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Abstract

Purpose — The purpose of this paper is to investigate if country development indicators, i.e. gross domestic
product per capita (GDPPC), literacy rate, internet penetration and urban population, influence the generation
of e-waste on a global level. The moderation effect due to differences between countries in terms of absence or
presence of e-waste policy and level of development is also checked.

Design/methodology/approach — This is an archival study that builds upon data from United Nations (UN),
World Bank and Global E-waste Statistics Partnership. The authors did a path analysis comprising mediation
and multigroup analyses to decipher the proposed rese arch model containing data from 172 countries.
Findings — The results indicate that GDPPC, literacy rate, internet penetration and urban population do not
directly influence the generation of e-waste. However, higher internet penetration in developing countries leads to
higher e-waste, while higher literacy rates in developed countries suppress e-waste generation. When it comes to
e-waste policy, a higher urban population without a regulatory legal framework boosts higher e-waste. The
authors observed that higher internet penetration leads to higher e-waste in the presence of e-waste policy as well.
Originality/value — This is the first study to include economic well-being indicators in elaborating e-waste
generation, on a global scale. No previous study has observed differences between countries nested in e-waste
policy and level of development.
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Introduction

Starting from 2010, the generation of electronic waste or e-waste has been on the rise — reaching
53 million metric tons in 2019 (Van Yken ef al, 2021). Only slightly more than 17% of this figure
was properly collected and recycled. Given the fast-developing technological environment,
changing consumer behavior, population growth, shorter lifespans of products and overall
dynamic on the market, e-waste is recognized as the fastest growing waste stream nowadays
(Favot and Grassetti, 2017; Liu et al, 2021). E-waste includes a broad category of electronic
products (e.g. television, monitors, LCD equipment, DVD players, mobile devices, refrigerators,
air conditioner units, etc)) (Borthakur, 2020; Jayaraman ef al,, 2019). A major motivation for e-
waste management comes from the fact that e-waste contains great quantities of precious and
valuable materials (Zhang et al., 2019). Every electronic product has a somewhat limited lifespan
after which it should be discarded properly (Andersson et al, 2019). This presents a growing
problem, given that plenty of countries lack proper regulation, overall awareness and
institutions to impose proper disposal, recycling and reuse of e-waste (Patil and Ramakrishna,
2020; Ravindra and Mor, 2019; Shittu et al,, 2021; Zhang et al., 2019). Even more problematic is the
direct threat to the ecosystem and human health in general (Jayaraman et al, 2019).

The literature reports an increasing number of scientific outputs that investigated various
aspects of the e-waste problem (Zhang et al, 2019). For instance, recent research hotspots are
mainly addressing the recycling and post-treatment of e-waste (Van Yken ef al, 2021),
environmental impacts (Kumar et al, 2017), health hazards (Li and Achal, 2020) and relevant
policies that regulate e-waste domain (Borthakur, 2020). Yet, there is no single attempt to
investigate key indicators of the economy’s well-being to the generation of e-waste, although there
are traces that indicate potential causality (Borthakur and Govind, 2017; Kusch and Hills, 2017,
Lei et al, 2021). This is important to address, given the dynamic, dominantly urbanized and
virtual societies we have at present. Based on the Han ef al (2021) argument, economies with
high(er) gross domestic product (GDP) are experiencing higher internet penetration, consumption
of electronic products, and it is to expect higher quantities of e-waste. On the other hand, Popli
et al. (2021) found that higher literacy leads to higher economic activity, consumption of electronic
products and, consequently, it is to expect a higher generation of e-waste. Next, it is a fact that
developing and developed countries possess different e-waste regulatory frameworks (a great
portion of observed countries does not have a policy at all) (Zhang et al, 2019) — yet, only a small
number of countries were subject of investigation (e.g. China, India, European Union, etc.).

