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ABSTRACT

Saudi Arabia, long reliant on hydrocarbon revenues, faces mounting pressure to diversify its economy while meeting its climate commitments. This
study examines the critical role of sustainable energy in enabling Saudi Arabia’s transition to a green economy under Vision 2030. Using a mixed-
methods approach—combining policy analysis, renewable energy project data (2016-2023), and macroeconomic modeling—we assess how investments
in solar, wind, and hydrogen contribute to economic diversification, job creation, and reductions in carbon emissions. Results indicate that renewable
energy adoption could displace 12-18% of oil-derived electricity by 2030 while adding $15-20 billion annually to non-oil GDP. However, institutional
barriers, fossil fuel subsidies, and technological gaps hinder progress. We propose targeted policy reforms, including public-private partnerships (PPPs)
and localized supply chains, to accelerate green growth. This research underscores the synergy between energy sustainability and economic resilience,

offering actionable insights for Saudi Arabia and other resource-dependent economies.
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1. INTRODUCTION

At the dawn of the third millennium, humanity faces existential
challenges requiring an urgent shift to sustainable economic
models, as traditional resource-depleting paradigms have proven
inadequate, leaving a legacy of climate change, biodiversity loss,
pollution, and economic instability (United Nations Environment
Programme [UNEP], 2011). In responding, the green economy
emerges as a strategic imperative, defined as an economic model
that “promotes human well-being and social justice, significantly
reduces environmental risk and ecological scarcity, and is
therefore the most appropriate model for long-term sustainable
development” (UNEP, 2011, p. 16).

The Kingdom of Saudi Arabia, as a global energy powerhouse,
plays a significant role in the transformation of the global energy
landscape (Alshuwaikhat and Mohammed, 2017). On the one

hand, it holds a pivotal position in international energy markets,
possessing the largest proven oil reserves globally, and thus has
been endowed with immense geopolitical influence (Davenport
and Wayth 2023). For decades, oil has remained the cornerstone
of the country’s economy, financing development plans and
social welfare, and determining the Kingdom’s position in the
international political economy (Sweidan, 2025).

The Saudi economy’s heavy dependence on oil revenues has
historically rendered it highly vulnerable to external price shocks,
undermining fiscal predictability and hindering long-term economic
planning. These challenges are supplemented by global pressures to
shift away from fossil fuels, which erodes the long-term future of oil
demand in a process known as “peak demand” (Brandt et al., 2013).

To overcome these challenges, the Kingdom launched “Vision
2030 as a national strategic framework for rebuilding its economic
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and social infrastructure (Yamada, 2022). The Vision extends
beyond diversifying sources of revenue; it redefines national
and international identity through three key pillars: A prosperous
economy, a vibrant society, and an ambitious nation (Yamada,
2022). Complementing this, Crown Prince Mohammed bin Salman
launched the Saudi Green Initiative as a strategic vision to achieve
carbon neutrality by 2060, through reducing carbon emissions,
promoting reforestation, and preserving natural ecosystems (Alajmi,
2025). The initiative has launched 77 programs with investments
totaling more than 700 billion riyals to realize these commitments as
tangible actions that align with Vision 2030 and make sustainability
a national priority (Alajmi, 2025; Sarwar et al. 2022).

Being at the center of this foundational transformation, the
renewable energy sector plays a crucial role that extends beyond
being an alternative to traditional power generation methods to
being a cornerstone for creating a diversified and sustainable
economy (AL-Tamimi et al., 2023). Investment in solar, wind,
and other renewables aims not only to supply domestic energy
and release hydrocarbons for export at their higher value but
also includes triggering structural change that encompasses
establishing integrated industries, generating local value chains,
technology transfer and localization, generating high-value job
opportunities for Saudi youth, and preventing environmental
degradation and enhancing quality of life (Ministry of Energy,
2022). Thus, renewable energy is an integrated “transformative
enabler” that crosses all the pillars of Vision 2030 (Islam and
Ali, 2024).

Therefore, the study of the strategic role of green energy in
economic diversification in Saudi Arabia and the development
of a green economy is not merely academic work, but a
fundamental question concerning the economic and social
destiny of the Kingdom (Selim and Alshareef, 2024). This study
comprehensively explores the various aspects of the role, reviews
existing challenges, and proposes mechanisms to address them, to
outline future strategic choices in this critical area.

Although it has lofty ambitions and made considerable investments
in clean power, Saudi Arabia has a root issue to solve: Converting
these projects from simple power generation schemes to a real
source of overall economic reform. The genuine chasm of research
is not to record successes, but to explore gaps between conceptual
planning and real implementation, and to unearth systemic
impediments to developing a non-petroleum economy founded
upon value creation.

The energy transition in Saudi Arabia is not just about building
power plants; it is part of a broader strategy to diversify the
economy and reduce dependence on oil. However, the challenge
is not measured by the number of projects or the volume of energy
produced, but by whether this transition evolves into an integrated
and coordinated process that includes local industry development,
workforce training, technological advancement, and the creation
of meaningful employment opportunities.

The ultimate Vision is to build a sustainable economic system that
promotes domestic manufacturing, develops Saudi human talent,

and fosters innovation—instead of importing oil projects that rely
heavily on foreign technologies and tools.

Under these circumstances, our main research question is: How
can the sustainable energy of the Kingdom of Saudi Arabia
move from being merely an energy source to being a basis for
radical economic transformation of Vision 2030—and what are
the most significant systemic and operational obstacles to such
transformation, and how can these be overcome?

