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Abstract: During the time before the Millennium Development Goals (MDGs) are achieved, the
international community has set goals to improve people’s lives worldwide. This is in line with
the United Nations’ 2030 ambitions to strengthen and advance human society’s sustainable devel-
opment. Goal number 7 (Affordable and Clean Energy), goal number 9 (Industry, Innovation, and
Infrastructure), and goal number 13 (Climate Action) are highly correlated to each other. The current
study investigates the role of human capital and technological innovation in achieving sustainable
development goals (SDGs) through a carbon-free energy system. A 19-year dataset covering the
years 2000−2018 for the G7 economies has been utilized by using the composite index, Multi-criteria
decision analysis, and Quantile Autoregressive Distributed Lag (QARDL) methods. The study’s
outcomes indicate that the human capital index and technological innovations contribute positively
to SDGs in G7 economies. Both indicators also contribute positively to the carbon-free economy
by contributing to carbon-free energy sources. The financial index and energy index results also
indicate a positive association with the carbon-free economy in G7 nations. This study suggests
policy guidelines for developed as well as for developing economies based on human capital and
technological innovation to fulfill the SDGs.

Keywords: carbon-free energy; human capital; technological revolutions; sustainable development
goals; QARDL; composite index

1. Introduction

Global warming has intensified by almost 50% over the last 20 years owing to green-
house gas pollution [1]. Climate change is intensifying and is affecting millions of indi-
viduals’ lives by triggering the destructive nature of hurricanes, forest fires, and floods,
which are becoming more significant and occurring more frequently over time. It means
we need to be organized and capable enough to cope with the effects of climate change and
manage its repercussions. It will be necessary even if we can control global warming at a
2 ◦C increase, as expected by the Paris Agreement. According to the United Nations (UN)
estimates, the world population is anticipated to reach 8.5 billion by the end of 2030 [2].
The rising pace of urbanization is another significant environmental threat globally, as the
world’s urbanized population will reach about 5 billion individuals by 2030 [3]. The towns
of the future must be greener, fitter, and more sustainably managed. The World Health
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Organization (WHO) claims that more than 90% of humankind is breathing toxic air. If we
do not reduce air pollution to reduce respiratory disease rates, then 7 million more people
will die each year [4]. Polluted water causes 5 million deaths annually and contributes to
massive health risks. The UN continues to campaign to reduce the use of chemicals and
minimize raw sewage volume discharges into rivers and seas. Various species threatened
by extinction have lost an estimated 8% of their habitat in the last 25 years [5]. Furthermore,
an additional 22% of species worldwide are at risk of facing extinction due to poaching,
introducing invasive species, and climate change. The UN has recommended substantial
measures for the protection of natural resources and maintenance of our ecosystem.

Under the previous paradigm of human economics, when the human economic
subsystem was limited, the “restorative and assimilationist capabilities of the ecosystem
were considered to be infinite”. Now, we realize that natural resources are not limitless.
As a result, the sustainable use of resources is much more critical than ever. The human
economy’s capability was influential in the past, but its productivity and impacts have
become too large for the natural environment, and natural resources such as oil and land
have now become much more limited.

The earliest definition of sustainability defines it as “development that satisfies present
demands, while at the same time fulfilling future demands”. Since then, three meanings of
the sustainable development concept have been developed, and achieving all three sustain-
able development concepts requires economic, environmental, and social sustainability.
Environmental sustainability refers to the environment’s capacity to continue with its
current environmental quality level (without degradation) with a low level of exploitation
of natural resources forever. Economic sustainability allows an economy to maintain the
same economic production levels in the long run. Social sustainability is the capacity of
a community, such as a government, family, or organization, to operate at a sustainable
social well-being level for an indefinite period.

Too much economic development has contributed to an environmental and social
catastrophe. Global economic growth is speeding beyond the limits of natural resources
globally and is becoming one of the leading global challenges that we need to address. For
this purpose, we need to engage in more realistic approaches for both the environment
and individuals. Building in a way that would achieve the sustainable development goals
(SDGs) using current investment methods is impractical because these methods are not
conducive for the achievement of the SDGs, and because we are currently on the verge of
a climate crisis. We face a $2.5 trillion global fund deficit, which is particularly acute for
developing nations [6]. It would undoubtedly be challenging to achieve the sustainable
development goals (SDGs) by 2030 if we were to stick with the current trends. It would
have negative consequences for all persons, organizations, and countries.

There are some new approaches under consideration to help achieve the SDGs. Strong
leadership is the key to meeting sustainable development goals; thus, investing in human
capital is the most effective way to achieve those goals. The World Economic Forum, World
Bank, UN Foundation, Skoll Foundation, and the Bill & Melinda Gates Foundation are
major backers of human capital in addition to financial capital. According to the “Human
Capital Report”, knowledge and skill are arguably the most important factors [7]. The
United Nations General Assembly (UNGA) recognizes that public–private collaborations
have a major role in achieving the SDGs’ human capital goals. The UNGA has noted
that increasing citizens’ active engagement is one way to fulfill the SDGs’ strategy of
ensuring “no one left behind.” In this way, everybody throughout the world will become
agents of their destiny. The environmental divide between towns and gowns needs to be
crossed immediately.

Human capital investment is essential but does not guarantee sustainable growth
without human progress. Thus, human capital growth is more significant for the sustainable
growth of the economy. Sustainable economic growth can be encouraged if investments
in health, education, skills, employment opportunities, and childhood development are
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augmented. Governments that invest in human resources are becoming a significant
contributor to boosting and developing societies, markets, and economies worldwide.

The latest ecological breakthrough aims to combat modern countries’ environmental
issues in moving towards a greener and low-carbon climate. It is referred to as “green” or
“clean” technology as it seeks to preserve, track, or reduce the harmful effect of technology
on the environment and the use of resources. Technology that does not harm the environ-
ment and natural resources is crucial in preserving and improving life quality. The use
of technology cannot accomplish sustainable development, but its wise application may
help protect the environment. Scientists would be persuaded that environmentally friendly
technological advances are the only way to save our world. Historically, new technologies
have been developed in response to demographic and economic challenges and demands.

