i B +xy +Tt0 +Vi,t +p” “4)
Here, T, represents a time trend, whereas pPPM, yPPM @DT.DPM an{ constitute vectors

of the regression parameters. As the lagged dependent variables correlate with the cur-
rent innovation in the dependent variable, measures need to be taken to make the standard
estimators consistent. The panel-level effects are handled by applying estimators based on
first differencing and instruments to exploit moment conditions. Here, the lagged levels of
the dependent variables, the predetermined variables and the endogenous variables form
the generalized method of moments type of instruments, exploiting the first differences
of the strictly exogenous variables as standard instruments. In practice, we treat all our
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macroeconomic covariates as generalized method of moments type of instruments, while
the year trend is treated as a standard instrument.

We have applied Stata in the practical implementation of the econometric model. We
have used the standard commands ‘reg’ and ‘xtreg’ for the ordinary linear least squares
model and the fixed effect models respectively. The command ‘xtabond2’ [26] and ‘xtg-
cause’ [19] is applied for the dynamic panel data model of Arellano and Bond.

Regional Developments in the Circular Economy

When moving on to regional developments in the circular economy, we conduct two types
of analyses. First, we consider the effect of circular economy indicators developing across
European regions. Second, we consider the circular economy’s status and average annual
growth indicators across European countries. Both analyses are conducted with and with-
out adjusting for macroeconomic influences.

When considering the unadjusted regional developments in the circular economic indi-
cators, we apply simple linear regression models with the indicator for the circular econ-
omy as the dependent variable and regional time dummies as the only explanatory vari-
ables (in addition to a constant). The simple regression model with regional time dummies
becomes:

Vo= ﬂgRTD + DRT;MODRT,SRTD + effm )

where f3%P and 6PRTSRTD represent regression parameters and e~ represent the error

term. The regional development patterns will then be reflected by the estimated regression
coefficients, GPRT-SRTD

By nature, these regression coefficients may be below and above zero and do not involve
any a priori assumption about bounds on the absolute magnitude. To transform the vari-
ables into scale, which is easier to interpret, we make use of the following formula for
indexation 7 of a variable ¢ for country i at time ¢:

¢, — min(g)
max(¢p) — min(¢)

which ensures that the lowest outcome of ¢ is zero and the highest outcome of ¢ is one.
The scale in between is determined by the scale of the variable in question. In the case of a
dependent variable defined as a portion, we keep the original scales (e.g. ¢; = é\[D RTSRID iy
this case). In the case of a dependent variable defined in logarithmic form, we convert the
variable to normal values before the indexation (e.g. ¢, = exp(é\l.D RTSRID ) in this case).

When doing the same with adjustment for macroeconomic influences, we estimate the
regression model specified in Eq. (2). The regional development patterns will in this case
be reflected by the regression coefficients 9PRTR™2_ We then apply Eq. (5) for indexation in
the same manner as in the unadjusted investigation of regional development patterns.

When considering the status and the average annual growth for the unadjusted circular
economy indicators over European countries, we apply the circular variables directly. For
the circular variables in the logarithm, we transform them back to normal values. For the
circular variables that represent portions, we do not perform such transformations.

1(¢;) = (6)
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When considering the adjusted circular economy indicators over European countries,
we utilize the estimated residuals from Eq. (1), égLS . Then, we perform an indexation of a
similar fashion as the one presented in connection with Eq. (5) above.

As a status for the circular indicators, we apply 2018 as the reference year (as some
more observations are missing for 2019). For each country, the annual growth rates are
estimated based on the first year and the last year with observations, implying that we can
include some more countries in the comparison at the expense of the occurrence of some
deviations in years assessed over counties.

Data

In this section, we present the data used in the investigations, starting with data implemen-
tation, before moving on to descriptive statistics.

Data Implementation

In this subsection, we account for what variables we apply in the empirical investigations,
how we apply them, and from which sources they are collected. In Table 1, we list the vari-
ables used in the empirical investigations.

Among the variables in the table, the sixth first is circular economy indicators, which
we apply as dependent variables in the investigations. The six latest are macroeconomic
indicators, which we exploit as explanatory variables in the investigations.