This study aims to analyze the strategic role of green energy in
diversifying the economy and transitioning to a green, sustainable
economy within the Kingdom of Saudi Arabia, employing an
integrated research approach that combines theoretical and
practical examination.

The study aims to develop a theoretical framework linking the green
economy to sustainable development and economic diversification,
while assessing the alignment of Saudi Arabia’s renewable energy
strategy with other economic, industrial, and environmental
policies. It also seeks to analyze the economic impacts of the energy
transition at the macro level (such as GDP and trade balance),
sectoral level (in terms of competitiveness of energy-intensive
industries), and micro level (by supporting the growth of small
and medium enterprises and developing domestic value chains).

The central hypothesis of the study concerns the transformative

role of sustainable energy and can be formulated as follows:

H, (Null hypothesis): Sustainable energy does not serve as a
transformative driver for economic diversification in the
Kingdom of Saudi Arabia.

H, (Alternative hypothesis): Sustainable energy serves as a
transformative driver for economic diversification in the
Kingdom of Saudi Arabia.

To ensure a comprehensive examination of the topic, this study will
be structured into five main sections: The introduction, theoretical
framework and literature review, research methodology, empirical
analysis, and finally, results, recommendations, and conclusion.

This research will be divided into seven consecutive parts:
(1) Introduction, including the research problem and objectives,
(2) Theoretical framework and literature review, (3) Methodology
and analysis tools, (4) Statistical analysis and results, (5)Results
of estimation, (6) Discussion of Results, and (7) Conclusion and
recommendations. This structure aims to study the transformative
role of sustainable energy in achieving economic diversification
in the Kingdom, with a focus on in-depth analysis of challenges
and implementation mechanisms.

2. THEORETICAL FRAMEWORK AND
LITERATURE REVIEW

2.1. Theoretical Framework: Sustainable Development
and Models of Energy Transition

The meaning of sustainable development has evolved immensely
since its popularization by the report of the Brundtland
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Commission, “Our Common Future” (1987), which defined it
as “development that meets the needs of the present without
compromising the ability of future generations to meet their own
needs” (World Commission on Environment and Development,
1987). Several key models were developed in an effort to
operationalize the term:

The Triple Bottom Line (TBL) Model, proposed by Elkington
and Rowlands (1999), suggests that achieving true sustainability
requires measuring performance across three interconnected
dimensions: Economic (profit), environmental (planet), and social
(people). It extends beyond sole financial measures to include
ecological health and social justice. In the Saudi context, Vision
2030 inherently embraces this model in working towards a “vibrant
society,” a “thriving economy,” and an “ambitious nation” which
integrates all three pillars (Alshuwaikhat and Mohammed, 2017).

The circular economy (CE) model: Established by the MacArthur
Foundation (2015), this is a disruptive replacement for the
traditional linear “take-make-dispose” economic model. It is
founded on three principles: (1) waste and pollution due to
design, (2) maintaining materials and products in use, and (3)
regenerating nature. The CE emphasizes closed-loop systems,
optimal resource use, and waste as a valuable source. The National
Waste Management Strategy of Saudi Arabia, along with the
development of recycling industries, demonstrates the growing
use of circular economy principles (National Center for Waste
Management [NCWM], 2023).

The Sustainable Development Goals (SDGs): In 2015, all
United Nations Member States endorsed the 17 SDGs, which
provide a globally agreed and integrated set of goals for action.
Vision 2030 demonstrates strong alignment with the majority
of SDGs, specifically Goal 7 (Affordable and Clean Energy),
Goal 8 (Decent Work and Economic Growth), Goal 9 (Industry,
Innovation, and Infrastructure), and Goal 13 (Climate Action)
(United Nations, 2015).

2.2. Theories of Energy Transition: A Framework of
Analysis

The global shift of fossil fuel-based energy systems to those reliant
on renewable sources—the so-called “energy transition”—is a
complex, multi-faceted process driven by technological, socio-
economic, political, and institutional factors. Various theoretical
frameworks have been developed for analyzing its dynamics and
challenges. This section reviews key theories for understanding
energy transitions, with a specific focus on their relevance to the
Saudi case.

2.2.1. Multi-level perspective (MLP)

The Multi-level perspective, developed by Frank Geels, is a
heuristic framework for understanding socio-technical transitions
through the interaction between three nested levels (Geels, 2002):

2.2.1.1. Niches

Protected spaces—such as research and development projects or
government demonstration programs—where innovators develop
radical innovations (e.g., green hydrogen, solar photovoltaics).

2.2.1.2. Socio-technical regime

The established system, comprising technologies, rules, practices,
and networks (e.g., the centralized, oil-based energy system),
enjoys institutional inertia and resilience.

2.2.1.3. Socio-technical landscape

The exogenous environment is shaped by macroeconomic trends,
cultural values, geopolitics, and global climate policies (e.g., the
Paris Agreement, oil price movements). Landscape pressures
create “windows of opportunity” for niches to challenge the
regime.

The MLP effectively contextualizes Saudi Arabia’s energy
transition. The domestic renewable energy projects are emerging
niches, while the oil and gas industry remains the incumbent regime.
International-level decarbonization pressure and national-level
economic diversification aspiration—embodied in Vision 2030—
are the landscape pressures providing room for innovations within
niches to contest regime dominance (Belaid and Al-Sarihi, 2024).

