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Abstract: Given the rise in ageing population and rising globalization, the European nations
are facing difficulties in encountering the climate action and ascertaining energy security. For
diffusing the energy innovations and curtailing natural resource extraction, with an objective
of reducing carbon emissions, the existing policy framework in these nations might need a
reorientation, and there comes the role of the study. This study recommends a policy
framework for exploring the effect of natural resource extraction and age dependence on carbon
emissions in top-5 European countries (EU-5) for the period of 1990-2017. By applying the
Second Generation Panel Modeling approach, the empirical results indicate that the
associations of carbon emissions with natural resource extraction, globalization index, and
economic growth and ageing population follow an inverted U-shaped relationship, in keeping
with the framework of Environmental Kuznets Curve (EKC) hypothesis. Based on the findings
of the study, a multipronged Sustainable Development Goal (SDG) framework has been
designed, and through this framework, SDG 7, SDG 13, and thereafter SDG 8 have been
evaluated. While these three SDGs are the central focus of the study, the SDG framework has
also suggested a way to evaluate several tangential SDGs.
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1. Introduction

The rise in industrialization is causing the economic growth trajectory to be taking a departure
from being sustainable, and this issue has been the primary focus of the Sustainable
Development Goals (SDG) 2018 report (United Nations 2018). According to this report, both
the developed and developing economies face difficulties in fulfilling the purposes of SDG 13,
1.e., climate action, and one of the primary reasons behind this predicament has been identified
as the industry-led economic growth pattern. While accomplishing economic growth, cross-
border traversing of resources has been alleviated progressively, and it has been conceivable
by means of globalization. The direct influence of globalization on production procedures via
the transaction of products and services has environmental consequences. Moreover, treading
along the fossil fuel-based growth trajectory makes it problematic for nations to realize the
purposes of SDG 7, i.e., affordable and clean energy. Further, this purpose’s defiance might,
in due course, persuade the departure from accomplishing the goals of SDG 8, i.e., decent work
and economic growth. In this context, the upswing in globalization might carry a severe hazard
to the basis of sustainable development in developed economies.

Given the background of globalization, energy utilization patterns, and natural resource
extraction, European countries need special mention. Energy and natural resources play an
apex role in the industrial development of these nations. While catalyzing the echelon of
economic growth, they also worsen environmental quality in these nations. The recent Eurostat
Report (2019) suggests that these economies are facing difficulties in achieving the purposes
of SDG 13, and a major reason is attributed to the status of energy innovation and responsible
consumption of natural resources. While they have made moderate progressions in renewable
energy implementation and reduced inequalities, ongoing energy innovations might hinder the
way of achieving the SDGs by 2030.

Since the European Union (EU) ratified the Kyoto agreements, energy programs have
established measures for strengthening environmental and energy regulations, intending to
reduce carbon emissions by controlling energy consumption (EU, 2014). These initiatives are
traced back to the demographic transformations and globalization, which appeared in the
European countries during the mid-twentieth century. These transformations are based on the
assumption of modern living standards, environmental actions, and energy-saving measures to
reduce emissions in the 5 largest European countries? (EU-5) (UNDP 2016). From an economic
perspective, a rise in the ageing population might create a shortage of labour supply. Whereas
from an environmental perspective, building second homes for the ageing population,
mobilizing them, and changes in their household pattern might reduce the environmental
quality through ageing and cohort effects. A baseline report by COWI (2008) focused on these
aspects, and the same was reinforced in the European Commission report (2014).

Moreover, the recent ageing report by European Commission (2018) states that the long
term and healthcare expenditures are expected to grow annually by more than 2 per cent, which
might significantly impact the public spending on infrastructural and industrial development
and other fiscal benefits. This shrinkage in public spendings might have a significant impact
on the job creation scenario in the EU-5 countries, diluting the purposes of SDG 8.

2The 5 largest economies in the EU during the period analysed (1990-2017) were Germany, France, United
Kingdom, Italy and Spain. It is worth mentioning that these countries are also among the most dynamic ones in
terms of renewable energy and energy innovation. Moreover, the EU is facing an increase of elderly population
(over 65 years old) from 13% to over 19% while the global range is going from 6% to 8% and, among EUS, only
UK registered a slightly lower elderly population (see OECD database).



Simultaneously, relocation and mobility of the ageing citizens will add directly to the transport-
induced emissions. Likewise, household pattern deviations might add to energy-induced and
space heating emissions through structural changes in power utilization patterns. In such a
situation, lacking in the front of energy innovations might prove to be dear for the EU-5 nations,
as these nations are already encountering rising emissions. However, following the recent
Eurostat report (2019), these measures might require reinvestigation so that a policy
mainstreaming can be suggested for these nations to attain sustainable development.

