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Abstract: Utilizing panel quantile regression on an unbalanced dataset for 30 European countries
from 2008 to 2018, this article seeks to investigate how the age of cabinet members influences e-
waste recycling rates in European countries, alongside other relevant factors. Prior research has
overlooked the age of cabinet members as a determinant of e-waste recycling. By addressing this
gap, this study introduces a novel factor that could impact e-waste recycling rates. Thus, this study
provides insights into how the demographic characteristics of parliament members, particularly
the age of cabinet members, impact environmental improvement, as indicated by e-waste recycling
rates. Estimation results indicate the existence of a nonlinear relationship (i.e., an inverted U-shaped
environmental Kuznets curve) between the age of cabinet members and the e-waste recycling rate,
rather than a linear relationship. The calculated average turning point age is 49.087, indicating that
the e-waste recycling rate increases as the age of cabinet members rises until reaching 49.087, after
which the e-waste recycling rate declines. Overall, this study underscores the importance of the
demographic characteristics of parliament members, particularly the age of cabinet members, in
shaping e-waste recycling policies and environmental sustainability efforts. It emphasizes that the
age of cabinet members and generational perspectives can influence their awareness, understanding,
and commitment to addressing contemporary challenges such as e-waste.

Keywords: e-waste recycling; circular economy; the demographic characteristics of parliament
members; panel quantile regression

1. Introduction

The quantity of waste electrical and electronic equipment (referred to as WEEE or
e-waste) produced annually in the world is experiencing rapid growth, making it one of the
fastest-growing waste streams [1]. This category encompasses a wide array of discarded
and secondary electrical and electronic products utilized in daily life, including mobile
phones, computers, televisions, refrigerators, household appliances, lamps, as well as
medical devices and photovoltaic panels.

E-waste consists of various materials, including hazardous substances like lead, mer-
cury, and cadmium, which can pose significant environmental and health risks if not
properly managed. Improper disposal and recycling of these devices can lead to environ-
mental pollution and health hazards. Moreover, modern electronics contain valuable and
scarce resources such as critical raw materials that can be recycled and reused if appropriate

Sustainability 2024, 16, 8202. https:/ /doi.org/10.3390/su16188202

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su16188202
https://doi.org/10.3390/su16188202
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-4892-2963
https://orcid.org/0000-0002-7996-2282
https://orcid.org/0000-0002-8638-2761
https://orcid.org/0000-0002-1084-8705
https://doi.org/10.3390/su16188202
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su16188202?type=check_update&version=2

Sustainability 2024, 16, 8202

2of 16

waste management practices are applied. A safe and suitable waste electrical and electronic
equipment management system plays a crucial role in addressing the challenges posed
by WEEE. Establishing a robust and effective WEEE management system is paramount to
reducing the negative impacts of waste electrical and electronic equipment. Such a system
not only mitigates environmental and health risks by reducing the volume of e-waste,
recovering valuable materials, and promoting sustainable resource management practices
but also contributes to sustainable production, the development of a circular economy, and
resource efficiency [2—-4].

The European Union (EU) has long been aware of the environmental problems caused
by electronic waste. In response to this growing concern, the EU has implemented compre-
hensive legislative standards aimed at managing and recycling e-waste. At the core of this
framework is the groundbreaking legislation known as the Waste Electrical and Electronic
Equipment (WEEE) Directive, which came into force in 2003 and was later revised in 2012.
The WEEE Directive mandates the separate collection and appropriate treatment of WEEE
while also establishing targets for their collection, recovery, and recycling. The WEEE Di-
rective introduced a phased approach to collection targets, commencing from the reference
years 2016 and 2019. Initially set at 45% in 2016, the collection target progressively rose to
65% from 2019 onward [5]. In 2021, the European Union achieved a WEEE collection rate
of 46.2% and collected an average of 11.0 kg of e-waste for each unit of population. In 2021,
Bulgaria and Slovakia successfully achieved the goal of collecting 65% of waste electrical
and electronic equipment, while Ireland and Latvia also approached this target closely [6].

On the other hand, the recycling of electronic waste (e-waste) demonstrates significant
discrepancies across European countries, highlighting substantial variations among mem-
ber states. The average rate of WEEE recycling in the EU was 38.9 percent in 2018. Yet, the
rate of e-waste recycling exhibited considerable diversity among the EU countries, as illus-
trated in Figure 1. In 2018, Croatia recycled 81% of such waste, whereas Malta’s recycling
rate stood at 21%. Prominent member states with elevated rates of WWEE recycling include
Denmark (67.5%), the UK (67.0%), and Bulgaria (66.7%). Contrariwise, member states with
the lowest rates of WEEE recycling encompass Iceland (24.7%), Romania (25.0%), and Italy
(32.1%) [6].
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Figure 1. The rate of WEEE recycling in EU countries (2018).