Considering the given complexities of the e-waste domain, in our archival study, we
investigate, on a global level, if country progress indicators (GDP, literacy rate, internet
penetration, urban population), impact the generation of e-waste, to what extent and in what
direction. Additionally, we observe if there are major differences between e-waste generation
in countries with and without e-waste regulatory framework and between developing and
developed economies.

By focusing on data from 172 countries, we found pieces of evidence that primarily
support some of the moderating propositions. Notably, the results indicate that GDP, literacy
rate, internet penetration and urban population do not directly influence the e-waste
generation and greatly extend the understanding of the nature of relations between key
development indicators and e-waste generation. Next, higher internet penetration in
developing countries leads to higher e-waste, while higher literacy rates in developed
countries lead to less e-waste. When it comes to e-waste policy, a higher urban population
without a regulatory legal framework leads reportedly to higher e-waste. On a similar note, if
there is a legal framework imposed with higher internet penetration, a stronger generation of
e-waste is to follow. These findings demystify the diverse situation when it comes to
differences in the development of certain countries and the implications of e-waste policies in
practice. We now turn to present a theoretical concept, based on which we propose a set of
respective hypotheses. Then, we provide an overview of our methodological and statistical



approach, together with the major results. In closing, we discuss relevant theoretical and Country

managerial implications and propose several distinct research prospects. dev elopment
indicators and
Literature review and background e-waste

Gross domestic product per capita
GDP is the monetary value of all goods and services produced within a country’s geographic
boundaries in a given accounting year. The GDP per capita (GDPPC) of a country is derived by 1603
dividing its GDP by its entire population. The GDP was first proposed by William Petty, and it
was further expanded by Charles Davenant in 1695 (The Economist, 2013). This concept was
further improved to measure the economic health of a country in 1944. Later on, it was adopted
throughout the world as the measurement tool for the health of an economy (Coyle, 2014).
Around the world, the top 25 economies are measured based on their GDP (Silver, 2020). For
developing as well as the developed countries, the internet is widely used communication
technology. Internet penetration has been associated with the GDPPC growth rate for
developing countries (Geovanny and Suarez, 2008; Kurniawan et al, 2015). It is also observed
that not only the GDPPC has a positive influence on internet penetration, rather the internet
penetration also boosts the GDP of a country (Asongu and Odhiambo, 2020). Internet
penetration boots exports (Ding et al, 2020), increases e-commerce activities (Gerachenko ef al,
2020) and raises employment opportunities (Zhu et al, 2018), thereby increasing the GDP of a
country. Around the world, GDPPC and internet penetration along with e-waste and urban
population are considered to be the indicators of the growth of an economy (Soo and Doolan,
2014; Sverko Grdic et al., 2020). Therefore, many researchers correlate the growth in the GDP and
GDPPC with urbanization. It may be possible that the growth in GDPPC does not reflect in the
urbanization, and therefore, it is weekly correlated with the growth in the urban population (Guo
etal,2017). In the latest development index, it is found that the internet penetration, e-waste and
urban population contribute to the calculation of the economic growth of a country (Dong et al,
2021; Soo and Doolan, 2014). Some studies have found that the increase in GDP is linked with the
increase in the use of the internet (Han ef al, 2021; Leoveanu-Soare et al., 2020; Raza and Shah,
2020). The countries with higher GDP have observed a higher rate of internet penetration for
their urban population as compared to their rural population (Billon ef al, 2009; Coyle, 2014;
Geovanny and Suarez, 2008; Wentrup et al, 2016). Therefore, to know the influence of GDP on
internet penetration, e-waste and urban population, the following hypotheses were formulated:

HI1. GDPPC has a significant positive influence on internet penetration (Hla), e-waste
(H1b) and urban population (H1c).

