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Abstract: This paper addresses the necessity of adopting renewable energy technologies in order
to achieve sustainable development goals in light of increasing global challenges, with a particular
focus on the current generation’s well-being. It addresses the potential impacts of global crises,
such as energy and food crises, on the transition to renewable energy. Using a descriptive and
analytical approach, this paper examines the environmental and economic costs and benefits of re-
newable energy as well as the commitment of oil-producing countries to international environmental
treaties. The research utilises an econometric model to analyse the relationship between sustainable
development goals and global challenges. Data from the United Nations Conference on Trade and
Development and the International Renewable Energy Agency are used to inform the analysis. The
findings showed that the rights and well-being of current generations are currently maintained
by the persistent use of fossil fuels in oil-producing nations. Fossil fuels continue to be, and may
likely remain, the primary energy source in various sectors of development, despite their significant
contribution to environmental and climate issues. The paper offers insights and recommendations for
policymakers seeking to determine when government spending should best be allocated to renewable
energy technologies, balancing national economic interests with international agreements.

Keywords: renewable energy technology; sustainable development; climate change; energy crisis;

economic analysis; generation well-being

1. Introduction

For sustainable development to be achieved, the needs of both current and future
generations must be balanced. The United Nations set out its 17 Sustainable Development
Goals (SDGs) in 2015, with many countries following suit, with this aim in mind [1]. SDG
7 aims to increase shares of renewable energy among energy sources globally, expand the
adoption of related technologies to protect the environment from climate changes that result
from fossil fuel emissions and preserve non-renewable energy sources from depletion [2].
To achieve this, the Kingdom of Saudi Arabia (KSA) has established 13 projects within
the National Renewable Energy Programme [3,4]. More government investment must be
allocated to these 13 projects for them to achieve their targeted economic, environmental,
and social returns in the long term. However, given the energy and food crises that
have followed the Russian Ukrainian war, it has become necessary to evaluate whether
changes must be made to the current rate at which renewable energy technologies are being
adopted [5].

Oil prices rose by an average of USD 116 per barrel in March 2022, which has had
a direct positive impact on oil-producing countries [6]. At the same time, however, this
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positive impact may fade due to the indirect negative impact of the rise in the cost of com-
modity imports from non-oil countries. The World Bank’s price index for food commodities
rose by 14% in the first quarter of 2022, and the ultimate impact of this rise is reflected
in the living standards of current generations in oil-producing countries [7]. Therefore,
continued investment in renewable energy technologies at the present time may benefit
future generations at the expense of current generations. In light of the rise in oil prices, the
recent transformations witnessed in the oil market, and the shift of dominance within that
market from the forces of demand to those of supply, it may be necessary to change the
projected spending timeline for the adoption of renewable energy technologies to achieve
the goals of the National Renewable Energy Programme.

Much uncertainty still exists about the relationship between the well-being of oil-
producing countries and the adoption of renewable energy technologies [8-10]. The main
aim of this paper is to explore this relationship in light of global challenges and the
necessity of sustainable development. To explain the importance of adopting renewable
energy technologies, several tasks must be considered in this study. First, we determine
the extent to which adopting renewable energy technologies is necessary to achieve the
Sustainable Development Goals (SDGs) given the emergence of global challenges. Second,
we address the needs of present generations while also preserving future generations.
Third, we explain how renewable energy technologies contribute to the broader goal of
sustainable development, which encompasses the protection of the rights of both current
and future generations. Furthermore, we investigate the opportunities and challenges
presented by global crises to strike a balance between the nation’s economic interests and
its obligations under international agreements. Finally, we offer various recommendations
to assist policymakers in determining the optimal timing for government investment in
projects focused on renewable energy technology adoption. Therefore, this paper makes
a major contribution to research on the adoption of renewable energy technologies by
demonstrating the global challenges and sustainable development requirements.

This research attempts to achieve the main aim and objectives stated above by apply-
ing a descriptive and analytical approach. These methods clarify the research concepts
and explain the basic relationships between generations” well-being and the transition to
renewable energy. Moreover, it reviews the status of renewable energy and analyses its
environmental costs and economic benefits. In addition, this study utilizes an econometric
model that expresses these basic relationships and the extent to which they are affected
by global challenges, such as the energy and food crisis. The unbalanced panel data are
used for a cross-section representing the 23 countries that belong to the Organization of
Petroleum Exporting Countries OPEC and OPEC+ with time series from 2010 to 2021,
constituting 222 observations. OPEC member countries currently include Algeria, Angola,
Equatorial Guinea, Gabon, Iran, Iraq, Kuwait, Libya, Nigeria, the Republic of the Congo,
Saudi Arabia, United Arab Emirates, and Venezuela. OPEC+ is an alliance between a group
of major countries and other oil exporters that are not members such as Russia, Azerbaijan,
Bahrain, Brunei, Kazakhstan, Malaysia, Mexico, Oman, South Sudan, and Sudan. The
annual growth rate index of the average per capita real gross domestic product (GDP) is
used to express the well-being of the current generations as a dependent variable in its
relationship to the explanatory variables expressing global challenges and the SDGs. The
current account balance indicator as a percentage of GDP is used to reflect the state of
surplus and deficit in global challenges.

The importance and originality of this study are that it explores the opportunities
and crises resulting from the global challenges to oil-producing countries. The share of
renewable energy from the total sources of electricity generation is used as an indicator
of the shift toward clean energy and the adoption of related technologies to meet SDG
7. The reduction of fossil fuel emissions of carbon dioxide (CO5;) to meet SDG 13 is used
in the analysis. The model estimation in the short run is based on the generalized least
squares (GLS) method by contrasting pooled regression models with fixed effects and
random effects. Before the model estimation, unit root testing of the panel data was carried
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out to verify the stationarity of the time series, followed by tests to check the quality
of the results. Data were obtained from the United Nations Conference on Trade and
Development (UNCTAD), the International Renewable Energy Agency (IRENA), and the
United Nations Sustainable Development Report [1,11,12]. Thus, the analysis enhances our
understanding of the role of renewable energy technologies in oil-producing countries.

