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Ecosystems are in danger due to human-caused air, water, and soil pollution, so it is important to find 
the underlying causes of this issue and develop practical solutions. This study adds to environmental 
research gap by suggesting the load capability factor (LCF) and using it to look at the factors affectting 
environmental health. The load capacity factor simplifies monitoring environmental health by 
illustrating the distinction between ecological footprint and biocapacity. We examine the interplay 
between mobile phone users (Digitalization DIG), technological advancements (TEC), renewable 
energy use, economic growth, and financial development. This study assesses G8 economies’ 
data from 1990 to 2018, using a Cross-Section Improved Autoregressive Distributed Lag CS-ARDL 
estimator and a cointegration test. The data shows that green energy, TEC innovation, and DIG are all 
beneficial for natural health. Based on the results of this study, the G8 governments should focus on 
environmental policies that promote economic growth, increase the use of renewable energy sources, 
guide technological progress in key areas, and encourage the development of digital information and 
communications technologies that are better for the environment.

Abbreviations
EF  Ecological footprints
DIG  Digitalization
TEC  Technological advancement
RE  Renewable energy
GDP  Gross domestic product
FD  Financial development
LCF  Load capacity factor
CS-ARDL  Cross-section improved autoregressive distributed lag
EKC  Environmental Kuznets curve
PMG  Pooled mean group
NAT  Natural resources
GOV  Government stability

Sustainable development is a big topic in the thoughts of scientists, governments, and international organiza-
tions. Every nation strives for sustainable development that fulfils the current generation’s expectations without 
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compromising future generations potential to satisfy their needs. In 1987, the commission of Brutland defined 
sustainable  development1–3. In achieving sustainable development gains, nations must tackle issues that include 
the spread of contagious diseases, global warming, the discharge of greenhouse gases (primarily carbon  (CO2), 
and the usage of environmentally unfriendly  fuels4. The Intergovernmental Panel on Climate Change (IPCC) 
reported that the increasing worldwide carbon dioxide emissions had been the primary cause of climate change 
since 1750. An increase of 52% in greenhouse gas emissions is expected by 2050 if nations do not enact effective 
climate change  laws5. Experts are investigating the root causes of environmental deterioration within the frame-
work of sustainable development. Economic development is a crucial factor in shaping our natural world. As 
stated by Ref.6, environmental deterioration increases but reduces when per capita income rises over a particular 
threshold. How does the per capita income impact the environmental transformation mechanism work? Agri-
culture and heavy industries in developing nations are significant sources of pollution because they use outdated 
methods and equipment. Cleaner industrial techniques made possible by this shift help lower pollution. Using 
a wide variety of environmental indicators, several researchers keep digging further into the EKC  hypothesis7. 
 CO2 may be the utmost used independent variable; however, there is yet to be a consensus among theoretical 
experts on which dependent variable should be used. Researchers used greenhouse gas emissions (both direct 
and indirect) and biodiversity loss as dependent variables, and others have deforestation, urban wastes, and water 
 quality8. However, these factors only provide a partial aspect of the environmental issue when used in isolation. 
Calculating the EKC theory without considering the reduction in other pollutants while focusing entirely on 
the rise in  CO2 emissions might be  misleading9. Air, water, and land pollution are all environmental problems 
that should be considered when examining a country’s capacity to maintain its ecological sustainability in the 
long run.

In comparison, the EF represents human needs for natural resources and environmental deterioration without 
considering ecological reactions to these demand or supply opportunities. When calculating an organization’s 
ecological footprint, the EF is regarded as the supply side, whereas biocapacity is the demand side. A more all-
encompassing measure, such as renewing biocapacity, is required for a more accurate sustainability  assessment9. 
Biocapacity is essential to human existence, and failing to account for it in environmental assessments leads to 
inaccurate  outcomes10. The Load Capacity Factor (LCF), considered biocapacity (EF), has been suggested by 
Ref.11 to conduct more accurate environmental impact assessments. In light of this suggestion, Ref.12 performed 
the first empirical investigation of the determinants of LCF using a linear model to investigate the connection. 
Capital gains and income are two different things. As the EKC theory proposes, income and LCF may not have 
a straight-line relationship. Due to the LCF’s role as an indicator of environmental quality, the negative link 
between the environment and income is significant. It is clear that the LCF drops during the beginning of eco-
nomic development but then rises after income reaches a specific threshold. The LCF hypothesis describes the 
relationship between load and capacity. According to the LCF theory, a country may reduce its EF while growing 
its biocapacity after achieving a certain revenue level. We can look at environmental deterioration and quality by 
utilizing LCF. For a booming economy, a pristine natural environment, societal advantages, renewable energy 
groups, consumption, and technical innovation are  essential13.