In a nutshell, the above discussion substantiates the need for a comprehensive policy
framework for the EU 5 countries, which can play an instrumental role in attaining the SDGs
objectives by 2030. Against this backdrop, the present study aims to analyze the impact of
natural resource extraction, globalization, economic growth, energy consumption, energy
innovations, and the ageing population on carbon emissions in the EU-5 nations over the period
of 1990-2017. As the EU-5 countries can be considered the leading developed economies,
laying out an SDG framework for these nations is expected to benefit other developed
economies in policy recalibration. Consideration of these parameters within a single policy
agenda might help design a comprehensive policy framework for addressing the objectives of
SDG 7 and SDG 13, and thereafter SDG 8. To the best of our knowledge, there is a void in the
literature on developing and adopting a SDG-oriented policy-level approach to address
environmental degradation. Bridging this gap is the major contribution of the present study.

Now, evaluating the influence of policy parameters considering economic spillovers
and structural similarities necessitates the analysis to be carried out in the Second-Generation
approach. Any first-generation methodological approach may not capture the cross-sectional
heterogeneity arising from the economic spillovers and structural similarities. Therefore, in this
pursuit, the cross-sectional autoregressive distributed lag (CS-ARDL) method is employed in
this study. This method can control for the structural similarities among the nations while
demonstrating the impacts of explanatory policy parameters to differ in terms of level, mode,
and response period. Because of these advantages, this study has employed CS-ARDL
approach rather than the traditional ARDL approach (Chudik and Pesaran, 2015; Everaert and
De Groote, 2016).

Further, choosing a suitable theoretical framework for analyzing this association is
required, as the analysis will be carried out for capturing the evolutionary impact on the target
policy variable. Hence, the Environmental Kuznets Curve (EKC) hypothesis has been chosen
due to its ability to capture the evolutionary impact within a panel data framework (Dinda,
2004; Shahbaz and Sinha, 2019). Hence, the anticipated model outcomes might recommend
near-exact consequences for this context, which can be imitated in the case of other developed
economies. This theoretical schema could be considered as one of the analytical contributions
of the study.

The rest of the paper is organized as follows: Section-II presents the existing literature
review and the theoretical considerations following the previous studies. Section-III offers the
details of the empirical model, data description, and methodology applied to validate our initial
hypotheses. Section-IV discusses the econometric results, and Section-V presents the
discussion of policy implications. Finally, in Section-VI, the conclusion is presented.

2. Literature Review

2.1. Energy and Environmental Degradation



The literature of energy and environmental economics has widely discussed the EKC
hypothesis (Grossman and Krueger 1991, Panayotou 1993, Sinha et al. 2019). This hypothesis
infers that economic growth affects environmental quality via three channels: scale, technique,
and composition effects (Torras and Boyce 1998, Shahbaz et al. 2015, Alvarez et al. 2017).
The EKC hypothesis also considers the role of additional factors such as natural resources,
globalization, and energy innovations or demographic changes, i.e., the ageing population
(Dooley 1998). Current studies have considered that energy innovation is the main key driver
behind the decline in global warming and assurance of sustainable economic growth
(Balsalobre and Alvarez 2016, Alvarez et al. 2017, Chen et al. 2021). Torras and Boyce (1998)
demonstrated that energy innovations improve environmental quality, thereby attributing
technical effect as the central feature in plummeting ambient pollution (Aghion et al. 2014).
Furthermore, recent literature establishes that low-carbon technologies delay the scale effect
and the appearance of technical obsolescence (Alvarez et al. 2017; Destek and Sinha 2020). A
detailed review of the studies analyzing this association has been carried out by Shahbaz and
Sinha (2019).

2.2. Natural Resources and Environmental Degradation

Several empirical evidence demonstrates that the presence of abundant natural resources plays
a crucial role in economic systems. Auty (2001) observed that the growth of per capita income
is slower in countries with abundant natural resources. However, Bravo-Ortega and De
Gregorio (2005) found that natural resources positively affect income, but negatively affect its
growth rate. Several studies have validated the “natural resource curse hypothesis” (Shahbaz
et al. 2019b). Following the theory mentioned above, Brunnschweiler and Bulte (2008) stated
a difference between natural resource dependence and natural resource abundance. They
concluded that natural resources dependence did not affect economic growth, but natural
resources’ abundant availability enhances economic growth. In line with the relationship
between the environment and natural resources, Balsalobre et al. (2018) demonstrated that
natural resource abundance reduces ambient carbon emissions in the European countries. The
results confirmed that resource-abundant nations imposed import-substitution for fossil fuel
and energy dependence and preferred to utilize energy-efficient technology to maintain
economic development and living standards. However, the counter-evidence has been
produced by Danish et al. (2019) for the BRICS nations.