To achieve the stated objectives of the European Union, it is imperative to compre-
hend the drivers influencing the rate of WEEE recycling. Crafting impactful policies and
strategies to mitigate the ecological influence of WEEE hinges upon this understanding. As
asserted by Cadoret and Padovano [7], substantial variations in rates of WEEE recycling
among intimately linked and predominantly uniform European Union member states
raise questions regarding the effectiveness of models reliant merely on socioeconomic and
ecological factors. Rates of WEEE recycling in European Union member states may also
be significantly influenced by political factors. This article aims to enhance the current
comprehension of the factors affecting the rate of WEEE recycling. It achieves this by
examining the influence of the age of cabinet members on the rate of WEEE recycling
throughout European nations.
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This study makes a pioneering contribution to the literature in two significant ways:
Firstly, it is the first to explore the impact of the age of cabinet members on WEEE recycling
rates, filling a gap left by previous research that has overlooked this factor. By addressing
this gap, this study introduces a novel driver of WEEE recycling rates in European nations.
Secondly, it offers fresh insights into how the demographic structure of parliamentarians,
particularly the age of cabinet members, influences environmental progress.

The empirical exploration of e-waste recycling falls within the broader context of the
recycling literature. Within this domain, studies examining the determinants of WEEE recy-
cling may be broadly classified into two primary categories: The first category of research
predominantly utilizes household-level data, frequently acquired via questionnaires, to
pinpoint individual and micro-level factors influencing WEEE recycling attitudes. These
investigations have examined the socioeconomic and demographic determinants, including
factors such as age, gender, income, education, ethnicity, family size, and residence type,
that influence decisions related to e-waste recycling in diverse countries. Notably, among
these variables, age stands out as a focal point of discussion with no consensus reached on
its impact.

Utilizing household-level data, various studies on e-waste recycling have produced
conflicting findings regarding the association between age and WEEE recycling behavior.
While some researchers assert that age plays a role in e-waste recycling behavior [8-10],
others have failed to identify any such correlation [11-13]. Furthermore, among the studies
recognizing age as a significant factor in e-waste recycling behavior, discrepancies exist in
the type of correlation identified—whether positive or negative. Certain studies suggest
that seniors exhibit a higher inclination towards e-waste recycling [8], while others contend
that there is a discernible decline in positive attitudes toward e-waste recycling behavior
with increasing age [9,14,15]. Additionally, some research [10,16] indicates that middle-
aged individuals tend to display a more favorable attitude towards e-waste recycling
compared to other age categories.

The second category of studies focuses on macro-level factors influencing rates of
WEEE recycling through the examination of aggregate data. Cross-country analyses explor-
ing factors determining WEEE recycling are limited. Boubellouta and Kusch-Brand [17]
conducted a study spanning 2008-2018, aiming to identify key drivers of rates of WEEE
recycling in 30 European nations. Their findings highlighted economic growth and WEEE
collection as primary factors influencing recycling rates, with population, energy intensity,
and private sector credit also contributing to the variations. Yilmaz and Koyuncu [18]
scrutinized the effect of globalization and its sub-components on rates of WEEE recycling
in European countries, revealing a favorable influence across 30 countries. Considering
the influence of economic, social, institutional, and behavioral elements, Neves et al. [19]
attempted to analyze the determinants and obstacles impacting WEEE recycling. Their
research, utilizing yearly data spanning between 2010 and 2018 across 20 EU nations,
employed the Arellano-Bond generalized method of moments. Their research results
indicated that environmental taxes and education positively influence rates of WEEE re-
cycling, whereas economic growth and research and development investment seem to
have a negative impact. Additionally, specific age demographics, namely, individuals
aged 65 and above and those under 15, were identified as less inclined to participate in
e-waste recycling efforts. Additionally, Constantinescu et al. [20] investigated the impact of
eco-investment on WEEE recycling in 24 European Union nations between 2009 and 2018
and identified a positive impact of eco-investment per capita on WEEE recycled per person
throughout the studied time frame. As indicated by our literature review above, to the best
of our knowledge, none of the prior empirical investigations have explored the association
between the age of cabinet members and the rates of WEEE recycling in European nations.
Thus, our research addresses a notable void in existing studies by proposing and examining
the age of cabinet members as a plausible driver of WEEE recycling rates.

The second major contribution of this study is its provision of fresh insights into the
influence of the demographic structure of parliamentarians, particularly the age of cabinet
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members, on environmental progress. Theories of descriptive and substantive representa-
tion offer a framework for comprehending how the sociodemographic characteristics of
a parliamentary body (age, gender, race, class background, religious denomination, etc.)
influence the decisions made by its members, thereby shaping their legislative actions.
Thus, descriptive and substantive representation theories argue that the legislative behavior
of members of parliament (MPs) is influenced not only by the demands of their constituents
and party affiliations but also by personal attributes such as age, gender, and race [21].
Descriptive representation refers to the idea that elected officials should mirror the de-
mographic characteristics of their constituents. Substantive representation goes beyond
demographics and focuses on whether elected officials advocate for and enact policies that
address the specific needs and interests of their constituents [22,23].