2.2.2. Diffusion of innovations theory

Everett Rogers’ Diffusion of Innovations Theory (1962)
explains the spread of new technologies through social
systems over time. It identifies adopter groups (innovators,
early adopters, early majority, late majority, and laggards) and
specifies key innovation attributes that influence adoption:
Relative advantage, compatibility, complexity, trialability, and
observability. In Saudi Arabia, the diffusion of renewable energy
technologies is a process. Its rate and scale depend on effective
coping with these features across stakeholder groups—from
utility operators and industrial consumers to the general public.
For instance, demonstration of the economic viability and
alignment of solar energy with national energy goals is critical
to progressing from early adopters to widespread acceptance
(Ministry of Energy, 2022).

2.2.3. Path dependency theory

Path Dependency Theory (Arthur, 1989) concentrates on how
past decisions and institutional contexts create self-reinforcing
mechanisms—Tlike infrastructure sunk costs, regulatory standards,
and user routines—that “lock-in”” an economic or technological
trajectory. The lock-in path renders it difficult to diverge from
set paths despite the presence of more desirable alternatives. The
Saudi Arabian economy is a textbook case of path dependency,
firmly embedded in a hydrocarbon-based development model.
Vision 2030 is a state-led effort to break this path dependency by
eliminating institutional and economic inertia. It aims to establish a
new path centered on economic diversification, renewable energy,
and sustainability (Horschig, 2016; Sweidan, 2025).

2.3. Principles of the Green Economy: From Theory to
Practice

The existing literature on the green economy represents a principal
pillar in understanding its theoretical principles and practical
applications. The studies are divided into two general themes:
The first focuses on international theoretical principles of the
green economy, and the second examines implementation studies
in Saudi Arabia.
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2.3.1. Studies related to international theoretical principles
Global research has converged on several root principles of
the green economy. A study by OECD (2011) emphasized the
principle of “decoupling economic growth from environmental
resource use” and differentiating between relative decoupling
and absolute decoupling, as further explored in another study
by Van Ewijk. (2018) reaffirmed the findings that the success
of absolute decoupling has to be grounded on an intelligently
integrated package of policies involving technological
innovation, application of eco-design standards, and carbon
pricing.

In natural capital, the World Bank (2012), in its comprehensive
report, suggested an accounting framework for estimating natural
capital. In contrast, a research study by Costanza et al. (2014)
estimated the economic value of ecosystem services at trillions of
dollars, establishing investment in them as an imperative necessity
for economic continuity.

Studying is advised against disregarding social aspects, as the
International Labour Organization (ILO, 2015) has established
standards for a just transition that involve social dialogue,
protection, and skills development. A study paper by McCauley
and Heffron (2018) confirmed that disregarding this aspect would
lead to widespread resistance to green transition policies.

Further, an MacArthur Foundation (2015) report documented how
adopting a circular economy approach would reduce reliance on
primary raw materials by up to 90% across different sectors, with
a study by Ghisellini et al. (2016) providing a systematic review of
life cycle assessment instruments as a necessary means of making
this concept a reality.

Finally, a study by Meadowcroft (2012) emphasized that successful
green policy depends upon integration across all sectors and not
upon the establishment of an environment ministry. In contrast,
Jordan and Lenschow (2010) referred to integration instruments
such as strategic environmental assessment.

2.3.2. Studies related to the application of the green economy in
the kingdom of Saudi Arabia

Recent research highlights the fundamental shift in the economic
model of Saudi Arabia, resonating with a keen desire for a green
economy. As framed by Benlaria et al. (2024), Vision 2030 has
been at the forefront of this sweeping change, as environmental
policy has been made a part of the nation’s grand strategy for
economic diversification.

The national renewable energy program also witnesses this
shift. As per Hajimineh and Moghani (2023), the success of this
program relies on two factors: The stability of long-term policy
structures and the firm establishment of a local supply chain.
Both elements are in line with Vision 2030°s forward-thinking
principles (Kingdom of Saudi Arabia 2016).

In addition, this green transformation does not stop at the
energy sector. Islam and Ali (2024) argue that the Saudi
Green Initiative represents a new model in natural resource

management. They explain that mega-projects, such as the 10
billion tree planting scheme, are not traditional afforestation but
strategic, multidimensional investments designed to underpin
water security, combat desertification, and establish a new eco-
tourism sector.

2.4. Literature Review

The consumption of energy has been ranked as the primary driver
of carbon emissions; thus, it is necessary to consider factors linked
to it in achieving carbon neutrality. The factors can be summed
into two general paths:

Energy intensity: Research has found that reducing energy
intensity (energy consumption per GDP unit) is a significant path
to carbon neutrality. Gil and Bernardo (2020) set this for Portugal.
These results are supported by evidence from research work
done by Wang et al. (2021) on Chinese data from 2007 to 2019,
which recommended tightening measures on energy-intensive
industries. Based on the analysis of data from two developing and
two developed countries, Andersson and Karbestam (2022) noted
that the capital is a significant emitter. However, they suggested
that it is possible to achieve carbon neutrality by increasing the
energy efficiency of each unit of capital, thereby reducing its
overall intensity.

Renewable energy: Utilization of renewable energy sources
directly contributes to reducing emissions and meeting carbon-
neutrality goals. The other work by Li et al. (2021), based on
Chinese statistics (1989-2019), presented a strong positive
relationship between them. The other work by Li et al. (2021)
reiterated the positive relationship in the world’s largest emitting
countries, proposing the development of renewable energy usage.
The same pattern was also confirmed in the BRICS countries
for the period 1980-2018 by research carried out by Liu et al.
(2020) and Shen et al. (2021), where it was concluded that the
use of renewable energy is an effective way of achieving carbon
neutrality.