Our study involves all European Union-28 countries from 2000 to 2019, except for the
Czech Republic, due to limited data access for this country. In some of the investigations,
we classify the countries into three regions with cultural and economic common character-
istics: Western Europe, Southern Europe and Eastern Europe. When addressing regional
developments in the circular economy, we use two-digit country codes (i.e. the United
Nations’ standard ‘ISO 3166-1 alpha-2’) to indicate each concerned country. An overview
of the countries in the study and the corresponding regions and country codes is given in
Table 2.

The variable coverage is not complete for all years’ overall observation units. These dif-
ferences are first and foremost related to different time spans associated with the dependent
variable, implying that the dataset within the dataset associated with each regression is not
that unbalanced. Yet, the unbalances are also, to some extent, caused by missing observa-
tions for a particular observation unit within the defined period. We have chosen to keep all
observations in the dataset and leave the applied datasets in the regression weakly unbal-
anced, as balancing the dataset would have implied the loss of many observations.

Descriptive Statistics

Before we present the empirical results, we provide some key descriptive statistics. In
Table 3, we present the summary statistics.

In Table 4, we depict the correlations between the variables in the study, including the
circular indicators, the macroeconomic key variables, regional dummies and time. It is
worth noting that the variables involve different numbers of observations, conferring the
discussion on the slightly unbalanced dataset in the previous subsection.

@ Springer



Circular Economy and Sustainability

([L1] p'u el NI —IesEIR(—0Bed OWOH el

JNL,) (SAD) SOUSHLIS 90URUL] JUSWUIIAOL) — JINT
ATNNH pu ,MCQMﬁmﬁOHO Jjo \mﬁmuu\ﬁﬁb | o1ud))
juowdo[oAa( PUR YIMOID USSUIUOID | S[qRL PHOM

uusd | 0°0T LAd,,) (0°0T UOISIOA) 9[qe], PIIOA\ UUSJ
([] pu , ‘uorssruwo))

ueadoing | aseqeiep ODHIAY.,) 35eqeIep OJFINY

([%2] 'p'u . ‘uaSuruoin) jo AJISISAIUN | DU
Juowdo[eAd(J pue YImoIr) ua3uruois) | 9[qe], PO
uudd | 0°0T LMd.,) (0°01 UOISIdA) SQRL PHOM UUSd

(811 pu

. JeIsomnyg—AwWou099 Je[NdIr)—SIOJBIIPU],,) JBISOING
(811 pu

. JeISOINg—AWOU099 Je[NIII)—SI0JEDIPU],,) JBISOING
(81] pu

. IeIs0Ig—AWou093 IB[NOII)—SIOJedIpU],,) 18)IS0Ing

(811 pu
. JeIS0INT—AWOU0I JB[NIIID—SI0JeIIPU],,) J8ISoIng

({811 pu
. IBIS0Ig—AWOou093 IB[NOII)—SIOJeIIPU],,) 18IS0INg

(811 pu
1BISOINg—AWOU003 TB[NOII)—SIOJLIIPU],,) 18ISOINT

Erilichie |

asn

asn

asn
BN
a8ejuao1od

SQUO0) puesnoyJ,

a8ejuao1og

SQUO) puesnoyJ,

eydeo 1od sweidoqry]

Q0IOP[IOM [£)0) Y}
pue pakojdweun Jo Joquinu 9y UIOMIOq OTJBI Y],

[endes reorsAyd jo yoo01s Ay,

10109s ayeArxd oy ur uonewioy [e3ided paxy ssoin
endes 1od ggo
[ea1 sk 01 paLIdjal sT Jeak oy1oads e jo uonendod
a3e1aAe oy} 0) JOO [ sk passardxa porrad
UTB}I0 B UIim AWouodd oy} £q paonpoid sad1AIas

pue spoo3 jo jndino [euy [€1031 AY) JO onel Y,
J)sem Jurdeyoed paje

-1oua3 [[e ur d)sem Surdexoed po[oLoar Jo areys Ay,
9)e1 910Ad%91 pue

9SNaI 9y pue eI UONII[0d Ay} Jo uonesrdnn
uorneIouasd sem [edorunu

€303 2y ur d)sem [edrorunua p[oLdoa1 Jo Areys Y],
Kem sty ur yoedur
[RIUSUWIUOIIAUS Y} SUIONPAI S[eLIdjewl mel Arewrid
JO PEoISUI Pasn aIe S[eLISJEW AIepUu0dds AIOW St
QoueuLIO)Iad 10139q SMOUS AN[eA 9)e AJLIR[NOIIO
19y31y y "9sn [BLIJEW [[BISAO ) AQ PIPIAIP pue
dn powruns s[erIg)ewW JO 9sn JE[NOIIO dY) pue uon
-dwnsuoo [erreyew onsawop Ae3oi3se Jurajoaur