The theoretical literature of descriptive and substantive representation argues that
descriptive representation of marginalized groups leads to substantive representation.
In other words, the presence of representatives who closely resemble their constituents
leads to a shift in policy outcomes toward the desired direction of their supporters [24].
In the empirical literature, the gender [25-27], racial [28-30], socioeconomic [31,32], and
disability [33] composition of parliament members has been examined as instances of
descriptive representation of specific societal groups, influencing policy outcomes.

The age of parliament members could also be an important sociodemographic char-
acteristic of a parliamentary body affecting policy outcomes. Drawing from theoretical
insights on descriptive and substantive representation, it is suggested that younger elected
officials might prioritize issues more salient to younger demographics. Specifically, younger
MPs may place greater emphasis on addressing climate change and its ramifications com-
pared to their older counterparts [21]. This prioritization stems from the recognition that
climate change, as a long-term external force, carries profound implications for future
generations. Among the myriad of challenges, the rapid escalation in climate-related
disasters is anticipated to disproportionately impact the lives of today’s youth relative to
older generations [34]. Younger MPs may argue that they, along with their prospective
families, directly experience the effects of climate change, compelling them to advocate
for policies aimed at mitigating its adverse effects. Thus, younger legislators are more
likely to prioritize environmental issues and advocate for policies aimed at protecting
the environment.

In contrast to the well-documented underrepresentation of women [24,35-39], the
insufficient participation of young parliamentarians has not received adequate attention
in the empirical literature concerning the effect of the demographic characteristics of a
parliamentary body on environmental factors. There are very few studies examining the
influence of parliamentary age demographics on environmental factors. One such study by
Debus and Himmelrath [21] delved into parliamentary debates concerning climate change
issues within the German Bundestag spanning from 2013 to 2021. Their findings underscore
the significance of MPs’ age, revealing a correlation wherein younger parliamentarians are
more prolific in delivering speeches on climate policy matters. This suggests that younger
MPs are notably active in advocating for climate-related concerns within parliamentary
discourse. By focusing on the age of cabinet members and its impact on WEEE recycling
rates, our study also contributes to the existing studies on the impact of the demographic
characteristics of a parliamentary body on environmental factors by highlighting the pivotal
role that the age of parliamentarians, particularly younger MPs, plays in environmental
improvement, as indicated by WEEE recycling rates.

The succeeding sections of this research are organized as follows: In the Research
Hypothesis Section, we delineate the fundamental theoretical arguments linking the de-
mographic characteristics of parliament members with the rate of WEEE recycling. The
Research Methodology and Data Section expounds upon the methodology and data uti-
lized in this investigation. Furthermore, the Estimation Technique Section elaborates on
the analytical method employed. The subsequent section, Estimation Results, presents the
empirical findings derived from our analysis. Subsequently, in the Discussion Section, we
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delve into a comprehensive discourse concerning these empirical discoveries. Finally, the
concluding section encapsulates the key findings and underscores their policy implications.

2. Research Hypotheses

This study aims to contribute to the relatively understudied subject of the impact of
the age of parliament members on the environment in the literature. Drawing from the
theoretical literature of descriptive and substantive representation, the research hypothesis
of this study posits that a higher representation of young adults in cabinets is associated
with increased e-waste recycling rates.

Hypothesis 1: Higher representation of young adults in cabinets is associated with increased
e-waste recycling rates.

Cabinet members are key decision-makers responsible for crafting and passing legisla-
tion that shapes a nation’s approach to various issues, including environmental concerns.
Their age and generational perspectives can influence their awareness, understanding, and
commitment to addressing contemporary challenges such as e-waste. The variation be-
tween generations in terms of long-term vision, environmental consciousness, technological
literacy, and adaptability to change could elucidate the correlation between a greater repre-
sentation of young adults in cabinets and increased e-waste recycling rates. First of all, the
effect of WEEE is a long-term challenge necessitating a long-term perspective and solutions.
It is conceivable that younger cabinet members, as they are likely to have longer political ca-
reers, may be more motivated to create and support sustainable and enduring policies that
address the underlying causes of WEEE as opposed to proposing short-term solutions [21].
Additionally, younger generations often exhibit a high level of environmental conscious-
ness, which enables them to act with greater sensitivity regarding sustainability and the
protection of natural resources [11,16,34]. Younger cabinet members are likely to emphasize
sustainable practices for robust WEEE recycling measures. This fosters the potential for
effective legislation promoting sustainable e-waste management, which could encompass
recycling initiatives, eco-friendly product design, and stricter regulations on electronic
manufacturers. Moreover, younger cabinet members, often possessing higher technological
literacy and adequate technical, cognitive, and socio-affective skills, may better understand
the complex nature of WEEE and the need for advanced recycling technologies [15]. The
inquisitive nature of young cabinet members regarding technology can effectively shape
WEEE policies tailored to swiftly evolving electronic devices. This involves advocating for
advanced recycling technologies and promoting sustainable practices in electronic product
design and production. Lastly, the rapid progression of technology necessitates a flexible,
integrated, and innovative legislative approach. Younger members of the cabinet might
exhibit greater willingness to incorporate cutting-edge solutions and embrace innovative
recycling technologies [39,40]. This ability to adapt is essential in developing policies that
can effectively match the rapidly evolving electronics environment.