According to the United Nations, over 60% of GHG emissions are released by oil.
In comparison, 13% of the world’s population lacks electricity provision because more
than 3 billion people rely on fossil fuels for cooking and heat [8]. This situation calls
for energy transformation to a greener type to help inclusive societies that are more
prosperous, sustainable, and immune to environmental harm, including climate change.
Scientists have proposed the use of so-called green technologies to combat global warming.
Scientists are working to create innovations aimed at mitigating global warming and
climate change worldwide. There are several options to cope with energy scarcity in
the future. Green development is distinct from sustainable development as it focuses on
environmental protection over economic and cultural factors. Advocates of sustainable
development contend that green development technology is non-existent; instead, it can
only be developed and studied. Sustainable development will happen with the help of
green growth. Sustainability relies on the development of technology that may prove
helpful in reducing carbon emissions.

The study thus looks at the role of human capital, cleaner technology development,
and some other economic determinants to achieve the optimal conditions for the participat-
ing sectors. To this end, the energy index, financial index, human index, and environmental
index of critical economic factors have been established for G7 countries. We use a recently
invented Quantile Autoregressive Distributed Lag (QARDL) and a composite index model
to analyze human capital and renewable technological innovation effect on environmental
and other metrics for 2000–2018.

The remainder of the study contains the following parts. The following segment
includes a short overview of the literature. The analysis methodology is illustrated in
Section 2. The findings are discussed in Section 3, and in Section 4 the results are addressed,
and policy consequences are discussed.

Literature Review

In modern times, the field of the subject under debate has been taken up by researchers.
In this fast-paced developing world, there are imminent projects that need human invest-
ment, and any such undertaking must go hand in hand with challenging investment
projects. The economic justification for building human capital is evident [9]. These are
the issues required to be solved for the better quality of life, improved health, reduced
population growth, reduced stunting rates, increased quality of education, and creation
of more youth employment. In an atmosphere of rapid growth and development, quality
human capital development is a requirement that must be given special attention. Even
though the return on investment is difficult to quantify, human capital investment more
significantly brings about worldwide economic growth. Rapid human capital productivity
enables a country to implement new technologies [10] rapidly. Human capital encompasses
all schooling stages, including technological and administrative expertise in human and
organizational growth related to global competitiveness. Human capital development
plays a key role in designing sound policies and building productive institutions and
organizations [11]. Human capital development enables individuals to have a comparative
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advantage over others. Human capital consists of health, education, expertise, experience,
leadership, and access to services [12].

Innovation has played a significant role in economic growth throughout history. The
income per capita is influenced by technical and innovation shifts [13]. For long-term
sustainability, the use of the latest techniques may reap enormous benefits. Technology
and innovation policy should address the concerns of the overall Sustainable Development
Goals set by the United Nations [14]. New technologies and innovative systems should be
developed and introduced to reduce the divide between developed and developing na-
tions [15]. In either case, certain technologies—including those that may have tremendous
potential benefits—may entail inevitable trade-offs that need to be defined, analyzed, and
taken care of [16].

Sustainability can be achieved through the advancement in energy technologies [17].
It is inevitable to have industrial dependency because of the use of fossil fuels. It will only
be sustainable if the world reduces the use of fossil fuels. Technical initiatives should aim
to increase the reliability of energy supply and energy usage and transition to oil and coal
technology more soundly concerning the environment. Natural gas is readily available
and can play a crucial role in developing the environment in a way that is less dependent
on fossil fuels. Renewable energy technologies are being extinguished faster than ever
before and are now readily accessible to more people [18]. It will most likely be conducive
to health and education to “upgrade” growth.

Environmental innovations work towards the promotion of energy use efficiency in in-
dustrial sectors [19]. Businesses need to influence green technologies to ensure eco-friendly
and sustainable government policies and management [20]. We first need to develop an
indigenous technical capability by involving the professional and knowledgeable technolo-
gists, scholars, and staff in process of environmental innovations [21].

The challenge is clear: to solve the investment gap in Sustainable Development Goals,
a flow of “efficient” financial instruments and solutions is required. Investors and business
owners need to understand the value of these evolving frontier markets and recognize
their challenges for doing business there. These markets may also be regarded as a catalyst
for essential portions of the sustainable development goals (SDGs). The present need is for
the government to implement this urgent development strategy. Development agencies,
multilateral funding institutions, regulatory bodies, and the private business sector are
ready to support this proposal fully. They must be pioneers in finding a greener world
in the future. There are also inherent problems in the process of sustainable investment,
including misaligned incentives and legislation and concerns with professionally evaluat-
ing sustainable investments. It is counterproductive in formulating a long-term approach
toward sustainable investment. This study aims to bridge the gap in sustainable finan-
cial, human resources, and technical advancement to achieve sustainable development
goals. The role of human capital in technical innovation, economic growth, and investment
cannot be ignored in the developed economies to resolve the crisis emerging from renew-
able carbon-free energy sources and practical initiatives for an effective environmental
friendly technology.

2. Data and Methodology

Panel dataset of nineteen years (2000–2018) consisting of eleven different indicators
of group of 7 (G–7) economies were been collected from World Development Indicators
(WDI). These indicators have been listed in four different indexes. Air and greenhouse
gas emission (Tonne_cap) and air pollution (Harmful algal blooms) (10 million Harmful
algal blooms have been formed as an environmental index (ENI), while renewable energy
(Tonne of oil equivalent (KTOE) and R&D (percentage of Gross Domestic Product) in
renewable energy have been included in the energy index (EI). The human capital index
(HCI) has been formed with education cost (percentage of GDP), health cost (percentage of
GDP per capita), and labor cost (percentage of GDP). Finally, the financial index (FI) has
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been developed with foreign direct investment index (USD), exports (percentage of GDP),
consumer price index (percentage of CPI), and GDP (current USD).