JoyeoIpUr 9)1s0dwod © ST 9)el 9sn [eLId)ew JB[NOIID)
Sur[yspoeq pue Surokoar

— KA19A0221 pue sjndur 10211p — [BLIdJBW PIssa01d
q)seMOIq JO SuI[d
-Koa1 9y 0) s19§a1 roquunu st uorjeindod [€30) oy}

pue 9)sem [edromunu pasodwod udamIdq oner Y[,

9yer JuowAojdwaun

(So1) 1o310M 12d }003S TRIIdED pAxXT]

(So1) endes 1ad syusunsoaur ajearrd [eay

(So1) edes 1ad 1onpoid onsswop ssoin
Qisem Juryoed Jo 9)e1 Sul[oAda1 oy,
Q)SEM JTUOIIII[R JO el SUI[IAII Y],

Jisem [edrorunw Jo 9)ex Sur[oAda1 oy [,

QJBI 9SN [BLID)BW JB[NIII)

(30]) [eLI9IRW PIssSa01d

(3o1) eades 1od 1semolq Jo Surohooy

90In0g

ur PaINSeaA]

uondrsaq

SICLATN

S90INOS BJEP PUB S)IUN JUSWINSEIW ‘SUONdrIosop Surpuodsoriod yirm s[qeLIEA JO MITAIOAQ | 3]qeL

pringer

NS



Circular Economy and Sustainability

SUOT)BAIISQO A} JO SIIISINO UO UAYM ‘Suor)
-BAJ9SQO 159S0[0 a3 0] [enba 19s pue ‘uonearasqo
U22M)2q UI UM ‘A[[eoL1owod3 pajejodidur are
SUOTBAIISQO AY) ‘sased mdj e uy “([¢1] 'pu ‘el

Krenba aynjosqe jo

aurf eonaylodAy B pue SwodUI [810] JO UONINGLISIP
QATIR[NWIND Y] O] SAIND ZUIOT ) USIM]Aq BAIE
Q) S2INSBIW XIPUI [UID) I ], "uonnqrusip renbo
Apoojaad e woiy sajeIAop AWOUOID UB UM
SP[OYasNOY] IO S[eNPIAIPUT SUOUTE SWOJUI JO Uonnq

| Xopul 1UuID), ) (S1LWIISS Juey PIIOA\) XpUI [UID) syutod xopuy -LISIP 9Y) YOIYM 0] JUSIXD SY) SAINSBIUI XJpUl TUID) Ayrenbaur 10§ Xapur [NTD
([¥2] "p'u . ‘uaduruoin) Jo ANSISAIU() | AU
Juawdo[aAd pue YIMOoID) USUIUOID) | 9[qR], PO
uusd | 0°'0T LMds,) (0°0T UOISIOA) J[qe], P[IOA Uudd Erjalichieh | uonendod ur uonerea a3ejusdrad [enuuy ymois uonendog
0In0§ Ul paInsesj uonduosaq J[qerieAp

(ponunuod) | sjqer

pringer

a's



Circular Economy and Sustainability

Table 2 Countries included in the study with regional classification and country codes (ISO 3166-1 alpha-
2)

Region Country name Country code

Western Europe  Austria, Belgium, Denmark, Finland, AT, BE, DK, FI, FR, DE, IE, LU, NL, SE
France, Germany, Ireland, Luxem- and GB
bourg, Netherlands, Sweden and United
Kingdom

Southern Europe Cyprus, Greece, Italy, Malta, Portugal and CY, GR, IT, MT, PT and ES
Spain

Eastern Europe  Bulgaria, Croatia, Estonia, Hungary, BG, HR, EE, HU, LV, LT, PL, RO, SK
Latvia, Lithuania, Poland, Romania, and SI