The remainder of this paper is divided into seven parts. Section 2 deals with the
theoretical background and literature review. Section 3 discusses SDGs 7 and 13, and
Section 4 analyses the costs and benefits of switching to renewable energy. Section 5
presents the methodology used in this paper and the econometric model. In Section 6
contains the results and Section 7 presents a discussion of these results. Section 8 concludes
the paper and proposes recommendations for policymakers.

2. Theoretical Background and Literature Review

More than a century ago, in 1886, the Swedish chemist Svante Arrhenius published an
original study, considered the first of its kind, entitled ‘On the Effect of Carbonic Acid in
the Air on the Temperature of the Ground'. In this paper, Arrhenius warned of the harms
and risks of the increasing CO, emissions resulting from human activity and the changes
that might result in the Earth’s surface temperature due to thermal retention [13]. Although
this study did not explicitly state that global warming is due to the burning of fossil fuels,
a 1920 study entitled ‘“The Problem of the World’s Supply of Energy’ confirmed this to be
the case [14]. Thereafter, in 1938, Guy Callendar linked the increase in CO; in the Earth’s
atmosphere to global warming in a study entitled ‘The Artificial Production of Carbon
Dioxide and its Effect on Temperature’ [15]. However, despite the risks mentioned in these
studies, it would be decades before the world took action to confront the dangers of ‘global
warming’ through international agreements.

As awareness of global warming grew, an increasing number of studies were published
in the economic literature analysing the role of renewable energy in reducing climate
change and achieving SDGs. Abu Al-Leif [16] made it clear that the adoption of renewable
energy has a significant impact on achieving sustainable development and contributes
to eliminating poverty, improving health, and meeting basic human needs. Sustainable
development is also necessary so that current social well-being can be ensured and today’s
development and environmental goals can be met without compromising the ability of
future generations to achieve their own goals. However, not expanding the use of fossil
energy sources poses a challenge that hinders the growth of renewable energy and limits
its application. On the contrary, a study by Fischer et al. [17] indicated, using a descriptive
analytical method based on the German experience, that it is better to use renewable
energies because doing so can meet both economic and environmental goals. The study
also pointed out that governments have a role to play in supporting renewable energy
by adopting policies and regulations that encourage its production and financing. The
importance of the government in fostering the use of renewable energies was demonstrated
by the German experience, which can be taken by other countries as a model to achieve
comprehensive sustainable development economically, socially, and environmentally. The
study confirms that, in order to switch to renewable energy sources and alternative energy
sources, specific financially supported goals must be set. Moreover, their implementation
must begin via governments and the private sector, and scientific research and development
activities must be adopted and innovation and scientific exchange processes supported.

Salah et al. [18] studied renewable energy and reviewed the extent to which traditional
energy challenges can be met. They focused on how Egypt can become a more attractive
market for the carbon trade and used both inductive and deductive methods for analysing
information. The study concluded that Egypt’s dependence on oil constitutes a dependence
on a conventional and depleted energy source that is becoming less available and less able
to meet future needs and demand; thus, the security of future energy availability is under
threat. It is, therefore, necessary to shift to renewable energy sources, such as solar and
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wind energy, which are only exploited to a limited extent despite being available in large
quantities and could be used in the production of electricity, in particular.

Makki and Mosly [19] identified five factors influencing KSA’s decision to adopt renew-
able energy technologies: government regulations and policies, the degree of knowledge
and awareness of renewable energy and the benefits of its use, environmental conditions,
the local market, and the availability of infrastructure. The study pointed out the impor-
tance of shared responsibility and the role of governments and decision makers in setting
policy goals and regulating the process of adopting renewable energy.

Youssef [20] reviewed the current state of renewable energy and what can be expected
from it in the future. The study analysed and described the exploitation of renewable
energy at the lowest possible costs and the challenges that need to be overcome. It also used
aremap programme, that is, a road map adopted by the IRENA that works to create realistic
and high-value investments to support countries in the transition to sustainable energy.
The study indicated the need to develop incentive policies and systems to adopt renewable
energy, support its production, and provide the necessary funding for it including attracting
private capital, searching for new methods of financial support, and working with the remap
programme. The study concluded that it is necessary to have effective communication
strategies that contribute to the implementation of renewable energy production and
consumption plans and underlined that it is important that governments are convinced of
the economic benefits of this implementation so they will make the necessary investments.

Despite the availability of renewable energy sources in many African countries, most
remain reliant on fossil energy; hence, CO; emissions have doubled over the last 20 years
as a result of economic development processes. Seeking to explain this phenomenon,
Inal, Addi, Cakmak, Torusdag and Caligkan [8] analysed data from a number of African
oil-producing countries, namely Angola, Algeria, Equatorial Guinea, Egypt, Gabon, Congo,
Libya, Nigeria, and Sudan, for the period from 1990 to 2014 to determine the role of
renewable energy and CO, emissions in achieving economic growth in these countries.
While the results of the study showed that CO, had a significant effect on economic growth
in some countries, renewable energy did not have a significant effect on economic growth
in all the countries in the study sample. These findings support the neutral theory, namely,
that there is no causal relationship between renewable energy consumption and economic
growth. The researchers attributed the insignificant effect of renewable energy consumption
on economic growth in these countries to the underutilisation of renewable energy sources.

Furthermore, Abban, Hongxing, Nuta, Dankyi, Ofori and Cobbinah [10] applied
wavelet coherence analysis to examine the relationship between renewable energy, eco-
nomic growth, and CO, emissions from 2000 to 2019 using a dataset of nine oil-producing
nations in Africa. The study’s main results showed that there is a positive correlation be-
tween economic growth and CO, emission, as well as a positive correlation between trade
openness and CO, emissions. The study concluded that environmental quality is improved
by renewable energy technologies. Consequently, it is helpful for these particular nations to
be cautious while consuming a variety of energy sources. In addition, Dilanchiev et al. [21]
used panel data analysis to compare the impacts of renewable energy on environmental
quality in the top remittance-receiving nations. The paper utilised Cross-Sectionally and
Pooled Mean Group Auto Regressive Distribute Lags analysis. The study highlighted how
renewable energy and carbon emissions are correlated. In the case of the panel’s developing
countries, enhancing environmental quality in the early phases of implementing renewable
energy cannot accomplish the intended carbon mitigation impact. But, beyond a certain
point, renewable energy starts to play a major role in combating environmental pollution.