By the year 2050, if capacity increases are combined with hydropower expansion, 3 billion metric tons (t) of 
carbon dioxide  (CO2) emissions might be avoided. Renewable energy can boost the economy and social standing 
of outlying rural areas. Achieving this objective relies heavily on developing and maintaining renewable energy 
infrastructure in rural and remote areas, where energy access is more challenging (and millions still need more 
power)12. One of the most excellent methods to protect the environment is to switch to renewable  energy14. Solar 
energy leaves no environmental trace and no waste, wind energy is also  clean15. Instead of harming the local 
community, renewable energy sources like solar, wind, and other forms of natural biomass energies have become 
increasingly popular. These types of renewable energy with these features can boost the LCF and aid in realizing 
the SDGs. Moreover, the ecosystem consists of investments in research and development (TEC), which encour-
age the creation of novel goods, procedures, and  information16. Through sponsoring research and development 
and creative ideas, it may be possible to stimulate the use of cleaner manufacturing processes, such as renewable 
energy and environmentally friendly  technologies17. Spending more on research and development may be one 
way for businesses to realize their clean manufacturing  goals18.

Significant investments in research and development are required to overcome significant environmental 
concerns such as reliance on fossil fuels, high energy prices, an insufficient supply of renewable energy, and 
uncertainty about future energy sources’ sustainability and reliability. As a result, investing in research and 
development has the potential to simultaneously drive the expansion of the economy and mitigation of environ-
mental degradation. Compared to other aspects of the environment, such as expenditure on exploring alternative 
energy sources, information, and communications technology (DIG) is a comparatively younger development. 
The impact of technology on people’s day-to-day lives is growing at a rate that is directly correlated to the pace at 
which technological advancements are made. Since the 1990s, people have used “information and communica-
tions technology”, abbreviated as “DIG”. The impacts of DIG can be seen in every aspect of contemporary  life19. 
It is because technology is a driving force behind the SDGs’ social, economic, and environmental precepts, DIG 
is essential to the  objectives20. For example, the extensive usage of the  internet21, the fall of paper consumption, 
and the development of telephone and videoconferencing that allows people to work remotely all contribute to 
environmental  improvements22. DIG can optimize energy usage through digital media, telecommuting models, 
alternative consumption patterns, and digital process management and help lower resource  consumption23. 
Improved information and communication technology (DIG) infrastructure benefits a country’s economy’s pri-
vate and public  sectors24. The G8 nations have improved output, economic efficiency, social change, and technical 
advances through increased investment and digitized business  ventures25. Despite their reputation as a top-tier, 
high-income industrial powerhouse, not all G8 countries are exceptional in environmental  performance26. Fig-
ure 1 shows that all G8 nations, except Canada and Russia, are below the Limit of Sustainability. After avoiding a 
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decline between 1990 and 2018, the LCF levels in Germany, France, and the United States are still well below “1”. It 
is, therefore, essential to look into the environmental issues faced and solutions implemented by the G8  nations20.

As a continuation, this research focuses on the G8 countries for the following reasons: G8 nations have expand 
its economies by creating the way for rapid advances in commerce and industry. Still, their efforts to do so come 
at the expense of environmental  quality27; secondly, because environmental deterioration is so severe, officials 
in the G8 countries must look into the causes of environmental degradation; however, previous empirical work 
has been largely focused on ecological destruction measures resulting from human consumption such as  EF28,29. 
The EF collects data on air, water, and soil pollution, but the extent to which they deplete these supplies needs 
to be made clear. This research helps bridge the gap by proposing a novel ecological economics  hypothesis30. 
The cross-sectional dependency in the data, the CS-ARDL, and Durbin-Hausmann cointegration techniques 
are applied (CSD). Given the higher potential for the G8 nations to influence one another, the findings of CSD 
research may be instructive. Figure 1 shows the LCF of G8 countries during 1990–2018. This study contributes 
to knowledge gap about LCF (load capacity factor) in G-8 countries in light of technological advancement and 
renewable energy in the scenario of globalization. Preceding this study, some studies found that new technology, 
digitalization, and renewable energy impact LCF. Many studies have been done on LCF and other related variables 
in other countries or regions. This study contributes originality in the case of the G-8 economies.