Slovakia and Slovenia

Table 3 Summary statistics

Variable Obs Mean SD Min Max
Recycling of biowaste per capita (log) 471 3.572 1.190 0.693 5.533
Processed material (log) 270 12.109 1.330 8.538 14.504
Circular material use rate 270 0.088 0.064 0.012 0.300
The recycling rate of municipal waste 527 0.291 0.182 0.000 0.672
The recycling rate of electronic waste 263 0.356 0.149 0.097 1.052
The recycling rate of packing waste 479 0.574 0.133 0.059 0.853
Gross domestic product per capita (log) 540 10.402 0.436 9.167 11.481
Real private investments per capita (log) 540 8.209 0.734 5.985 10.32
Fixed capital stock per worker (log) 540 12.895 0.525 10.891 13.62
Unemployment rate 522 8.837 4.451 1.900 27.492
Population growth 540 0.002 0.008 -0.016 0.027
GINI index for inequality 540 31.132 3.519 24.200 35.900

Among the circular economy indicators, we see a particularly strong piecewise correlation
between recycling biowaste per capita and the recycling rate of municipal waste and between
the recycling rates of municipal waste and electronic waste. Conversely, the recycling rate of
electronic waste is weakly negatively correlated with the circular material use rate and barely
positively correlated with processed material per capita in the log.

The strongest piecewise correlations between the circular economy indicators and the mac-
roeconomic key variables are found between recycling of biowaste per capita in logs and recy-
cling rate of municipal waste on the one hand and gross domestic product per and real private
investments — both per capita in logs — on the other hand. In addition, the circular economy
indicators tend to be larger in Western Europe than in Eastern and Southern Europe and to
increase over time.
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Table 4 Piecewise correlation matrix

Variable (@) 2) 3) “) (5) (6)

(1) Recycling of biowaste per capita (log) 1.000

(2) Processed material per capita (log) 0.423 1.000

(3) Circular material use rate 0.530 0.429 1.000

(4) Recycling rate of municipal waste 0.849 0.474 0.565 1.000

(5) Recycling rate of electronic waste 0.131 0.085 -0.062  0.336 1.000

(6) Recycling rate of packing waste 0.590 0.370 0411 0.752 0.316 1.000
(7) Gross domestic product per capita (log) 0.727 0.201 0.465 0.732 0.110 0.482
(8) Real private investments per capita (log) ~ 0.700 0.161 0.470 0.690 0.095 0.398
(9) Fixed capital stock per worker (log) 0.554 0.097 0.284 0.508 -0.118 0.433
(10) Unemployment rate -0.326 -0.052  -0.328  -0.320 -0.175  0.026
(11) Population growth 0.452 -0.034  0.352 0.319 -0.062  0.092
(12) GINI index for inequality -0.032  0.039 -0.021  -0.013  -0.087  0.018
(13) Western Europe 0.655 0.378 0.492 0.733 0.184 0.459
(14) Southern Europe -0.029  -0.172  -0.207 -0299 -0.374 -0.274
(15) Eastern Europe -0.665 -0.236  -0.322  -0.488  0.127 -0.244
(16) Time 0.188 0.027 0.052 0.350 0.462 0.454
Variable (7) 8) 9 (10) (1 (12)
(7) Gross domestic product per capita (log) 1.000

(8) Real private investments per capita (log)  0.944 1.000

(9) Fixed capital stock per worker (log) 0.753 0.757 1.000

(10) Unemployment rate -0.443  -0.520 -0.113 1.000

(11) Population growth 0.690 0.704 0.504 -0.372  1.000

(12) GINI index for inequality -0.023  -0.033  0.003 0.048 0.010 1.000
(13) Western Europe 0.778 0.806 0.480 -0.428  0.505 0.019
(14) Southern Europe -0.049  -0.078  0.265 0.240 0.159 -0.033
(15) Eastern Europe -0.749  -0.753  -0.717  0.228 -0.650  0.009
(16) Time 0.229 0.106 0.164 0.031 -0.061  -0.076

Empirical Results

When presenting the empirical results, we start by assessing macroeconomic influences
on circular economic outcomes. We then move on to the regional developments associ-
ated with the European circular economy.

Macroeconomic Influences on the Circular Economy

In the investigation of macroeconomic influences on the circular economy, we begin by
investigating correlation patterns based on pooled linear least squares regressions. As
some of the macroeconomic variables are collinear, it is expected that some explana-
tory variables will turn out insignificant, despite a strong piecewise correlation with the
dependent variable (confer subsection 3.2).