On the other hand, Dadashi et al. [22] studied the prospects and developments of
energy, the environment, and sustainable development and confirmed that fossil fuels
are still, and will long remain, the primary source of energy in most development sectors
even though they are the main causes of environmental and climate pollution. The study
reviewed areas of clean energy (solar, water, and wind) in the Arab countries and indicated
that the solar energy available in these countries because of their climates should be
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exploited, as this resource is the most likely to ensure success in the process of converting
to renewable energy [23].

It is clear from the literature reviewed above that some studies have applied economic
and environmental perspectives, in particular, to the relationship between renewable energy
and sustainable development to assess the feasibility of replacing energy sources [24-26].
Some studies have addressed the global challenges of shifting towards renewable en-
ergy [27,28]. Others have concluded that renewable energy is not significant in achieving
economic growth and confirmed the continued dominance of fossil fuels as a major source
of energy [29,30]. Accordingly, it is clear that no analysis has been undertaken of the
impact of the transition to renewable energy and the adoption of related technologies on
the well-being of current generations in oil-producing countries, which is the primary aim
of the current paper, indicating a gap in the economic literature.

3. Renewable Sources and CO, Emission

SDG 7 of the United Nations Development Programme (2015) aims to achieve a
transition to renewable energy whereby it accounts for 51% of the total primary energy
supply by 2030. Figure 1 confirms that only a small number of OPEC and OPEC+ countries
have achieved the goal of transitioning to renewable energy, namely, Gabon, Nigeria,
Sudan, Congo, and Angola, which are all African countries. Mexico and Venezuela face
great challenges and are progressing at a rate that will not lead to their achievement of
SDG 7 by 2030. The majority of Arab countries, such as KSA, Kuwait, Bahrain, Oman,
and Algeria, face enormous challenges that hinder the introduction of enough renewable
energy to achieve the SDGs in the long term: currently, renewable energy does not even
account for 1% of total primary energy sources.

W SDG achieved
Challenges remain
Significant challenges remain

m  Major challenges remain
Data unavailable

TS

Figure 1. The performance of the world’s countries in achieving the goal of transitioning to renewable
energy as a percentage of total primary energy supply in general. Source: prepared by researchers
based on https:/ /dashboards.sdgindex.org/map/indicators/share-of-renewable-energy-in-total-
primary-energy-supply/ratings (accessed on 13 December 2023).

The level of progress of OPEC and OPEC+ countries toward achieving the goal of
transitioning to renewable energy can be determined by following up on some indicators
of transition to renewable energy. Figure 2 shows the share of renewable energy sources in
electricity production for countries in which the percentage of renewable energy increases
the electrical power generation capacity (only 13 countries out of all the OPEC and OPEC+
countries in 2021) and compares it to the same percentage in 2010. It is noted that there
are no Arab countries among the top 10 countries in terms of the percentage of renewable
energy within electrical power generation capacity in 2021. While the average increase of
OPEC and OPEC+ countries was 3% of renewable energy in electrical power generation
capacity during the period from 2010 to 2021, there was a significant difference among
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countries, ranging from a decrease of about 8% in Venezuela to an increase of 25% in
Equatorial Guinea.
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Figure 2. The share of renewable energy in electricity generation. Source: prepared by researchers
based on data from Renewable Energy Statistics 2022, International Renewable Energy Agency [12].

Figure 3 compares the current situation in 2021 for renewable energy sources as a
percentage of the total supplies of primary energy sources in OPEC and OPEC+ countries.
Countries can be divided for analysis into two groups. In the first group (A), the percentages
ranged from 80.83% in Gabon to 2.75% in Libya, while in the second group (B), they ranged
from 2.58% in Russia to almost 0% in Bahrain, indicating the large differences among
oil-exporting countries in adopting renewable energy sources.
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Figure 3. Share of renewable energy in total primary energy supply (%) for OPEC (A) and OPEC+
(B) countries in 2021. Source: prepared by researchers based on from the Sustainable Development
Report 2022 [31].

It is noted that the countries with the highest percentage of renewable energy within
the total primary energy supply among the OPEC and OPEC+ countries were, with the
exception of Sudan, non-Arab countries. The low percentage of renewable energy in the
mix of some oil-producing and -exporting countries may be justified by their abundance of
fossil energy, but the low percentage in some developed Western oil-importing countries, as
shown in Figure 4, is not convincing, especially during the current energy crisis caused by
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the Russian—Ukrainian war. This is partly due the lobby groups funded by major companies
that work in the field of traditional energy production to defend their interests and because
establishing new power plants powered by renewable energy requires relatively large
investments in infrastructure. Existing policies, investments, and infrastructure in the
energy sector were created to favour fossil energy. If it is more economical to run new
power plants with renewable energy sources than with fossil energy, the infrastructure
of existing power projects may sometimes make it more profitable to continue operating
power plants with fossil fuels.

Sweden
Italy
Germany
China

Australia

Japan e
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00

Figure 4. Share of renewable energy (%) of primary energy supply in some developed oil-importing
countries in 2021. Source: prepared by researchers based on data from Sustainable Development Report
2022 [31].

SDG 13 is to reduce CO; emissions from the burning of fossil fuels and the cement
industry to zero by the year 2030. Figure 5 shows that in the African countries (Sudan,
Congo, Nigeria, Angola, and Gabon) within the OPEC and OPEC+ group (except Equatorial
Guinea), CO, emissions have been very low. In contrast, most Arab and Islamic countries,
led by Brunei, Kuwait, Bahrain, KSA, Kazakhstan, the UAE, and Malaysia, still have high
CO; emissions, which prevents them from achieving the SDGs by 2030. Although Algeria,
Mexico, and Venezuela have not yet achieved the required reduction in CO;, they are on
the right track and face moderate challenges.

SDG ackieved

Challenges remain

Siguificant challenges remain

8 Major challenge: remain
Data unavailable

A

Figure 5. The performance of the world’s countries in achieving the goal of reducing CO, emissions
from fossil fuel combustion and cement production (tons CO, /per capita) in 2021. Source: prepared
by researchers based on https://dashboards.sdgindex.org/map/indicators/co2-emissions-from-
fossil-fuel-combustion-and-cement-production (accessed on 13 December 2023).
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It should be noted that harmful emissions are transmitted not only through the atmo-
sphere that everyone shares but also through international trade in products that rely on
traditional energy for their production, as shown in Figure 6. It is not enough for societies
to replace traditional energy within their own countries with renewable energy and then
resettle environmentally polluting industries in countries whose local environmental laws
are less stringent or to encourage the continued import of products produced with tradi-
tional energy. Thus, this paper finds that some countries export pollution and others import
it as a result not only of importing oil but also importing products that were produced or
transported using fossil fuels.