This research has insightful data from various perspectives. This is how the investigation is presented: the 
literature on the effect of (EF) research and development, DIG, and renewable energy on the environment is 
discussed in Section “Review of the literature”. Studies investigating what factors influence the LCF are also 
discussed here. We described the data used and the research techniques employed in Section “Data and meth-
odology”. Empirical findings are given and discussed in Section “Results and discussion”. The report concludes 
with several suggestions for future policy in Section “Conclusion and policy implications”.

Review of the literature
There are four subsections in this section. The first part of this paper focuses on the connection between renew-
able energy and the natural world. In contrast, the subsequent parts examine the relationships between (TA) 
spending and the natural world. A synthesis of research into the LCF is provided, and research gaps are high-
lighted in the final section.

The correlation between RE and the environment. From an environmental perspective, several stud-
ies have shown that renewable energy sources are preferable to fossil fuel. Two  studies31,32, indicated that RE 
reduces EF in comparable high-polluting countries. The results of this research, however, were different from 
one another. However, as Ref.9 pointed out, the pace at which  CO2 emissions rise while switching to renewable 
energy is only half that when switching to fossil fuels. In contrast, studies undertaken in  Turkey33, and  China19, 
concluded that the use of renewable sources of energy does not significantly reduce  CO2, EF, or LCF and that 
there is no consumption of renewable resources responsibly or  efficiently10. In a study by Mehmood et al.34 esti-

0

0.5

1

1.5

2

2.5

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

Load Capacity Factor

Germany France United Kingdom Italy

United States Russia Canada Japan

Figure 1.  LCF trend; (Global footprint network).
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mated the impact of the transition to green energy, economic growth, and natural resource availability on carbon 
dioxide emissions in the context of evolving political, economic, and financial risks. The findings indicate that 
using natural resource rents is positively associated with  CO2 emissions, whereas adopting green energy sources 
is negatively correlated with  CO2 emissions. Mitigating political and financial risks can lead to reduced carbon 
dioxide emissions and improved environmental conditions. Furthermore, it has been observed that the restric-
tion of  CO2 emissions occurs after a certain threshold of economic growth has been achieved, thereby validating 
the existence of an inverted U-shaped relationship between economic growth and  CO2.

Hence, recognizing the necessity for a more discerning assessment of the complexities entailed in investigating 
the ecological footprint, this research scrutinizes the interconnections among natural resources, technological 
advancements, financial expansion, and the consequent ecological footprint in developing  nations35.

The relationship between TEC spending and the environment. TEC costs cut the EF in all 28 
EU member states, according to Ref.36. The authors of Ref.37 found that supporting research and development 
reduces carbon dioxide emissions using CCEMG and AMG panel data estimators. Similarly, Ref.38 utilized Tobit 
and probity models to evaluate Chinese firm data and discovered that increasing TEC spending would enhance 
green innovation efforts and success. Fareed et al. (2022) found in panel quantile regression research of Ref.38 
European Union states that expenditure on TEC minimizes the bad impacts of economic inclusion on environ-
mental factors (EF), reducing or postponing ecological deprivation. An interactive fixed effect approach study of 
27 nations undertaken by Ref.39 found that expenditure on renewable energy technological advancement (TEC) 
correlates with decreased  (CH4) methane, (CO), (NO), and  (CO2) carbon dioxide  emissions40, using the Degree 
of Operating Leverage analysis, increasing investment in TEC reduced  CO2 emissions in Saudi Arabia. Using 
Westerlund cointegration and multiple panel estimators, Ref.4 determined that TEC investment considerably 
and positively contributed to cutting GHG emissions across 40  nations41. Numerous reports have shown the 
environmental benefits of investing in research and development. Contrary to popular opinion, TEC investment 
causes environmental damage in 96 nations, as Ref.42 show using an inclusive nested spatial model. In a similar 
vein, Ref.43 found that TEC investment increases (EF) and pollution in five developing countries using the Panel 
Generalized Method of Moments and the Fully Modified Ordinary Least Squares.

