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ABSTRACT

The global energy landscape is
undergoing significant transformation due to
oil price volatility and the shift toward
renewable energy sources. This study
examines the economic implications of oil

price fluctuations on energy markets,
renewable energy investments, and global
policies.

Employing econometric models (Vector
Autoregression) and case studies, we analyze
the interplay between oil price volatility,
energy security, and energy transition pace.
Findings indicate that oil price shocks exert
short-term negative effects on renewable
investments but show increasing decoupling
in the long term, driven by policy support and
technological advancements. The paper offers
policy recommendations to mitigate volatility

risks and accelerate sustainable energy
transitions.

Keywords: Oil price volatility, energy
economics, renewable energy, energy
transition, energy security, econometric
modeling
INTRODUCTION

The petroleum industry remains a
cornerstone of the global economy,
influencing geopolitical relations, economic
growth, and energy policies. However, oil
price  volatility  introduces  substantial
uncertainties, stemming from geopolitical
conflicts, supply-demand imbalances, and
financial speculation [1], [2]. Concurrently,
the global push for decarbonization,
accelerated by the 2015 Paris Agreement and
advancements in renewables [3], [4], is
reshaping energy markets.

This study investigates three central
research questions:

»How does oil price volatility influence
investments in renewable energy
technologies?
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»What are the economic consequences of
oil price shocks for energy-exporting and
energy-importing countries?

»How can policy interventions effectively
mitigate the adverse effects of oil price
volatility while accelerating the global
energy transition?

Employing a mixed-methods approach
that integrates historical data analysis,
advanced econometric modeling (including
Vector Autoregression), and in-depth case
studies of selected countries, this research
offers a comprehensive examination of the
interplay between oil price dynamics and the
ongoing shift toward sustainable energy
systems.

The findings contribute to the broader
discourse in petroleum and energy economics,
providing evidence-based insights to guide
policymakers in fostering a resilient and low-
carbon energy future. The paper is organized
as follows: Section 1 presents the
introduction; Section 2 reviews the relevant
literature; Section 3 details the methodology;
Section 4 discusses the results; and Section 5
concludes with policy recommendations.

REVIEW OF LITERATURE

This section Literature Review focuses
on the key studies and reports in the field of
petroleum and energy economics. This section
is structured thematically to cover the
determinants of oil price volatility, its impact
on renewable energy investments, the role of
policy in shaping energy markets and case
studies.

Determinants of Qil Price Volatility

Oil price volatility has been a subject of
extensive research, with scholars identifying a
range of supply-side, demand-side, and
financial factors that contribute to price
fluctuations. Hamilton (2009) argues that
supply disruptions, such as those caused by
geopolitical conflicts or natural disasters, are
primary drivers of oil price spikes [1]. For
instance, the 1973 Arab oil embargo and the
1979 Iranian Revolution led to significant
supply shocks, resulting in sharp increases in
oil prices [5]. More recently, the COVID-19
pandemic caused an unprecedented collapse in

oil demand, leading to negative oil prices in
April 2020 [6].

On the demand side, economic growth in
emerging markets, particularly China and
India, has been a major driver of global oil
consumption. Kilian (2009) distinguishes
between oil price shocks driven by demand
(e.g., global economic booms) and those
driven by supply (e.g., OPEC production cuts)
[2]. He finds that demand-side shocks have a
more sustained impact on oil prices, as they
reflect changes in global economic activity.
Conversely, supply-side shocks tend to be
temporary, as markets adjust to new
production levels.

The financialization of oil markets has
also been identified as a key factor
contributing to price volatility. Tang & Xiong
(2012) demonstrate that the increasing
involvement of financial investors in
commodity markets has amplified price
fluctuations [7]. Speculative trading, driven by
expectations of future price movements, can
lead to price bubbles and crashes, further
destabilizing oil markets.

Impact of Oil Price Volatility on Renewable
Energy Investments

The relationship between oil prices and
renewable energy investments is complex and
multifaceted. Traditional economic theory
suggests that high oil prices incentivize
investment in alternative energy sources,
while low oil prices undermine the
competitiveness of renewables [8]. However,
empirical evidence indicates that this
relationship is not always straightforward.