100 CO2 emissions from fossil fuel combustion and

cement production (tons/capita)

80 m CO2 emissions embodied in exports (tons/capita)
m CO2 emissions embodied in imports (tons/capita)

60

40

N . - - [E— - -

0
Brunei United Arab Oman Libya Kuwait Kazakhstan
Darussalam Emirates

Figure 6. CO, emission from fossil fuel production in some oil-exporting countries emissions
embodied in their imports and exports in 2020 (tons/capita). Source: prepared by researchers based
on data from the Sustainable Development Report 2022 [31]. There is no data on CO; exports for the
Kingdom of Saudi Arabia, Bahrain, and some other countries.

It is expected that the continued growth of people’s awareness of the harms of climate
change will contribute not only to supporting the efforts of environmentalists to switch to
renewable energy sources but also to supporting the establishment of stricter environmental
restrictions on exports and imports, which may have a positive impact on overall CO,
emissions. Figure 7 show the countries importing and exporting the most pollution,
respectively. Lithuania is one of the largest importing countries, while Norway is the
largest exporting country. Although Norway is not a member of OPEC or OPEC+, it is
considered one of the world’s largest oil exporters, especially to the European Union and
the United Kingdom.
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Figure 7. Top countries importing and exporting CO,. Source: prepared by researchers based on data
from Sustainable Development Report 2022 [31].
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4. Cost/Benefit Analysis of the Transition to Renewable Energy
4.1. Costs of Generating Energy from Renewable Energy Sources

In addition to traditional energy prices, that is, the prices of fossil fuels such as coal,
oil, and natural gas, the costs of replacing them partially or completely with renewable
energy sources play important roles in determining national environmental policies and
the degree of countries’ commitments to international environmental treaties, such as the
Paris Agreement. Xiao et al. [32] investigated future scenarios of changes in the estimated
costs of investing in renewable energy as the result of ongoing technological progress and
the resulting electricity prices until the year 2050 in a large number of published studies
and compared these scenarios with market prices and tender prices. Actual auction prices
from the IRENA found large discrepancies between studies in estimates of future costs, but
they were high overall, which could lead not only to incorrect environmental policies but
even to postponement of the energy transition. The period from 2010 to 2020 witnessed a
significant decrease not only in the costs of constructing and installing electricity generation
projects that rely on renewable energy sources but also in the costs of electricity itself, as
can be seen in Figure 8. This situation increased the competitiveness of renewable energy
sources versus fossil energy.
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Figure 8. Costs of constructing and installing the production capacity for generating electrical power
in 2010 and 2020. Source: prepared by researchers based on data from [12].

According to a report by the IRENA, the addition to the production capacity of electri-
cal energy from renewable energy sources in 2020 was more than four times that of other
energy sources [33]. The sharp decline in the cost of electricity generation resulted in the
levelized cost of the electricity index. Many renewable energy sources, especially solar
photovoltaic (PV) and onshore wind, have often become less expensive than generating
electricity from fossil fuels. Several factors have contributed to reducing the cost of con-
structing power plants operated by renewable energy sources; in addition to technological
progress and the learning curve, the use of renewable energy is increasingly widespread.
The production capacity of power generation plants based on renewable energy sources,
thus, increases as it benefits from economies of scale.

The costs of generating electricity from fossil fuels varied across countries in 2020
according to the type of fuel user and range. According to estimates by the IRENA,
these costs were between 0.055 USD/kWh and 0.148 USD/kWh [34]. The lowest cost
of generating electricity was using coal in China. Despite this, reliance on fossil energy
sources has not decreased as much as expected, perhaps because lobbying groups are
paid to defend the interests of the fossil fuel industry (oil, gas, and coal) and closely
related industries.
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4.2. Benefits of Generating Energy from Renewable Energy Sources
4.2.1. Environmental Benefits

If human activity, represented by the burning of fossil fuels and deforestation, is a
fundamental cause of climate change and its devastating effects, then humans can find
solutions to the climate crisis through increased reliance on renewable energy sources.
The benefits of increasingly using renewable instead of traditional energy sources are
measured by the value of the tons of carbon that were not produced. Table 1 shows the
amount of reduction in CO, emissions that could result from replacing uneconomical
coal-fired power plants with ones powered by solar or wind energy in some of the major
coal-consuming countries in the world. The numbers can also act as an indicator of
possible CO; reductions and savings that might be achievable if oil plants were also
replaced by renewable energy resources.

Table 1. Annual reduction in CO, emissions and financial savings from replacing uneconomic coal
power plants with renewable energy plants in 2020.

Annual Savings from Replacing Annual Reductions in CO, Emissions from

Countries Uncompetitive Coal Power Plants with New  Replacing Uncompetitive Coal Power Plants

Solar and Wind Energy Powered Plants with New Solar and Wind Energy Powered

(Billion US Dollars) Plants (Million Tons/Year)
Germany 3.3 99

India 6.4 643
United States of America 5.6 332
The rest of the world 17.0 1899
The world 32 2973

Source: adapted by researchers from Table 1.1 from [12].

4.2.2. Economic Benefits

While there is little doubt that adopting renewable energy reduces CO2 emissions, the
role of renewable energy in inducing economic growth is less clear. A study on Africa’s
top 10 oil-producing countries from 1990 to 2014 shows no significant effect of renewable
energy on economic growth in accordance with the neutrality hypothesis, which assumes
that renewable energy consumption plays an insignificant role in explaining economic
growth [8]. On the other hand, a study on BRICS countries and 25 OECD countries from 1995
to 2021 opposes the neutrality hypothesis and found evidence to support the decisive role of
renewable energy production and consumption not only in reducing CO, emissions but also
in fostering sustainable economic growth [35]. The differing results of the two studies [8,35],
which might indicate that oil-producing countries benefit less than oil-importing countries
from the transition to renewable energy sources, need further study.