2.1. Model Specification
2.1.1. Operation Research Modeling

Multi-Criteria Decision Analysis (MCDA) is commonly used to achieve the composite
index by the underlying measures. The Data Envelopment Analysis (DEA) model is used
for evaluating the broad consequences for economic and environmental protection, such
that “m” is the total number of entities in the job division and “n” denotes the number of
sub-indicators [22]:

bIi = min ∑n
j−1 Wg

ij Iij

s.t. bIi = min
n
∑

j−1
Wb

ij Ikj ≤ 1, k = 1, 2, . . . . . . , m

Wb
ij ≥ 0, j = 1, 2, . . . ., n

(1)

With Equation’s aid (1), the model assesses enterprises’ qualities by indicator entity
i. Equation (1) has the same objective function and uses the same optimization approach
as the Simple Additive Weighted (SAW) method. [23]. Each entity will accumulate one
score. Since the “alternative agent” is a dominating “indicator”, other indicators’ values
are incorrect. Another way to address this issue is to extend the current DEA model in the
service of Equation (1) as follows:

gIi = min ∑n
j−1 Wg

ij Iij

s.t. gIi = min
n
∑

j−1
Wg

ij Iij ≤ 1, k = 1, 2, . . . . . . , m

Wg
ij ≥ 0, j = 1, 2, . . . . , n

(2)

To sum the sub-indicators, Equation (2) uses the outcome of the “worse set of weights”
to measure each object’s efficiency score. Equation (2) is closely related to the duplex-
determinist method with steady-state production [24,25]. Both these models use the DEA
model to determine the efficiency of each entity. These indexes compute the partial scores
of components based on their various characteristics. Finally, the CI index is constructed
as follows:

(CI)λ = λ
gIi−gI
gI∗−gI + (1− λ) bIi−bI

bI∗−bI
Where gI∗ = max { gIi, i = 1, 2, 3, . . . ., m}, gI− = min {gIi, i = 1, 2, 3, . . . . . . , m}

And bI∗ = max { bIi, i = 1, 2, 3, . . . . , m}, bI− = min {bIi, i = 1, 2, 3, . . . . ., m}
(3)

In Equation (3), λ is modeled with linear scaling only between the lowest and the
highest. It only adds up all the sub-indicators and measure the total. λ can vary from 0.5 to
1, with a normalized version being g-i. While λ = 1, its normalized version is -i, and this is a
negotiation among preferences when λ = 0. This model is not feasible owing to unrealistic
results. In this model, no restrictions have been imposed on the selection of weightage for
the respective variables.

This problem has been eliminated when combined with the universal weight-integral
spirit model. To calculate entity i’s deviation from the expected value, di can be used. By
solving the problem “m” times, it can minimize the efficiency of a single entity:

ϕ = m i n di

gIi = M− di+
(√

S+ + s−
)

s.t.
n
∑

i−1
Wij Ikj − dk +

(√
S+ + s− = 1

)
= 1, k = 1, 2, 3, . . . . . . , m

Wij ≥ 0, j = 1, 2, 3, . . . . . . , n, k = 1, 2, 3, . . . . . . , m

(4)
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Equation (4) picks the best method for weighting each attribute. Moreover, one sug-
gestion to solve this model would be to add a sub-indicator for each factor. We introduced
two slacks variable

(√
S+ + s−

)
to minimize misutilization of any entities. For “i”, the

required weight set is determined according to Equation (4). To make maximum efficiencies
from Equation (4), a deviation of that ‘I’ in the objective function is necessary. The minimax
value strategy implies this. Thus, the MCDA-DEA model looks like this:

θ = maxM
bIi = M− di

(√
S+ + s− = 1

)
≥ 0

s.t
n
∑

i−1
Wij Ikj − dk +

((√
S+ + s− = 1

))
k = 1, 2, 3, . . . . . . , m

Wij ≥ 0, di ≥ 0,j = 1, 2, 3, . . . . . . ., n i = 1, 2, 3, . . . . . . ., m

(5)

where W-i. represents the common proportion between all indicators i that characterizes all
possible occurrences, particularly, M − di ≥ 0 to entirely confirm “i;
M = max {di, i = 1, 2, 3, . . . , m} is also applied by [24] as an appropriate choice. The
lowest common denominator to this partner’s bond has been verified as the highest weight
commensurable for the positive everyday use. The significance of any sub-indicator e.g.,
(ε ≈ 0) underlined by [26,27], suggests a higher ε value compared to smaller ε value to
tackle increasing discriminatory issues between the underlying entities, while the small
value is not a severe issue. Thus, we can restructure the Equation (5) as follows:

LCI = ϕ× θ (6)

In Equation (6), ∀ = 1, 2, . . . , m, CIi = 1− di. An individual’s score with a high
contribution to the other sub-indicators is given even if its value is incorrect. MCDA would
be included in the committee discussions to minimize the total uncertainty. According
to a set of entities “LCI” that is shown in the current analytical structure of CEI, another
parameter “K” should be modified to [0,1].

2.1.2. Econometric Modeling
Quantile Autoregressive Distributive Lag (QARDL)

The present study used the QARDL model proposed by [28] to test the long-run
relationship’s stability. For this purpose, developing the quantiles and inferring a flexible
econometric framework to depict the relationship among human capital, technological
innovation, energy, and environmental pollution in the economies is under consideration.
The use of QARDL is beneficial as compared to the linear ARDL because the QARDL
model can introduce possible asymmetries in the reaction of human capital formation and
utilization of types of energy to promote or reduce environmental pollution in different
times segments.

Note that the ARDL process is defined as Yt = α∗+∑
p
j=1 ∅j∗Yt−j +∑

q
j=0 θ′j∗Xt−j +Ut,

where Xt ∈ Rk is a stationary and ergodic process integrated with population average
zero, Ut is the error term that is defined as Yt − E[Yt[Ft−1] with Ft−1 being the smallest
σ-field generated by

{
X′t, Yt−1, X′t−1, . . .