@ Springer



Circular Economy and Sustainability

9LE0 Sero L19°0 YLTO 8¢1°0 weso parenbs-y
(3914 09¢ 116 [4Y4 [4Y4 9¢Y SUOneAILsqQ
(€9T°0) ((4ZYV)] vz o) (zzTo) (€00°9) (S20D
s EVLC Sy10- #5x3:00€°€" #23109°0- 8CT'L- 2 €81°0C jueisuo)y
(100°0) (200'0) (100°0) (100°0) (0200 (110°0)
100°0 200°0- 1000 100°0 8200 200°0- Ayrenbaur Joj xopur INID
(¥68°0) (2500 (906°0) (889°0) (8%5°S1) (98°L)
#4961 L" #%x90€°9- #5088~ 80°0- #5x [€C°99- %4 [98°6C- pmoi3 uonendod
(z000) (€00°0) (z00'0) (100°0) (200 (T100)
#%500°0 100°0- %€00°0 #%€00°0" €100 9000 arex juswkordwoun
(810°0) (F€0°0) L1000 (€100 (S6T°0) (8%1°0)
9200 #5x811°0" #%%£90°0" 100 G8¢0- S80°0 (3or) Jox10m 1od Yo03s [errded paxig
(S20'0) (8¥0°0) (S20'0) (610°0) Ly o) (L81°0)
810°0- €200 #%xC80°0 2100 €00~ #=xVEY'0 (3or) eardes 1od syuounsoaur ayeartd [eay
(8€0°0) (LLO0) (9¢0°0) (T€0'0) (TIL'0) (¥8T°0)
#5:5E67°0 #x$81°0 #5xLSE'0 1700 #52997'T #xGT8' (301) earde 1ad 1onpoud dnsawop sso1n
qsem
Sunyoed jo oyex QJSem OIUOIII[ Qisem Tedrorunw QJel19sn [eLI (30r1) endeo 1od (301) endes 1od

SuroAoarayy, Jo 9ex SurpAdarayy,  Jo el Surokdoar ayJ,

-qjew JB[NOIID)

[BLISJEW PASSEd0I  9)SeMOIq JO SUIOAOTY

S710d

01'0>d 4+ ‘G0°0>d 45 ‘10°0>d

s 1SOSAIUAIEd UT SIOIID pIEpuR)S 'SUOISSAISaI sarenbs jseo] reour] Areurpio pajood Aq pojewn)sd ‘So[qerreA A9y OTWIOUOJD JR[NOIO UO SIOUNPUT JTWOUOI0IOLIA G d|qel

pringer

Qs



Circular Economy and Sustainability

The results are provided in Table 5. We see that the national production level in
terms of high gross domestic product per capita is associated with positive and signifi-
cant scores on the circular economy indicators, except for the circular material use rate.
Instead, the circular material use rate has a negative correlation with the unemployment
rate. On the contrary, the recycling rates of municipal waste and packing waste are posi-
tively and significantly associated with the unemployment rate. Intuitively, it is easy to
think of positive and negative mechanisms, from unemployment to circular outcomes.
On the one hand, the unemployed generally have less to spend. On the other hand, recy-
cling concerns a good that poorer people can afford to a lesser extent.

Except for the circular material use rate, all circular economy indicators were negatively
associated with population growth. This may reflect that population growth ceteris paribus
calls for higher circular capacities to maintain the same level of the circular indicators. Per-
haps somewhat surprisingly, capital intensity is negatively associated with municipal and
electronic waste recycling rates. A possible explanation is that manufacturing and other
capital-intensive sectors are overrepresented in countries with relatively high capital inten-
sity and that these countries perform somewhat poorer on circular economy indicators.
Otherwise, the GINI index is insignificant in all regressions, indicating that egalitarianism
is uncorrelated with the circular economy.

Of course, pooled ordinary least squares regressions give a rather rough picture and
mainly involve conditioned correlations. Moreover, many unobservables related to both
country and year may affect the results. Next, we, therefore, perform fixed effect regres-
sions with country-fixed effects and year-fixed effects, which are suited to explore the con-
ditioned relationship between the explanatory variables and the outcome variables.