2.3. Globalization and Environmental Degradation

For increasing globalization, a continuous and multidimensional integration process is
promoted to integrate the economic, social, and political relations across the globe. The process
of globalization is anticipated to have a positive effect on economic development (Dreher,
2006). The study of Dollar and Kraay (2004) in this regard found a positive relationship
between globalization (employing trade flows and FDI) and economic growth. Likewise,
additional empirical evidence postulates that globalization could be articulated through
innovation. Kahuthu (2010) examined the income-CO2 emissions association moderated by
globalization and found a direct association between economic integration and environmental
quality. It implies that globalization allows administrations to adjust trade policies by reducing
trade barriers for importing energy-efficient technologies.

In the relationship between globalization and environmental degradation, Shahbaz et
al. (2013) found that trade openness (globalization) deteriorates environmental quality.



Similarly, in another study, Shahbaz et al. (2015) further examined the globalization-CO2
emissions association for the Indian economy. The empirical evidence of the study revealed
that globalization was pernicious to environmental quality. This empirical evidence has been
supported by studies carried out in diverse contexts (e.g., Shahbaz et al. 2017a; Shahbaz et al.,
2018) also support this fact. For example, Shahbaz et al. (2018) demonstrate that globalization
catalyzes FDI, which further can lead toward the use of cheaper and dirtier manufacturing
techniques to capitalize on natural resources for making higher profits. It implies that the
worsening of environmental quality can be owing to the weak enforcement of ecological
directives. Nevertheless, Shahbaz et al. (2017b) found globalization helpful for Australia’s
environmental quality and reported that globalization could have an ancillary impact on
environmental administration policies and resource distribution.

2.4. Ageing and Environmental Degradation

Lastly, considering the impact of ageing over environmental degradation, several studies have
explored the connection between ageing and carbon emissions (Farzin and Bond 2006). York
et al. (2003) and Shi (2003) stated that economies with a high percentage of working people
could suffer more carbon emissions. Likewise, Fan et al. (2006) confirmed that the working-
age population’s proportion correlates positively with carbon emissions in low-income
countries but negatively with high-income countries. Further, Dalton et al. (2008) found that
older people use less private transport, which reduces the use of cars and resources, thereby
reducing pollution. Hassan and Salim (2015) concluded that in the long run, a one per cent
increase in the share of aged-population results in lowering per capita CO2 emissions by 1.55
per cent. However, O’Neill et al. (2010) claimed an indirect effect of demographic structure on
CO2 emissions, which works via labour market dynamics. In this study, the ageing-population
is related to the lower labour participation rate, which slows down economic growth, reducing
carbon emissions.

On the contrary, other studies have provided evidence about the negative impact of the
ageing population on environmental quality. For instance, Farzin and Bond (2006) found that
societies with a high share of age dependence experience increased carbon emissions.
Similarly, Menz and Welsch (2010) found that senior people consume more energy-intensive
goods, aggravating carbon emissions. In another study, Menz and Welsch (2012) found that
the correlation between the ageing population and carbon emissions depends on the country’s
position in the development process. Furthermore, based on some empirical evidence, the
impact of the ageing population is related to age-specific energy demand in different
consumption and production sectors. In this sense, aged people would probably be opposed to
stricter environmental regulation (Heijdra et al. 2006). On the link between age-dependence
and environmental preferences, Thalmann (2004) indicated that the inclination to spend for
healthier ecological quality, i.e., green taxes, significantly decreases with age. The study’s
outcome implies that though the senior people would bear the costs instantaneously, they will
not benefit from higher environmental quality in the future, which gradually diminishes
environmental awareness. Liddle and Lung (2010) found people have a comparatively higher
energy-intensive lifestyle in early adulthood and the “retirement age”, and have a relatively
less energy-intensive lifestyle during the “middle age” (35—-64). Furthermore, Liddle (2011)
found the existence of a U-shaped relationship between the age structure and residential
electricity consumption and concluded that the youngest and oldest (20—34 and 70 and older)
have positive coefficients, whereas the middle cohorts (35-49 and 50-69) have negative
coefficients. The result was indicative of an indirect increase in carbon emissions among the
youngest and oldest populations through energy consumption.



2.5. Research gap

This brief review of the literature suggests that the parameters taken up in the studies might
have a possible impact on environmental degradation. However, these studies are silent about
the definitiveness of this association’s associative directionality, as it can be seen that the
directions vary according to the level of development in the sample nations. While the
parameters could be instrumental in designing policies for ascertaining sustainable
development, their roles have been largely undermined in the literature. Moreover, the
applicability of the EKC hypothesis as an analytical framework for policymaking has also been
unaddressed in the literature. This gap is addressed by considering ageing in the multipronged
SDG framework suggested in this study.