Literacy rate

There is a lack of any established acceptable and equally applicable definition for the concept
of literacy (Keefe and Copeland, 2011). However, we are considering the definition of literacy
as per the data source of the current study and other previous studies, i.e. the ability of the
population of a region to read and write (Edwards and Potts, 2008; Tomaselli and Mboti, 2013;
UNESCO Institute of Statistics, 2021). The level of literacy in a country defines its prosperity
and the use of science and technology (Campbell, 1990). A higher literate country will have a
higher internet penetration (Vincent, 2016). It is observed that the internet penetration
depends upon the economic parameters like literacy rate and urbanization (Kurniawan ef al,
2015; Vincent, 2016), but it is also observed that a higher literacy rate calls for higher usage of
the internet, thereby increasing the internet penetration. A higher literacy rate is associated
with the higher usage of gadgets and gizmos, which in a way leads to higher e-waste
production (Popli ef al, 2021). Higher economic activities are associated with higher e-waste
production (Petridis ef al, 2017). A higher literacy rate paves the road to higher usage of
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mobile gadgets (Zia, 2020a), which is one of the biggest contributors to e-waste (Galang and
Ballesteros, 2018). The unavailability of a proper system for the disposal of e-waste, an
increase in the urban population and internet penetration led to the contamination of the
environment with e-waste (Jayaraman et al, 2019). An increase in literacy rate and urban
population arouse the need for proper e-waste disposal and management policies (Zazzau,
2006). The literate population demands the internet and the young population is becoming
dependent on it (Zia, 2020b). This further increases internet penetration and thereby enhances
e-waste production (Zazzau, 2006). Therefore, to test the influence of literacy rate on internet
penetration and e-waste and urban population, the following hypotheses were proposed.

H2. Literacy rate has a significant positive influence on internet penetration (H2a) and e-
waste (H2b) and urban population (H2c).

Internet penetration and its role as mediator

The concept of internet penetration talks about the percentage of the population having
access to the internet technology (Ferro et al, 2010; Kalia et al, 2017). The economic
development of any country is associated with the growth in GDPPC (Beckmann and Czudaj,
2017; Kusch and Hills, 2017, Silver, 2020). It is seen that the growth in GDPPC is associated
with the growth in urbanization, which leads to a higher e-waste production (Kusch and Hills,
2017). The internet penetration leads to the higher usage of technical gadgets and mobile
phones (Kalia, 2019), which is associated with the higher levels of e-waste production (Petridis
et al., 2017). It is seen that the economies have grown faster after the advent of the internet,
and the growth of the urban population also surged resulting in a higher level of e-waste
production (Zhang and Meng, 2019; Zhu et al., 2018). Therefore, to test the role of internet
penetration, the following hypotheses were formed:

H3. Internet penetration has a significant positive influence on e-waste.

H4. In the presence of Internet penetration, GDPPC (H4a), literacy rate (H4b) and urban
population (H4c) have a significant positive influence on e-waste.

Urban population and its vole as mediator

The human settlement, which is characterized by the high density of population in an area that has
the excess to the necessities of life, is considered an urban population (Baten, 2003). In any country,
the maximum density of internet users is found to be in urban centers (Kayaoglu and Naval, 2017).
The usage of the internet is high in the urban population as compared to the rural population
(Petrauskiene and Zilinskas, 2015). Generally, it is observed that a higher rate of urbanization is
associated with a higher GDPPC growth rate (Benali, 2021; Cheng et al,, 2019; Lei et al, 2021; Liang,
2013). The urban consumption of smartphones and smart gadgets is very high, and their usage
depends upon internet penetration, which gives rise to high production of e-waste (Asongu,
2018). Therefore, to test the role of the urban population, the following hypotheses were formed.

Hb5. The urban population has a significant positive influence on internet penetration.
H6. The urban population has a significant positive influence on e-waste.

H7. In the presence of the urban population, GDPPC (H7a) and literacy rate (H7b) have a
significant positive influence on e-waste.