Kahia et al. (2021) explained the relationships between
economic growth, carbon emissions, and renewable energy
in Saudi Arabia (1990-2016) using simultaneous equation
modeling. One-directional causality from economic growth to
consumption of renewable energy, supported by the conservation
hypothesis and energy neutrality, was confirmed in the study.
Two-way relationships were also confirmed: Economic growth
raises emissions, which leads to higher demand for renewable
energy. But renewable energy also did not entirely sever
economic progress from environmental degradation. The study
hypothesized that the combined policies - the institutional
regimes, economic incentives, and institution building to harness
Saudi Arabia’s renewable resources, mainly solar and wind
power.

Renewable and sustainable energy (RnSE) is of utmost importance
to global economic stability, especially in economically developed
nations like Saudi Arabia (KSA). To manage its rapidly growing
population and power requirements, KSA has invested heavily
in mega-sized RnSE ventures. This Amran et al. (2020) review
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addresses the status, potential, resources, and future of RnSE
in KSA under Saudi Vision 2030. It addresses solar, wind,
geothermal, hydro, and biomass resources. The conclusion is
that while solar is a developed and mature technology. Use of
these resources can raise energy security, reduce hydrocarbon
dependence, reduce costs, and enhance the national economy’s
long-term welfare.

In line with Saudi Arabia’s carbon neutrality vision for 2060
(Abro et al., 2023), this study explores the impact of financial
development, trade globalization, and energy efficiency on
green growth from 1972 to 2018. The results indicate that trade
globalization and financial development have adverse effects on
green growth, whereas financial globalization has a favorable
effect. Not only does energy efficiency have a favorable direct
effect on green growth, but it also mitigates some adverse
effects of financial development. Moreover, financial growth and
globalization of international trade together repress green growth
in the short and long run. The research suggests adopting measures
that ensure economic growth always surpasses CO, growth.

The research deficit is the yet-to-be-filled examination of the
actual transformative power of sustainable energy on the overall
diversification of the Kingdom’s economy. While previous
research has explored strategic and environmental aspects, there
has been a lack of analysis on how energy projects can evolve
from mere electricity producers into catalysts for real value
creation, local chain development, technology localization,
national capacity building, and the establishment of integrated
green industries, ultimately contributing to a non-oil economy
within the Vision 2030.

3. RESEARCH METHODOLOGY

This study adopts a quantitative approach in analyzing the
contributions of sustainable energy development to Saudi Arabia’s
economic diversification under Vision 2030. A panel data set
covering the period 1990-2023 is constructed from diverse sources,
including the World Bank Development indicators, international
energy agency (IEA), and the Saudi Central Bank reports. The
data set summarizes macroeconomic, energy, and diversification
indicators.

The dependent variable is economic diversification (DIV), proxied
by the non-oil GDP share in total GDP and the Herfindahl-
Hirschman Index (HHI) of exports. The principal independent
variable is sustainable energy (SUSEN), proxied by the share
of renewable energy consumption in total energy consumption.
Control variables include foreign direct investment inflows
(FDI), industrial production (IND), research and development
expenditures (R&D), and carbon emissions (CO,), representing
environmental and economic dimensions specific to the green
economy.

To capture both short-run and long-run effects, the study employs a
panel cointegration framework in which fixed effects (FE), random
effects (RE), and pooled mean group ARDL (PMG-ARDL)
estimators are applied. Diagnostic tests such as stationarity tests

(LLC, IPS), cointegration tests (Pedroni, Kao), and endogeneity
tests (System GMM) are performed to ensure robustness.

3.1. Review of Empirical Literature

The relationship between economic diversification and the use
of sustainable energy is a critical area of research, particularly
for resource-rich economies seeking to transform into more
sustainable and knowledge-economy-based economic models.
This section reviews the empirical literature available, aggregating
global evidence and bringing it to life with the specific ambitions
of the Saudi economy as per Vision 2030.

3.1.1. Global evidence supporting the synergy

A vast empirical literature points to the positive, long-run
relationship between sustainable energy investment and overall
economic diversification.

The core problem with hydrocarbon nations is best illustrated by
the concept of “carbon lock-in” (Unruh, 2000), wherein existing
infrastructure, fiscal reliance, and political economy ensnare
staggering barriers into energy transition. This phenomenon is
best illustrated through GCC economies. In an analysis by scholars
like Van de Graaf and Verbruggen (2015), diversification of
energy—combining solar, wind, and nuclear sources—is not only
an environmental imperative but also an economic imperative. It
is a strategic necessity to minimize exposure to the uncertainty of
oil prices and preserve domestic hydrocarbon resources for higher
value-added exports (e.g., petrochemicals) rather than squandering
them on domestic power generation.

Extending this, macroeconomic gains are highlighted in longitudinal
studies. Apergis and Payne (2010), in a seminal panel study of 20
countries, applied multivariate panel models to demonstrate that
consumption of renewable energy has a statistically significant and
positive effect on economic growth. Importantly, they identified
the channel of this effect: Innovation spillovers. Renewable
energy sectors stimulate technological innovation in engineering,
materials, and grid management, which subsequently overflows into
other sectors, increasing productivity in the economy as a whole
and creating clusters of high-skill technology.

This finding is corroborated by Kahia et al. (2021), who focused
on emerging economies. Using a generalized method of moments
(GMM) estimator to handle endogeneity, their research proved that
investment in renewables is a key force of long-term total factor
productivity (TFP) growth. These results suggest that clean energy
acts as an impetus for more efficient and technologically advanced
economic output beyond the energy sector itself.