Relationship between DIG and the environment. Due to technology significance to progress, research 
into the impact of DIGs on pollution is ongoing. At the same time, the green benefit of DIGs is generally modest 
in developing nations; Ref.44 Gaussian Mixture Models examinations of 60 countries indicated that DIG adapta-
tion in metropolitan zones helps cut  CO2 emissions. Using the panel Vector Autoregressive Model methodol-
ogy, Ref.45 discovered that DIG helps with  CO2 reduction in 18 African countries by allowing for greater access 
to resources and carbon  monitoring46. Finds that widespread usage of DIG has helped Chinese cities lower 
carbon intensity after considering geographical and temporal consequences. Using the (CUP-FM)  estimator47, 
discovered that DIG reduces  (CO2) emissions in 17 countries in Asia. According to the authors, policymakers 
should prioritize environmental protection when formulating new legislation, and DIG-enabled economic poli-
cies should play a pivotal part in this effort. The influence of (DIG) on organizational effectiveness (EF) has been 
the focus of numerous studies utilizing various econometric approaches and used the ARDL panel to determine 
that DIG lessens (EF) in the world’s top ten polluting countries. Kahouli et al.48 used Johansen cointegration 
and (VECM) to discover that DIG reduces (EF) in Saudi Arabia. A study using the AMG  estimator49 found that 
internet usage was associated with decreased EF across all G8 countries. Studies consistently show that informa-
tion and communication technologies are harmful to the environment. The G8 has been demonstrated to have 
lower  CO2 emissions due to the usage of DIG; however, is found the reverse to be true when using PMG. Analy-
sis of data from the N11 nations conducted  by50 using the Feasible General Least Squares (FGLS) technique indi-
cated that DIG raises the EF. The study of Ref.51 utilized PMG to get the same EF results for the BRICS countries. 
To investigate the influence of DIG on EF.  Reference43 analyzed 47 nations in Sub-Saharan Africa using the FGLS 
and PCSE. Kazemzadeh et al.52 obtained similar results from panel quantile regression analysis performed on 19 
developing countries, concluding that DIG does not significantly affect EF.

LCF empirical research. Empirical research has usually concentrated on the part that  CO2 emissions and 
the EF play in these problems; however, much research has been done on the causes of climate change. The 
ARDL approach, modified for the United States and Japan, allowed the simultaneous investigation of biocapacity 
and EF to investigate the variables that influence LCF. This groundbreaking study showed that LCF is restrained 
by financial resources in the United States. Used the dynamic ARDL approach to determine that in China, 
energy intensity, resource rent, and income negatively influence LCF, but human capital has a favorable effect. 
Specialists have studied the factors that impact LCF in the subject. The authors  of53 argue that although applying 
the (ARDL) method to India and income does reduce LCF, all contribute to better environmental results. Awo-
susi et al.54 used ARDL for Brazil and found that globalization increases environmental quality, but urbanization 
has little effect on LCF. The literature review is divided into four parts, each addressing a different area of study 
that needs addressing. First, research on the causes of LCF in the Group of Seven needs to be completed.

Furthermore, there needs to be more studies examining how DIG affects LCF. Does information and com-
munication technology affect biological potential? Do increased Internet access, mobile phone use, and other 
IT developments positively or negatively affect the world’s natural resource supply? By addressing these issues, 
we may contribute new knowledge and close gaps in the existing body of  research55.

In addition, developments in the building industry in G20 countries worsen environmental quality. Finally, 
earlier studies show that technological progress has only sometimes had beneficial effects on environmental qual-
ity. Empirical studies have shown conflicting results. Thus, additional research into its impact on environmental 
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quality is required. There is also a need for more information on how BRICS-T country green tech innovations 
have affected ecological quality. Therefore, the BRICS-T nations are the primary focus of this study.