Overall, the fixed effect regressions’ results are less significance than the results from
the pooled ordinary least squares regressions, as depicted in Table 6. Some features resem-
ble the POLS approach, but there are also many differences. The impact of gross domestic
product per capita is only significant at a one percent significance level for recycling bio-
waste per capita and processed material per capita, in addition to being significant at a ten
percent significance level for the recycling rate of municipal waste. Thus, economic growth
appears to be reflected by more spending on the circular economy partly. For real private
investments per capita, the regression coefficients for recycling of biowaste per capita and
the recycling rate of municipal waste are still significant, but the signs have flipped. As
gross domestic product per capita are also included in these regressions, this may partly
reflect the tradeoff between investments and consumption. Capital intensity, the unemploy-
ment rate, and population growth still involve significant regression coefficients, but the
signs now vary across regressions. The regression coefficient for the GINI index is still
insignificant in all regressions.

The alternative fixed effect specification is a linear regression with regional year dum-
mies. In this specification, we neglect country heterogeneities within each region (i.e.
Western, Southern and Eastern Europe), but we can control for regional development
patterns. We have reported the regression results in Table 7. We see that gross domestic
product per capita still involves some positive and significant results, whereas many of the
regression coefficients for population growth once again are negative and significant. As
before, real private investments per capita, capital intensity, and the unemployment rate
involve positive and insignificant regression coefficients, while the regression coefficients
for the GINI index remain insignificant.

A worry is that some of the explanatory variables may be endogenous. Accordingly,
we test for panel data Granger causality in Table 8. Note that this test reveals bidirectional
causality patterns, which may disappear after considering other covariates and correlation
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patterns. Note that some results are omitted due to too few observations after balancing,
which is required before conducting the test (and due to the the lack of covariance in the
case of the recycling rate of electronic waste and the GINI coefficient). Evidently, bidirec-
tional reverse causality is a concern in most cases. The most striking exception is the tests
involving the GINI coefficients.

Otherwise, the recycling of biowaste per capita and the recycling rate of packing waste
seem to suffer somewhat less from reverse causality than the other variables. Yet, the cau-
sality tests are still highly significant for population growth and partially for capital vari-
ables. There is no clear pattern on whether the test for one or two lags is most significant.

To get closer to a causal interpretation, we now turn to Arellano and Bond’s [3] dynamic
panel model, where dynamic correlation patterns are accounted for. As evident in Table 9,
none of the regression coefficients associated with the macroeconomic explanatory varia-
bles remain significant under this approach, except for negative and significant coefficients
for the impact of capital intensity and population growth on processed material per capita.
However, the regression for processed material per capita does not pass the Sargan test and
Hansen J test, suggesting that the regression instruments are invalid. The Sargan test also
indicates invalid instruments in the regression with circular material use rate as an outcome
variable. Furthermore, the lagged dependent variable is strongly significant except for the
case of recycling biowaste per capita, while the autoregressive process with one lag is sig-
nificant for all regressions. Obviously, the inclusion of the lagged variable as a control is
an important explanation for the lack of significant results. The autoregressive process with
two lags is only significant, when processed material per capita or the circular material use
rate is applied as an outcome variable, but as mentioned, the regressions involve invalid
instruments.

Overall, the empirical investigation does not support the hypothesis that the macroeco-
nomic variables impact the circular economy causally, at least not in the short run. The
apparent causal patterns indicated by the panel data Granger tests disappear when adjusting
for the various controls, particularly the lagged outcome variables. Yet, we find support for
a complex correlation between macroeconomic variables and circular economy indicators,
both in terms of levels and developments.

Regional Developments in the European Circular Economy

In the exploration of the regional developments associated with the European circular
economy, we start by considering the status and development of each circular economy
indicator and European regions, as shown in Fig. 2. Western Europe performs better than
Southern and Eastern Europe on all indicators across the study period, except for the recy-
cling rate for electronic waste in recent years. Nevertheless, the growth in the circular
economy indicators has been higher in Eastern Europe and Southern Europe across the
study period. This holds in absolute and relative terms, except for processed material per
capita. The growth tends to have been higher in the 2010s than in the 2000s. Eastern and
Southern Europe are closer to the Western European levels on circular indicators concern-
ing recycling rates for waste than on indicators concerning material and on recycling of
biowaste per capita.

