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Achieving sustainable energy security requires long-term planning and energy future
modeling. In this regard, this study employs a descriptive model utilizing the Cross-
Impact Balance Method in the scenario software Wizard. The primary objective is to
provide a comprehensive model and scenarios aligned with the realities of the
country's energy sector. Various aspects of energy development, including energy
resources, production, consumption, imports and exports, new technologies, and
energy policies, have been categorized into different groups to form the Cross-
Impact Balance Method. Various states of each aspect have been formulated and
scored using expert knowledge to demonstrate their interrelationships. Three
scenarios named conservative, desirable, and ideal alongside current economic,
social, political, technological, and environmental conditions have been introduced.
Each of these scenarios has its own characteristics, advantages, and specific risks,
making them potential reference models for future decision-making in the energy
sector. The main outcome of this research is achieving sustainable development in
energy security, necessitating transformation and updating in the country's higher
education system to enhance knowledge and expertise in energy and related
technologies.
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1. Introduction

The world faces increasing energy demand, with energy use essential in economic activities, making
access to energy a key security issue. Energy is vital for social and economic development, and it
significantly impacts the environment. Energy policy has become crucial, focusing on consumption,
production, and storage. Population growth, urbanization, and economic growth increase energy
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consumption, leading to higher greenhouse gas emissions and energy security pressures. Thus,
predicting and modeling the future of energy for sustainable security is necessary.

Various studies have been conducted globally and domestically in the field of energy foresight,
using methods such as Delphi, surveys, game theory, and scenario analysis for modeling. Table and
Table show the modeling studies reviewed.

Table 1. Energy Modeling Studies in the International Context

Model Used Study Topic Ref.
. Analysis of approaches by other researchers in assessing wave energy projects, presenting the
1 Delphi o ; R [2
most accepted criteria, and exploring foresight in this field
Cooperative S . .
2 Examination of revenue generation from customer load data for an energy retailer [3]
Game Theory
. Foresight study of emerging trends in smart cities, transportation, and energy in pan-European
3 Delphi . e e [4]
urban environments, utilizing the opinions of 120 experts
4 Delohi Analysis of the future of nuclear energy in France, considering different judgments within and [5]
P between two panels, one consisting of experts and the other of laypeople
. Forecasting the future of renewable energy in Turkey by 2030, aiming to meet about 50% of
5 Delphi [6]
energy demand
Evolutionary Study of promoting advancements in hydrogen production, hydrogen vehicles, and solar
6 o . [71
Game Theory photovoltaics in China
Examination of power system evolution scenarios to assess long-term technology in the
Scenario electricity industry and create systematic scenarios for the development of AC networks over a
7 - ) - - [8]
Planning 10-20 year horizon, serving as a basis for long-term technology assessment and roadmap
guidance
Bottom-Up L . .
. Study of greenhouse gas reduction in Europe and its profound impact on the energy system,
8 Scenario indicating th . f | I inth [9]
Analysis indicating the dominance of unstable renewable energy sources in the energy system by 2050
9 Scenario Examination of active citizen participation in sustainable energy transitions—especially in [10]
Planning energy communities led by citizens producing energy from renewable sources in Germany
Scenario Examination of the deployment of photovoltaic battery systems in the residential sector in
10 - [11]
Planning Germany by 2050
Table 2. Energy Modeling Studies in Iran
Model Used Study Topic Ref.
Prioritization of renewable energy sources based on a sustainable management
1 Delphi approach using simultaneous evaluation of criteria and alternatives in Iran's [12]
electricity industry
2 Expert Groups and Delphi Study of the most influential factors, their extent and manner of impact, and [13]
Method ultimately, probable scenarios for the future state of renewable energy in Iran
. . Examination of the role of renewable energy scenarios in forecasting carbon
3 Scenario Planning N o [14]
dioxide emissions in Iran by 2030
4 Scenario Planning Development of a scenario-based model for the future of energy in Iran [15]
5 Scenario Planning Examination of Iran's energy scenarios over a twenty-year horizon [16]
Scenario Planning based on - . . .
6 Expert Choices Study and prediction of the last oil peak in human history by 2040 [17]
7 Scenario Plannin Examination of the strategic framework for scenario planning for Iran's Seventh [18]
Y Energy Development Plan from 2020 to 2025
Scenario Planning (Maleki- . . . .
8 Abbaszadeh-Norouzi Model) Probable and credible future of Iran’s fossil energy (gas) by 2035 in four parts [19]
Examination of a new model for utilizing renewable electricity and the impact
9 Scenario Planning of renewable energy development in Iran towards reducing carbon dioxide [20]
emissions by 2040
10 | Cross-Impact Balance Method Identification of driving forces using 2aozle(\)/lew of global energy scenarios up to [21]
Identification of the most influential factors, their extent and manner of impact,
11 Scenario Planning and ultimately, probable scenarios for the future state of renewable energy in [13]
Iran
12 Scenario Planning Examination of a scenario planning agggosach for Iran's gas and oil industries by [22]
13 Scenario Planning Examlnatlon of_ future scenarios for_ electrlcm_/ distribution in Iran; the s_tudy 23]
aims to predict the main alternative scenarios for future governance in
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Model Used Study Topic Ref.

electricity distribution in Iran

Scenario Planning and Cross-

14 Impact Balance Method Future analysis for defining guidelines for wind energy production in Iran [24]
Scenario Planning and Cross- Introduction of 9 scenarios as pathways to different goals in the state space by
15 9 integrating plans and using scenarios for global energy storage, adapted to Iran's [25]

Impact Balance Method conditions with a Cross-Impact Balance Method for parameter evaluation

Examination of the LNG supply chain considering natural gas shortages in the

16 System Dynamics Approach country and providing two scenarios regarding the possibility of LNG exports

[26]