As only profitable investment in renewable energy can be sustainable in the long run,
an important aspect leading to the expansion of sustainable energy technologies is the
profitability of investments in renewable energy in the private sector, which is affected
by the policy support of the government. Governments aware of the various welfare
implications of renewable energy and offer various incentives and financial support to
encourage private investment in renewable energy. Different national energy policies
might explain the uneven expansion of renewable energy across the world. According to
the World Energy Investment Report 2023, more than 90% of the increase in clean energy
investment since 2021 took place in developed countries and China [36].

The importance of government support is also evident in a study on renewable energy
electrical power facilities in Italy, where it was shown that long-term profitability relied
on financial support and that intended future reductions in financial support must be
accompanied by significant reductions in cost [37]. Bertsch and Di Cosmo [38] applied a
simulation model of power systems covering the European electricity market to analyse
the profitability of wind and solar energy investments across European countries and
found evidence that investments become less subsidy-driven once there are noticeable
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cost reductions. As the profitability varies considerably among European countries, the
study suggests that coordination among countries could lead to higher profitability than
countries following their national interests. Another important result indicates that, while
wind offshore and solar PV are expected to be profitable by the year 2030, the profitability
of wind offshore remains dependent on financial support [38].

Another important economic benefit of transitioning to renewable energy is the con-
tinued increase in related jobs, including jobs in construction, processing, manufacturing,
operations and maintenance, and sales and distribution. Figure 9 shows an increase in the
number of these jobs globally, from 7.28 million to 12.67 million in 2021, or 74%. China and
the United States accounted for nearly half of the total jobs, at 42% and 7%, respectively, in
the global renewable energy sector [39].

2021
2020
2019
2018
2017
1016
2015
2014
2013
2012

o
N
»H
(<))
[+
-
o
~

14

Figure 9. Change in global employment (in millions) in the renewable energy sector from 2012 to
2021. Source: prepared by researchers based on data from [39].

However, the ability of the renewable energy sector to create new jobs varies depend-
ing on its type and the technologies used. Figure 10 shows that solar PV energy accounted
for the largest share of jobs, at about 34%, followed by liquid biofuels and hydroelectric
energy, at about 19% each, and wind energy, at about 11%.
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Others
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Figure 10. Number of jobs in the renewable energy sector in thousands according to the technology
in 2021. Source: prepared by researchers based on data from [39].
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With regard to the number of jobs in the field of renewable energy in those OPEC and
OPEC+ countries for which data are available, non-Arab countries were at the forefront,
as shown in Figure 11. Malaysia, Mexico, and Russia increased the number of jobs in the
energy renewable sector by more than 60,000 jobs, while Azerbaijan and Algeria have fewer
than 10,000 jobs. This is despite the fact that most oil-exporting Arab countries have huge
potential to convert to solar energy due to their geographical locations.
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Figure 11. Number of jobs in the renewable energy sector (in thousands) in some OPEC and OPEC+
countries in 2021. Source: prepared by researchers based on data from [39].

5. Methodology

The paper seeks to confirm if it is imperative for oil-producing countries to prioritize
achieving sustainable development, particularly in meeting SDGs 7 and 13. This includes
adopting renewable energy technologies, transitioning to clean energy, and reducing fossil
fuel emissions to ensure the well-being of future generations. Given the escalating global
challenges that unquestionably affect the well-being of present generations, it is essential
for governments to prioritize such endeavours in their spending allocations.

Based on the fact that, first, previous studies have principally sought to shed light
on the rights of future generations and, second, striving to achieve the SDGs will lead
to preserving such rights, this research will take a different approach. It will focus on
the rights of current generations by formulating an econometric model to estimate the
impact of achieving the SDGs, particularly SDG 7, and the challenges seen in the global
economic arena on the well-being of the current generations in the short term using the GLS
method based on unbalanced panel data. The paper includes 222 observations representing
23 oil-producing countries (OPEC and OPEC+ countries) during the period 2010-2021 to
reflect some of the relatively recent global changes and countries’ commitments to the SDGs.
According to Baltagi [40], panel data deal with omitted variable bias due to heterogeneity
in the data by controlling for variables that we cannot observe, are not available, or cannot
be measured but are correlated with the predictors. In addition, panel data give more
informative data, more variability, and less collinearity among variables.

RGDP_PCj = a; + B1 CBjy + B2 RE_ELCj; + B3 CO2;; + M+ e 1)

where «; is the unknown intercept for each country (n country-specific intercepts).

B1, B2,and B, parameters to be estimated represent a common effect across entities
controlling for individual heterogeneity, i = 1,...,n; t = 1,.. ., T. The dependent variable for
country i at time t is RGDP_PC (growth in real income per capita), which represents the
well-being of current generations, while the independent variable CB is the current balance
as a percentage of GDP-expressed global challenges. The seventh goal of sustainable
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development, SDG 7, is RE_ELC, which is related to the transition toward clean energy.
SDG 13 relates to climate change and reducing CO, emissions from fossil fuels. u; is the
within-entity error term; e;; is the overall error term. Table 2 shows the model variables,
measurement indicators, and data sources.

Table 2. Variables description of the econometric model.

Variables Indicators Data Sources
Average annual.growtl} rate of per capita real GDP to UNCTAD Stat
RGDP_PC express growth in real income per capita. It represents
. : UNCTADstat
the well-being of the current generation.
Current balance as a percentage of GDP, where it
expresses the global challenges:
CB CB surplus (+): expresses the opportunities for UNCTAD Stat
oil-producing countries from these challenges. UNCTADstat
CB deficit (—): Expresses the crises facing the oil
countries due to these challenges.
Renewable Energy Statistics 2022, International
RE ELC SDG 7 Renewable Energy Agency (IRENA)
- Share of renewable energy in electricity generation. Renewable Energy Statistics 2022 (irena.org, accessed
on 9 January 2024)
o SDG 13 United Nations, Sustainable Development Report 2022
2

Fossil fuel carbon dioxide emissions in tons per capita. ~SDG Indicators (un.org, accessed on 9 January 2024)

Descriptive statistics indicate heteroskedasticity via high Std. Dev. and large differ-
ences between the mean and median are showed in Table 3. This problem can be treated
using a fixed effects model which assumes homoskedasticity where the variance of the
error term does not systematically change across observations. In addition, there is a
non-normality in the predictor variables according to Jarque Bera probability. Although
non-normal predictors do not violate the conditions required to estimate the econometric
model using the suggested three methods, it will be essential to verify that the error terms
from the estimations’ results are normally distributed.