Country development levels and e-waste policy as moderators

The development of any country is directly or indirectly associated with the use of electronic
gadgets (Generowicz and Iwanejko, 2017; Little and Lucier, 2017; Wu et al., 2012). This usage
increases with the increase of economic development, thereby producing a higher level of



e-waste. The developed countries have a higher potential for maintaining an e-waste system
(Li et al, 2015). The developing countries do not have well-defined e-waste policies and
therefore contribute more to e-waste (Mejame ef al., 2020). Countries should strive to develop
some e-waste policies to manage e-waste production for the benefit of the environment (Cole
et al., 2018), to recycle (Garg, 2020) and to develop alternative technologies (Mejame ef al.,
2020; Peagam et al., 2013). The developed and developing countries differently prioritize the e-
waste management system and policies (Kaminsky, 2016; Liddle, 2013). The e-waste policies
are not the determinant factor of the development of any country. Many developed countries
do not have e-waste policies, whereas some developing countries have e-waste policies
(Kaminsky, 2016; Liddle, 2013; Pariatamby and Victor, 2013). Therefore, to test this
relationship, the following hypotheses were framed.

HS8. Significant differences exist between the underdeveloped and developed countries
for the links in the model.

HO9. Significant differences exist between the countries without and with an effective e-
waste policy for the links in the model.

Methodology

Research context

The current research considered an international perspective to explore the effect of GDPPC,
literacy rate, internet penetration and urban population on e-waste generation. Further, we
checked the mediating role of internet penetration, and urban population, and the moderating
effect of country development status and e-waste legislation within the proposed model. Since
e-waste data were available for 172 countries only, therefore remaining information was
compiled against the same and processed for further analysis.

Data collection

For the study, we collected secondary data from various reliable resources. The data relating
to GDPPC, literacy rate, internet penetration and the urban population were collected from
the World Bank (2021). Information regarding country development status was compiled
from the United Nations (2020). For e-waste statistics, i.e. e-waste generated and national
e-waste policy in place, we relied on the report published by the Global E-waste Statistics
Partnership (Forti et al,, 2020). As depicted in the descriptive analysis (Table 1), the sample
comprised a higher percentage of developing countries (77.9%) than developed countries
(22.1%). A little more than half the number of countries (54.1 %) had no formal e-waste policy,
whereas the remaining (45.9%) had it. The sample comprised of countries from Asia (26.7%),
Africa (25.6%), Europe (22.7%), Americas (19.2%) and Oceania (5.8%). We followed NV:q rule
to determine the sample size (where N = number of cases and ¢ = the number of model
parameters that require statistical estimates). A recommended sample-size to-parameter ratio
is 20:1 (Jackson, 2003). Since we had a model based on five continuous variables, the
recommended minimum sample size was 100, our sample was quite larger than the
recommended sample size.

Data analysis and findings

Structural model

For the path analysis of the proposed model (Figure 1), we used Stata 16 software. We
observed that GDPPC has a positive influence on internet penetration (6 = 0.001, p < 0.01)
and urban population (8 = 0.001, p < 0.01). Similarly, we noticed that literacy rate has a
significant and positive influence on internet penetration (f = 0.688, p < 0.01) and urban
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Table 1.
Characteristics of the
sample

Characteristics N %

Country development status

Developing 134 779
Developed 38 22.1
E-waste policy

No 93 54.1
Yes 79 459
Region

Americas 33 19.2
Asia 46 26.7
Africa 44 25.6
Europe 39 22.7
Oceania 10 58

Source(s): Authors’ calculations

Figure 1.
Structural model

Internet penetration L
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. 7\ N
HIb |
H5 B \: P E-waste
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—————————— //
(

R*=0.409

H8 HY
Moderating variables Country National e-waste
development status policy

Note(s): Mediators in dotted boxes

population (3 = 0.342, p < 0.01). Additionally, it was found that the urban population
positively impacts internet penetration (f = 0469, p < 0.01). Surprisingly, no significant
influence of GDPPC, literacy rate, internet penetration and the urban population was found
on e-waste generation (Table 2). On examining the equation-level goodness of fit, we noticed
that the RZ value for internet penetration is 0.689, which means that a 68.9% change in
internet penetration is explained by GDPPC, literacy rate and urban population. Whereas,
40.9% variance in urban population is determined by GDPPC and literacy rate. However,
only 4.1% of the variance in e-waste generation is explained by all the other factors in the
proposed model (Table 3).