3. Empirical framework
3.1. Theoretical rationale

High level of economic growth characterizes the EU-5 nations and this growth is achieved by
significant consumption of fossil fuels and complemented by the smooth cross-border
movement of resources via globalization. Alongside these aspects, the abundance of natural
resources gave these nations leverage to accelerate economic growth. With the rise in economic
growth in these nations, the standard of living started to improve, and with the graduation of
time, the average life span of the citizens began to rise.

However, this fossil fuel-based growth pattern in these nations was exerting negative
environmental externality in carbon emissions. Fueled by globalization, demand for energy
was rising in the industrial sector, and prevailing energy innovations were not adequate to
reduce this level of emissions. Moreover, relocation and rehabilitation of ageing citizens caused
a change in the household energy consumption pattern, which also started adding to the carbon
emissions. Driven by these rising ecological predicaments, in 1990, the European Union
conceived the European Environment Agency’s idea, which was later formed in 1993. It was
the year 1990 when the European Commission started looking into environmental degradation
issues, in association with the parliament (European Commission 1990). Since 1990,
environmental regulations in the European Union have begun to be more stringent so that the
issues of rising carbon emissions can be controlled. Hence, 1990 might be considered as a
starting point of this study. Given this regulatory intervention, a shock to the major economic
indicators is expected to bring forth a reversal in the prevailing carbon emissions pattern.

In this contextual backdrop, it is necessary to analyze the impact of these economic
indicators on carbon emissions following a theoretical framework, which will allow the
evolutionary impact over a specified temporal frame. Henceforward, this study has embarked
on the EKC hypothesis framework. This framework can be mathematically explained as the
following:

ED;; = ag + a1El;y + a,EIZ + a3 X + €;¢ (1)

Here, ED symbolizes environmental degradation, EI is the set of major economic
indicators, which can have a possible impact on ED, and X is the set of other covariates to have
a possible impact on ED. ‘1’ and ‘t’ denote the sample countries and years, for which the
analysis is carried out. In this context, EI and X can be defined as the following:



EI ={Y,G,A NR} 2)
X = {E,RD} 3)

Here, Y denotes economic growth, G denotes globalization, A denotes ageing
population, NR denotes natural resources, E denotes fossil fuel energy consumption, and RD
denotes research and development towards energy innovation. As the respective evolutionary
impacts of E and RD are expected to be positive and negative, they are considered as exogenous
to the EKC framework. On the other hand, the evolutionary impacts of Y, G, A, and NR are
unknown, and by means of the analysis, this study aims to discover that. According to the
generally accepted form of EKC hypothesis, the necessary condition is a1 > 0 and a2 < 0, i.e.
the associative directionality will take an inverted U-shaped form. This form of association
might give a possible indication of the evolutionary impact of the model parameters on
environmental degradation.

With the rise in economic growth, environmental degradation starts to rise. After
arriving at a threshold level, the economic growth pattern catalyzes the environmental
degradation to start diminishing. However, this impact does not arise automatically. Extraction
of natural resources rises with economic growth, and consequential environmental degradation
sets in as countries start investing in energy innovations, gradual improvement in energy
efficiency starts, which slows down the demand for natural resources. Henceforth, the negative
environmental externality exerted by the process of natural resource consumption starts coming
down after reaching a peak. During this period, the globalization process might allow
technology transfer between the nations, and therefore, gradually, countries can develop their
innovation capability, following a rise in the standard of living and educational attainment.
Until this process is executed, globalization continues to exert negative environmental
externality by accelerating the production processes. Once the capacity to innovate is achieved,
energy innovations restrict the importing of outdated and/or polluting technologies. From this
point onward, the negative environmental externality exerted by globalization starts reducing.
Shahbaz et al. (2019a) have discussed this issue in detail.

When the innovations are at the nascent stage, relocation and rehabilitation of ageing
population start exerting negative environmental externality through the changes in energy
consumption patterns at the household level. Moreover, the increase in mobility and transport
volume adds to the rising environmental degradation. With incremental energy innovations,
the negative environmental externalities start getting internalized. Moreover, continuous
efforts towards enhancing the level of awareness among the aged population also reduce the
level of environmental degradation.

By far, following the premise of the EKC hypothesis, the discussion suggests that the
possible evolutionary impacts of the economic indicators on environmental degradation might
follow an inverted U-shaped form. Simultaneously, fossil fuel energy consumption and
research and development towards energy innovation might have positive and negative impacts
on environmental degradation, respectively. Based on this theoretical proposition, this study
intends to analyze this association for the EU-5 nations from 1990 to 2017. The empirical
models utilized in the study are explained in the next section.