This research aims to shed light on this problem and give a thorough environmental evaluation of OECD 
nations by analyzing the impact of human capital, income, natural resources, urbanization, and renewable 
energy on the load capacity factor for 26 OECD countries between 1980 and 2018. This research tests the load 
capacity curve (LCC) hypothesis using the recently established quantile common correlated effects mean group 
(QMG) estimator. Our findings provide credence to the LCC hypothesis and support a U-shaped relationship 
between wealth and environmental quality. Human capital, resource rent, and renewable energy all boost the 
load capacity factor, according to the QMG estimator, but urbanization hurts ecological quality. Table 1 shows 
the data symbols and origins used for the study.

In Table 1, the data for Load capacity factor (LCF) has been obtained from Global Footwork Network (GFN). 
The data for Digitalization has been derived from GINI index, while data for Natural Resources and Economic 
growth has been derived from World Data Indicators, (WDI). The data for Government stability has been derived 
from International country risk guide, (ICRG).

Data and methodology
Before running a unit root test, it’s important to rule out the possibility of cross-sectional dependence (CD). CD 
shares traits with economic integration, residual reliance, and shared  stocks60. Neglecting (CD) can lead to skewed 
statistics, misaligned proportions, prejudiced stationarity, and skewed  cointegration61. We used the Chudik and 
 Pesaran62 CD test to identify potential problems. Once results from CD have been obtained, the panel data is 
examined with a unit root or stationarity technique.

Cointegration testing. Next, after utilizing the unit root test, we apply an improved type  of63 to check for 
slope homogeneity and heterogeneity. In CD, the attributes of size distortion in panel data cannot be predicted 
by the first generation of cointegration tests established and used  previously64. None of the researchers took CD 
in a cross-sectional study into account. The approach developed versions for slope, CD, and correlated error 
variation.

CS-ARDL. This research used the CS-ARDL method to calculate the short- and long-term coefficients. As 
previously  mentioned65, CS-ARDL employs a DCCI (dynamic common correlated impact) predictor to address 
the issues of heterogeneity and cross-section dependence. Equation (1) is the mathematical representation of 
CS-ARDL.

In the presence of CD, using Eq. (1), based on the autoregressive distributed lag (ARDL) model, will lead to 
indeterminate results. Regressor variables are averaged over cross-sections to alter Eq. (2). As a result, and we 
can rest any doubts about the existence of the CD-induced threshold  effect62.

whereas,

Existing delays among all parameters are denoted by aw, as, and axe. The independent variables are repre-
sented by Z (i.t), while the dependent variable, H, is the per capita carbon emission based on consumption. The 
average cross-sectional value (X) is used instead of considering trends to counteract the spillover mentioned 
above.

(1)Hi,t =

pw∑

I=0

γI ,iWi,t−1 +

pz∑

I=0

βI ,iZi,t−I + εi,t

(2)Hit =

aw∑

I=0

γI ,i ,Hi,t−1 +

az∑

I=0

βI ,iZi.t−I +

ax∑

I=0

α
′

i , IXt−I + εi,t

Xt−I = Hi,t−IZi,t−I

Table 1.  Data symbols and origins.

Indicators Sign Calculating unit Source

Load capacity factor LCF Biocapacity/ecological footprints GFN56

Digitalization DIG Fixed broadband subscription (per 100 persons) GINI  index57

Natural resources NAT Natural resources rent % of GDP WDI58

Government stability GOV Governmental stability ICRG 59

Economic growth GDP Constant 2010 US $ (per capita) WDI58

Financial development FD Domestic credit to the private sector WDI58
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Results and discussion
First, we check for (CSD), between countries. Cross-sectional dependence (CSD) measures how one country’s 
economic fortunes affect those of another. Traditional panel data estimators may need more reliability and effi-
ciency if independent variables cause the CSD. Parameter inconsistency is another result of  CSD66. Additionally, 
series with CSD fail conventional unit root  testing67. To begin, we employ the CD test  of68 and the (LM) test of 
(Breusch and Pagan) to examine whether or not CSD exists. Table 2 presents the outcome of the (CSD) analysis. 
We found evidence against the absence of CSD, as indicated by the CD and LM tests.

The outcomes of the Pesaran CIPS unit root  test69 are shown in Table 3. No discernible pattern in GDP or DIG 
growth was found (0). The (LCF), (RE), and TEC all have a unit root, but the initial disparities between them and 
the mean are stationary (1). Assuming that the independent variables are integrated at distinct orders (I (0) and I 
(1)), here we also discover that the dependent variable is blended at I (1). Since the Westerlund cointegration test 
(see Table 4) permits the investigation of long-run correlations between variables of varying integration orders, 
we use it. Adding CSD to the display is another advantage of this test.