Mediation analysis
Further, we examined the mediating effect of internet penetration, and urban population
between GDPPC, literacy rate and e-waste generation (Table 4). We noticed no mediation



Effects Coef OIM std. err. z p>z Hypotheses Result
internet « gdp 0.001 0.000 7.960 0.000%* Hla Accepted
ewaste < gdp 0.006 0.004 1.370 0.170 Hib Rejected
urban_p « gdp 0.001 0.000 6.910 0.0007%* Hilc Accepted
internet « literacy 0.688 0.076 9.020 0.000%** H2a Accepted
ewaste « literacy 2.728 4.352 0.630 0.531 H2b Rejected
urban_p « literacy 0.342 0.076 4490 0.000%* H2c Accepted
ewaste < Internet 8314 4.876 1.710 0.088 H3 Rejected
internet « urban_p 0.469 0.067 6.960 0.0007%* H5 Accepted
ewaste < urban_p 3.395 4.347 0.780 0435 Hé6 Rejected

Note(s): **Significant at 1%, *significant at 5%
Source(s): Authors’ calculations
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Table 2.
Results of the
structural model

Variance )
depvars Fitted Predicted Residual R-squared mc mc?
internet 780.004 537.335 242670 0.689 0.830 0.689
urban_p 525.009 214585 310424 0.409 0.639 0.409
ewaste 1,034,818.000 42,613.330 992,204.400 0.041 0.203 0.041

Note(s): Overall = 0.623, mc = correlation between depvar and its prediction
mc? = mc? is the Bentler—Raykov squared multiple correlation coefficient
Source: Authors’ calculations

Table 3.
Equation-level
goodness of fit

Effects Coef Std. err z p>z Hypotheses Result

ewaste < Internet < gdp 2.886 1.799 1.604 0.109 Hda Rejected
ewaste < Internet « literacy 4.381 2637 1.662 0.097 H4b Rejected
ewaste « Internet « urban_p 3.901 2.355 1.656 0.098 H4c Rejected
ewaste « urban_p « gdp —0.257 2478 -0.1 0917 H7a Rejected
ewaste « urban_p « literacy -0.173 1.672 -0.1 0917 H7b Rejected

Note(s): Baron and Kenny approach to testing mediation using medsem package in Stata 16
Source(s): Authors’ calculations

Table 4.
Mediation analysis

effect of internet penetration on the relationship between GDPPC, literacy rate, urban
population and e-waste generation. Similarly, no mediating effect of urban population was
found on the relationships between GDPPC, literacy rate and e-waste generation. Hence, all
the hypotheses under mediation analysis were rejected.

Multigroup analysis

In the next stage, we conducted a multigroup analysis based on country development status
and the presence or absence of e-waste policies in the countries. For country development
status (Table 5), we noticed that unlikely in the case of developed countries, both GDPPC
(8 = 0.001, p < 0.01) and literacy rate (f = 0455, p < 0.01) can positively increase internet
penetration in developing countries. Further, it was found that literacy rate (3 = 0.284,
p < 0.01) can lead to an increase in the urban population in the case of developing countries.
Most importantly, we found that an increase in internet penetration is leading to an increase
in e-waste generation (8 = 9.588, p < 0.01) in the case of developing countries. In the same
context, an important finding was a decrease in e-waste generation with the increase in
literacy rate in the case of developed countries (3 = —355.644, p < 0.01).
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Table 5.