}
, and p and q are lag orders. We also consider

that the k variables in Xt are not synchronized with each other. Following this framework,
we let the τ-th quantile of Yt conditional on Ft−1 be given as α∗(τ) + ∑

p
j=1 ∅j∗(τ)Yt−j +

∑
q
j=0 θ′ j∗(τ)′Xt−j and denote this as QYt(τ/Yt−j). Yt can be represented as

Yt = α∗(τ) +
p

∑
j=1

∅j∗(τ)Yt−j +
q

∑
j=0

θj∗(τ)
′Xt−j + Ut(τ) (7)

This is called the QARDL method. Here, Ut(τ) is defined as Yt − QYt(τ/Yt−j), as
in [29].
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We reformulate (7) to evaluate the QARDL mechanism:

Yt = α∗(τ) +
q−1

∑
j=0

W′t−jδj∗(τ)X′tγ∗(τ) +
p

∑
j=1

∅j∗(τ)Yt−j + Ut(τ), (8)

where γ∗(τ) =
q
∑

j=0
θj∗(τ), Wt = ∆Xt, and δj∗(τ) = −

q
∑

j=j+1
θi∗(τ). All parameters in (8)

calculate the short-term and the long-term relationship between Yt and the Xt. Thus, it can
be captured in the following long-run quantile method by reformulation (8).

Yt = µ∗(τ) + X′tβ∗(τ) + Rt(τ) (9)

With

β∗(τ) = γ∗(τ)

(
1−

p
∑

i=1
∅j∗(τ)

)−1

and Rt

=
∞
∑

j=0
W′t−jE0, j∗(τ)

∞
∑

j=0
ρj∗(τ)Ut−j(τ),

where we let µ∗(τ) = α∗(τ)

(
1−

p
∑

i=1
∅j∗(τ)

)−1

and E0, j∗(τ) =
∞
∑

l=j+1
πl∗(τ), and

{p0∗(τ), p1∗(τ)},

Moreover, {π0∗(τ), π1∗(τ)} is such that
∞
∑

j=0
ρj∗(τ)Lj ≡

(
1−

∞
∑

j=0
∅j∗(τ)Lj

)−1

and

(1− L)−1

(
∑

p
j=0 θ j∗(τ)Lj

1−∑
p
j=1 ∅j∗(τ)Lj

−
∑

p
j=0 θ j∗(τ)

1−∑
p
j=1 ∅j∗(τ)

)
≡

∞

∑
j=0

π j∗(τ)Lj,

The static Equation (9) is derived from Yt’s resolution (18). The residual term Rt(τ)
stands for the repeated-measure variables that are uncorrelated with the long-run (sliding)
relation. We capture this by β∗(τ) and call it the long-run parameter. As is clear from its
definition, β∗(τ) is defined as a function of γ∗(τ) and ∅∗(τ) =

(
∅1∗(τ), . . . . . . . . . .∅p∗(τ)

)
′,

so it can be consistently estimated by the plug-in principle and consistently estimating
γ∗(τ) and ∅∗(τ).

Our main interests lie in developing the estimation theory for the long-run parameter
β∗(τ). To this end, we reformulate the QARDL process in (10) as

Yt = G′tλ∗(τ) + Ŷ′t∅∗(τ) + Ut(τ) = Z′tα∗(τ) + Ut(τ) (10)

where Zt =
(

G′t, Ŷ′t
)′

=
(
G′t, Yt−1 . . . ., Yt−p

)′
=

(
1, W ′ t, . . . ., W ′ t−1+1, X′t, Yt−1, . . . . . . , Yt−p

)
′ and

α∗(τ) =
[
λ∗(τ)

′,∅∗(τ)′
]′

=
[
α∗(τ), δ∗(τ)

′, γ∗(τ)
′,∅∗(τ)′

]′
=
[
α∗(τ), δ1∗(τ)

′, . . . . . . , δ(q−1)∗(τ)
′γ∗(τ)

′,∅∗(τ)′
]′

here each element of Ŷt in (10) has the following specific form:

Yt−i = µ∗(τ) + X′tβ∗(τ)
q−1

∑
j=0

W ′t−jεi,j∗(τ) + Kt,i, (τ), i = 1, 2, . . . . . . . , p, (11)

where we let εi,j∗(τ) = −β∗(τ), if i > j; and−
∞
∑

l=j+1
πl∗(τ) otherwise, and

Kt,i(τ) =


∞
∑

j=q−i
W′t−i−jE0, j∗(τ) +

∞
∑

j=0
ρj∗(τ)Ut−i−j(τ) i f i ≤ q;

i−q−1
∑

j=0
W′t−q−jβ∗(τ) +

∞
∑

j=0
W′t−i−jπj∗(τ) +

∞
∑

j=0
ρj∗(τ)Ut−i−j(τ) i f i > q.
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Equation (11) is the lagged version of (7). Reference [29] provided a detailed derivation
of (11). As (11) is iteratively used below, we rewrite it more compactly as
Ŷt = Γ∗(τ)

′Gt + Kt(τ) by letting

Γ∗(τ) =


µ∗(τ) µ∗(τ) . . . µ∗(τ)

ε1,0∗(τ) ε2,0∗(τ) . . . εp,0∗(τ)
...

...
. . .

...
ε1,q−1∗(τ) ε2,q−1∗(τ) . . . εp,q−1∗(τ)

β∗(τ) β∗(τ) . . . β∗(τ)

 and kt(τ) =


kt,1(τ)
kt,2(τ)

...
kt,p−1(τ)

kt,p(τ)


The QARDL parameters used here are explained as follows. First, we allow the

parameters of QARDL to differ from one time to another. Second, we believe that the
parameters of QARDL can be influenced by adjusting the invention Ut(τ). Via statistical
surveying, it is possible to discover what percentile happens regularly and what percentile
seldom occurs. Therefore, the (dynamic) conditioning variables not only change the size
and distribution of Yt, they also shift their shapes and sizes. In the ARDL context, this
condition is equivalent to E[∆XtUt] = 0 and E

[
∆Yt−jUt

]
= 0(j = 1, . . . . . . , p) that typically

hold if sufficiently large lag orders are given for p and q. Second, it is straightforward to
rewrite the QARDL process (1) in the following error correction model (ECM) form:

∆Yt = α∗(τ) + ς∗(τ)
(

Yt−1 − β∗(τ)
′Xt−1

)
+

p−1

∑
j=1

θ∗j (τ)∆Yt−j +
q−1

∑
j=0

θ∗j (τ)∆Xt−j + Ut(τ), (12)

where ς∗(τ) =
p
∑

i=1
∅i∗(τ)− 1, θ∗0 (τ) = θ0∗(τ), and j = 1, . . . . . . , p− 1, θ∗j (τ) = −

p
∑

h=j+1
∅h∗(τ)

And

θ∗j (τ) = −
p

∑
h=j+1

θj∗(τ).