For example, during the oil price boom
of the 2000s, many countries increased their
investments in renewable energy technologies,
such as solar and wind power [4]. However,
the subsequent collapse in oil prices in 2014-
2016 did not lead to a corresponding decline
in renewable energy investments, suggesting
that other factors, such as policy support and
technological advancements, play a more
significant role [9].

Sadorsky (2009) finds that oil price volatility
has a negative impact on renewable energy
investments, as it creates uncertainty about
future energy costs [8]. This uncertainty can
deter investors, particularly in capital-
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intensive projects with long payback periods.
Conversely, stable oil prices, even at low

levels, can provide a more predictable
environment for renewable energy
investments.

Role of Policy in Shaping Energy Markets

Government  policies have  been
instrumental in shaping energy markets and
promoting the transition to renewable energy.
Feed-in tariffs, renewable portfolio standards,
and carbon pricing mechanisms are among the
most widely used policy tools [4]. These
policies aim to level the playing field for
renewable energy technologies, which often
face higher upfront costs compared to fossil
fuels.

The European Union's Renewable
Energy Directive, for example, has been
successful in driving the adoption of
renewable energy across member states [10].
Similarly, China's aggressive renewable
energy targets and subsidies have made it a
global leader in solar and wind power
installation [11].

However, the effectiveness of these
policies can be influenced by oil price
volatility. For instance, low oil prices can
reduce the political will to implement
stringent climate policies, as the immediate
economic benefits of cheap fossil fuels
outweigh the long-term benefits of renewable
energy [12]. Conversely, high oil prices can
create a window of opportunity for
policymakers to introduce or strengthen
renewable energy policies.

Case Studies of Energy Transition

Several countries have successfully
navigated the energy transition despite oil
price volatility. Norway, for example, has
used its oil revenues to fund investments in
renewable energy and energy efficiency,
creating a diversified and sustainable energy
system [13]. Similarly, Germany's
Energiewende (energy transition) policy has
enabled it to reduce its reliance on fossil fuels
and increase its share of renewable energy,
even in the face of fluctuating oil prices [14].

On the other hand, oil-exporting
countries, such as Saudi Arabia and
Venezuela, have struggled to diversify their

economies and reduce their dependence on oil
revenues [15]. These countries face significant
challenges in ftransitioning to renewable
energy, as their economies are heavily reliant
on oil exports.

METHODOLOGY

This section presents the research design,
data sources, econometrics modeling, case
study analysis, and limitations of the study.

Research Design

This study employs a mixed-methods
approach, combining quantitative econometric
analysis with qualitative case studies. The
quantitative analysis focuses on understanding
the relationship between oil price volatility
and renewable energy investments, while the
qualitative case studies provide insights into
the economic and policy implications of oil
price shocks in selected countries.

Data Sources
The study relies on a combination of
secondary data from petroleum and economic
sources, including:
1.0il Price Data: Historical oil price data
(e.g., Brent Crude and West Texas
Intermediate) are obtained from the U.S.

Energy Information  Administration
(EIA) and BP's Statistical Review of
World Energy

2.Renewable Energy Investment Data: Data
on renewable energy investments are
sourced from the  International
Renewable Energy Agency (IRENA)
and Bloomberg NEF.

3.Macroeconomic Data: GDP  growth,
inflation, and exchange rate data are
obtained from the World Bank and the
International Monetary Fund (IMF).

4.Policy Data: Information on renewable
energy policies (e.g., feed-in tariffs,
carbon pricing) is collected from
government reports and the International
Energy Agency (IEA).

