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ABSTRACT
Currently, geopolitical conflicts are escalating, with

key energy channels such as the Strait of Hormuz facing
disruptions in navigation and sharp fluctuations in
energy prices. Geopolitical risks have become a core
variable threatening the stability, smoothness, and
efficiency of global energy supply. Traditional energy
scenario analysis methods suffer from lagging responses
and cannot timely provide support for energy system
risk response. This paper focuses on the potential risks
to energy supply under geopolitical risks, introduces
artificial intelligence technology to construct an
analytical model in energy scenario analysis to achieve
rapid construction and efficient analysis of scenarios,
and centers on designing an energy scenario framework
from the three dimensions of "supply, efficiency,
smoothness". Integrating geopolitical conflict-related
information, energy supply data, international oil price
data, shipping data, and market transaction data, an
integrated scenario analysis model is built relying on
artificial intelligence technology, replacing the
cumbersome traditional manual modeling and
calculation processes to quickly construct three core
scenarios: the supply guarantee scenario, the efficiency
guarantee scenario, and the smoothness guarantee
scenario. Through the model, the stability, economic
efficiency, and circulation efficiency of energy supply
under different scenarios are quickly quantified and
deduced, and the applicable scenarios and
implementation priorities of each scenario are clarified.
The research results show that introducing artificial
intelligence technology into energy scenario analysis
can effectively simplify the modeling process, improve
the speed and accuracy of scenario analysis, and quickly
respond to the dynamic changes of geopolitical risks;
the three-dimensional scenario of " supply, efficiency,
smoothness" can achieve the multi-objective balance of
the energy system under geopolitical risks. The research

conclusions can provide accurate decision-making
reference and technical support for energy enterprises
to formulate risk response strategies and for
governments to improve energy security policies.
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1. INTRODUCTION

1.1 Research Background

The global energy system is in a critical period of
in-depth transformation and restructuring. The goal of
carbon neutrality is promoting the upgrading of the
energy structure towards low-carbonization and
diversification, but the continuous escalation of
geopolitical conflicts has broken the stable pattern of
energy supply, posing severe challenges to global
energy security. In recent years, conflicts have occurred
frequently in major energy-producing regions such as
the Middle East and Eastern Europe, and key energy
transportation channels such as the Strait of Hormuz
and the Strait of Malacca have repeatedly faced the risk
of navigation disruption, leading to sharp fluctuations in
international crude oil and natural gas prices and a
significant increase in the uncertainty of energy supply.
According to data from the International Energy Agency
(IEA), from 2023 to 2025, the number of global energy
supply disruption events caused by geopolitical conflicts
increased by 37% year-on-year, and the international oil
price volatility exceeded 40%, directly affecting the
energy supply security of various countries, the
profitability of energy enterprises, and the efficiency of
energy circulation.

Energy scenario analysis is a core tool for
addressing the uncertainty of the energy system and
formulating energy policies and corporate strategies. Its
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core function is to simulate the evolutionary
characteristics of the energy system under various
external shocks by constructing different scenarios,
providing a scientific basis for risk response. Traditional
energy scenario analysis methods mainly rely on manual
modeling, statistical analysis and other means, which
have problems such as cumbersome processes, low
calculation efficiency, and lagging responses. It is
difficult to accurately capture the randomness,
conductivity, and multi-dimensional impact of
geopolitical risks. When geopolitical risks occur
suddenly, traditional methods often take days or even
weeks to complete scenario construction and analysis,
which cannot timely provide support for energy system
risk response and is difficult to meet the urgent demand
for energy security guarantee under the background of
frequent geopolitical risks.

The rapid development of artificial intelligence
technology has provided a new path to solve this pain
point. Artificial intelligence technology has strong data
processing, pattern recognition, and rapid deduction
capabilities, which can efficiently integrate multi-source
heterogeneous data, quickly construct analytical
models, realize real-time construction and dynamic
deduction of scenarios, and significantly improve the
speed and accuracy of energy scenario analysis.
Introducing artificial intelligence technology into energy
scenario analysis, constructing a scenario analysis
model adapted to the geopolitical risk scenario, and
designing a scenario framework around the three core
goals of "supply, smoothness, efficiency" are of great
theoretical and practical significance for improving the
ability of the energy system to respond to geopolitical
risks and ensuring energy security.