Multigroup analysis
based on development
status of countries

Effect Dev. status Coef. OIM std. err. z p>z
internet « urban_p Developing 0424 0.079 5.400 0.0007*
Developed 0.464 0.092 5.050 0.000%*
internet « gdp Developing 0.001 0.000 4.310 0.0007*
Developed 0.000 0.000 1.660 0.096
internet « literacy Developing 0.455 0.080 5670 0.0007%*
Developed 0.670 0.466 1.440 0.150
urban_p « gdp Developing 0.001 0.000 5.600 0.0007%*
Developed 0.000 0.000 4.290 0.000%*
urban_p « literacy Developing 0.284 0.085 3.360 0.001%*
Developed —0.665 0.815 —0.820 0414
ewaste < Internet Developing 9.588 4.844 1.980 0.048*
Developed 24.329 18.129 1.340 0.180
ewaste « urban_p Developing —0.968 4.859 —0.200 0.842
Developed -10.113 13.272 —0.760 0.446
ewaste < gdp Developing -0.011 0.009 —1.180 0.237
Developed 0.004 0.007 0.540 0.587
ewaste « literacy Developing 0.076 5.003 0.020 0.988
Developed —355.644 53434 —6.660 0.000%*

Note(s): **Significant at 1%, *significant at 5%
Source: Authors’ calculations

Table 6.
Multigroup analysis
based on e-waste
policies in countries

In the case of absence or presence of e-waste policy in the countries (Table 6), we found that
increase in literacy rate is leading to a higher urban population (8 = 0.579, p < 0.01) in the
countries with e-waste policy. An interesting finding was an increase in e-waste generation
(B = 33.233, p < 0.01) due to an increase in internet penetration in countries with e-waste
policies. As expected, a significant increase in e-waste (5 = 3.730, p < 0.05) was noticed with
the increase in the urban population in the case of countries without e-waste policy.

Effect Policy Coef. OIM std. err. z p>z
internet « urban_p No 0.409 0.094 4.350 0.0007%*
Yes 0.324 0.084 3.870 0.0007%*
internet « gdp No 0.001 0.000 4.860 0.000%*
Yes 0.000 0.000 3.400 0.001%*
internet « literacy No 0.352 0.090 3.900 0.0007**
Yes 0.806 0.117 6.900 0.0007*
urban_p « gdp No 0.001 0.000 4.790 0.000%*
Yes 0.000 0.000 4.600 0.0007%*
urban_p « literacy No 0.170 0.098 1.740 0.082
Yes 0.579 0.143 4.060 0.000%*
ewaste < Internet No 0.975 1.908 0.510 0.610
Yes 33233 14.196 2.340 0.019*
ewaste « urban_p No 3.730 1.896 1970 0.049*
Yes -9435 11.541 -0.820 0414
ewaste < gdp No —0.007 0.004 —1.560 0.120
Yes —0.003 0.008 —0.340 0.732
ewaste « literacy No 1.627 1.792 0.910 0.364
Yes —31.149 18.662 —1.670 0.095

Note(s): **Significant at 1%, *significant at 5%
Source(s): Authors’ calculations




Discussion

This article examined the relationships between GDPPC and literacy on e-waste
generation, with internet penetration and urban population as mediators and
country development status and e-waste legislation as moderators in the proposed
model. The current study divulges some interesting findings to the existing research on
e-waste.

Established on the previous literature, we hypothesized that GDPPC has a significant
positive influence on internet penetration (H1a), e-waste (H1b) and urban population (H1c).
We observed that GDPPC has a positive influence on internet penetration and urban
population. These findings are concurrent to the previous studies that have positively
correlated GDPPC with internet penetration (Asongu and Odhiambo, 2020) and urban
population (Guo ef al., 2017). Further, we hypothesized that literacy rate has a significant
positive influence on internet penetration (H2a) and e-waste (H2b) and urban population
(H2c). We noticed that the literacy rate has a significant and positive influence on internet
penetration and the urban population. These findings are in tune with the past studies that
positively link literacy with high internet penetration (Vincent, 2016) and urbanization
(Kurniawan et al,, 2015). However, the assumption of literacy as a precursor of e-waste
contradicts the previous studies (Galang and Ballesteros, 2018). Additionally, we checked if
the urban population (H5) has a significant positive influence on internet penetration, which
turned out to be true as supported by previous literature (Kayaoglu and Naval, 2017). We
checked any direct influence of internet penetration (H3) and urban population (H6) on
e-waste generation, but we found no significant effects. These findings are contradictory to
the assumptions that internet penetration (Petridis et al, 2017) or urbanization (Asongu, 2018)
will lead to the higher usage of technical gadgets and mobiles phones, leading to higher levels
of e-waste production. Taking the analysis further, we checked the mediating roles of internet
penetration (H4) and urban population (H7) within the model and did not notice any
significant influence.