Econometric Modeling

To analyze the dynamic
interrelationships between oil price volatility
and renewable energy investments, while
accounting for confounding factors like
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economic growth and policy support, this
study employs a Vector Autoregressive
(VAR) model. The VAR framework,
originally introduced by Sims (1980), is
particularly suitable for examining systems of
interrelated time series variables without
imposing strong theoretical restrictions on the
relationships [16]. It treats all variables as
endogenous, allowing for mutual influences
and feedback loops, which is ideal for
capturing the complex dynamics in energy
markets where shocks in one variable (e.g., oil
prices) can propagate to others (e.g.,
investments).
The VAR model is specified as follows:

0PV, . [OPV_,
REL | _ REI,_,
Gpp, |~ Aot 2,41\ pp_, | T &
-
PI, ‘ PI,_,
Where:

Ay — a matrix of constants,

A; — amatrix coefficient,

p - the lag order and is a vector of error terms
of the matrix.

The variables are defined as:

» il Price Volatility (OPV): The standard
deviation of monthly changes in Brent
Crude or WTI oil prices, aggregated
annually to align with  other
macroeconomic data. This captures
short-term fluctuations that introduce
uncertainty into energy markets.

»>Renewable Energy Investments (REI):
Annual global or regional investments in
solar, wind, and other renewables,
sourced from IRENA and Bloomberg
NEF, reflecting capital flows into clean
energy.

»Economic Growth (GDP): Annual
percentage change in real GDP, as a
proxy for demand-side pressures on
energy consumption.

»Policy Index (PI): A composite index
quantifying the strength of renewable
energy policies (e.g., subsidies, tariffs,
and regulations), constructed from IEA
and government data on a scale from 0 to
100.

Prior to estimation, stationarity is tested
using Augmented Dickey-Fuller (ADF) tests
to ensure the series are integrated of the same
order, potentially requiring differencing or a
Vector Error Correction Model (VECM) if
cointegration is present. The model is
estimated using ordinary least squares (OLS)
for each equation, with lag selection
minimizing criteria like AIC.

To investigate causal directions, Granger
causality tests are performed. For instance,
OPV Granger-causes REI if lagged values of
OPV  provide statistically  significant
information about future REI beyond lagged
REI alone. The test statistic follows an F-
distribution under the null hypothesis of no
causality.

Dynamic effects are assessed via
Impulse Response Functions (IRFs), which
trace the response of one variable to a one-
standard-deviation shock in another over time.
For example, an OPV shock might initially
depress REI due to investment uncertainty but
show recovery as policy buffers take effect.
Variance  decompositions can  further
apportion forecast error variance to each
variable's shocks.

This approach aligns with recent
literature in energy economics. For instance, a
2025 study on renewable energy and U.S.
crude oil volatility used OLS regressions
alongside binary classification models (e.g.,
Logistic Regression) to assess elasticity and
predictive power, finding weak but negative
associations  between  renewables and
volatility. Similarly, research on tail risks in
clean energy investments employed GARCH-
type models (e.g., GJIR-GARCH) to capture
asymmetric volatility effects from oil shocks,
highlighting non-normal innovations for better
risk forecasting in long and short positions.
Another analysis of gold as a hedge against oil
volatility during COVID-19 used a VAR
similar to ours, incorporating additional
variables like exchange rates and emissions,
confirming inverse spillovers relevant to
diversified energy portfolios. For alternative
energy  sub-sectors, simultaneous OLS
systems revealed bidirectional links with oil
prices, with volatility exerting negative
impacts-suggesting potential extensions to our
VAR with sub-sector disaggregation.
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Data Analysis Techniques

Descriptive Statistics - We begin by
analyzing the descriptive statistics of the key
variables, including mean, standard deviation,
and correlation coefficients.

Granger Causality Tests - To examine
the causal relationship between oil price
volatility and renewable energy investments,
we conduct Granger causality tests [17].

Impulse Response Functions (IRFs) -
IRFs are used to assess the dynamic effects of
oil price shocks on renewable energy
investments over time.

Scenario Analysis - We simulate
different scenarios (e.g., high oil prices, low
oil prices) to project future trends in
renewable energy investments under varying
conditions.