1.2 Research Significance

The research significance of this paper is mainly
reflected in two aspects: theory and practice. At the
theoretical level, this paper enriches the cross research
between geopolitical risks and energy scenario analysis,
breaks through the limitations of traditional scenario
analysis methods, constructs an analytical framework of
"artificial intelligence + three-dimensional scenarios",
provides new ideas and methods for the intelligent
development of energy scenario analysis, and improves
the theoretical system of the integration and
application of energy security and artificial intelligence.
At the practical level, the artificial intelligence scenario
analysis model constructed in this paper can quickly
respond to the dynamic changes of geopolitical risks,
quantify the stability, efficiency, and smoothness of

energy supply under different scenarios, provide precise
support for energy enterprises to formulate risk
response strategies , and also provide scientific
decision-making reference for governments to improve
energy security policies and optimize energy system
planning.

1.3 Research Status at Home and Abroad

Foreign research on energy scenario analysis started
early, and relatively mature analytical frameworks and
methods have been formed, such as the IEA energy
scenario model and BP's energy statistics and scenario
prediction model. These models mainly focus on the
impact of factors such as energy structure
transformation and climate change on the energy
system, but there are still deficiencies in addressing
geopolitical risks. Most models do not include
geopolitical risks as core variables in the analysis, and
rely on traditional modeling methods with slow
response speed. In recent years, some foreign scholars
have begun to try to introduce artificial intelligence
technology into energy scenario analysis, such as using
deep learning algorithms to predict energy price
fluctuations and simulate energy supply scenarios.
However, relevant research mostly focuses on a single
scenario (such as supply security), fails to construct a
multi-objective collaborative scenario framework, and
does not fully consider the transmission mechanism of
geopolitical risks.

Domestic scholars' research on energy scenario
analysis mainly focuses on themes such as energy
structure optimization and carbon emission reduction
goals. In recent years, with the increasing impact of
geopolitical risks on China's energy supply, relevant
research has begun to pay attention to the correlation
between geopolitical risks and energy security. Some
scholars have constructed energy scenario analysis
models under geopolitical risks, but most models still
adopt traditional statistical methods with low
intelligence level, making it difficult to realize rapid
scenario construction and deduction. At the same time,
existing research mostly focuses on the single goal of "
supply priority", pays insufficient attention to
"efficiency and smoothness", and fails to form a multi-
objective collaborative scenario analysis framework,
which cannot meet the needs of multi-dimensional risk
response of the energy system.

1.4 Research Content

The research content of this paper mainly includes
three aspects: first, analyze the impact mechanism of
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geopolitical risks on energy supply and identify core
influencing factors; second, construct an energy
scenario analysis model based on artificial intelligence,
integrate multi-source data, and realize rapid scenario
construction and deduction; third, design energy
scenarios around the three dimensions of " supply,
efficiency, smoothness", and quantitatively analyze the
evolutionary characteristics of the energy system under
different scenarios.

2. ANALYSIS OF THE IMPACT MECHANISM OF
GEOPOLITICAL RISKS ON ENERGY SUPPLY

2.1 Identification of Core Influencing Factors of
Geopolitical Risks

Combining existing research and practical
experience, this paper identifies the core influencing
factors of geopolitical risks on energy supply from three
dimensions: energy production, energy transportation,
and energy market, as follows:

(1) Energy production dimension: geopolitical
conflict incidence rate, political stability of major
energy-producing regions, and energy output
fluctuation range. Frequent geopolitical conflicts will
directly damage energy production facilities, leading to
a decline in energy output; political instability in major
producing regions will affect the continuity of energy
production and increase supply uncertainty.

(2) Energy transportation dimension: traffic rate of
key energy channels, transportation cost fluctuation,
and transportation safety risks. The obstruction of key
energy channels will directly lead to the interruption or
delay of energy transportation; the fluctuation of
transportation costs will increase energy circulation
costs and affect the economy of energy supply;
transportation safety risks (such as piracy and channel
blockage) will further exacerbate the uncertainty of
energy supply.