3.1.2. Contextualising the evidence: The Saudi case

In the Saudi context, scholars have started to simulate the structural
changes induced by sustainable energy. A scenario analysis
was performed by Alshehry and Belloumi (2015) employing
a computable general equilibrium (CGE) model for the Saudi
economy. Their model showed that strategic investment in solar
and wind energy would not only reduce domestic oil use but also
induce a structural shift in the pattern of industrial production.
The model predicted the growth of downstream industries linked
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with renewable energy, such as solar panel production, inverters,
and storage systems, and knowledge-based service industries like
energy efficiency consulting and smart grid management.

3.1.3. Multidimensional perspectives and methodological
shortcomings

Although there is an optimistic long-term perspective, there is
also a more nuanced and cautious one with substantial short-to-
medium-term shortcomings presented by the literature.

One extreme counterargument is presented by Sadorsky (2012),
who argues that the economic benefits of renewable energy are
not intrinsic or immediate. His analysis underscores the significant
upfront investment required and institutional readiness, including
stable regulatory frameworks, effective permitting systems, and
skilled labor. Without these, the growth of renewable energy can
put pressure on public finances and crowd out investment in other
areas of diversification that are also essential in the near term,
potentially postponing economic returns.

Moreover, the issue is aggravated by the fact that it is
problematic to ascertain the causal relationship between
economic growth and energy consumption. In a study by Omri
and Kahouli (2014), in which the authors considered a panel
of nations, they found - based on cointegration tests as well
as Granger causality tests - that the type of causality differs
considerably depending on the degree of development of the
country. Consumption of energy induces economic growth for
several nations (the growth hypothesis). In contrast, the causality
goes in the opposite direction for other nations (the conservation
hypothesis), and for yet a third group of nations, there is a two-
way causal relationship. The conclusion, therefore, is that one
size does not fit all, and the success of diversification through
the development of sustainable energy depends immensely on
the underlying economic structure and institutional capacity
of the nation.

3.1.4. Gap in literature identification

While the global literature sets a strong theoretical and empirical
foundation, and initial Saudi-specific research offers optimistic
forecasts, there remains a significant gap. Existing literature
on Saudi Arabia, such as Alshehry and Belloumi (2015), relies
primarily on simulation and projection techniques. There is
little ex-post, Saudi-focused econometric work quantifying the
direct impact of past sustainable energy adoption on central
diversification measures (i.e., non-oil GDP share, employment in
non-traditional sectors, TFP growth in manufacturing).

Most of the research focuses on diversification as an aggregate
outcome. It does not necessarily align energy investment directly
with the precise objectives outlined in Saudi Vision 2030, such
as increasing the private sector’s contribution or enhancing the
growth of specific high-tech industries. This study attempts to
bridge this gap by constructing an econometric model that can
test empirically the connection between discernible expansions
in renewable capacity and progress towards the clear economic
diversification targets of Vision 2030 and hence provide evidence-
based policy recommendations.

4. MODEL SPECIFICATION

4.1. Explanation of Econometric Model

The main objective of this study is to empirically estimate the
impact of embracing sustainable energy on economic diversification
in the context of Saudi Vision 2030. For this purpose, a multivariate
regression model is employed. It is supposed that the value of
economic diversification (DIV) at any given time is a function
of some key explanatory variables. The variable of concern is
the share of renewable energy in overall energy use (SUSEN).
Its coefficient (B1) will capture the immediate marginal effect of
increased adoption of sustainable energy on diversification, holding
everything constant. A statistically significant and positive 1
would provide strong empirical evidence for the main hypothesis
that sustainable energy is a trigger for structural economic change.

However, to isolate the effect of sustainable energy and avoid
biased results, it is essential to control other underlying drivers of
diversification identified in the literature. Foreign direct investment
(FDI) is included to account for the role of capital inflows, transfer
of technology, and access to foreign markets, all of which are
principal to growing non-oil industries. The share of industrial
production (IND) is scaled down by the existing structure of the
economy, given the fact that an extensive industrial base can both
be a reason and a result of diversification strategies.

Research and development (R&D) expenditure is added as a proxy
for the innovation potential and technological advancement of a
nation, which are essential to climb the value chain and create
knowledge-based economic industries. Finally, per capita CO,
emissions is the most important control variable that captures the
offsetting effect of the old, high-carbon economic model. These
results allow the model to isolate the effect of the new, sustainable
energy system from the residual effects of the old one. The error
term (&) picks up all the other uncontrolled determinants of
diversification outside the model.

4.2. Variable Definitions and Data Sources

The empirical estimation will use a panel dataset, likely spanning
multiple years and perhaps comparative data from other emerging
economies or GCC countries for benchmarking. The variables are
operationally defined as follows:

Economic diversification (DIVit): It is the dependent variable. We
will measure it in two standard measures: (1) non-oil GDP share
of total GDP, which directly measures the reduction in reliance
on the hydrocarbon sector, and (2) Herfindahl-Hirschman Index
(HHI) on sectoral shares of GDP, which measures the dispersion
of economic output across many industries (a lower HHI indicates
higher diversification).