In Fig. 3, we also present the development patterns for circular economy indicators over
European regions, but we control for the macroeconomic context this time. This is done by
the linear regression model with regional time dummies, where “the residuals will reflect
the adjusted development patterns. Overall, the patterns are largely coincidental with the
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Recycling of biowaste per capita (log) Processed material per capita (log)
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Fig.2 Indexed development in circular economy key figures over European regions, unadjusted. Indexa-
tion: Indexed such that the lowest and highest observations are 0 and 1, respectively. Color codes: The blue
line is Western Europe, the green line is Southern Europe, and the red line is Eastern Europe

ones without controlling for macroeconomic variables in Fig. 2. Yet, Eastern and Southern
Europe are considerably closer to Western Europe after the adjustment to the macroeco-
nomic context. This suggests that macroeconomic circumstances explain parts of the dif-
ferences in circular economy indicators, but not all, at least not in the short run. The unex-
plained differences may reflect cultural differences and the long-term impact of the historic
macroeconomic environment on circular indicators.

The impressions from Fig. 2 are reinforced by Fig. 4, which depicts each country’s lev-
els and overall annual growth rates. Beyond regional patterns, the country-specific patterns
regarding levels are less clear. Moreover, a country may have a high score in one circu-
lar economy indicator and a low score in another. For instance, Lithuania has high scores
for recycling of biowaste per capita and the recycling rate for municipal waste, but a low
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Recycling of biowaste per capita (log) Processed material per capita (log)
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Fig. 3 Indexed development in circular economy key figures over European regions, adjusted for macroeco-
nomic influence, estimated as the residual in a linear regression model with regional time dummies. Indexa-
tion: Indexed such that the lowest and highest observations are 0 and 1, respectively. Color codes: The blue
line is Western Europe, the green line is Southern Europe, and the red line is Eastern Europe

score for electronic waste. Another example is Germany, which holds high scores for recy-
cling biowaste per capita, processed material per capita and the recycling rate of munici-
pal waste, but a low score for the recycling rate for electronic waste. Some countries do,
however, involve more stable scores. For instance, Malta has relatively low scores for the
indicators, where the country has sufficiently many observations to be included in the fig-
ures. The growth patterns are, however, striking across regions, with the typically highest
growth in Eastern European countries followed by Southern European countries and lowest
growth in Western European countries.

In Fig. 5, we also depict the status and development of the circular economy indica-
tors associated with each country, but as in Fig. 3, we have adjusted for macroeconomic
circumstances. This is done based on the pooled ordinary linear least squares regressions,
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Fig.4 Status in 2018 and annual growth over the study period for circular economy key variables, unad- p
justed. X-axis: Measured in logs in the upper panels and percentage points in the middle and lower panels.
Y-axis: Measured in percentages in the upper panels and percentage points in the middle and lower panels.
Only countries with observations in at least half of each variable’s study period are included. Color codes:
Blue circle is Western Europe, green rhombus is Southern Europe, and red triangle is Eastern Europe

where the residuals are interpreted as the adjusted variables. Compared to Fig. 4, the pat-
terns between regions are less clear. Eastern and Southern Europe now have almost identi-
cal scores as Western Europe overall. The growth in circular economy indicators still tends
to be strongest for Eastern European countries and weakest in Southern European coun-
tries, although the patterns are somewhat weakened. Per country, the rankings are even
more unsystematic over indicators after adjusting for macroeconomic circumstances.

Conclusions

During the last two decades, the circular economy has grown considerably and received
increasingly more attention within politics and research. This is particularly the case for
Europe, where concerns about environmental and sustainability stand relatively strong
compared to other continents. The literature on circular economy has grown substantially
over the last decade, also shedding light on the connections between the circular economy
and macroeconomic circumstances. Yet, how macroeconomic influences affect recycling is
not fully understood. Ferrante and Germani [12] advocate for additional empirical research
to determine if the correlation patterns between circular economy indicators and macro-
economic variables are causal and to understand how their development patterns interact.
Other studies highlight the importance of national differences [9] and [15].

In this paper, we consider macroeconomic influences on recycling in Europe focusing
on regional differences and causality. The regional division employed in the study aim to
identify common characteristics that are shared within European regions in terms of recy-
cling practices. In the empirical investigations, we examine the relation between the cir-
cular economy and macroeconomic influences in the European Union-28 countries from
2000 to 2019 (except for the Czech Republic due to limited data access for this country).
As outcome variables, we employ six circular economy indicators related to waste, includ-
ing recycling of biowaste and processed material (both in per capita terms and logarithms),
circular material rates and the recycling rates for municipal, electronic and packing waste.
As explanatory factors, we consider six sorts of macroeconomic influences, including gross
domestic product and real private investments (both in per capita terms and logarithms),
and fixed capital stocks (in per worker terms and logarithms), the unemployment rate, pop-
ulation growth and the GINI coefficient for inequality. In some of the investigations, we
classify the countries into three regions with cultural and economic common characteris-
tics: Western Europe, Southern Europe and Eastern Europe.