3.2. Data and empirical model



This study uses annual data for the period of 1990-2017 for the top-5 European countries
(France, Germany, Italy, Spain, and the UK). The data on real GDP (constant 2010 US$), CO2
emissions (metric tons), energy consumption (kg of oil equivalent), natural resources as the
share of GDP (constant 2010 US$), an ageing population (share of population greater than 65
years of age) was gathered from World Development Indicators (World Bank, 2018).
Moreover, the data on globalization and energy innovations are taken from KOF database
(Gygli et al., 2019) and the OECD database. The description of all the variables used in the
empirical model is presented in Table-1. Except for globalization, all the model parameters are
converted into per capita terms.

<Insert Table 1 here>
<Insert Table 2 here>

Table-2 shows the descriptive statistics and correlation matrix. It can be noted that the
correlation between economic growth and carbon emissions is positive. Direct associative
presence is seen for energy consumption and carbon emissions, but it has a negative
relationship with economic growth. Globalization is negatively correlated with carbon
emissions, but natural resources are positively related to carbon emissions. Inverse associative
presence is seen between CO2 emissions and energy innovations and ageing, respectively. The
summary of the statistics demonstrated that the variables do not show central tendencies, with
longer tails. Owing to this, the regression estimates might be biased. The results of the Jarque-
Bera test result also succumb to this claim.

In continuation of the theoretical framework, the empirical model of the study is as per the
following:

Cit = Bo + PiNRy + BoNRY + B3Gip + BaYir + BsRD(—2)i¢ + BrAie + BoEir + €44 4)
Cit = Bo + BiNRy + BoaNR; + B3Gie + BuGli + BsYie + BeRD(—2) it + B7Aix + BgEir + €4
(5)
Cit = Bo + BiNRy + BoNR}, + B3Gie + BoGiy + BsYie + BeYiz + B7RD(—2)ie + Podie +
BoEir + €t (6)

Cit = Bo + BiNRy + BoNR}, + B3Gie + BoGiy + BsYie + BeYii + B7RD(—2)ie + Podir +
BoA% + BroEi + € (7)

where, C, Y, G, NR, RD, A, and E respectively represent per capita CO2 emissions, real GDP
per capita, real natural resource revenues per capita, globalization, energy innovations, ageing
population, and per capita fossil fuel energy consumption. RD(-2)it is delayed by two periods
in accordance with the previous literature when energy innovation processes present the highest
impact on emissions (Cantos and Balsalobre 2013, Alvarez et al. 2017, Fernandez et al. 2018).

On the methodological front, the present study has adopted the Second-Generation
approach. There is a specific reason for adopting this approach. As the EU-5 nations are
associated with each other via a unified policy regime, therefore, the economic spillovers will
associate them at the structural level, which might appear as cross-sectional dependence.
Consideration of this aspect not only gives a logical underpinning for the methodological
design but also, this approach complies with the policy-level contribution of the study. The
methodological schema is the following: First, second-generation unit root tests are used for
checking the stationarity property of the variables. Upon checking the stationarity property of
the model parameters, we have checked the long-run association among them by employing
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the second-generation cointegration method. Upon confirming the presence of cointegrating
association among the variables, we have estimated long-run coefficients using a cross-
sectional autoregressive distributed lag (CS-ARDL) test, and lastly, the causality associations
among the variables have been estimated using Dumitrescu-Hurlin Panel causality test. A
detailed description of all these tests is added in the Supplementary Materials for understanding
and replication purposes.

As the squared term of the variables is used, it is probable that the model might be
suffering from multicollinearity. Before starting the analysis, the multicollinearity issue has
been checked using the Variance Inflation Factor (VIF), and the results are reported in
Appendix 1. To handle the issue, all the variables were orthogonally transformed, and it solved
the issue of multicollinearity (see Appendix 1). Subsequent to this step, the entire empirical
exercise has been carried out.

4. Discussion of results

For identifying a possible long-run relationship among the variables, the variables should be
first-order integrated, and it was determined using the panel unit root test. However, before
carrying out the unit root tests, it is necessary to check the applicability of the tests, and this
has been accomplished through Chudik and Pesaran (2015) weak cross-sectional dependence
test. The test outcome reported in Table 3 denotes that the variables are cross-sectional
dependent, and it sanctions the applicability of the Second-Generation panel unit root tests.
Table-3 outlines outcomes of cross-sectional Im-Pesaran-Shin (CIPS) and cross-sectionally
augmented Dickey and Fuller (CADF) panel unit root tests, and the results suggest that the
variables are integrated to first order, i.e., I(1).

<Insert Table 3 here>

Considering the integration order of the variables, we examined the possibilities of
long-run association among the model parameters. For this purpose, Westerlund and Edgerton
(2008) cointegration test were applied as it accommodates the cross-sectional dependence in
the data, and the outcomes presented in Table-4 indicate significant long-run association among
the model parameters. This empirical outcome validates the presence of cointegration among
the model parameters.