(3) Energy market dimension: international energy
price volatility, market panic index, and energy trade
barriers. Market panic caused by geopolitical risks will
lead to sharp fluctuations in energy prices, affecting the
production and operation of energy enterprises; the
increase in trade barriers will hinder cross-border
energy circulation and further aggravate regional
energy supply tensions.

2.2 Transmission Path of Geopolitical Risks on Energy
Supply

The impact of geopolitical risks on energy supply
mainly unfolds through the chain transmission path of

"production end - transportation end - market end".
The specific transmission process is as follows:
escalation of geopolitical conflicts → production
interruption and output decline in major energy-
producing regions (production end impact) →
obstruction of key energy channels and increase in
transportation costs (transportation end impact) →
energy market panic and sharp price fluctuations
(market end impact) → insufficient total energy supply,
decreased efficiency, and blocked circulation →
impaired stability of the energy system.

For example, as a key channel for global crude oil
transportation, the obstruction of the Strait of Hormuz
will directly lead to a decline in global crude oil
transportation volume, which in turn will trigger an
increase in international oil prices; the rise in oil prices
will increase the procurement costs of energy
enterprises and compress their profit margins (affecting
efficiency); at the same time, transportation obstruction
will lead to regional energy supply shortages (affecting
supply) and reduced circulation efficiency (affecting
smoothness), forming a linked damage pattern of
"supply - efficiency - smoothness".

2.3 Core Pain Points of Energy Supply Under
Geopolitical Risks

Combined with the above analysis of the impact
mechanism, the core pain points of energy supply under
geopolitical risks are mainly reflected in three aspects:
first, insufficient supply stability. The randomness of
geopolitical risks makes energy supply prone to
interruption, making it difficult to ensure continuous
supply; second, impaired efficiency. Fluctuations in
energy prices and rising transportation costs increase
the profit pressure of energy enterprises and reduce the
economy of energy system operation; third, unsmooth
circulation. Obstruction of key channels and increased
trade barriers lead to reduced energy circulation
efficiency and aggravated regional energy supply-
demand imbalance. These three core pain points are
also the design basis of the three-dimensional scenario
framework of " supply, efficiency, smoothness" in this
paper.

3. CONSTRUCTION OF ENERGY SCENARIO ANALYSIS
MODEL BASED ON ARTIFICIAL INTELLIGENCE

3.1 Model Construction Objectives

The core objective of constructing the energy
scenario analysis model based on artificial intelligence
in this paper is to solve the problems of lagging
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response and cumbersome processes of traditional
scenario analysis methods, realize rapid construction,
accurate deduction, and quantitative analysis of energy
scenarios under geopolitical risks, and provide technical
support for the implementation of the three-
dimensional scenarios of "supply,efficiency,
smoothness". The specific objectives include: first,
quickly integrate multi-source heterogeneous data to
achieve efficient data preprocessing; second, quickly
construct a scenario analysis model to replace the
traditional cumbersome manual modeling process;
third, accurately deduce the stability, efficiency, and
smoothness of energy supply under different scenarios
and output quantitative analysis results; fourth, quickly
respond to the dynamic changes of geopolitical risks
and realize real-time update and optimization of
scenarios.

3.2 Data Sources and Preprocessing

3.2.1 Data Sources

To ensure the accuracy and comprehensiveness of
the model, this paper integrates multi-source data
covering four dimensions: geopolitical risks, energy
supply, energy market, and energy transportation. The
specific data sources are as follows: geopolitical
conflict-related information (International Crisis Group
(ICG) reports, global geopolitical risk index), energy
supply data (IEA energy statistics reports, statistical data
of energy departments of various countries),
international oil price data (U.S. Energy Information
Administration (EIA), Brent crude oil price index),
shipping data (Baltic Dry Index (BDI), key channel traffic
data), and market transaction data (energy futures
transaction data, corporate financial data). The data
time span is from 2018 to 2025, using monthly data to
ensure the timeliness and continuity of the data.