In the next stage, we evaluate the short- and long-run determinants of the (LCF) using the (CS-ARDL) 
approach. Table 5 demonstrates the results of the (CS-ARDL) approach.

The CS-ARDL estimator concludes that RE, DIG, TEC, and FD contribute to a better environment over time. 
A 1% rise in renewable energy sources and a 1% increase in TEC are both found to boost LCF by 0.078% and 
0.046%, respectively. While DIG also boosts LCF by 0.033% and FD by 0.028% in G8 countries. On the other 
hand, GDP in G8 nations is negative by -0.014% and does not support LCF here. According to data collected 
from WDI (World Data Indicators), Ref.11 research on the United States and  Japan19 and research on the G8 
countries both find that renewable energy plays an important influence in Ecological Footprints. The advanced 
technologies and robust renewable energy infrastructures of the G8 nations help to protect the environment.

In contrast to Ref.22, we find that TEC has a positive environmental impact in the G8 countries,  as49 also 
notes. Incorporating TEC’s adaptability and environmentally friendly manufacturing technologies can lessen 
the environmental burden and boost the production of useful biomaterials. Therefore, the G8 nations can boost 
their environmental protection by bolstering their TEC systems and spreading green TEC practices.

Table 2.  CD test. a Explains the level of significance at 1%.

Variable Test statistics

LCF 27.351a

RE 25.605a

DIG 24.532a

TEC 21.372a

GDP 28.494a

FD 28.418a

Table 3.  Unit root test. a Shows significance @ 1%.

Variable

CADF test CIPS

At level 1st difference At level 1st difference

lnLCFt  − 2.286  − 3.732a  − 1.722  − 3.796a

lnREt  − 1.684  − 2.924a  − 3.406  − 5.958a

lnDIGt  − 3.843  − 3.948a  − 2.431  − 4.054a

lnTECt  − 2.895  − 3.566a  − 2.934  − 3.534a

lnGDPt  − 2.014  − 4.485a  − 1.651  − 4.332a

lnFDt  − 2.209  − 3.328a  − 2.160  − 3.946a

Table 4.  Westerlund test. a Explains the level of significance at 1%.

Stat Value Z value P value

Gt  − 3.045a  − 1.775 0.038

Ga  − 8.957  − 1.476 0.930

Pt  − 9.152a  − 2.839 0.002

Pa  − 10.838  − 0.572 0.284



7

Vol.:(0123456789)

Scientific Reports |         (2023) 13:9131  | https://doi.org/10.1038/s41598-023-36373-0

www.nature.com/scientificreports/

The LCF is positively correlated with TEC spending, with a 1% rise in TEC spending leading to a 0.046 per-
centage point increase in the LCF. In contrast to their long-term benefits, the immediate advantages of green 
energy and TEC are  greater70, found the same thing for the G8 countries, so this conclusion is consistent with 
their research. Increased investment in TEC by the G8 governments can greatly increase the LCF by stimulat-
ing the creation of innovative clean energy technologies, raising public consciousness about the importance of 
these issues, and improving energy efficiency. In contrast, FD is positively important by 0.028%. As a result, FD 
is considered to be ecologically benign in G8 nations.

This result also holds at the 5% significance level in the near run. The findings show that the ECM is nega-
tive, less than 1, and significantly statistically different from zero. Short-run imbalances are typically adjusted in 
3.3 years, according to the ECM coefficient of 0.451. Table 6 presents the robustness check.

To check the authenticity of the findings, this work applies AMG and FMOLS tests. These tests efficiently 
analyze the panel data and can accommodate the CD in the data. The findings show that RE, DIG, TEC, and FD 
are ecologically supportive, but economic growth degrades the environment. These results endorse the findings 
of CS-ARDL.

Conclusion and policy implications
Several anthropogenic environmental problems pose hazards to human health and a country’s economy. Many 
scholars have used the environmental Kuznets curve to examine the causes of these issues. The environmental 
Kuznets curve employs indicators such as carbon dioxide emissions and ecological footprints, but more is needed 
to capture the complete scope of environmental problems. By utilizing cutting-edge second-generation panel 
data methods for the G8 countries, this research focuses on the load capacity factor within this context. This 
research seeks new insight into environmental economics by examining the effect of technological advancement, 
renewable energy, and digitalization on the load capacity factor. Our study offers crucial insight for G8 officials 
interested in enhancing environmental quality.