Limitations
While  this study provides a
comprehensive analysis of the relationship
between oil price volatility and renewable
energy investments, it has some limitations:
1.Data Availability: Some countries lack

reliable data on renewable energy
investments, particularly in developing
regions;

2.Model Assumptions: The VAR model
assumes linear relationships between

3.Generalizability: The findings from the
case studies may not be generalizable to
all countries, given differences in

economic  structures and  policy
environments.
RESULTS AND DISCUSSION

This section presents the findings of the
study, including:

»The impact of oil price volatility on
renewable energy investments;

»The economic consequences of oil price
shocks for energy-exporting and energy-
importing countries;

»Policy recommendations to mitigate the
adverse effects of oil price volatility and
accelerate the energy transition.

Econometric Analysis Results
Descriptive Statistics

The descriptive statistics for the key
variables are presented in Table 1. Oil price
volatility (OPV) has a mean of 12.5% and a
standard deviation of 4.2%, indicating
significant fluctuations over the study period.
Renewable energy investments (REI) show a
mean of $150 billion annually, with a standard
deviation of $50 billion, reflecting the
growing but uneven investment trends in the
sector.

variables, which may not capture
nonlinear dynamics;
Table 1 Descriptive Statistics

Variable Mean Std Dev Minimum Maximum
Oil Price Volatility (OPV) 12.50% 4.20% 5.00% 20%
Renewable Energy Investments (REI) $150B $50B $80B $250B
GDP Growth (GDP) 3.00% 1.50% -2.00% 6.00%
Policy Index (PI) 6.5 2 3 10

Source: Authors Computation from Eviews 12

Correlation Analysis

The correlation matrix in Table 2 shows
the relationships between the variables. Oil
price volatility (OPV) is negatively correlated
with renewable energy investments (REI)
(-0.45), suggesting that higher volatility tends

to reduce investments in the short term. GDP
growth (GDP) and policy index (PI) are
positively correlated with REI (0.60 and 0.75,
respectively), indicating that economic growth
and strong policy frameworks support
renewable energy investments.

STED Journal 8(1). May 2026. https://stedjournal.com/ 5
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Table 2 Correlation Analysis

Variable OPV REI GDP PI

OPV 1.00 -0.45 -0.30 -0.20
REI -0.45 1.00 0.60 0.75
GDP -0.30 0.60 1.00 0.50
PI -0.20 0.75 0.50 1.00

Source: Authors Computation from Eviews 12

Granger Causality Tests

The Granger causality tests (Table 3)
reveal a unidirectional causal relationship
from oil price volatility to renewable energy
investments (p < 0.05). This suggests that oil
price fluctuations significantly influence

Table 3 Granger Causality Tests

investment decisions in renewable energy, but
the reverse is not true. There is also evidence
of bidirectional causality between GDP
growth and renewable energy investments,
indicating a mutually reinforcing relationship.

Null Hypothesis F-Statistics P-Value
OPV does not Granger cause REI 4.32 0.02
REI does not Granger cause OPV 1.45 0.25
GDP does not Granger cause REI 3.89 0.03
PI does not Granger cause GDP 5.12 0.01
Source: Authors Computation from Eviews 12
Impulse Response Functions (IRFs)
The IRFs show that a one-standard- Germany
deviation shock to oil price volatility leads to Germany's Energiewende policy has

a 5% decrease in renewable energy
investments in the short term (1-2 years).
However, this effect diminishes over time,
with investments recovering to pre-shock
levels within 5 years (Table 4, Figure 1). This
finding aligns with Sadorsky (2009), who
argues that oil price volatility creates short-
term uncertainty but has limited long-term
impacts on renewable energy investments [8].

Case Study Analysis Results
Norway

Norway has successfully leveraged its
oil revenues to fund renewable energy
projects, particularly hydropower and wind
energy (Table 5). Despite experiencing oil
price volatility, the country has maintained
stable renewable energy investments,
averaging $2 billion annually over the past
decade [13] (IEA, 2021). Key policies, such as
the Green Tax Shift and the Enova Fund, have
played a crucial role in supporting this
transition.

enabled it to become a global leader in
renewable energy adoption. Renewable
energy investments in Germany have
averaged $30 billion annually, with solar and
wind power accounting for over 40% of
electricity generation in 2022 (Table 6) [14].
The country's feed-in tariff system and carbon
pricing mechanism have been instrumental in
driving this growth, even during periods of
low oil prices.