The Wald test determines whether a set of calculated parameters for a statistical model
are fittingly equal to any plausible values. If the null hypothesis parameters are equal to
0, it will not affect the parameter estimation results. The method for obtaining the test
statistic when given in (13) and can be written is as follows:

W =

(
β̂− β0

)2

Var(β̂)
(13)

3. Results
3.1. Analysis Based on Operation Research

Taking climate change mitigation into consideration, the government needs to devote
individual capital and hasten investments to combat climate change. Rising revenues
from an explosion of carbon trading markets would considerably reduce the quantity of
greenhouse gas emissions. The benefits indicators are reported and summarized in Table 1.
Based on the GDP per capita, Italy has the highest income out of all G7 countries, followed
by Canada, France, and Germany. The USA and Canada are the strongest countries in
renewable energy, with 409,924 KTOE and 100,299.6 KTOE energy from renewable sources,
respectively, while the rest of the countries are far from them. It could trigger a significant
difference among G7 countries’ ineffectiveness.



Sustainability 2021, 13, 2636 9 of 17

Table 1. Benefit Type Individual Indicator Score.

GDP (CAP) Renewable (KTOE) R&D (% of GDP)

Canada 53,700.68 50,277.58 1.67
France 50,077.79 23,925.63 2.20

Germany 46,242.46 42,182.84 3.13
Italy 54,456.78 26,146.97 3.23

Japan 42,790.06 23,481.84 3.21
UK 41,363.67 16,992.14 1.71

USA 42,135.78 164,099.63 2.83

According to Figure 1, with positive achievements such as a high percentage of re-
search and development in spending, these economies will sustain their environmental
conservation programs very soon. Other countries that are perceived as economic power-
houses like Italy, Japan, and Germany are investing more than three percent of their GDP.
The UK and Canada must make more efforts to promote the development of renewable
energy technologies.

 

0
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1.5

2

2.5

3

3.5

Canada France Germany Italy Japan UK USA

R&D (% of GDP)

Figure 1. R&D expenditure (% of GDP) in G7 economies.

Table 2 displays the data of cost type indicators. In Canada, 15.5 tonnes of greenhouse
gases are released per person per year; this is also the lowest among G7 countries. The
USA releases 14.9 tonnes of greenhouse gases per capita, but air pollution is still the lowest.
Germany is at the top in air pollution, resulting in 450.025 million tonnes of Green House
Gas per capita. Italy’s GHG is less than some developed countries, but it also has the
second-largest air pollution impact among western countries.

Table 2. Cost type Individual Indicator Score.

Country Air and GHG Emission (TONNE_CAP) Air Pollution Effects (1,000,000 HAB)

Canada 15.5 180.705
France 4.3 263.182

Germany 8.2 450.025
Italy 5.2 436.249

Japan 8.7 346.338
UK 5.3 336.862

USA 14.9 263.227
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The composite index score is depicted in Table 3. The higher the value of an index,
the more it can minimize CO2 emissions by statistical measure analysis. The energy sector
should efficiently foster global economic growth, reduce global poverty, and improve world
equality. The global energy policy focuses on meeting current, medium, and long-term
energy demands [30].

Table 3. The overall composite index score.

Year Canada France Germany Japan UK Italy USA

2000 0.59 0.61 0.65 0.19 0.23 0.17 0.64

2001 0.57 0.53 0.55 0.24 0.28 0.19 0.61

2002 0.61 0.60 0.71 0.22 0.34 0.15 0.73

2003 0.53 0.67 0.69 0.27 0.30 0.23 0.70

2004 0.64 0.78 0.81 0.31 0.37 0.31 0.79

2005 0.66 0.63 0.79 0.25 0.24 0.28 0.87

2006 0.59 0.55 0.84 0.34 0.53 0.39 0.92

2007 0.77 0.62 0.87 0.37 0.41 0.41 0.91

2008 0.78 0.71 0.79 0.29 0.36 0.43 0.98

2009 0.75 0.63 0.77 0.35 0.45 0.47 0.87

2010 0.84 0.73 0.91 0.21 0.61 0.39 0.88

2011 0.81 0.39 1.00 0.24 0.52 0.61 0.93

2012 0.73 0.51 0.96 0.22 0.63 0.65 0.90

2013 0.84 0.60 0.93 0.42 0.48 0.58 0.89

2014 0.81 0.63 0.81 0.58 0.51 0.53 0.87

2015 0.74 0.68 0.98 0.42 0.47 0.43 0.84

2016 0.61 0.41 0.81 0.33 0.35 0.21 0.81

2017 0.68 0.58 0.93 0.35 0.29 0.42 0.80

2018 0.74 0.42 0.89 0.41 0.51 0.64 0.78

According to the composite index score of G7 nations in Table 3, the year 2011 was
best for Germany. It attained the highest score (1) of the composite index, which shows that
financial, human capital, and energy indicators were excellent regarding environmental
sustainability. The second best in this composite index aggregation is the United States.
It maintained an excellent score above 0.90 five times out of nineteen years in the given
period, while it also faces fewer fluctuations during the entire period. Here, the maximum
and minimum frequency was from 0.98 to 0.61. The third reasonable performer in this
regard for the composite index is Canada. The highest index score of Canada was 0.84,
while the lowest score was 0.53. Unfortunately, the rest of the G7 countries did not perform
well as per the given indicators in the composite index.