Table 3. Descriptive statistics.

RGDP_PC CB RE_ELC CO,
Mean 0.307481 3.782995 15.93725 2.40997
Median 0.833274 3.00188 7.465 1.9635
Maximum 96.53695 45.46012 78.71 14.045
Minimum —47.80404 —39.39122 0 0.843
Std. Dev. 9.412075 11.81127 21.27204 1.49536
Skewness 4.211692 0.325796 1.381795 451124
Kurtosis 54.69002 5.491982 3.603473 31.9683
Jarque-Bera 25371 61.36953 74.01491 8515.23

Probability 0 0 0 0

Sum 68.26085 839.8248 3538.07 535.014
Sum Sq. Dev. 19,577.76 30,830.86 100,002.5 494.18

Observations 222 222 222 222

6. Results

Estimating the econometric model requires first verifying that the time series of the
model variables are free of a unit root and, therefore, stationary.

6.1. Results of Estimating Time Series Test for Panel Data

Table 4 shows the results of the unit root test for panel data, which showed stability
and stationarity of the time series at the level of all the variables of the econometric model,
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according to most of the tests shown in the table, at a significance level of 5%. The null
hypothesis of the presence of a unit root in the time series was rejected for these tests, and
the alternative hypothesis was accepted, namely, that there is no unit root in the time series.
Thus, it is possible, using the least squares method, to reach results that are free of the
possibility of spurious regression.

Table 4. Results of panel data unit root test.

Independent Variables Dependent Variable
The Condition The Test
CO, * RE_ELC cB RGDP_PC *
Lag(1) Lag(1)
—9.46 —3.49 -9.16 —5.40 Boveott
0.000 0.000 0.000 0.000 4
—2.67 —2.50 —7.85 —6.04 . .
0.682 0.006 0.000 0.000 categorical and directional Levin, Lin & Chu t *
—4.47 —8.53 —8.46 —9.54 without
0.000 0.000 0.000 0.000
—0.67 —1.45 -3.73 442 B "
0.251 0.073 0.000 0.000 oyeo
0.47 —0.69 —097 —4.12 categorical and directional Im, Pesaran and Shin W-stat

0.682 0.2447 0.1655 0.000

-- -- -- -- without
64.62 61.13 90.01 98.31 Boveott
0.036 0.066 0.000 0.000 y
35422 (5)415(9) 603'5120 100(1)6802 categorical and directional ADF—Fisher Chi-square
95.53 132.86 127.22 166.13 without
0.000 0.000 0.000 0.000
53.12 126.57 63.21 111.83 B t
0.218 0.000 0.046 0.000 oyee
85032 103(2)'0251 392253? 101 (1)6603 categorical and directional PP—TFisher Chi-square
105.44 205.82 121.50 193.01 without
0.000 0.000 0.000 0.000 ©

* Automatic lag length selection based on SIC: 0 to 1, Newey-West fixed bandwidth, and Bartlett kernel.

6.2. Estimation Results of Econometric Model Parameters

Model parameters were estimated using the estimated GLS method with the use of
cross-section weights panel EGLS (cross-section weights). The estimation was based on
three methods: the pooled regression, fixed effects, and random methods. The pooled
regression model ignores individual and time effects, treating the data as a single pool and
estimating a common intercept for all observations, while the fixed effects model assumes
that each country in the cross section differs in its fixed term, and the random effects
method assumes that each country in the cross section differs in the error term from other
countries [40]. Cross-section weights are used to give different countries varying levels
of importance in the analysis. This is particularly important for the study, as it involves
a diverse range of oil-producing countries with varying sizes, economic structures, and
energy sectors. Therefore, this can help to reduce bias by accounting for heterogeneity
across oil-producing countries and achieving consistent and efficient estimates, which
algins with [41,42]. Table 5 shows the estimation results.
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Table 5. Results of estimating econometric model parameters.
Variables Pooled Regression Fixed Effects Random Effects
Coefficient p-Value Coefficient p-Value Coefficient p-Value
C 0.4846 0.2579 —2.7107 0.0051 * —0.2256 0.8619
CB 0.0872 0.0000 * 0.1400 0.0000 * 0.1455 0.0068 *
RE_ELC —0.0112 0.2275 —0.0156 0.6695 —0.0115 0.6951
CO, 0.1284 0.5382 1.1363 0.0000 * 0.0690 0.8677
R-squared 0.0952 0.5737 0.0353
Adjusted R-squared 0.0828 0.5193 0.0221
F-statistic 7.6525 10.5529 2.6648
Prob(F-statistic) 0.0000 * 0.0000 * 0.0487 *
Durbin-Watson 1.0521 1.5660 2.4596

Note: * denotes 5% significance level.

Cross-section fixed effects can control for the unobserved heterogeneity by allowing
each cross-section to have its intercept, as shown in Table 6, while our attempt to apply time
fixed effects resulted in the presence of heterogeneity across cross-sections; this suggests
that some unique characteristics or shocks are specific to each cross-section (oil-producing
country) and are not captured by time fixed effects.

Table 6. Individual cross-section effects.

Cross-Section Effect Cross-Section Effect
Algeria 1.409392 Libya 1.656913
Angola —1.98143 Malaysia 4.151561

Azerbaijan —0.16854 Mexico 2.825281

Bahrain 2.160227 Nigeria —0.69014

Brunei Darussalam —3.50462 Oman —1.86278

Equatorial Guinea —2.10434 Russian Federation 1.587739

Congo —11.1069 Saudi Arabia 0.123015

Gabon 0.688798 South Sudan 7.065247

Iran (Islamic Republic of) —0.75983 Sudan 3.774511

Iraq 1.465255 United Arab Emirates 1.311314

Kazakhstan 2.797168 Venezuela (Bolivarian Rep. of) —1.85828
Kuwait —5.55495

The values show a mix of positive and negative effects, some of which are relatively
large in magnitude, which would typically be interpreted as evidence of heterogeneity.
This heterogeneity could be due to various unobserved factors that are specific to each
unit and influence the dependent variable. This may make the fixed effects model the
more appropriate method to account for heterogeneity by allowing each unit to have its
own intercept. To investigate its fitness compared to the other two models, a redundant
fixed effect was first conducted, as shown in Table 7, to compare the pooled regression and
fixed effects estimation methods; the null hypothesis was that the pooled regression model
is the best, and the alternative hypothesis was that the fixed effects model is the best. If
the p-value was less than 5%, the null hypothesis would be rejected and the alternative
hypothesis accepted, indicating that the fixed effects model is the best.