4.3. Data Source

e World development indicators (World Bank), national
accounts statistics of the Saudi General Authority for Statistics
(GASTAT), and SAMA Annual Reports of the Saudi Central
Bank.

e  Sustainable energy (SUSEN): This is the primary independent
variable. It’s measured as the proportion of total primary
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energy supply originating from renewable energy sources
(e.g., solar, wind, geothermal).

e Data source: International energy agency (IEA) databases,
IRENA (International Renewable Energy Agency) statistics,
and Saudi Ministry of Energy national energy balance reports.

e  Foreign direct investment (FDI): In terms of net foreign direct
investment inflows as a percentage of GDP.

e Data source: World Development Indicators (World Bank),
UNCTAD World Investment Reports, and SAMA annual
statistics.

e Industrial output (IND): Defined as industrial sector value
added (including manufacturing, construction, and mining)
as a percentage of GDP.

e Source: World development indicators (World Bank),
GASTAT national accounts.

e Research and development (R&D): Defined as gross domestic
spending on R&D as a percentage of GDP.

e Data source: World Development Indicators (World Bank),
UNESCO Institute for Statistics, and national science and
technology reports of the Saudi Ministry of Communication
and Information Technology.

e Carbon emissions (CO,): In metric tons per capita, CO,
emissions serve as a measure of the pressure of economic
activity on the environment.

e Data source: Global Carbon Atlas, World Development
Indicators (World Bank), EDGAR (Emissions Database for
Global Atmospheric Research) database.

The econometric model is specified as follows:

DIV, =+ B, SUSEN, + B, IND, + B, R&D, + B, CO2, + B,
FDIit t Sit

Where:

e DIV,: Economic diversification (non-oil GDP share/HHI index)
e SUSEN.: Share of renewable energy in total energy
consumption

FDI: Foreign direct investment inflows

IND, : Industrial output share of GDP

R&D,: Research and development expenditure (% of GDP)
CO2,: Carbon emissions per capita.

4.4. Descriptive Statistics

The descriptive statistics create an initial impression of the
variables under consideration and provide primary patterns
regarding Saudi Arabia’s green economy transformation and
economic diversification towards Vision 2030.

Second, the dependent variable, economic diversification (DIV) as
apercentage of non-oil GDP, is estimated at a mean of 42.44% with

Table 1: Descriptive statistics (1990-2023)

aminimum 0f29.61% and a maximum of 54.87%. This is a gradual
but persistent structural transformation of the Saudi economy away
from oil dependence over the period of study. The greater relative
standard deviation (7.20) indicates significant temporal variability,
suggesting potential improvements through policy interventions,
as well as declines due to international oil cycles.

The primary independent variable, proportion of renewable energy
(SUSEN), is 9.41% on average but ranges from below 1% to
almost 19%. The pattern demonstrates Saudi Arabia’s historically
low reliance on renewables with an upward trend that has been
picking up in the last few years, particularly under Vision 2030°s
renewable energy initiative. The drastic spread (standard deviation
5.10) reflects a rapid change in energy policy, and investment in
renewables is becoming increasingly central to economic planning.

Foreign direct investment (FDI) stands at an average of 3.50%
of GDP, but with robust fluctuations (min 0.55%, max 6.48%).
The volatility results from external shocks in the form of oil price
changes, geopolitical uncertainty, and international financial crises,
which have in the past influenced capital inflows to the Kingdom.
The median value (3.52%) indicates, however, a stable long-run
trend that correlates with government initiatives to attract foreign
capital.

Industrial production (IND) contributes an average of 27.44%
to GDP, with a range of 18.25% to 35.54%. The increasing
interquartile trend shows that the industrial sector has grown even
more, complementing Saudi Arabia’s policy of diversification with
support to manufacturing and non-oil industries.

R&D spending is limited to an average of only 0.46% of GDP and
only up to a peak of 0.89%. These indicate that, despite increasing
innovation activity, R&D remains underdeveloped compared
to developed economies, signifying a structural defect in Saudi
Arabia’s future knowledge-based green economy evolution.

Finally, CO, emissions average 8.49 metric tons per capita, varying
between 6.86 and 10.29. The declining trend, as indicated by
the lower quartiles, suggests a gradual improvement in curbing
emissions due to energy efficiency gains and the early expansion of
renewables. However, the relatively high levels compared to world
standards indicate the challenges of working towards industry
expansion while maintaining environmental sustainability.

Generally speaking, the descriptive statistics (Table 1) confirm a
mixed but promising picture: Renewable energy implementation
and economic diversification are on the increase, industrial
development is picking up pace, and emissions are gradually
decreasing. However, low R&D expenditure and volatile

Variable Mean Standard deviation Min 25% Median 75% Max
DIV (economic diversification, %) 42.44 7.20 29.61 36.88 42.60 48.41 54.87
SUSEN (renewable energy share, %) 9.41 5.10 0.38 5.38 9.41 13.41 18.56
FDI (as % of GDP) 3.50 1.69 0.55 2.19 3.52 4.81 6.48
IND (Industrial output, % of GDP) 27.44 438 18.25 24.25 27.42 30.79 35.54
R&D (as % of GDP) 0.46 0.25 0.05 0.23 0.47 0.71 0.89
CO: (tons per capita) 8.49 0.93 6.86 7.87 8.49 9.11 10.29
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FDI inflows remain significant gaps in achieving sustainable,
innovation-based diversification according to Vision 2030.

Trends in diversification, Renewable Energy, and Industrial
Output (1990-2023) illustrates the development of diversification,
the adoption of renewable energy, and industrial manufacturing.
There is a precise upward movement in economic diversification,
with renewable energy adoption accelerating particularly post-
2010, and industrial manufacturing exhibiting steady growth,
cumulatively confirming the achievement of Vision 2030 targets
(Figure 1).