Suggesting that greater representation of young adults in cabinets correlates with
increased rates of WEEE recycling, this research examines this previously uninvestigated
hypothesis by analyzing unbalanced data from 30 European nations (28 EU member states,
Norway, and Iceland) covering the years 2008 to 2018.

3. Research Methodology and Data

In our empirical study, the STIRPAT model (stochastic impacts by regression on
population, affluence, and technology) is employed to analyze the impact of the age of
cabinet members on WEEE in European nations. The STIRPAT model, developed by Dietz
and Rosa [41], is derived from the IPAT (impacts, population, affluence, and technology)
model proposed by Ehrlich and Holdren [42] to analyze the relationship between human
activities and the environment.
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According to the IPAT and STIRPAT models, the effect of human activities on the
environment is influenced by three key factors: population size (P, denoted by total popu-
lation), affluence (A, primarily indicated by GDP per capita), and technology (T, largely
characterized by energy intensity). This relationship is often expressed asI =P x A x T.
The STIRPAT model is an extended stochastic version of the IPAT model.

Over the years, IPAT and STIRPAT models have become widely used in various re-
search fields, ranging from ecology and environmental science to economics and sociology,
due to their flexibility, empirical support, stochastic nature, and versatility. One of the
significant advantages of the STIRPAT model is its remarkable flexibility. This model
allows for the seamless addition, modification, and decomposition of various influencing
factors, making it highly adaptable to different research needs. This flexibility enables
researchers to tailor the model to specific contexts, explore a wide range of variables, and
gain deeper insights into the complex interactions that drive environmental impact [43,44].
By incorporating demographic, economic, and technological factors, these models offer a
comprehensive view of how human activities and behaviors influence environmental sus-
tainability [45—47]. Their widespread adoption highlights their importance as essential tools
for analyzing and addressing the negative impacts of human activities on the environment.

To rigorously evaluate our research hypothesis as outlined in the relevant section,
we include the “age of cabinet members” variable in our analytical model. This addition
enables us to deepen our comprehension of the complex components affecting rates of
WEEE recycling in the European landscape. By integrating the age of cabinet members
into the model, we aim to elucidate how the demographic composition of decision-making
bodies influences recycling initiatives, thus providing valuable insights into sustainable
policymaking. As such, we constructed and estimated the following empirical model:

LEWRR;; = By + p1LCABINETAGE;, + p,LCABINATAGE"2;; + B3LREALPCGDP;; + B4LREALPCGDP"2;,

+BsLENERGYINT;; + BLPOPULATION;; + B;LTOTEWASTE;; + u;; M

In Equation (1) above, i and t subscripts stand for country and time, respectively.
Logarithmic forms of all variables were employed in the research.

In this study, the dependent variable investigated was the rate of WEEE recycling
(EWRR), expressed as the proportion of recycled or reused e-waste compared to the total
WEEE collected within a country. The data for EWRR were obtained from Eurostat, the
statistical agency of the EU.

Drawing upon the frameworks of the IPAT and STIRPAT models, we incorporated
total population (POPULATION), real per capita gross domestic product (at constant
2010 euro) (REALPCGDP), and the energy intensity of the economy (kilograms of oil
equivalent per thousand euros) (ENERGYINT) as control variables. Data for REALPCGDP
and ENERGYINT were sourced from Eurostat, whereas POPULATION data were retrieved
from the World Development Indicators (WDIs) supplied by the World Bank. Consistent
with the expectations outlined in the STIRPAT model, we anticipated negative coefficients
for these variables. Thus, a rise in total population, GDP per capita, and energy intensity
was expected to lead to a reduction in the rate of WEEE recycling.

The introduction of the GDP per capita square (REALPCGDP"2) variable into the
model aimed to examine the potential presence of a nonlinear association between eco-
nomic development and the rate of WEEE recycling, as proposed by the environmental
Kuznets curve (EKC) hypothesis. This hypothesis proposes that there could be an in-
verted U-shaped relationship between economic progress and environmental degradation,
suggesting that environmental deterioration may initially increase with economic advance-
ment but eventually decrease beyond a certain threshold level. The EKC hypothesis has
found widespread application in examining the interaction between economic growth and
environmental quality across different environmental domains. Research investigating
this hypothesis has explored diverse environmental metrics, including air and water pollu-
tion [48-51], deforestation [52,53], ecological footprint [54], and waste generation [55-60],
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across different global regions. Concerning the rate of WEEE recycling, this association
could manifest as either a linear progression or a U-shaped curve, given that e-waste recy-
cling signifies environmental amelioration. Confirmation of the U-shaped pattern would
be indicated by a negative coefficient for the LREALPCGDP variable and a positive and
statistically significant coefficient for REALPCGDP"2.

Incorporating additional factors beyond those proposed by the IPAT and STIRPAT
models, we introduced total WEEE collected (measured in kilograms per capita) (TOTE-
WASTE) as a supplementary control variable, aligning with the pertinent literature [17,61].
The data for TOTEWASTE were sourced from Eurostat. Within our model, we anticipated
observing a positive coefficient associated with this variable, given its indication of in-
creased e-waste collection, thereby implying heightened recycling endeavors aimed at
environmental preservation.