<Insert Table 4 here>

The presence of cointegration among the variables led to examining the long-run impact
of natural resources, economic growth, globalization, energy innovations, ageing, and energy
use on carbon emissions through the application of the CS-ARDL. The empirical outcomes are
described in Table-5 and Figure-1, and the diagnostic statistics (see Appendix 2) demonstrate
that the models are free from heteroskedasticity, serial correlation, normality, and omitted
variable bias. The CS-ARDL results depicted several insights regarding the impacts of these
model parameters. Those insights are described sequentially.

<Insert Figure 1 here>
The analysis starts with analyzing the impact of natural resources on carbon emissions.

The temporally progressive impact of natural resources on carbon emissions is found to be
following an inverted U-shaped form (Figure 2). This segment of results apparently signifies



that with the progression of time, the diminishing dependence on natural resources might lead
to reduced carbon emissions. However, the turnaround points of this association for Eq. 4 to 7
are beyond the sample range, and this gives an indication regarding the unsustainable nature of
resource consumption in the EU-5 nations. The dependence of industrial and transport sectors
on fossil fuel-based solutions exert negative environmental externality, as indicated by
Balsalobre et al. (2018). This issue has also been outlined by the European Environmental
Agency (2020) while describing the impact and possible future of the 7" Environment Action
Programme. This impact of natural resources becomes clearer when the impacts of energy
innovation and energy use on carbon emissions are analyzed together. As expected, the impact
of energy innovation is negative across four estimation equations (see Fernandez et al. 2018),
whereas the impact of energy use is negative. However, when the impact sizes are analyzed,
then it can be seen that the impact of energy use is more than 50 times higher than the impact
of energy innovation. It demonstrates that energy innovation in EU-5 nations is still at a nascent
stage. The negative environmental externality exerted by fossil fuel-based energy consumption
could not be lessened. This finding complements the impact of natural resources by
demonstrating the issue of resource-inefficiency being faced by these nations. This issue has
also been identified by UNEP (2020) while describing UNEP’s undertakings on resource
efficiency in the EU.

<Insert Figure 2 here>

On the other hand, the evolutionary impact of economic growth on carbon emissions is
found to be inverted U-shaped, thereby validating the EKC hypothesis (Figure 3). This segment
of results apparently signifies that economic growth patterns might lead to reduced carbon
emissions with time. Now, this association’s turnaround points for Eq. 6 and 7 are within the
sample range, which indicates the economic growth pattern prevailing in the EU-5 nations to
be ecologically sustainable. The results also demonstrate a reduction in the turnaround points
of this association. One of the major reasons behind the reduction in turnaround points can be
attributed to the improvement in energy efficiency, which is a result of the gradual
improvements in the energy innovation scenario. In this regard, Horizon 2020 programme
needs a special mention, which has been focused on improving the environmental quality
through energy innovations (European Commission, 2020a). When this segment of the
outcome is analyzed in parallel with globalization’s impact, another possible logical
explanation of this phenomenon can be suggested. The impact of globalization has been found
to be negative, whereas the evolutionary impact of globalization depicted through the quadratic
form is inverted U-shaped (Figure 4). This segment of the results signifies that the globalization
pattern is exerting a positive environmental externality in the EU-5 nations. The turnaround
points of this association are found to be rising within the sample range, which signifies the
need for higher trade with nations might result in the betterment of environmental quality. With
the evolution of globalization, green technology transfer among nations rises, while the trade
of polluting resources declines. It has a direct positive impact on both the economic growth
pattern and environmental quality. The EU Strategy “Europe 2020 is focused on this objective,
which entails integrating the ecological facets in strengthening the trade relations and more
trade liberalization (European Commission, 2020b). The impact on environmental quality is
achieved by bringing forth gradual resource efficiency in the economic system, and this has
started improving environmental quality. This segment of the finding falls in line with the
findings by Shahbaz et al. (2017a, b). On the other hand, globalization helps the economic
structure transform from secondary to tertiary, and this transition helps the economic growth
pattern exert less pressure on environmental quality. This segment of the finding adheres to
Tisdell’s (2001) findings and Corpataux et al. (2009).
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<Insert Figure 3 here>
<Insert Figure 4 here>

Lastly, the impact of ageing on carbon emissions is analyzed. It can be seen that the
ageing influences the rise in carbon emissions, and it is consistent from Eq. 4 to 6. However,
with the quadratic specification in Eq. 7, the evolutionary impact of ageing on carbon emissions
has been found to be inverted U-shaped (Figure 5). It signifies that ageing can impact the
carbon emission until a point beyond which the negative environmental externality exerted by
ageing starts diminishing. It signifies that the changes in demographic transformations, which
occurred in the EU-5 during the last few decades, have led to increase in emissions. However,
following the findings of Hamza and Gilroy (2011), it can be mentioned that efforts to diminish
carbon emissions might be impeded by the consumption-transformation resulting from a
distinct ageing section. Moreover, the gradual rise in energy efficiency arising out of energy
innovations might contribute to improvements in fuel efficiency in transport and household
consumption. Policy decisions made in 2014 by the European Commission (2014) on
promoting the “silver economy” and maintaining intergenerational partnerships by balancing
vocational commitments and care provision might have started demonstrating an impact on the
energy consumption pattern of the aged citizens, as mere environmental compliance might not
prove to be viable (see Heijdra et al. 2006).