According to Figure 2, the combined effect of financial, human, and energy index on
the environment are also mixed as per the individual scores of these G7 economies. Out
of the seven countries, two (Germany and the USA) perform the best, and one country’s
performance (Canada) is acceptable. In comparison, the rest of the three countries (Japan,
Italy, and the UK) are found to be inferior performers in this lineup. Therefore, no evidence
was found regarding the combined policy effect of this group of G7 countries.
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Figure 2. Overall composite index score.

3.2. Analysis Based on QARDL Technique

The statistical summary and the unit root result of the underline dataset presented in
Table 4.

Table 4. Unit root test results and statistics summary.

Variable FI HCI EI ENI

JarqueeBera test 8.3442 12.3476 9.7482 11.4564
Probability (0.0000) (0.0000) (0.0000) (0.0000)

ADF (Level) −1.5434 −1.9863 −1.9321 −2.354
ADF (D) −5.9341 *** −7.7633 *** −5.6424 *** −5.4112 ***

ZA (Level) −2.8765 −2.6531 −2.9766 −3.1226
ZA (D) −6.8771 *** −7.1877 *** −7.8767 *** −11.3221 ***
Mean 16.0985 0.9843 5.0922 4.0034

Standard Deviation 0.9536 0.0674 2.4363 1.8741
Minimum 12.5437 1.3685 9.7665 6.7748
Maximum 18.5633 0.0043 0.3789 0.2655
Skewness 0.376 −0.1713 0.6531 −0.2337
Kurtosis 2.921 2.7451 2.0546 3.0092

Note: Here *** indicates a 1% level of significance.

Here, the unit root test is applied in Table 5 on all the variables before performing the
QARDL. Statistical analysis results demonstrate that while FI, HCI, EI, and ENI are not
necessary at the different quantiles, they are constant at quantile. The stationarity held at
unique quantile means that the unit root problem’s null hypothesis should be dismissed.
This shows that the unit root occurs in all sample variables, and hence the findings are
robust and consistent. It is essential to analyze the relationship between the dependent and
independent variables.

Table 6 shows the findings for the OLS and Quantile Estimates. In this case, the inter-
cept term is α∗(τ), and the coefficient value of the error correction term for each quantile is
defined as ρ∗(τ)’. The intercepts are essential and have a negative symbol in all the samples.
This analysis showed that the coefficient of EI in the calculation was statistically significant
and negatively affected. EI’s coefficient sign is consistent; it statistically indicates a strong
correlation with the dependent, i.e., environmental or ENI, component. The findings of
long-term projections based on the ARDL model also support QARDL’s performance. The
findings show that technological progress in renewable energy by research and develop-
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ment plays a significant role in environmental quality and regulates the environmental
deterioration.

Table 5. Empirical data for the quantile unit root test.

τ FI HCI EI ENI

â t-test â t-test â t-test â t-test
q05 1.0542 −1.6754 1.4721 −1.3264 1.4721 −1.6778 0.9862 −1.7018
q10 1.0653 −1.6643 1.6364 −1.9413 1.6364 −1.6614 0.9655 −1.6327
q15 1.0433 −1.7432 0.9834 −1.9262 0.9834 −1.6893 0.9833 1.7184
q20 0.9855 −1.5433 0.9921 −1.4353 0.9921 1.6385 0.9291 1.6635
q25 0.9831 −1.6576 0.9716 −1.3488 0.9716 −1.6212 0.7916 1.7028
q30 0.9902 −1.6938 0.9064 1.6643 0.9064 −1.6315 0.8945 1.6926
q35 0.9672 −1.6681 0.9782 1.6715 0.9782 −1.6127 0.7965 1.6864
q40 0.9566 −1.5832 0.9654 1.6886 0.9654 1.6363 0.9581 −1.6386
q45 0.9905 −1.4328 0.9991 1.6231 0.9007 1.6835 0.9983 −1.6815
q50 0.9416 −1.0943 1.4675 −1.5432 1.4675 1.6381 0.9637 −1.6629
q55 0.9433 −1.6922 0.9848 −1.6588 0.9848 −1.6265 0.9573 −1.6978
q60 0.9643 −1.5432 0.9934 −1.1125 0.9934 −1.6928 0.9348 −1.7056
q65 0.9322 −1.4348 0.9586 1.6753 0.9586 −1.6578 0.9866 −1.6354
q70 0.9544 −1.6834 0.9473 1.8012 0.9473 −1.6953 0.9711 −1.6155
q75 1.0543 −1.7043 0.9744 1.6391 0.9744 −1.6734 0.9464 −1.6983
q80 1.008 −1.7321 0.9584 1.7073 0.9584 −1.6654 0.9158 −1.6319
q85 1.1355 −1.6704 0.9556 1.7783 0.9556 −1.6875 0.9676 −1.7063
q90 1.0732 −1.6823 0.9732 −1.6835 0.9732 −1.6637 0.9366 −1.6626
q95 0.9987 −1.6788 0.9858 −1.7318 0.9858 −1.8697 0.9544 −1.7073

Table 6. Results for OLS and Quantile Estimation.

Panel (A) Linear ARDL

Variables α * ρ * βFI βHCI βEI βENI

3.7633 *** −0.25221 *** 1.1264 ** 2.2059 ** 1.1092 *** 1.0737 **
1.4881 0.09416 0.6239 1.0018 0.4501 0.5055

Panel (B) Quantile ARDL

Variables α *(τ) ρ ∗ (τ) FI(τ) HCI(τ) EI(τ) ENI(τ)

q05 0.9363 ** −0.0800 ** 0.764 ** 0.1836 0.4742 ** 0.1701
(0.448) (0.0364) (0.355) (0.1322) (0.2511) (0.1142)

q10 0.3355 * −0.0723 *** 0.6237 ** 0.2165 0.1182 * 0.1839
(0.1881) (0.0321) (0.3238) (0.1432) (0.0704) (0.1151)

q15 0.7628 ** −0.0563 * 0.2264 0.2554 *** 0.2999 ** 0.1755 **
(0.3815) (0.0325) (0.1601) (0.1118) (0.1417) (0.0943)

q20 0.2735 −0.0935 *** 0.1264 0.2155 * 0.4823 ** 0.1932 **
(0.1881) (0.0415) (0.1078) (0.1121) (0.2599) (0.1065)