In the first part of the empirical investigation, the focus is on how macroeconomic con-
ditions influence and covary with recycling. We utilize four econometric regression mod-
els, linear ordinary least squares estimator, panel data model, a standard fixed effect model
with time fixed and country fixed effects, an alternative fixed effect model with regional
time effects and a dynamic panel data model. Following Dumitrescu and Hurlin’s [10], the
test for panel data Granger causality indicates reverse causality and complex interaction
patterns. This motivates the use of the dynamic panel data regression model of Arellano
and Bond [3]. In the second part of the empirical investigations, we explore differences in
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Fig.5 Indexed status in 2018 and annual growth over the study period for circular economy key variables, »
adjusted for macroeconomic influence, estimated as the residual in a linear regression model with regional
time dummies. Indexation: Indexed such that the lowest and highest observations are 0 and 1, respectively.
Only countries with observations in at least half of each variable’s study period are included. X-axis: Meas-
ured in logs in the upper panels and percentage points in the middle and lower panels Y-axis: Measured in
percentages in the upper panels and percentage points in the middle and lower panels Color codes: Blue
circle is Western Europe, green rhombus is Southern Europe, and red triangle is Eastern Europe

circular economic performance between European regions and countries, before and after
controlling for the macroeconomic context.

Our empirical analysis does not provide evidence to support the notion that macroeco-
nomic key variables have a causal impact on recycling, at least in the short term. The test
for panel data Granger causality indicates bidirectional causal relations, but these patterns
disappear when applying the dynamic panel data approach. However, we do identify corre-
lation patterns between macroeconomic variables and circular economy indicators, encom-
passing both their magnitudes and changes over time. In the pooled ordinary least squares
regression, gross domestic product per capita have positive and significant impacts on all
circular economy indicators except for the material rate, which instead is negative and sig-
nificant for unemployment. This indicates that relatively rich countries perform better on
circular economy indicators than relatively poor countries. When turning to the fixed effect
models, the results become less robust and significant. Yet, there are still some signs of
positive and significant impulses from GDP per capita on recycling of biowaste per capita,
processed material per capita and the recycling rate for electronic waste. Unemployment
yields some significant results for the fixed effect models, but these are not robust across
model specifications. Neither gross domestic product per capita nor unemployment involve
significant results for the dynamic panel data model. Real private investments per capita,
fixed capital stock per worker and population growth involve some significant results, but
these are unsystematic and not robust. Inequality — proxied by the GINI coefficient — yields
no significant results and thereby seems to be less important for recycling performance.

Considerations on regional development in the European circular economy reveal some
significant findings. Western Europe outperforms Southern and Eastern Europe on all cir-
cular economy indicators during the study period, except for the recycling rate of electronic
waste in recent years. The patterns become similar, but weaker, when controlling for the mac-
roeconomic context. Unexplained differences may reflect cultural differences and the long-
term impact of the historic macroeconomic environment on circular indicators. Nevertheless,
the growth in the circular economy indicators has mostly been higher in Eastern Europe and
Southern Europe across the study period. In particular, we witness an increased performance
in the circular economy in Eastern Europe and Southern Europe during the study period,
especially in the 2010s. The calculations show different results for each country as well, for
a country may perform better in one circular economy activity and be worse in another. Con-
sidering differences within the different European regions, circular economic performance
varies much across countries. Per country, the rankings become even more unsystematic over
indicators after controlling for the macroeconomic context.

Our methodological approach will also be adaptable for future studies of the circular
economy and macroeconomic circumstances. We end the paper by suggesting some hope-
fully fruitful avenues for further research. This includes the exploration of additional varia-
bles characterizing circular economy processes and macroeconomic conditions. Moreover,
the proposed econometric models allow the assessment of relationships between chosen
macroeconomic indicators and selected circular economy indicators. Further research
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may include co-development patterns between the circular economic indicators, different
variables characterizing circular economy processes (e.g. transition towards renewable
energy sources and green patents), macroeconomic conditions (e.g. foreign direct invest-
ments, trade, research and development, interest rates and education), periods, or regional
allocation.
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