The main focus of this research centers on the variable CABINETAGE, which repre-
sents the average age of cabinet members. We introduced the CABINETAGE variable to
investigate our research hypothesis regarding the potential correlation between the age
of cabinet members and rates of WEEE recycling across European nations. The research
hypothesis posits that a higher representation of young adults in cabinets correlates with in-
creased WEEE recycling rates. Data on CABINETAGE were sourced from Teorell et al. [62].
Meanwhile, the variable CABINETAGE"2 represents the squared value of CABINETAGE.
By including CABINETAGE"2 in the model, our aim is to explore the possible presence
of a nonlinear correlation between the age of cabinet members and the rate of WEEE
recycling. Confirmation of an inverted U-shaped Environmental Kuznets curve for the
correlation between the rate of WEEE recycling and the age of cabinet members would
occur if the coefficients of LCABINETAGE and LCABINETAGE"2 exhibit positive and
negative signs, respectively.

This study investigates the role of age of cabinet members on e-waste recycling rate
utilizing unbalanced data from 30 European nations, comprising 28 European Union
member countries, Norway, and Iceland, spanning from 2008 to 2018. Table 1 outlines
the variables utilized in the analysis along with their definitions and data sources. The
constraints on this study’s time frame and the number of countries examined were dictated
by the accessibility of data on rates of WEEE recycling, which were solely accessible for the
time frame of 2008-2018 and for the 30 European nations with the most extensive sample
size available.

Table 1. Definition and source of the variables.

Variable Definition Source
The rate of WEEE recycling and expressed by the percentage rate
EWRR of WEEE recycled/reused out of total WEEE collected Eurostat
REALPCGDP Real GDP per capita and measured by per capita gross domestic Furostat
product (at constant 2010 euro)
ENERGYINT Ene}rgy intensity of the economy and measured in kilograms of oil Furostat
equivalent per thousand euros
TOTEWASTE WEEE collected in kilograms per inhabitant Eurostat
POPULATION Total population WDI
CABINETAGE Average age of cabinet members Teorell et al. [62]

4. Estimation Technique

In this research, we opted for the panel quantile regression (PQR) technique rather
than conventional ordinary least squares (OLS) techniques (such as pooled regression (PR),
random effect regression (RER), fixed effect regression (RER), etc.) on several grounds.
It is typical to notice unequal variation in the statistical distribution of data, leading to
varying associations between relevant variables relying on the locations of the dependent
variable’s conditional dispersion. Therefore, as discussed by Cade and Noon [63], esti-
mation techniques depending on mean values (e.g., PR, FER, and RER techniques) could
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yield misleading findings. In contrast, unlike the conventional OLS technique, the quantile
regression (QR) technique analyzes different locations of the conditional dispersion of the
dependent variable, providing more robust and comprehensive insights into the relation-
ship between the dependent and independent variables. As highlighted by Hiibler [64]
and Chen and Lei [65], the conventional OLS estimation technique may produce biased
estimators in the presence of outliers, where a single outlier can significantly affect the
estimation findings. In contrast, the QR technique is immune to such bias and generates
results more robust to outliers. Additionally, as argued by Xu and Lin [66], OLS estimators
are inconsistent when data distribution is not normal; however, estimators obtained from
the QR technique remain consistent regardless of distributional assumption. When the OLS
technique fails to meet its assumptions (such as linearity, homoscedasticity, independence,
or normality), the QR technique serves as an alternative. While the conventional OLS tech-
nique uses the method of least squares to estimate the conditional mean of the dependent
variable, the QR technique applies the method of minimizing median absolute deviation to
compute the conditional median or other quantiles of the dependent variable.

Albulescu et al. [67] argued that POR with fixed effects is not an appropriate and
efficient estimation technique when the sample size (T, 11 years in our sample) is small and
the number of observations (N, 30 countries in our sample) is large. Therefore, we opted
to use PQR with non-additive fixed effects introduced by Powell [68] to circumvent this
issue. The adaptive Markov chain Monte Carlo optimization technique was employed in
the estimations.

In Table 2, we present the results of the normality tests, specifically the Shapiro-Wilk
W (SWW) and Shapiro—Francia W’ (SFW’) tests. The estimation results of both tests indicate
statistically significant values for six out of eight variables, suggesting that the majority of
our variables are not normally distributed. These results from the normality tests reveal
that the conditional mean regression of the OLS technique could produce biased estimation
findings. Consequently, we chose the PQR technique, which yields robust estimation results
even if variables are non-normally distributed.

Table 2. SWW and SFW’ test results.