Combined SWOT and . L
17 DEMATEL Methods Analysis of the development outlook for solar energy technologies in Iran [27]

Combined MED and Examination of energy consumption management capacities in Iran by 2040,

18 with a comprehensive supply and demand modeling approach to determine the [28]
MESSAGE Methods . .

optimal energy supply and demand mix for the country

2. Methodology
The Cross-Impact Balance Method is used in this research, combining descriptive data and expert
opinions. The analysis and scenario presentation involves four steps:

1. Determining descriptors

2. Defining states

3. Creating and populating the Cross-Impact Balance Method

4. Running software and generating scenarios

3. Results and Discussion

This study's first step involved identifying the essential factors needed to describe the system's
development, known as descriptors. These descriptors, determined through literature review or expert
inference, reflect future uncertainties. States are assigned to each descriptor, and the mutual
dependencies among descriptors determine which combinations can form consistent scenarios.
Qualitative information is collected regarding how one descriptor's development might influence
another, rated on a scale from -3 (strongly inhibiting) to +3 (strongly promoting).

Descriptors and their states were identified by analyzing Iran's general position and reviewing
annual energy balance sheets and production sources, including oil, gas, electricity, nuclear energy,
coal, and renewables. These were validated and categorized with input from a team of experts from the
Shahid Beheshti University's Energy Research Center. Twenty-four descriptors and 61 states were
selected (Table 3).

Table 3. Descriptors and States of the Cross-Impact Balance Method

Descriptors States in the Cross-Impact Balance Method

Continue current extraction levels

Increasing extraction from

1 shared gas resources Develop and improve extra(_:tlon by exp_lo_ltlng new phase fields
Improve extraction from existing phases
) Role as an energy hub Abil _|ty t_o exchange energy W|_th regl_onal countrl_es
Inaction in energy exchange with regional countries
3 Enerav export Focus on energy exports from renewable sources
gy exp Domestic energy supply from renewable sources and export of other resources
4 Diversification in energy Increase energy capacity with the current model
portfolio Increase the use of renewable energies with a focus on solar and wind energy
. Provide incentive and cost-effective plans to utilize new energies to activate the private
5 Support policies for sector

renewable energy use - - - -
9y Direct government investment and intervention

Increasing energy consumption trend

6 Energy intensity trend Reducing energy consumption trend

Stabilizing energy consumption trend

Lack of resource provision

7 National funds Acting as a lender

Acting as an investment partner

Contractionary (resistant) budgeting

Government capital Budgeting with a high share of development budgets

provision Budgeting with dedicated resources for energy infrastructure development
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Descriptors States in the Cross-Impact Balance Method
No issuance of bonds in the energy sector
9 Civil Participation bonds Issuance of bonds in energy infrastructure (attracting investment)

Issuance of current bonds for primary resources (electricity and fuel)

Continue the current situation

10 Hidden energy subsidies Eliminate hidden subsidies in the electricity sector
Eliminate hidden subsidies in the entire energy sector
1 Non-governmental capital Financing through the stock market and crowdfunding
provision No financing through the stock market and crowdfunding
Financial and customs Apply tax and customs exemptions
12 mechanisms in the energy

sector Do not apply tax and customs exemptions

Severe international sanctions

13 International environment Balanced environment

Open environment for international cooperation

Resistant economy relying on domestic capacities

14 Foreign policy Economy and industry relying on international capacities

. . Membership in economic and environmental treaties
Environmental treaties and

15 Membership in economic treaties

international agreements - - -
International isolation

Licensing and production line

16 Technology transfer Presence of technology owner as an investor

Minimal technology transfer

Targeted and integrated in the form of innovation centers

Knowledge-based and

17 Non-integrated (current situation)
endogenous development =
Minimal development
18 Community acceptance Innovatl_on in the energy sector gains somgtal accgptance
Innovation in the energy sector faces societal resistance
19 Social welfare High level of welfare

Medium level of welfare

Increase in fertility compared to the current level (up to 2.6 children)

Stability of fertility at the current level (2.11 children)

20 Population growth trend Decrease in fertility with a gentle slope (1.95 children)

Decrease in fertility with a steep slope (1.5 children)

Adequate provision of educated workforce

Availability of skilled

21 Adequate provision of skilled educated workforce
workforce —=
Lack of specialist workforce
29 Privatization - _ Prlvatlzat_lon relying on domestic enterprises _
Privatization relying on international enterprises, economic and multinational cooperation
. Stabilization of energy security
23 Energy security Failure to achieve energy security
. . Move towards preserving environmental issues and reducing carbon
24 Environmental issues

Continue the current trend of not preserving environmental issues and reducing carbon

4. Conclusion

This article emphasizes the importance of foresight in energy and its impact on energy security at global,
regional, and national levels. Iran's reliance on fossil fuels and lack of comprehensive planning due to
geographical and mission-driven decision-making has led to fragmented decisions. Despite recent
efforts, energy policy reforms have yet to be fully effective, necessitating focused foresight and
modeling. The article introduces foresight methods and uses tools like World Bank and Oxford
University reports and the Cross-Impact Balance Method to depict Iran's future energy landscape. This
matrix analyzes interrelations and uses specialized software to outline conservative, desirable, and ideal
scenarios for Iran's energy future. The ideal scenario offers the greatest benefits but comes with high
execution risks, the desirable scenario balances implementation risks and benefits, and the conservative
scenario serves as an emergency option with minimal progress. The study underscores the need for an
improved higher education system to achieve sustainable development and energy security, highlighting
the role of advanced universities in fostering technological development and overcoming economic
barriers, drawing parallels with successful examples from Japan, Germany, and China.
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