3.2.2 Data Preprocessing

Due to the problems of inconsistent formats,
missing values, and outliers in multi-source data, it is
necessary to perform preprocessing through artificial
intelligence algorithms. The specific steps are as
follows: first, data cleaning, using outlier detection
algorithms (such as Isolation Forest algorithm) to
identify and eliminate outliers in the data, and using
interpolation method to fill in missing values; second,
data standardization, converting data of different
magnitudes into a unified standard (such as Z-score
standardization) to eliminate the impact of
dimensionality; third, data fusion, using data fusion
algorithms to integrate multi-source data into a unified

data set and explore the correlation between data;
fourth, feature extraction, using feature selection
algorithms (such as Random Forest algorithm) to screen
out feature variables that have a significant impact on
energy scenario analysis, reducing the computational
complexity of the model.

3.3 Model Architecture Design

The artificial intelligence-based energy scenario
analysis model constructed in this paper adopts a five-
layer architecture of "data input layer - feature
extraction layer - model core layer - scenario deduction
layer - result output layer", which is specifically as
follows:

(1) Data input layer: responsible for receiving
preprocessed multi-source data, including geopolitical
risk data, energy supply data, oil price data, shipping
data, etc., to provide data support for the model.

(2) Feature extraction layer: using Random Forest
algorithm to extract features from the input data,
screen out core feature variables (such as geopolitical
conflict incidence rate, channel traffic rate, oil price
volatility, etc.), reduce the computational complexity of
the model, and improve model efficiency.

(3) Model core layer: using machine learning
algorithms (such as Gradient Boosting Regression Tree
(GBRT)) to build a scenario analysis model. This
algorithm has strong nonlinear fitting ability and anti-
interference ability, which can efficiently explore the
correlation between feature variables and the operating
state of the energy system, and realize rapid
construction and optimization of the model.

(4) Scenario deduction layer: based on the model
core layer, input parameter settings of different
scenarios, perform rapid quantitative deduction on the
three core scenarios of " supply, efficiency,
smoothness", and simulate the operating state of the
energy system under different scenarios.

(5) Result output layer: output quantitative analysis
results under different scenarios, including indicators
such as energy supply stability index, energy enterprise
profitability, and energy circulation efficiency, to
provide precise support for risk response.

4. DESIGN AND ANALYSIS OF ENERGY SCENARIOS
UNDER GEOPOLITICAL RISKS

4.1 Scenario Design Principles and Framework

4.1.1 Scenario Design Principles

This paper designs energy scenarios around the
three dimensions of " supply, efficiency, smoothness",
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following the following three principles: first, the
principle of pertinence. Scenario design must be closely
combined with the core pain points of energy supply
under geopolitical risks, focusing on the three goals of
"supply, efficiency, smoothness"; second, the principle
of feasibility. The parameters set in the scenarios must
conform to the actual situation and be operable; third,
the principle of comparability. There must be a clear
comparison between the three scenarios to clearly
present the evolutionary characteristics of the energy
system under different goal orientations.

4.1.2 Scenario Framework Design

Based on the above principles, this paper constructs
a three-dimensional scenario framework of " supply,
efficiency, smoothness". The core objectives and
parameter settings of each scenario are as follows:

(1) Supply priority scenario: The core objective is to
ensure the stability of energy supply and respond to
supply interruptions caused by geopolitical risks.
Parameter settings: increase energy reserves (20%
higher than the baseline scenario), expand the scale of
alternative energy supply (15% higher than the baseline
scenario), optimize energy production scheduling, and
give priority to ensuring energy supply in core regions.

(2) Efficiency priority scenario: The core objective is
to balance energy price fluctuations and enterprise
profitability, and alleviate cost transmission pressure.
Parameter settings: optimize energy procurement
strategies, lock in oil prices through long-term
agreements (lock-in ratio not less than 60%), reduce
energy production and transportation costs (10% lower
than the baseline scenario), adjust product structure,
and increase the proportion of high-value-added energy
products.