The cross sectional autoregressive distributed lag results demonstrate that green energy sources, government 
investment in technological advancement, and the adoption of cutting-edge information and communication 
technologies boost load capacity factor over time. So environmental strategies considering technological advance-
ment, renewable energy, digitalization, and financial development are necessary to enhance environmental qual-
ity. As a first point, there is a noticeable link between financial development and load capacity factor (LCF). 
Growth in these economies leads to environmental problems like the overuse of natural fuels and other resources. 
To ensure environmental quality and protect nature, the governments of the four countries need additional poli-
cies and measures beyond economic growth. Second, the positive impact renewable energy has on the planet 
demonstrates the need for the G8 countries to increase their use of solar, wind, and biomass power and the 
proportion of their total energy usage from these renewable resources. Third, the savings from implementing 

Table 5.  CS-ARDL. a Shows significance @ 1%.

Value Send Significance

Short run

�lnREt 0.033a 0.001 0.000

�lnDIGt 0.006a 0.002 0.000

�lnTECt 0.087a 0.001 0.000

�lnGDPt  − 0.027a 0.003 0.001

�lnFDt 0.054a 0.008 0.000

Long run

 lnREt 0.078a 0.000 0.000

 lnDIGt 0.033a 0.000 0.000

 lnTECt 0.046a 0.003 0.000

 lnGDPt  − 0.014a 0.002 0.000

 lnFDt 0.028a 0.000 0.000

 ECM  − 0.451a 0.009 0.000

Table 6.  Robustness check. a  and bExplain the level of significance at 1% and 5% respectively.

Variables AMG FMOLS

lnREt 0.011a 0.062a

lnDIGt 0.013b 0.055a

lnTECt 0.036a 0.030a

lnGDPt  − 0.063a  − 0.025a

lnFDt 0.072a 0.065a
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digitalization in sectors like transportation, power, and communications free up capital for other environmentally 
beneficial projects. Using smart digitalization tools, the G8 nations can modernize their industrial structure in 
an ecologically responsible and efficient way regarding energy use. Green digitalization should also be incorpo-
rated into new forms of logistics service, carbon reduction technologies, and energy-saving procedures in the G8 
nations. The load capacity factor can benefit greatly from all of these, and they can all help it grow. As a result, the 
G8 countries should prioritize technological advancement funding as a key component of their environmental 
policies and encourage the creation of more sustainable methods of manufacturing. Our research shows that 
technological advancement investments add more to rising load capacity factor than either renewable energy 
or digitalization. Fourth, our research findings offer crucial insights for policymakers in G8 nations seeking to 
enhance environmental quality. The findings obtained from the panel cointegration test indicate that the variables 
exhibit cointegration. The results obtained from the cross sectional autoregressive distributed lag (CS-ARDL) 
estimators indicate that the short and long-term LCF is positively affected by renewable energy consumption, 
technological advancement spending, and financial development. Fifth, to achieve this objective, governments 
may implement various energy policies, including renewable portfolio standards, clean energy subsidies, and 
tax exemptions for corporations that boost their renewable energy investment and consumption. So it is recom-
mended that the G8 nations consider expanding their technological advancement and digitalization equipment.

Spending on TEC (technological advancement) by the G8 nations should prioritize innovations that improve 
energy efficiency, lower the price of energy, and make it easier to switch to renewable sources. Putting more 
money towards technological advancement initiatives is another way to assist the environment. In addition, 
technological advancement incentives can promote load capacity factor enhancement via less polluting industrial 
production methods, improved refuse recycling technology, and transportation activities that do not rely on fossil 
fuels. Finally, the novel hypothesis proposed in this work invites new lines of inquiry. In the future, researchers 
may choose to examine different sets of nations. Human capital, environmental taxes, financial development, 
and international trade are all potential load capacity factors that could be fascinating to investigate. Findings 
from recent studies will help us create a more thorough plan for ecological progress.

Data availability
All data generated or analyzed during this study are included in this published article.
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