Shapiro-Wilk W Test Shapiro—Francia W’ Test
Variable Test Statistic Probability Test Statistic Probability
LEWRR 0.96561 0.0000 0.96608 0.00001
LCABINETAGE 0.99401 0.26506 0.99514 0.38426
LCABINETAGE™2 0.99325 0.18137 0.99431 0.26470
LREALPCGDP 0.97467 0.00001 0.97698 0.00009
LREALPCGDP"2 0.97516 0.00002 0.97749 0.00011
LENERGYINT 0.98127 0.00027 0.98301 0.00098
LPOPULATION 0.95665 0.00000 0.95967 0.00001
LTOTEWASTE 0.98033 0.00019 0.97931 0.00024

If the variables used in the analysis are not stationary, we could potentially run into
the problem of spurious regression, leading to misleading estimation results between the
e-waste recycling rate and its explanatory variables. For this reason, we conducted the
Levin, Lin, and Chu (LLC) panel unit root test, and the test findings are presented in Table 3.
As indicated by Table 3, all variables are stationary at the levels.
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Table 3. Levin, Lin, and Chu panel unit root test.

HO: Unit Root Exists (Assumes Common Unit Root Process)

In Level Prob. Integration Order
LEWRR —14.2296 0.0000 1(0)
LCABINETAGE —6.30104 0.0000 1(0)
LCABINETAGE™2 —6.31805 0.0000 1(0)
LREALPCGDP —2.17158 0.0149 1(0)
LREALPCGDP"2 —1.93642 0.0264 1(0)
LENERGYINT —11.6717 0.0000 1(0)
POPULATION —12.591 0.0000 1(0)
LTOTEWASTE —4.92983 0.0000 1(0)

5. Estimation Results

In Table 4, we present the estimation results for the association between the age of
cabinet members and the rate of WEEE recycling, as represented by the model provided in
Equation 1. As shown in Table 4, the coefficients of the CABINETAGE and CABINETAGE"2
variables were significant at least at %5 significance level and exhibited positive and
negative signs, respectively, throughout all quantiles of the dispersion of the rate of WEEE
recycling. These results indicate the existence of a nonlinear relationship (i.e., an inverted
U-shaped environmental Kuznets curve) between the age of cabinet members and the
e-waste recycling rate, rather than a linear relationship.

Table 4. Panel quantile regression results.

10q 20q 30q 40q 50q 60q 70q 80q 90q
LCABINETAGE 61.606 31.256 19.510 29.124 16.328 16.209 17.456 26.073 40.337
Prob. 0.009 0.005 0.000 0.029 0.000 0.024 0.000 0.000 0.000
LCABINETAGE™2 —7.924 -3.999 —2.521 —3.758 —-2.117 —2.085 —2.254 —3.308 -5.117
Probability 0.008 0.005 0.000 0.026 0.000 0.022 0.000 0.000 0.000
LREALPCGDP —1.633 —1.943 —3.775 —1.948 —3.046 —2.324 —1.286 —-5.273 —2.008
Probability 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
LREALPCGDP"2 0.050 0.062 0.157 0.068 0.117 0.079 0.033 0.239 0.064
Probability 0.030 0.003 0.000 0.000 0.000 0.000 0.001 0.000 0.000
LENERGYINT —0.384 -0.297 —0.146 —0.133 —0.318 —0.330 —0.267 —0.098 —0.320
Probability 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.002 0.000
LPOPULATION —0.120 —0.025 —0.072 —0.064 —0.070 —0.072 —0.073 —0.097 —0.067
Probability 0.012 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000
LTOTEWASTE 1.030 1.013 0.962 0.993 0.938 0.985 0.893 0.883 0.918
Probability 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Wald test 3167.33  5994.87  30,508.71  6952.21 590.36 16,340.05  93,566.82 17,941.43  2216.55
Probability 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Turn points for age  48.788 49.808 47.930 48.196 47.288 48.812 48.030 51.443 51.495

The CABINETAGE variable has the most significant positive influence on the rate
of WEEE recycling in the 10th quantile, while the smallest impact is observed in the 60th
quantile. Similarly, the CABINETAGE"2 variable has the greatest negative impact (in
absolute terms) on the rate of WEEE recycling in the 10th quantile, with the smallest impact
in the 60th quantile.

The calculated turning points suggest a range of ages between 47.288 (50th quantile)
and 51.495 (90th quantile). The turning point age rises from the 10th to the 20th quantile,
decreases from the 20th to the 30th quantile, increases from the 30th to the 40th quantile,
declines from the 40th to the 50th quantile, rises from the 50th to the 60th quantile, and
then declines from the 60th to the 70th quantile. After the 70th quantile, it increases in the
consecutive two quantiles. The average turning point age is 49.087, indicating that the rate
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of WEEE recycling increases as the age of cabinet members rises until reaching 49.087, after
which the rate of WEEE recycling declines.

The results presented in Table 4 reveal significant coefficients, both negative and
positive, for REALPCGDP and REALPCGDP"2 variables throughout all nine quantiles.
This suggests a U-shaped association between the rate of WEEE recycling, indicative of
environmental progress, and per capita real GDP, a measure of a country’s development
level. The observed U-shaped relationship aligns with the well-established environmental
Kuznets curve hypothesis, indicating a positive link between development and environ-
mental degradation at lower income levels, and a negative link at higher income levels.
Our study corroborates this finding, highlighting a U-shaped connection between the rate
of WEEE recycling and real gross domestic product per capita. This pattern aligns with
prior studies on solid waste, that has revealed an inverted U-shaped association between
gross domestic product per capita and solid waste generation, representing environmental
deterioration (see, for example, [40,41] for WEEE).