<Insert Figure 5 here>
<Insert Table 5 here>

Table-6 exhibits the results of pairwise Dumitrescu and Hurlin (2012) panel causality
test. We found bidirectional causality among the following variables: emissions and economic
growth, ageing and economic growth, globalization and carbon emissions (Y«<C, A<C;
NReY; A-Y; AoG A—RD NR—G; RD+—Q). The bidirectional associations signify certain
insights, which might be necessary from the perspective of policy design. The bidirectional
associations between (a) carbon emissions and income and (b) carbon emissions and ageing
depict that the rising carbon emissions in the EU-5 countries can harm the economic growth
pattern by causing harm to the hygienic state of the labour force, a glimpse of which can be
seen by the impact of carbon emissions on ageing. This impact might pose a threat not only to
the potential of ‘silver economy’ but also to the human capital of the nation. On the other hand,
the bidirectional associations between (a) natural resource abundance and economic growth
and (b) ageing and economic growth depict that the economic growth pattern prevailing in the
EU-5 countries might be posing a threat to the basis of growth itself. While natural resource
abundance is having an impact on economic growth, the economic growth pattern is creating a
demand for natural resources. This causality might be attributed as a reason behind the
environmental concerns in these nations. On the other hand, the rise in economic growth might
indicate betterment in the livelihood pattern, thereby promoting ‘silver economy’ through
ageing. Now, ageing might enhance industrial demand by bringing transformations in the
household pattern, and that can enhance the scope of globalization. However, the negative
environmental externalities caused by ageing might require the EU-5 countries to boost the
energy innovations, which can be driven by the pace of globalization. At the same time, the
rise in industrialization, driven by globalization, is also responsible for the consumption of
natural resources.

Along with these, unidirectional causal associations run from: (a) economic growth to
energy innovation and energy use (Y—RD; Y—E), (b) natural resources abundance to CO2
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emissions and energy innovation (NR—C; NR—RD), (c) carbon emissions to energy
innovations and energy use (C—RD; C—E), (d) ageing to natural resources abundance
(A—NR), and (e) energy use to natural resources abundance, ageing, and innovation (E—NR;
E—G; E—A; E—»RD). To summarize, these associations demonstrate specific insights
regarding the economic growth pattern in these nations. With a rise in industrialization, energy
use rises, and it adds to industrial production, which sets the pace for globalization. However,
negative environmental externalities caused by energy use through the consumption of natural
resources compel the policymakers to promote energy innovation. Moreover, on the one hand,
this energy use also adds to the betterment in livelihood standards, which is reflected in ageing,
and on the other hand, it indirectly adds to carbon emissions, rise in which pushes the
policymakers to promote energy innovation, so that the energy use pattern can be altered.

<Insert Table 6 here>
5. Implications for sustainable development

To implement the SDGs, results obtained in this study might prove to be significant for the
EU-5 nations. These nations are characterized by high economic growth and high consumption
of fossil fuel. Hence, a policy-revamp is required in these nations to encapsulate the broad
aspects of sustainable development. Our findings can shed light on this aspect.

At the very outset in the developmental trajectory, economic growth patterns and
globalization seem to have a negative effect on environmental quality because the attainment
of economic growth is the main priority of the policymakers during this phase. In the pursuit
of higher economic growth, nations try to attract investments even at the cost of the
environment. With time and growth in income, the industrial structure has shifted from the
heavy manufacturing industry to the service industry. Furthermore, owing to the growing
industrial demand, globalization brings forth cleaner technologies in the economy. The jobs
created in this process might focus on uplifting the living standard of the population, and the
young generation needs to be included in the decision-making process to make it possible. This
is important from the perspective of maintaining intergenerational equity, which is the
foundation of sustainable development.