q25 0.5711 ** −0.0852 ** 0.3011 * 0.1154 0.1889 *** 0.1378 *
(0.2754) (0.0381) (0.1777) (0.0701) (0.0701) (0.0801)

q30 0.5226 −0.0629 ** 0.1388 * 0.0059 0.1001 ** 0.4001 *
(0.3517) (0.0322) (0.0811) (0.0038) (0.0533) (0.2367)

q35 0.4673 −0.0714 ** 0.0766 *** 0.0069 * 0.3756 0.3531 *
(0.2844) (0.0366) (0.0327) (0.0041) (0.2307) (0.2033)

q40 0.6527 * −0.0834 *** 0.0964 ** 0.0847 ** 0.4106 0.2588 **
(0.3749) (0.0164) (0.0442) (0.0418) (0.2551) (0.1301)

q45 0.0875 −0.0357 * 0.0768 ** 0.0577 ** 0.5125 ** 0.1906 *
(0.0683) (0.0214) (0.0426) (0.0316) (0.2718) (0.1103)

q50 0.5549 ** −0.0332 *** 0.1188 * 0.0468 ** 0.5125 0.0873 **
(0.2682) (0.0146) (0.0711) (0.0216) (0.3563) (0.0432)

q55 0.3358* −0.0734 *** 0.1092 ** 0.1009 * 0.4491 ** 0.1334 *
(0.1981) (0.0315) (0.0514) (0.0581) (0.2151) (0.0748)

q60 0.6942 ** −0.0791 *** 0.0944 ** 0.2256 * 0.2358 0.3701 *
(0.3737) (0.0347) (0.0447) (0.1299) (0.1431) (0.2101)

q65 0.4652 * −0.0835 ** 0.0114 0.3123 0.3575 * 0.4447 **
(0.2812) (0.0426) (0.0102) (0.1957) (0.2156) (0.2105)
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Table 6. Cont.

Panel (B) Quantile ARDL

Variables α *(τ) ρ ∗ (τ) FI(τ) HCI(τ) EI(τ) ENI(τ)

q70 0.1458 −0.0543 ** 0.1373 * 0.2466 * 0.1222 *** 0.5076
(0.4881) (0.0295) (0.0772) (0.1401) (0.0412) (0.3337)

q75 0.2756 * −0.0583 *** 0.1755 0.0894 *** 0.6002 ** 0.1273 **
(0.1534) (0.0232) (0.9244) (0.0399) (0.2739) (0.0611)

q80 0.6583 ** −0.0532 *** 0.1374 0.1006 ** 0.3321 ** 0.5055 **
(0.3543) (0.0236) (0.8663) (0.0512) (0.1531) (0.2638)

q85 0.8257 * −0.0599 * 0.0526 ** 0.3677 *** 0.6299 ** 0.2288 **
(0.4637) (0.0354) (0.0254) (0.1146) (0.3018) (0.1235)

q90 0.7005 ** −0.0357 * 0.7237 ** 0.4132 ** 0.6009 * 0.3192 **
(0.3217) (0.0215) (0.3671) (0.2101) (0.3507) (0.1644)

q95 0.7432 * −0.0316 * 0.6226 ** 0.0089 *** 0.7011 ** 0.0954 ***
(0.4183) (0.0180) (0.3164) (0.0027) (0.3564) (0.0402)

Note: Here ***, **, and * indicate 1%, 5%, and 10% level of significance, respectively.

According to Table 7, statistical data indicate that the observed F-statistic is statistically
higher than the upper and lower bound values. The above fact indicates a clear correlation
between economic complexity and energy use with environmental effects. Wald statistic
results show substantial rejection of the null hypothesis about error correction terminology
and cointegration. It shows that CO2 emissions in the G7 had a non-linear relationship
with economic complexity and energy consumption. The Wald test and Levene’s test
showed that the researchers obtained enough proof to reject the null hypothesis on pa-
rameters constancy. Based on the Wald test results, the null hypothesis is rejected for the
cointegrated heteroskedasticity set parameters due to its significance at the long-run and
short-run stages.

Table 7. Diagnostic inspection with Bound and Wald tests.

Panel (A) Bounds test for Linear ARDL

10% 5% 1% p–value F = 5.326
I(0) I(1) I(0) I(1) I(0) I(1) I(0) I(1) T = −3.461

F 3.456 5.512 4.543 6.534 4.267 6.321 0.064 0.093
T −2.431 −3.156 −3.653 −5.347 −3.423 −4.652 0.045 0.059

Panel (B) Wald test for QARDL

ρ ∗ (τ) FI(τ) HCI(τ) EI(τ) ENI(τ)

77.43 *** 83.78 *** 173.53 *** 58.32
*** 39.76 ***

0.000 0.000 0.000 0.000 0.000

Note: Here, *** indicates a 1% level of significance.

3.3. Discussion

This study attempts to probe the role of human capital and technological innovation
in a sustainable environment to attain SDGs in G7 economies. For this purpose, four main
indexes have been developed. According to the empirical results of QARDL, human
capital factors positively impact the sustainable environment in G7 economies. Outcomes
suggest that the higher the level of human capital in these economies, the higher the
environmental quality will be, and the more comfortable it will be to achieve SDGs. These
findings are also in line with the previous study of [31], who did an empirical analysis
on Guangdong province by using the panel data of 21 cities from 2000 to 2016, and
with [32] for environmental regulation and human capital level of China throughout
from 1990 to 2016. Therefore, world-leading organizations are putting their efforts, time,
and money into highlighting the importance of human capital in SDGs’ success. In this
respect, Proximity Designs used human-centered architecture to boost the livelihood of
farmers in Myanmar; the Skoll Foundation acquired “Model for Change: Developing
Human Capital” portfolio in February 2013; Camfed provides empowerment programs
that provide women access in developing countries such as Nigeria to education, health
care, skills training, and microfinance; and Medic Mobile provides mobile and online
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applications for healthcare professionals to interact with patients in remote areas. All these
agendas represent conventional methods of promoting human capital that are overturned
by frequent global growth leaders as agents for the changes.