(3) Smoothness priority scenario: The core
objective is to optimize the scheduling of energy
transportation channels and reduce the obstruction of
energy circulation caused by geopolitical risks.
Parameter settings: expand diversified transportation
channels (add 2-3 backup channels), improve the traffic
efficiency of key channels (25% higher than the baseline
scenario), strengthen supply chain collaboration, and
establish a regional energy circulation linkage
mechanism.

4.2 Scenario Adaptation and Application

Combined with the different intensities of
geopolitical risks, the applicable scenarios and
implementation priorities of the three scenarios are
clarified:

(1) Supply priority scenario: Adapted to high-
intensity geopolitical risk scenarios (such as blockage of
key energy channels, large-scale conflicts in major
energy-producing regions). The implementation focus is
to strengthen the construction of the energy reserve
system, expand the supply of alternative energy,
optimize energy production scheduling, give priority to
ensuring energy supply in core areas such as people's
livelihood and industry, and minimize the risk of supply
interruption.

(2) Efficiency priority scenario: Adapted to
medium-intensity geopolitical risk scenarios (such as
local outbreaks of geopolitical conflicts, moderate
fluctuations in oil prices). The implementation focus is
to optimize energy procurement and cost control
strategies, lock in oil prices through long-term
agreements and futures hedging, adjust product
structure, improve enterprise profitability, and realize
the sustainable operation of energy enterprises.

(3) Smoothness priority scenario: Adapted to
medium-low intensity geopolitical risk scenarios (such
as regional unrest, restricted channel navigation). The
implementation focus is to expand diversified
transportation channels, strengthen channel
management and supply chain collaboration, improve
energy circulation efficiency, reduce circulation costs,
and ensure the smooth circulation of energy.

It should be noted that the three scenarios are not
independent of each other. In practical applications,
flexible switching and collaborative application of
different scenarios can be realized according to the
dynamic changes of geopolitical risks, so as to achieve
the multi-objective balance of "supply - efficiency -
smoothness" of the energy system.

5. CONCLUSIONS AND PROSPECTS
Focusing on the potential risks of energy supply

under geopolitical risks, this paper introduces artificial
intelligence technology to construct an energy scenario
analysis model, designs a scenario framework around
the three dimensions of "supply, efficiency,
smoothness", and draws the following conclusions
through quantitative deduction:

(1) Geopolitical risks have a significant negative
impact on the stability, efficiency, and smoothness of
energy supply through the chain transmission path of
"production end - transportation end - market end",
and the core pain points are manifested as easy supply
interruption, impaired efficiency, and blocked
circulation.
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(2) Introducing artificial intelligence technology
into energy scenario analysis can effectively simplify the
modeling process, improve the speed and accuracy of
scenario analysis, quickly respond to the dynamic
changes of geopolitical risks, solve the pain point of
lagging response of traditional scenario analysis
methods, and provide an efficient technical means for
energy scenario analysis.

(3) The three-dimensional scenarios of "supply,
efficiency, smoothness" can be adapted to different
intensity geopolitical risk scenarios. Each scenario has
clear core objectives and implementation priorities.
Through the flexible application of the three scenarios,
the multi-objective balance of the energy system under
geopolitical risks can be achieved, providing support for
energy security guarantee.

(4) Each of the three scenarios has its own focus.
The supply guarantee scenario focuses on ensuring
supply stability but sacrifices part of efficiency and
smoothness; the efficiency guarantee scenario focuses
on improving enterprise profitability but has limited
improvement in supply and smoothness; the
smoothness guarantee scenario focuses on improving
circulation efficiency but has insufficient improvement
in supply and efficiency. In practical applications,
adjustments need to be made according to the dynamic
changes of geopolitical risks.

Future research can be carried out from three
aspects: first, expand the data coverage, focus on
regional energy systems, and improve the
comprehensiveness of scenario analysis; second, add
extreme geopolitical risk scenarios, optimize the
scenario framework design, and improve the
adaptability of the model; third, integrate technologies
such as digital twins and big data to further optimize the
artificial intelligence scenario analysis model, realize
real-time simulation and dynamic optimization of
energy scenarios, and provide more precise support for
energy security guarantee.
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