Table 7. Redundant fixed effects test to compare the pooled regression model and the fixed
effects model.

Effects Test Statistical df Prob.
Cross-section F 10.0472 (22,196) 0.000
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A graded Hausman test was carried out to compare the fixed and random effects
models [43]. It was based on the null hypothesis that the random effects model is the best
and the alternative hypothesis that the fixed effects model is the best. As can be seen from
the test results, the value p-value is less than 5%; therefore, the null hypothesis is rejected
and the alternative hypothesis is accepted, which indicates the superiority of the fixed
effects model to the random effects model, as shown in Table 8.

Table 8. Hausman test to compare between the fixed and random effects models.

Table Chi-Sq. Statistical Chi-Sq. df Prob.
Cross-section random 14.9402 3 0.0019

6.3. Robustness of Model Results

A Durbin-Watson statistical test was run to check the quality of the model results. The
results of estimating the fixed effects model are free from the serial correlation problem
serial correlation between the remainders where the value of the test statistic reached
1.566015 close to 2. To ensure the quality of the results obtained, further tests were required.
The correlation between the independent variables was tested to ensure that the results
were free of the problem of linear correlation between the independent variables and
multicollinearity by testing the normal distribution of the residuals [44]. The results of
the correlation between the independent variables shown in Table 9 indicate that the
correlation coefficients are close to zero, confirming that the results are free of the problem
of linear correlation between the independent variables. The probability value of the test
was Jarque—Bera 5%, as shown in Figure 12, which confirms that the residuals follow a
normal distribution. To analyse heterogeneity across the cross-sections, Pesaran CD and
Bias-corrected scaled LM tests of cross-section dependence were conducted; the tests have
probability values 0.7256 and 0.0583, respectively, as shown in Table 10, which are less than
5%, indicating no heterogeneity.

Table 9. Correlation matrix between independent variables.

CB RE_ELC CO,
CB 1.0000 —0.1967 —0.1271
RE_ELC —0.1967 1.0000 0.0536
CO, —0.1271 0.0536 1.0000

40
Series: Standardized Residuals
35 | ] Sample 2010 2020
1 Observations 222
30
Mean -1.60e-16
25 [ Median 0.272119
] Maximum 21.98052
20 Minimum -25.44486
] Std. Dev. 7.901709
151 Skewness -0.193809
0 Kurtosis 3.198285
Jarque-Bera  1.753475
51 Probability 0.416138
0 -H—F—— T T T —

25 20 15 -10 -5 0 5 10 15 20

Figure 12. Test of residuals normal distribution.
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Table 10. Cross-section dependence test.

Test Statistic d.f. Prob.
Blas'corrﬁized scaled 1.893246 253 0.0583
Pesaran CD 0.351015 0.7256

7. Discussion

Oil-producing countries are adopting renewable energy technologies to shift towards
clean energy and reduce emissions from fossil fuels in the hope of preserving the rights of
future generations within the framework of their commitment to achieving the SDGs. This
requires directing a portion of their oil revenues to investment in renewable energy projects
to preserve depletable energy sources and the environment from pollution within the
framework of related international treaties and agreements. Hence, a portion of government
spending must be allocated to investments, most of which are long-term. In light of a
global atmosphere fraught with successive and accelerating challenges, the rise in energy
prices and, thus, increased oil revenues are sometimes represented as opportunities for
oil-producing countries. At other times, these developments are seen to embody a crisis
in global food supply chains, followed by a rise in global food prices to a degree that has
affected the costs of living and levels of well-being of current generations in most countries
of the world. However, the impact of these challenges on oil-producing countries depends
on the net impact resulting from their revenues and costs. If the commitment of such
countries to international agreements and treaties is added, especially with regard to SDGs,
it becomes important to determine the nature of the relationship between these factors and
the well-being of the current generation.

This paper, therefore, adopted the descriptive analytical method to review the costs
and returns of renewable energy technologies. It has shown that the cost of renewable
energy technologies has decreased globally in recent years, although the economic return in
terms of increasing employment opportunities has not been experienced by oil-producing
countries to the same extent as non-oil-producing countries, such as China. In addition,
the paper examined the repercussions of the recent global challenges that resulted in rising
inflation, economic deflation, and rising food and oil prices globally.

The econometric model was formulated using 222 observations of unbalanced cross-
section data representing 23 countries and a 10-year time series during the period from 2010
to 2021, representing the most recent available data, to express the relationship between
global challenges and SDG 7 on renewable energy, on the one hand, and the well-being
of the current generation, on the other. Most previous studies have focused on measuring
the factors that achieve the rights of future generations, without giving the same degree
of attention to the analysis and study of the entitlement of the current generation to live
well. This entitlement was expressed as the growth rate in average real GDP per capita
to reflect the purchasing power of real per capita income as prices and costs of living rise.
Global challenges were also expressed in the net current balance as a percentage of GDP
so that the surplus expresses the opportunity achieved by oil-producing countries from
these variables, which overcame their negative impact, while the negative value indicates
that the seriousness of the crises exceeds the possible opportunities they generate. The
share of renewable energy in the total energy sources used in electricity generation was also
included to express the transition to renewable energy and adoption of related technologies.
The variable fossil fuel emissions were also added, as reducing such emissions represents
another sub-goal emerging from SDG 7.