The empirical outcomes of technological revolutions also have a positive impact
on a sustainable environment. In this context, the technological revolutions towards
carbon-free energy and production process are helping G7 economies achieve SDGs. It has
been empirically tested that technological innovation in the energy sector could help in
achieving sustainable environmental conditions with sustainable economic development.
These empirical results are aligning with the studies of [33,34]. It is a matter of physical
capital and human capital investments and policy, regulatory, R&D, and other stakeholders’
support and involvement. Countries could boost their innovation potential by evaluating
their success and using their capabilities, and fixing their limitations, by learning from best
practices of emerging countries as innovation leaders at all levels of income. Technological
developments allow a more sustainable solution for long-term development planning. The
trade-off between sustainability and the economy is one of the critical economic issues.
Pathways can be chosen based on individuals’ choices, such as the government, foreign
organizations, customers, private businesses, and educational institutions. We face the
significant problem of environmental destruction worldwide, and technology offers ways
to fix this problem.

The index of energy contributes positively in the process of a sustainable environment.
Here, the higher amount of finance in the form of R&D (percentage of GDP) in energy
and renewable energy production and innovation, the higher the sustainable environ-
ment in the G7 economies will be. Inclusive green growth is the pathway to sustainable
development. The studies of [35,36] also concluded that a higher net worth of R&D to
promote renewable energy projects or technologies would help in achieving sustainable
environmental conditions. In addition, Reference [37] empirically testified that the only
way to resolve economic and environmental disparities is to have an economy and climate
that are both green and yet very efficient. The results of the financial index show a positive
impact on a sustainable environment. This indicates that the higher the financial liberaliza-
tion, the higher will be the ability of G7 countries to protect the environment within the
given criteria of SDGs. Therefore, financial ability matters significantly in the process of
sustainable growth and environmental protection.

There is a vital connection between renewable energy use, innovation, and economic
development in this respect. Our findings show that economic development in terms of
the financial index and technical advancement through R&D in renewable energy has a
significant and positive impact on noncarbon and green energy production. It supports
energy supply policies to encourage coherent energy supply and economic development on
a long-term basis [38]. The long-lasting balance between real GDP, renewable consumption,
and short-term bi-directional causality between renewable energy consumption and eco-
nomic growth has also been confirmed in this regard [39]. There is a hint that the practical
use of renewable energy sources is of low know-how.

Failure to meet SDGs may also be attributed to the lack of financial support for
incorporating a higher level of renewables in the energy mix. There can also be a dual
interconnection between the consumption of renewable energy and GDP growth. Financial
assistance is also required as the wealthiest nations can use renewable energy [40]. However,
the results for the country-specific studies indicate that the causality varies from energy
consumption to economic growth in most of these studies. We can assume that energy
is connected to economic growth; therefore, energy supply shocks can adversely affect
economic growth [41]. This finding highlights the benefits of government initiatives such as
tax credits for developing renewable energies, renewable energy rebates, and expectations
in renewable energy portfolios are critical in this process.
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4. Conclusions

This study assesses human capital growth and technological revolutions in a carbon-
free energy system for a sustainable environment to pursue sustainable development goals.
For this purpose, four separate indexes were identified—the financial index, the energy
index, the human index, and the environmental index—based on nineteen years of a G7
economy dataset. The results are significant because there are fears that the economic
growth of the G7 economies would alter economic factors and environmental change. The
QARDL method results confirm that human capital contributes significantly and positively
to the process of the carbon-free economy of G7 nations. Due to human development,
the process of SDGs has become much smoother and achievable. Technological innova-
tion is another source of sustainable environment and development in these economies.
The findings show that renewable energy technical advancement employing R&D may
help to control carbon emissions and boost sustainable growth. Therefore, renewable
energy production and consumption innovation contribute positively to the achievement
of SDGs. In G7 economies, renewable sources of energy are the leading indicators of a
sustainable climate. The higher the R&D investments for traditional and green energy
technologies, the lower will be the carbon emissions from clean energy developments and
energy quality gains. Therefore, decreased carbon emissions are critical to global warming
and its relation to energy use and economic determinants. The growth of human resources
and technological advances in these economies contribute significantly to green energy
sources. The carbon-free pathway to energy should be viable and sustainable, requiring a
substantial commitment to technological change [42]. Economic growth also has a vital role
in a sustainable environment. Without financial liberalization and sufficient investment
in renewable energy and innovative technologies, the carbon-free globe dream will never
come true.

Policy Implication

Technology and innovation strategy for growth should be aligned with the 2030 Plan
for Sustainable Development. Economic development and environmental protection are a
positive and critical feature of each other. It is crucial to close the gap between countries’
capabilities to achieve this goal. Developing countries should embark on a technological
convergence if they wish to compete with developed countries in the 21st century.

• One way to succeed in human capital growth is to have a favorable policy condition
to fulfill their potential. For instance, individuals without access to the internet and
without the right to express their views cannot influence their cultures or choose
their future.

• Individuals’ welfare has been identified as one of the drivers of economic growth,
so policymakers concentrate on improving these public services. Since the human
life span is relatively limited and finite, human sustainability depends on continuous
maintenance during one’s lifetime. Human survival requires substantial investment
in education and skill-building for a minimum of two to three decades to realize the
potential of all [43].

• Green energy is an essential aspect of a sustainable climate. The improvement of air
quality is a significant factor for climate change. The generation of energy from waste
is a modern technology that turns garbage into energy and can substitute fossil fuels.
Green boilers use less energy than conventional boilers and make lower emissions.

• To ensure the economic growth of many developed countries, technology transforma-
tion is a prerequisite. Power generation is a good example. As plants have already
been developed in the industrialized world, the technological developments are now
in pace and can be extended to achieve energy efficiency in developing densely popu-
lated regions.

• To make technologies more consistent with the world environmental pressures that
will affect them, effective global and national economic policies and management
strategies that include the concept of environmental sustainability are required.
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• It is necessary to enable and support recipient governments and organizations to
leverage environmental friendly innovations developed by both the public and pri-
vate sectors.
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