While talking about sustainable development, it is important to discuss SDGs’ different
objectives that can be addressed through the results obtained in our study. In this pursuit, we
need to address these nations’ energy policies so that economic growth is sustainable and
inclusive (Roy and Singh, 2017; Roy et al., 2018). By addressing the energy policies, the issues
of environmental degradation, affordable and clean energy, sustainable cities and communities,
responsible consumption and protection, and good health and well-being can be handled
effectively. Therefore, to replace the existing fossil fuel-based solutions, nations need to
introduce renewable energy solutions through technological development, achievable through
endogenous and exogenous research and development (Sinha et al. 2017, 2018, Zafar et al.
2018). The exogenous way of achieving technological development can be possible through the
international technology trade, which is largely driven by globalization. However, to sustain
economic growth, endogenous technological development is necessary. Thus, the
implementation of renewable energy solutions across the nations might help create new jobs
for the younger generation. In this way, the awareness regarding the use of environment-
friendly renewable energy solutions can be spread, which might not be possible with the older
generation’s people, as they are reluctant to shift their preferences. Therefore, the inclusion of
new generation employees in the decision-making process might help the nations develop
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people-public-private partnerships as the building blocks of a sustainable development process
(Zafar et al. 2020). Thus, the objectives of the following SDGs can be addressed: (a) Goal 13:
accomplishment against the climatic shift, (b) Goal 7: low-cost green energy, (c) Goal 11:
resilient community building, and (d) Goal 8: decent economic growth. These objectives can
be achieved by encouraging people-public-private partnerships to implement endogenous
renewable energy solutions and create green jobs for the young generation in the nations.

However, it is also necessary to remember that the pool of natural resources can act as
a catalyst for bringing down environmental issues. During the initial phase of development,
industrial growth is generally obtained by exporting or depleting the pool of natural resources.
However, with the rise in income and environmental awareness among the citizens, a pool of
natural resources starts increasing, which will help gradually develop a new habitat for various
species of flora and fauna (Sharif et al., 2020 a, b). The presence of abundant natural resources
helps to absorb the excess greenhouse gases (GHGs) in the ambient atmosphere, thereby
ensuring ecological sustainability. Therefore, the nations should have strict policies of
preserving the natural resources, and their inhabitants and clearly defining the property rights
for the use of public goods (Sinha et al., 2020a, b). These policy-level directives might be
helpful in slightly achieving the objectives of the following three SDGs: (a) Goal 14: resilient
aquatic life, (b) Goal 15: resilient life on land, and (c) Goal 12: accountability in resource
utilization. SDGs’ mentioned objectives can be achieved to some extent by protecting natural
resources and helping them grow in abundance.

6. Conclusion

In the last decades, the European Union, especially the EU-5 countries, have applied strong
environmental and energy regulations to control climate change. However, given the prevailing
ecological situation in these nations, it is imperative to realign the existing policies or design a
new policy framework. This might be necessary for EU-5 nations to attain SDGs’ objectives
by 2030, and hence, a multipronged SDG framework was necessary. By considering the case
of the EU-5 economies, the present study is by far the first study in the literature to recommend
a comprehensive SDG framework, while contemplating upon globalization and ageing to be
major factors of sustainable development. Grounded on the study outcomes, this study’s policy
structure to accomplish the SDG objectives can be considered a new addition to the literature.
This study has revealed a manner that principally ensures the objectives of SDG 7, SDG 13,
and SDG 8 might be achieved, through plummeting ecological deprivation, endorsing energy
innovation, and generating employment prospects through people-public-private partnership.
In doing so, globalization can be deliberated as a policy instrument for accomplishing SDGs’
objectives, while endorsing energy innovations and the policies proposed in this study have
displayed an exploratory way to achieve it.

Along with the discussion on the policy agenda for the policymakers, it is also necessary
to include the industry players in the framework in order to assure the sustainability of the
policy framework. For sustaining the policy framework, the industrial sector needs to embark
upon utilizing renewable energy solutions by replacing the traditional fossil-fuel solutions. This
transformation should be carried out in a phase-wise manner, in collaboration with the
government, so that their revenue stream remains unaffected. While carrying out this
transformation, the industrial sector also needs to look into the aspect of job creation so that
technological innovations do not replace physical labours. Without this aspect, the entire policy
framework might not sustain.
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While discussing policy agenda, it necessitates evoking the fundamental assumptions,
devoid of which the policy agenda might be ineffective. First, traded technologies should be
ecologically responsive, as it can control negative environmental externalities, thereby moving
a step towards the targets of SDG 13. Second, energy innovations should be undertaken in
stages, as overnight substitution of fossil fuel solutions might weaken the growth trajectory.
Third, an effective policy implementation for sustainable development requires residents’
participation. It implies that people-public-private partnership should be invigorated, as this
approach might support the policymakers to target the grassroots level.

6.1. Directions for future research

Conclusively, it is essential to note that the present study has been restricted to analyzing the
evolutionary impact, whereas a study on globalized economies can be enriched by introducing
the spatial impact. This is a limitation of the study, and therefore, it is to be remembered that
the policy framework has not pondered upon the possibilities of spatial dependence in the data.
However, this limitation can be addressed in the future by considering the trade relations among
the EU-5 nations and by introducing the spatial dependence approach within a gravity model
framework.
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