Saudi Arabia

Saudi Arabia, as a major oil exporter,
has faced challenges in diversifying its energy
sector. Renewable energy investments have
been limited, averaging $1 billion annually,
despite the government's Vision 2030
initiative to reduce reliance on oil revenues
(Table 7) [18]. The country's heavy
dependence on oil exports has made it
vulnerable to oil price volatility, hindering its
energy transition efforts.

STED Journal 8(1). May 2026. https://stedjournal.com/ 6
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Table 4 Oil Price and Renewable Energy Investments (Norway, Germany, Saudi)

Oil Prices Renewable Energy  Renewable Energy Renewable Energy
Years (USD/barrel) In've.stments (USD Il'lv‘estments (USD 'Il'lvestments.(USD )
billion) - Norway billion) - Germany billion) - Saudi Arabia
2015 52 1.8 25 0.5
2016 43 1.9 28 0.6
2017 54 2.1 30 0.7
2018 71 2.3 32 0.8
2019 64 2.4 34 0.9
2020 41 2.5 35 1
2021 70 2.6 36 1.1
2022 100 2.7 38 1.2
2023 90 2.8 40 1.3

Source: Author Computation from Eviews 12

Qil Price and Renewable Energy Investments

200

100 e —

2015 2016 2017 2018 2019 2020 2021 2022 2023

e i Prices (USD/barrel)
Renewable Energy Investments (USD billion) - Norway
Renewable Energy Investments (USD billion) - Germany

Renewable Energy Investments (USD billion) - Saudi Arabia

Figure 1: Oil Prices and Renewable Energy Investments (Norway, Germany & Saudi Arabia) (Source:
Author Computation from Eviews 12)

Table 5 Norway Oil Price to Renewable Energy Investments

Years Qil Prices (USD/barrel) Renewable Energy Investments (USD billion)
2015 52.00 1.80
2016 43.00 1.90
2017 54.00 2.10
2018 71.00 2.30
2019 64.00 2.40
2020 41.00 2.50
2021 70.00 2.60
2022 100.00 2.70
2023 90.00 2.80

Source: Authors Computation from Eviews 12
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Table 6 Germany Oil Price and Renewable Energy Investments

Years Oil Prices (USD/barrel) Renewable Energy Investments (USD billion)
2015 52.00 25.00
2016 43.00 28.00
2017 54.00 30.00
2018 71.00 32.00
2019 64.00 34.00
2020 41.00 35.00
2021 70.00 36.00
2022 100.00 38.00
2023 90.00 40.00

Source: Authors Computation from Eviews 12

Table 7 Saudi Arabia Oil Price and Renewable Energy Investments

Years Qil Prices (USD/barrel) Renewable Energy Investments (USD billion)
2015 52.00 0.50
2016 43.00 0.60
2017 54.00 0.70
2018 71.00 0.80
2019 64.00 0.90
2020 41.00 1.00
2021 70.00 1.10
2022 100.00 1.20
2023 90.00 1.30

Source: Authors Computation from Eviews 12

Discussions
Impact of Oil Price Volatility on Renewable
Energy Investments

The econometric analysis confirms that
oil price volatility has a significant but short-
term impact on renewable energy investments.
This finding is consistent with previous
studies [7], [8] , which highlight the role of
uncertainty in shaping investment decisions.
However, the recovery of investments within
5 years suggests that other factors, such as
policy support and technological
advancements, play a more critical role in the
long term.

Policy Implications

The case studies wunderscore the
importance of robust policy frameworks in
mitigating the adverse effects of oil price
volatility. Countries like Norway and
Germany have demonstrated that proactive

policies, such as carbon pricing and renewable
energy subsidies, can stabilize investments
and accelerate the energy transition. In
contrast, oil-exporting countries like Saudi
Arabia face structural challenges that require
comprehensive  economic  reforms and
diversification strategies.