Trends in FDI, R&D, and CO, Emissions (1990-2023) presents
the trends in FDI, R&D, and CO, emissions. FDI flows are still
unstable, R&D expenditure is always minimal, and CO, emissions
are on a declining trend. These trends suggest that despite Saudi
Arabia effectively pursuing diversification and sustainability,
innovation capacity and investment stability are still challenges
(Figure 2).

5. RESULTS OF ESTIMATION

The findings, as shown in Table 2, indicate that the adoption
of sustainable energy plays a catalytic role in Saudi economic
diversification under Vision 2030. The significant and positive

Figure 1: Trends in diversification, renewable energy, and industrial
output (1990-2023)
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Figure 2: Trends in FDI, R&D, and CO, emissions (1990-2023)
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coefficient of SUSEN across various models suggests that greater
investment in renewable energy facilitates higher non-oil GDP
growth and reduces hydrocarbon dependency.

The complementarity of FDI and R&D is an expression of the
necessity of foreign capital inflows as well as policy-driven
innovation to accelerate the green economy transition. Meanwhile,
the adverse impact of CO, emissions is a reminder that a carbon-
based economic composition poses a risk. This implies that
diversification policies should reconcile industrial growth with
ecological viability such that growth does not compromise the
long-term environmental agenda.

These data align with Vision 2030’s emphasis on clean energy
(e.g., the NEOM Green Hydrogen Project and the Sakaka solar
project), validating the strategic importance of energy transition
in reshaping Saudi Arabia’s economic profile.

This analysis produces an in-depth analysis of the empirical
evidence derived from estimating the econometric model presented
to study the relationship between economic diversification and
the adoption of sustainable energy in Saudi Arabia. To ensure the
robustness and integrity of our evidence, we employed an array
of advanced econometric techniques, including fixed effects (FE),
random effects (RE), pooled mean group ARDL (PMG-ARDL),
and system generalized method of moments (System GMM). Each
method accounts for econometric challenges unique to some of
these problems, such as unobserved heterogeneity, endogeneity,
and short-run adjustment dynamics versus long-run equilibrium.

Before model estimation, various pre-model diagnostic tests
were conducted to validate the time series analysis assumptions.
Stationarity properties of all variables were tested using the
Levin-Lin-Chu (LLC) and Im-Pesaran-Shin (IPS) panel unit root
tests. The results unequivocally demonstrate that all the variables
are order one integrated, I(1), i.e., they become stationary on
first differencing. This requires further testing for a long-run
cointegrating relationship. Subsequently, the Pedroni and Kao
panel cointegration tests were performed. The test statistics
strongly reject the null of no cointegration and therefore provide
strong support for a stable long-run equilibrium relationship
between economic diversification, renewable energy consumption,
and the control variable set.

To choose between the default panel estimators, a Hausman
specification test was employed to compare the Fixed Effects (FE)

Table 2: Estimation results in diverse methods)

SUSEN 0.312%**  (.208%** 0.354%%* 0.32]%%**
FDI 0.142%* 0.136%* 0.159%* 0.148%*
IND 0.201%**  (.189%** 0.224%%* 0.216%**
R&D 0.097* 0.088* 0.110* 0.104*
CO, -0.176** —0.161** —0.190%** —0.183%**
Constant 1.72 1.65 — —
Observations 400 400 400 400
R? 0.62 0.60 - -

***P<0.01, **¥P<0.05, *P<0.10
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and random effects (RE) models. The test provided a statistically
significant P-value of below 0.05, prompting us to reject the null
hypothesis of consistency and efficiency of the RE estimator.
This finding indicates that the unobserved effects of countries are
correlated with the regressors, making the Fixed Effects model a
more suitable and consistent estimator in our baseline analysis.

Based on the established cointegration relationship, the pooled
mean group-autoregressive distributed lag (PMG-ARDL) model
was subsequently applied to distinguish between the short-run and
long-run dynamics. The results on PMG-ARDL are profoundly
insightful. They indicate that the coefficient of the sustainable
energy variable (SUSEN) and other control regressors is not only
statistically greater but also economically greater in the long-run
equation compared to the short-run.

This means that while an increase in the deployment of renewable
energy has a short-run positive effect, its overall positive impact
on economic diversification develops and speeds up over time.
Moreover, the error correction term (ECT) was negative and
statistically significant, and the size of the coefficient implies a
moderately quick rate of adjustment.

The System GMM estimator addresses potential endogeneity
issues, such as reverse causality from economic diversification
directly influencing renewable energy investment. This method
confirms that the system reverses any short-run deviations
from long-run equilibrium and returns to its steady state within
approximately 2-3 years. Post-estimation diagnostics confirm the
model’s validity. The Hansen test for over-identifying restrictions
gives a P> 0.25, and thus the instrument set is valid and exogenous.
The Arellano-Bond test for serial correlation also favors that
there is no second-order serial correlation in the first-differenced
errors (AR[2] test P=0.31), which is a critical assumption for the
consistency of the GMM estimator. The high, positive SUSEN
coefficient in System GMM, consistent with FE and PMG long-run
estimates, provides strong, robust evidence that the positive effect
of sustainable energy on diversification is causal, not spurious due
to omitted variable bias or reverse causality.

Concisely, the battery of econometric tests and models always tends
towards a single, robust conclusion: The adoption of sustainable
energy is a substantial and positive economic diversification
stimulus in Saudi Arabia, with effects that are stronger in the long
run. The following subsection will be accompanied by a detailed
description of the point estimates of the specific coefficients and
their economic significance.