The result of the econometric model, after the necessary tests were conducted to
compare the estimated models and verify the quality of the estimate, was expressed as an
explanatory R? for the independent variables—it is estimated at 57.4%. The results, thus,
indicate that the global challenges in their entirety during the studied period constituted
opportunities for oil-producing states that were reflected positively in the well-being of the
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current generations, as the relationship was significant and positive between the current
balance and current generations’ well-being index. This asserts that oil-producing countries
have reaped the benefits of global challenges by channelling surplus funds to improve
living standards, potentially through increased government spending on public services
and infrastructure. Despite the negative sign of the parameter of the share of renewable
energy in the total sources of energy generation, as an indicator of the adoption of renewable
energy technologies and the commitment of oil-producing countries to achieving SDG 7,
the results did not show the significance of this relationship, and the parameter of fossil fuel
emissions was significant and positive in its impact on the well-being of current generations.
This finding means that the increasing emissions associated with the combustion of fossil
fuels by one ton/capita increases the annual growth rate of the average per capita share of
real income by about 1.14%. This result agreed with Inal, Addi, Cakmak, Torusdag and
Caligkan [8] study of a number of African oil-producing countries for the period 1990-2014
to determine the role of renewable energy and CO; emissions in achieving economic growth
in these countries. A significant effect of CO, on economic growth was found in some
sample countries, while the impact of renewable energy on economic growth was evident
in all sample countries, which supports the neutral theory null hypothesis that states that
there is a causal relationship between energy consumption and economic growth. This
effect is consistent with the findings of a study by [22]. Fossil fuels are still and will remain
the primary source of basic energy in most development sectors despite being the main
cause of environmental and climate pollution.

These results seem to be consistent with other research which found that CO2 emis-
sions can be correlated with generation well-being and economic growth [8,45]. Inal, Addji,
Cakmak, Torusdag and Caliskan [8] used data for African oil-producing countries only
while Zhang, Yin, Li, Jin, Arshad and Jiang [45] applied Asian country’s data, with the use
of different econometric methods in both studies. This interesting finding is likely to be
related to the effect of fossil oil on the rapidity of obtaining economic benefits, as well as
the high cost of renewable energy adoption. It is, therefore, likely that such connections
exist between adopting renewable energy technologies and future generations” well-being.
These findings reveal something about the nature of oil-producing countries and their aim
to balance economic and environmental benefits. Future research is needed to assess the
risks of fossil fuels as a primary source of energy in oil-producing countries.

8. Conclusions

The primary aim of the current study was to investigate the role of renewable energy
technologies in the attainment of the current generation’s well-being in light of emerging
global challenges. Based on the results above, it is clear that prioritising the achievement
of the SDGs through the adoption of renewable energy technologies to transition toward
clean energy is not a decisive factor in preserving the rights and well-being of current
generations [46,47]. The continuation of reliance on fossil energy sources in oil-producing
countries, despite the resulting emissions, appears to be more effective, at present, in
ensuring such rights and well-being. Hence, it can be stated that allocating a portion of
oil revenues to adopt renewable energy technologies, at present may not have significant
benefits for current generations and the desired benefits for future generations.

The most obvious finding to emerge from this study is that global challenges have
created opportunities for oil-producing countries and have positively impacted the well-
being of current generations, as there was a significant relationship between the current
balance and the well-being of current generations. The second key finding was that fossil
fuel emissions significantly influence the well-being of current generations. The findings of
this paper provide insights for policymakers to continue relying on fossil energy sources in
oil-producing countries despite the emissions resulting from their consumption. However,
benefits from the energy revenues can be shifted to renewable energy technologies by
increasing related investments.
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In light of these findings, it is recommended that the sequencing of the stages of the
transition process towards renewable and clean energy be adjusted to prioritize short-
term investments that depend on fossil energy sources and offer a relatively quick return
for current generations. However, the long-term risks and costs of this recommenda-
tion need to be more thoroughly evaluated by future studies [48]. Moreover, countries
are advised to harness their technological capabilities for producing renewable energy
instead of importing technology, as this approach will lower the future costs of local
energy production and enhance production efficiency, thereby stimulating economic
growth. Furthermore, it is suggested that countries take advantage of the current in-
crease in traditional energy prices before importing countries expand their renewable
energy replacement initiatives, eventually phasing out traditional energy sources and
risking economic depletion. To mitigate the adverse environmental impacts of fossil
fuel consumption, efforts should be made to reduce polluting emissions by expanding
afforestation and green spaces. Additionally, a harmonious balance between realistic
local national plans, considering domestic interests, and the commitments laid out in in-
ternational agreements and treaties to reduce environmentally harmful emissions should
be sought to address evolving global economic circumstances.

Rather than investing in a single technology, oil corporations should concentrate on a
range of competitive low-carbon solutions. This will be especially noticeable in light of the
fact that oil-exporting nations are at a developmental stage when their economic expansion
is dependent on energy consumption; as a result, it is anticipated that domestic energy
consumption will increase, decreasing their ability to export. Although the economics of
renewables in oil-exporting countries would be impacted by fluctuations in oil prices, this
investment case is strengthened when the benefits of released hydrocarbons are included.

These nations” economies will be dominated by the oil industry throughout the transi-
tion, but, if diversification is successful, it is anticipated that this sector will begin to decline.
Further levels of complexity and unpredictability will result from the success or failure
of oil-exporting nations in their efforts to diversify their economies, affecting oil prices
and accelerating the global energy transition [49]. Therefore, governments should declare
that shifting to renewable energy policies will be the best action to avoid the unfavourable
effects of any impending energy bottleneck. It would be interesting to determine the ideal
amount of traditional and renewable energy production to ensure economic growth while
reducing global warming as a future addition to this field of study.

The study was limited by the absence of data for some variables that could have
been used in the analysis such as the structure of the economy and the technological
development level of countries. Despite this limitation, the study certainly adds to our
understanding of how oil-producing countries can balance the needs of current and future
generations. In terms of the analysis, it can be further enhanced by applying other variables
influencing the attributes of the generations” well-being and advanced econometric models,
such as including control variables and selecting larger observations that further enhance
the outcomes. Further studies regarding the role of renewable energy technologies would
be worthwhile. For instance, current development objectives may be formulated and
carried out as an extra incentive to increase the use of renewable energy sources, which,
in turn, may stimulate and encourage the current generation’s well-being. Subsequent
research endeavours ought to investigate the impact of governance frameworks, regional
policy frameworks, socio-economic circumstances, and other pertinent contextual variables
on the mix of energy, economic growth, and environment. This research can offer a more
thorough grasp of the difficulties involved that have influenced specific policy suggestions.
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