In all quantiles, the energy intensity coefficient exhibited statistical significance, dis-
playing a negative trend. This suggests that as energy intensity increases, the e-waste
recycling rate tends to decrease. This observation corresponds with the viewpoint pre-
sented by Morley et al. [55], which posits that with the proliferation of electrical and
electronic equipment, energy intensity also tends to escalate. Therefore, this heightened
energy intensity could lead to increased e-waste generation, potentially overwhelming the
capacity of existing e-waste management systems in respective countries.

Table 4 illustrates that that there is a negative significant relationship between pop-
ulation and the rate of WEEE recycling throughout all quantiles of the dispersion. This
indicates that as population grows, rates of WEEE recycling tend to decline. One possible
explanation for this phenomenon may be the inadequacy of WEEE recycling capacity to
handle the increasing population, leading to diminished recycling rates. This issue has been
discussed by Adshead et al. [69], Churchill et al. [70], Hummel and Lux [71], and Neves
et al. [19]. It underscores the necessity for sufficient infrastructure, capacity enhancement,
and funding in WEEE management [19] to support population growth and encourage
sustainable recycling methods.

We obtained a statistically significant positive coefficient on the variable representing
the amount of e-waste collected across all nine quantiles. This indicates that the WEEE
recycling rate improves with a rise in the amount of collected WEEE. It is expected that
more e-waste must be collected to facilitate processing and recycling, hence the posi-
tive coefficient. Moreover, this finding is corroborated by the study of Boubellouta and
Kusch-Brandt [60], which concluded that the quantity of uncollected WEEE significantly
influenced the amount of non-recycled WEEE in European nations.

Finally, Table 4 displays the findings of the Wald test (Koenker and Bassett [72]), which
examines if the model estimated as a whole is statistically significant. The null hypothesis
of Wald test asserts the equality to zero of entire partial slope coefficients of the estimated
model, indicating the insignificance of the estimated model. The test results revealed that
none of the estimated models is statistically insignificant.

6. Discussion

According to our estimation results, we have identified a nonlinear correlation, specifi-
cally an inverted U-shaped EKC, between the age of cabinet members and the rate of WEEE
recycling, as hypothetically illustrated in Figure 2. This suggests that initially, the rate of
WEEE recycling increases with the age of cabinet members, but beyond a certain threshold,
it starts to decline. Our calculations reveal that the average turning point age is 49.087,
indicating that the e-waste recycling rate shows an upward trend with the age of cabinet
members until they reach 49.087 years old, after which it begins to decrease.
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Figure 2. Inverted U-shaped relationship between the age of cabinet members and the rate of
WEEE recycling.

To understand how e-waste recycling rates change during different periods of politi-
cians’ tenure, particularly during the youthful years of cabinet members, we analyzed the
data by dividing our main sample into two subsamples (See Supplementary Materials)
based on the age of cabinet members and the availability of corresponding e-waste recy-
cling rate data. Using an average age turning point of 49, the first subsample included
data for cabinet members under 49, and the second subsample included those aged 49 and
above, resulting in 77 observations for the younger group and 194 for the older group. We
conducted separate covariance and correlation analyses for each subsample. The results
revealed positive covariance and correlation coefficients between e-waste recycling rates
and cabinet member age for younger politicians, suggesting an increase in recycling rates
during their tenure. In contrast, negative covariance and correlation coefficients were ob-
served for the older group, indicating a decline in recycling rates. These findings reinforce
our hypothesis and empirical evidence that e-waste recycling rates tend to increase during
the youthful years of cabinet politicians but decline as they grow older, thereby enhancing
the validity and significance of our conclusions.

These results are consistent with the predictions of both descriptive and substantive
representation theories. These theories propose that younger elected officials are likely to
prioritize issues that are more pertinent to younger demographics. Consequently, younger
members of parliament (MPs) may show a stronger commitment to tackling environmental
degradation and its consequences compared to their older counterparts.

This research presents a groundbreaking analysis within the existing literature, being
the first to delve into the impact of cabinet members” age on rates of WEEE recycling. Prior
studies by Boubellouta and Kusch-Brand [17], Yilmaz and Koyuncu [18], Neves et al. [19],
and Constantinescu et al. [20] have overlooked the demographic profile of parliament
members as a factor influencing WEEE recycling. Our research addresses this oversight
by proposing a novel determinant that affects rates of WEEE recycling. To the best of our
knowledge, no prior empirical investigation has analyzed the correlation between the age
of cabinet members and rates of WEEE recycling. Hence, this research makes a significant
contribution to the literature by highlighting the demographic characteristics of parliament
members, specifically the age of cabinet members, as a potential driver of WEEE recycling
rates. By addressing this significant research void, our findings shed new light on the
factors influencing e-waste management practices.