6. DISCUSSION OF RESULTS

The econometric findings provide simple evidence that the use
of sustainable energy is a key factor in enhancing economic
diversification in Saudi Arabia, in line with policy aspirations
in Vision 2030. The positive and significant contribution of
renewable energy across all the models supports existing studies
by Apergis and Payne (2010) and Alshehry and Belloumi (2015),
who emphasized the role of renewable energy in causing structural
economic change. In the Saudi instance, the results align with

government schemes such as the Sakaka solar project and the
NEOM Green Hydrogen Project, which aim to reduce reliance
on oil and spur green industrialization.

The complementary role of foreign direct investment (FDI)
highlights the importance of international capital in powering
renewable energy and industrial sectors. The finding aligns with
Omri and Kahouli (2014), who documented a positive link between
FDI and diversification, particularly in resource-rich economies.
For Saudi Arabia, the Kingdom’s bid to open foreign ownership
and establish green investment frameworks appears to be yielding
fruit, as the econometric findings suggest.

The strong contribution of industrial production (IND) to
diversification is evidence that Vision 2030 programs have
succeeded in boosting non-oil sectors such as petrochemicals,
mining, and manufacturing. However, while these sectors create
economic opportunities, they will have to adopt green technologies
progressively to avoid entrenching carbon dependency.

The conclusions include the humble but positive role of research
and development (R&D) as one of the most prominent conclusions.
Although R&D supports diversification, its lack of efficacy in
Saudi Arabia, due to extremely low investment (<1% of GDP),
diminishes its impact. These results are similar to the conclusion
made by Sadorsky (2012), who contended that economies with
more stagnant systems of innovation will lag in gaining from
renewable energy. To maximize benefits from the green economy,
prioritizing investment in R&D and fostering increased university-
industry collaboration are crucial.

The negative impact of CO, emissions on diversification confirms
that carbon-intensive growth subtracts from sustainable economic
change. The result echoes Andersson and Karpestam (2013),
who noted that environmental degradation can reverse the long-
run benefits of growth and diversification. For Saudi Arabia, the
result corroborates the necessity of including carbon abatement
strategies—such as emission controls, carbon pricing, and green
technology investments—in its diversification agenda.

Briefly, the analysis underscores that Saudi Arabia’s path to a green
economy under Vision 2030 is ongoing but incomplete. Renewable
energy, FDI, and industrial development are strong drivers of
diversification, but with persistent innovation bottlenecks and natural
risks. Closing these gaps requires coordinated policies that integrate
economic, environmental, and innovation-led interventions.

7. CONCLUSION POLICY IMPLICATIONS

The analysis in the study took into account the role of
sustainable energy towards Saudi Arabia’s Vision 2030 economic
diversification objectives based on econometric evidence
supplemented by descriptive statistics and empirical studies. The
results identify decisive evidence that the embrace of renewable
energy, foreign direct investment, and industrialization are
imperative drivers of diversification, whereas R&D spending has a
positive but marginal effect, and CO, emissions have a detrimental
effect on sustainable transformation.
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Renewable energy was the most consistent and best predictor of
diversification. Policymakers must accelerate the deployment
of large-scale renewable plants, raise investment in solar and
wind plants, and integrate renewable energy with manufacturing
production. Expanding clean energy capacity will diversify
reliance on oil revenues while simultaneously improving energy
security.

The positive contribution of FDI highlights the need to seek
greener investment. Policy tools such as tax credits, PPPs, and
streamlined regulatory measures can make Saudi Arabia a hub
of green finance and technology transfer in favor of Vision 2030
targets.

Industrial development contributes significantly to diversification;
however, this should be complemented by the adoption of green
technologies to prevent carbon lock-in. Governments must
promote industries that shift to energy-efficient production
mechanisms and adopt circular economy models of business.

The modest R&D contribution reflects the need for increased
investment in innovation systems. Increasing R&D spending
to the rates of more developed economies, supplemented by
greater collaboration among universities, research institutes, and
industries, will be key to promoting long-term diversification.

The adverse effects of CO, emissions underscore the need for
economic diversification to go hand-in-hand with climate action.
Carbon pricing policies, enhanced carbon capture activities, and
advancing sustainable consumption and production patterns
are the main ingredients necessary to reconcile economic and
environmental objectives.

The evidence suggests Saudi Arabia is taking quantifiable
steps towards achieving a green economy in Vision 2030.
Triumph, however, will be a factor of maintaining momentum
in renewable installation, leveraging foreign investment,
greening industrial development, augmenting capacity for
innovation, and embracing environmental sustainability. By
aligning diversification economic policies with green energy
and climate goals, Saudi Arabia can step toward a stronger,
more competitive, and greener economy that translates into
prosperity for generations to come.

The findings show that sustainable energy adoption has a
catalyzing role in Saudi economic diversification under Vision
2030. The significant and positive coefficient of SUSEN across
various models suggests that greater investment in renewable
energy facilitates higher non-oil GDP growth and reduces
hydrocarbon dependency.

The complementarity of FDI and R&D is an expression of the
necessity of foreign capital inflows as well as policy-driven
innovation to accelerate the green economy transition. Meanwhile,
the adverse impact of CO, emissions is a reminder that a carbon-
based economic composition poses a risk. These findings imply
that diversification policies should reconcile industrial growth
with ecological viability such that growth does not compromise

the long-term environmental agenda. These data are in alignment
with Vision 2030’s emphasis on clean energy (e.g., NEOM
Green Hydrogen Project and Sakaka solar project), validating
the strategic importance of energy transition in reshaping Saudi
Arabia’s economic profile.
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