An important contribution of this research is determining the moderating roles of country
development status (H8) and absence or presence of e-waste policy in the country (H9). Based
on country development status, we observed significant differences in the structural model at
internet penetration-GDPPC (Hla), internet penetration-literacy rate (H2a), urban
population-literacy rate (H2c), e-waste generation—internet penetration (H3) and e-waste
generation—literacy rate (H2b) links. The most interesting part of these results was the
findings related to e-waste generation, where the e-waste generation-internet penetration (H3)
link was positively significant for developing countries and the e-waste generation-literacy
rate (H2b) link was negatively significant for the developed countries, i.e. with more literacy in
developed countries the amount of e-waste goes down. These findings negate the
assumptions of the previous authors who hinted a direct or indirect link between the use
of electronic gadgets with the increase of economic development in a country and thereby
producing a higher level of e-waste (Generowicz and Iwanejko, 2017; Little and Lucier, 2017;
Wu et al, 2012). While checking the moderating effect of e-waste policy, significant
differences on the structural model were observed at the urban population—literacy rate (H2c),
e-waste generation—internet penetration (H3) and e-waste generation—urban population (H6)
links. Surprisingly, we found that internet penetration is significantly and positively
contributing to e-waste generation in the countries with e-waste policies. Probably, it is
because many developing countries have implemented e-waste legislation to curb the evil of
e-waste (Kaminsky, 2016; Liddle, 2013; Pariatamby and Victor, 2013) (Table 7). The second
observation was quite pertinent as it indicated an increase in e-waste due to an increase in the
urban population in the countries without e-waste policy. Together, these differences provide
support for H8 and HO.
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Table 7.

Crosstab of country
development status
and e-waste policy

Theoretical contributions and implications

Country development indicators are not the real cause of e-waste

Firstly, this research confirmed that GDPPC, literacy rate, internet penetration and urban
population do not directly influence e-waste. Overall, these factors define only a 4.1%
variance in e-waste generation, giving room for other factors to be explored in the future (e.g.
shifting consumer behavior and lifestyle, novel trends in technology, etc.). On the brighter
side, we noticed that GDPPC, literacy rate and urban population define internet penetration
quite well (68.9%).

Developing at the cost of e-waste

Secondly, the study confirmed that an increase in internet penetration in developing countries
is leading to e-waste generation. One of the possible reasons for the same could be that
developed countries have already reached saturation in terms of internet penetration, which
is not the case for developing countries. The middle class in developing countries is getting
more populous with the increasing purchasing power, which supposedly reflects onto
increasing consumption of electronic devices (Islam and Huda, 2019). On the other hand, the
upslope economic activity in developing nations requires companies to be on technological
edge to stay on the world market — which in turn puts additional pressure on the ever-
growing consumption of various electronic devices. Yet, the question remains what are the
ecological and human costs we can bear to support our societal economic well-being?

Literacy can induce ethical consumerism

Thirdly, the study determined that increase in literacy rate in developed countries is leading
to a decrease in e-waste. It indicates a shift from consumerism to environmentalism or at least
conscious or ethical consumerism in developed countries due to knowledge and literacy. Next
to that, it implies the human capital that is oriented to a long-term perspective, whereby ad
hoc-based convenience that electronic devices provide, is not the prime focus. As a side
remark, it emerges that domains of ethical consumerism and the concept of environmentalism
must be better addressed in societies across both developed and developing countries. As the
ultimate consequences are felt with no reference to developed, developing or so-called “third-
world” countries.