This research also contributes to the current body of studies investigating the connec-
tion between the demographic characteristics of parliament members and environmental
quality. While the existing literature extensively discusses the underrepresentation of
women [24,35-38], insufficient attention has been paid to the limited involvement of young
parliamentarians in empirical studies examining the impact of parliamentary demographic
characteristics on environmental factors. Previous research has shown a correlation between
the presence of women in parliaments and various environmental outcomes, including the
adoption of more stringent climate change policies [38], reductions in CO, emissions [36,37]
and deforestation [39], as well as increases in protected land areas [35] and renewable en-
ergy consumption [20].
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Previous research examining the connection between the demographic attributes of
parliament members and environmental quality has overlooked two crucial aspects: the
importance of the age of cabinet members as a demographic characteristic and the sig-
nificance of WEEE recycling rates as a parameter of environmental quality. This research
expands upon the existing body of empirical investigation that explores the relationship
between parliament members’ demographic characteristics and environmental factors. It in-
troduces novel evidence highlighting the impact of cabinet members’ age on environmental
advancement, particularly within the realm of WEEE recycling rates.

Our estimation findings confirm the proposition of Mavisakalyan and Tarverdi [38],
who suggested that the age of politicians may influence climate change action, akin to the
influence exerted by politicians’ gender identity. Additionally, our estimations align with
those of Debus and Himmelrath [21], indicating significant involvement of younger MPs
in advocating for climate-related issues within parliamentary discussions in the German
Bundestag from 2013 to 2021.

In summary, our study underscores the significant influence of the age of cabinet
members on rates of WEEE recycling, underscoring the need for ongoing research into the
demographic attributes of parliament members. This emphasis on further investigation will
not only enhance our comprehension of the complex interplay between parliament mem-
bers” demographic characteristics and recycling behaviors but also offer crucial insights to
guide informed policymaking in the field of WEEE management.

7. Conclusions and Recommendations

This research sought to investigate how the age of cabinet members influences rates of
WEEE recycling across 30 European nations, comprising 28 EU member states, Norway, and
Iceland. The analysis evaluates the validity of descriptive and substantive representation
theories, which suggest that younger elected officials may prioritize issues more pertinent
to younger demographics. Consequently, younger MPs may focus more on addressing
environmental degradation and its consequences compared to their older counterparts,
leading to higher advocacy for increased e-waste recycling rates among younger cabinet
members. To carry out this study, we utilized an unbalanced panel dataset covering the
period between 2008 and 2018 and employed the panel quantile regression technique.

Our analysis reveals a nonlinear relationship, specifically an inverted U-shaped en-
vironmental Kuznets curve, between the age of cabinet members and the rate of WEEE
recycling. Initially, the rate of WEEE recycling rises with the age of cabinet members, but
beyond a certain threshold, it begins to decrease. Our calculations indicate that the average
turning point age is 49.087 years, signifying that the rate of WEEE recycling increases with
the age of cabinet members until they reach 49.087 years old, after which it starts to decline.

This research makes a pioneering contribution to the literature by being the first to
explore the impact of the age of cabinet members on WEEE recycling rates. Moreover, it
offers fresh insights into how the demographic structure of parliamentarians influences
environmental progress, particularly in relation to WEEE recycling rates.

Although significant progress has been made by the European Union by introduc-
ing binding environmental standards, especially in the context of legislation, persistent
challenges remain. The results of this research support the view that actively involving
young politicians in cabinet positions can improve ecological policies and preservation
initiatives. Young politicians play a vital and transformational role in shaping cabinet-level
environmental policies and conservation efforts. As key decision-makers responsible for
drafting legislation and governing a range of practices, including ecological concerns,
their generational perspectives can significantly impact their dedication to addressing
contemporary challenges like WEEE.

By advocating for the active inclusion of young politicians in decision-making po-
sitions, policymakers can benefit from new perspectives, innovative approaches, and in-
creased commitment to solving pressing environmental problems. Embracing diversity in
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age within political leadership not only reflects a commitment to inclusive governance but
also offers a pathway toward more effective and sustainable environmental policymaking.

One primary constraint of this research pertains to data availability. Obtaining more
comprehensive data on the ages of parliament members and the sociodemographic char-
acteristics of parliamentary bodies could potentially enhance the study results. Despite
this constraint, our findings provide evidence of the significant role played by the age of
cabinet members in promoting WEEE recycling rates in EU nations. These results hold
implications for future research in this field and contribute to a deeper understanding of
the relationship between the sociodemographic characteristics of parliamentary bodies
and sustainability.

Future studies could explore extending time periods, focusing on specific countries or
regions, integrating varied political and institutional determinants of WEEE recycling rates
as control variables, and employing different econometric methods. Upon data availability,
the individual ages of cabinet members can be used instead of the average age of cabinet
members. The ages of parliament members can also be utilized, and the age—gender
distribution of parliament and cabinet members can be studied. Additionally, the impact
of the educational level and professional background of parliament and cabinet members
on environmental factors can be examined. Nevertheless, single-country studies can be
conducted by researchers who collect the aforementioned data themselves.

All the figures and tables in the manuscript are submitted for publication for the first
time and can be used without any copyright constraints.
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