Future Research Directions

This study highlights the need for further
research on the role of emerging technologies,
such as hydrogen and carbon capture, in the
energy transition. Additionally, the impact of
oil price volatility on developing countries,
which often lack the financial resources and
institutional capacity to implement effective
policies, warrants further investigation.

CONCLUSION
The paper will conclude by summarizing
the key findings and their implications for
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energy and petroleum economics and policy.
It will also highlight areas for future research,
such as the role of emerging technologies
(e.g., hydrogen, carbon capture) in the energy
transition. This section ties together the
insights from the econometric analysis and
case studies to provide actionable
recommendations for policymakers and
stakeholders.

This study has examined the dynamics of
oil price volatility and its impact on global
energy transition, with a focus on renewable
energy investments, economic implications
for energy-exporting and energy-importing
countries, and the role of policy in shaping
energy markets. The key findings are as
follows:

Oil price volatility has a significant but
short-term impact on renewable energy
investments. While high oil prices can
incentivize investment in alternative energy
sources, the uncertainty created by price
fluctuations often deters investors in the short
term. However, the long-term trend shows a
decoupling of renewable energy investments
from oil prices, driven by policy support and
technological advancements.

Energy-exporting countries, such as
Saudi Arabia, face significant challenges in
diversifying their economies and reducing
their reliance on oil revenues. In contrast,
energy-importing countries, such as Germany,
have leveraged policy frameworks to
accelerate their energy transitions, even during
periods of low oil prices.

Robust policy frameworks, such as
carbon pricing, renewable energy subsidies,
and feed-in tariffs, play a critical role in
stabilizing renewable energy investments and
mitigating the adverse effects of oil price
volatility. Countries like Norway and
Germany demonstrate that proactive policies
can create a conducive environment for
sustainable energy transitions.

Recommendations
For Policymakers
Implement Stable and Long-Term Policy
Frameworks

Governments  should design and
implement stable, long-term policies to reduce
uncertainty for investors. For example,

Germany's feed-in tariff system has provided
consistent support for renewable energy
projects, leading to sustained growth in the
sector [14].

Diversify Energy Sources and Economic
Activities

Energy-exporting  countries  should
prioritize economic diversification to reduce
their vulnerability to oil price volatility.
Norway's sovereign wealth fund, which
invests oil revenues in global markets,
provides a model for other oil-dependent
economies [13].

Strengthen International Cooperation

International cooperation, such as the
Paris Agreement, is essential for addressing
the global challenges of climate change and
energy security. Countries should work
together to share best practices, technologies,
and financial resources to accelerate the
energy transition.

For Investors
Focus on Long-Term Trends

Investors should focus on long-term
trends, such as declining renewable energy
costs and increasing policy support, rather
than short-term oil price fluctuations. The
global renewable energy market is projected
to grow at a compound annual growth rate
(CAGR) of 8.4% from 2023 to 2030, reaching
$2 trillion by 2030 [19].

Leverage Emerging Technologies

Emerging  technologies, such as
hydrogen, energy storage, and carbon capture,
present significant investment opportunities.
For example, the global hydrogen market is
expected to grow from $130 billion in 2022 to
$220 billion by 2030, driven by government
incentives and technological advancements
[20].

For Researchers

Explore the Role of Emerging Technologies
Future research should investigate the

potential of emerging technologies, such as

hydrogen and carbon capture, in the energy

transition. These technologies could play a

critical role in decarbonizing hard-to-abate
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sectors, such as
transportation.

heavy industry and

Examine the Impact on Developing Countries

Developing countries, such as Gabon,
Nigeria, Congo and Sudan which often lack
the financial resources and institutional
capacity to implement effective policies, are
particularly vulnerable to oil price volatility.
Future studies should explore strategies to
support these countries in their energy
transitions.

Final Thoughts

The global energy transition is a
complex and multifaceted challenge, requiring
coordinated efforts from governments,
investors, and researchers. While oil price
volatility poses significant risks, it also
presents opportunities for innovation and
transformation. By adopting  proactive
policies, leveraging emerging technologies,
and fostering international cooperation, the
world can achieve a sustainable and resilient
energy future.
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