From legislation to a way of life

Fourthly, the increase in e-waste due to internet penetration in countries with e-waste policy
indicates that merely implementing legislation is not enough until it is not adopted at an
individual level, ie. citizens should not follow the policy out of fear, but through the
awareness of their actions impacting the environment. Countries must ensure a strategic
approach in terms of promoting certain lifestyles (e.g. health-focused behavior), consumption
patterns (e.g. leaning toward ethical consumption), long-term sustainable framework (e.g.
promotion of sustainability concepts and their terminal importance) — on all levels to combat

E-waste policy

Country development status No Yes Total
Developing 91 43 134
Developed 2 36 38
Total 93 79 172

Source(s): Authors’ calculations




the growing e-waste problem. An institutional framework fully incepted in the daily life of
society should cater to all these activities (e.g. schools, agencies, local authorities, national
ministries, etc.). In closing, given the complexity of the e-waste issue, it requires a convoluted
multi-layered approach in its permanent-solving.

The global urge for a unified approach in managing e-waste

The massive gaps are present in terms of how different countries approach e-waste. There is a
certain level of harmonization in the European Union, but other than that — each country
approaches the issue in its manner. Next, more than half of the accounted countries do not
have even an official legal framework to tackle the issue — basically not recognizing e-waste
as a particular problem at all. United Nations indeed has directives to curb the problem of e-
waste, yet, only with as a recommendation (United Nations, 2017). To handle the issues of
toxic substances spilling over to the ecosystems and affecting human wellbeing, we must
stand together. Unfortunately, the current practices where most e-waste from developed
countries is shipped to uncontrolled landfills in Africa and Asia is not acceptable, ethical and
long-term sustainable (Vidal, 2013).

Conclusion

The study investigated the impact of country development indicators, ie. GDPPC and
literacy rate, on e-waste on a global level, with internet penetration and urban population as
mediators. Further, we examined the role of country development status and e-waste policy
as mediators. For analysis, we collected data for 172 countries from the United Nations, World
Bank and Global E-waste Statistics Partnership. The results of path analysis of the proposed
research model revealed that GDPPC, literacy rate, internet penetration and urban population
do not directly influence the generation of e-waste. However, higher internet penetration in
developing countries leads to higher e-waste, while higher literacy rates in developed
countries suppress e-waste generation. When it comes to e-waste policy, a higher urban
population without a regulatory legal framework boosts higher e-waste. We observed that
higher internet penetration leads to higher e-waste in the presence of e-waste policy as well.
This is the first study to include economic well-being indicators in elaborating e-waste
generation, on a global scale.

Limitations and future directions

Regardless of the substantial findings of the current study, certain limitations exist. First,
data were collected for only 172 countries. Future researchers can cover all the countries in
the world. Second, GDPPC, literacy rate, internet penetration and urban population define
only 4.1% variance in e-waste generation, giving room for other factors like teledensity,
smartphone penetration, etc. (Kalia et al, 2021) to be explored in the future. Third, we
classified the countries based on development status as developed or developing only to
maintain a decent sample size for multigroup analysis. Therefore, more precise classification
can be used to have more decisive findings. Fourth, it would be interesting to see the
continent-wise perspective on e-waste. Fifth, researchers have classified 54 electrical and
electronic equipment (EEE) into six broad categories of e-waste, i.e. temperature exchange
equipment, lamps, screens and monitors, small equipment, large equipment, small
information technology and telecommunication equipment. Therefore, future researchers
can explore the problem of e-waste concerning specific categories as previous studies have
indicated that the life of complex and multifunction devices is short (Bhargava ef al, 2014).
However, if the lifetime and failure time of an electronic gadget is predicted (Shivani and
Bhargva, 2018), then techniques can be employed to reduce e-waste (Bhargava and
Sharma, 2021).
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