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Abstract

Energy instability poses significant challenges to Iran's industrial sector, particularly in supply chain management (SCM).
This article examines the impact of energy instability on industrial operations, including production interruptions, rising
operational costs, and reduced competitiveness. Through a comprehensive analysis of strategic responses adopted by
Iranian firms, the study highlights key measures such as diversification of energy sources, energy efficiency initiatives,
risk management practices, and collaborative approaches. These strategies have proven effective in mitigating the
adverse effects of energy instability, enhancing supply chain resilience, and improving operational efficiency. The
findings emphasize the need for a coordinated approach involving both industry leaders and policymakers. Firms are
encouraged to invest in innovative energy management practices and foster cross-supply chain collaboration, while
policymakers should facilitate investments in renewable energy infrastructure, provide incentives for energy-efficient
technologies, and create supportive regulatory frameworks. The study concludes that strategic and proactive responses
can transform energy-related challenges into opportunities for growth and resilience, ultimately contributing to a more

sustainable and competitive industrial sector in Iran.
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1. Introduction

Energy instability has emerged as a critical challenge for nations
worldwide, particularly for countries like Iran, where energy
resources play a pivotal role in both domestic consumption and
economic export. As one of the world’s largest producers of oil and
natural gas, Iran’s industrial sector is deeply intertwined with its
energy infrastructure. However, the country has faced significant
energy instability due to a combination of internal inefficiencies,
geopolitical tensions, and external sanctions. This instability
has profound implications for supply chain management (SCM)
within Iran’s industrial sector, as energy is a fundamental input for
production, transportation, and logistics.

The global energy landscape has undergone significant
transformations in recent decades, driven by climate change,
technological advancements, and geopolitical shifts. According
to the International Energy Agency, the transition to renewable
energy sources is reshaping traditional energy markets, creating

both opportunities and challenges for energy-dependent economies
[1]. For Iran, this transition is complicated by its reliance on fossil
fuels, which account for the majority of its export revenues and
domestic energy consumption [2]. The country’s energy sector has
been further strained by international sanctions, which have limited
its access to foreign investment and advanced technologies [3].
These factors have contributed to energy instability, characterized
by frequent power outages, fuel shortages, and fluctuating energy
prices.

Energy instability poses significant risks to supply chain
management, which is critical for the efficient functioning of
the industrial sector. SCM involves the coordination of material,
information, and financial flows across a network of suppliers,
manufacturers, distributors, and customers [4]. In the context of
Iran’s industrial sector, energy is a critical input for production
processes, transportation, and storage. Disruptions in energy supply
can lead to delays, increased costs, and reduced productivity,
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ultimately undermining the competitiveness of Iranian industries.
For example, in 2021, widespread power outages in Iran led to
the temporary shutdown of several major manufacturing plants,
causing significant economic losses [5].

To address these challenges, Iranian industries must adopt
strategic responses that enhance the resilience of their supply
chains in the face of energy instability. One such strategy is the
diversification of energy sources, which can reduce dependence on
a single energy type and mitigate the risks associated with supply
disruptions. According to a study by Hafezalkotob (2017), the
integration of renewable energy sources, such as solar and wind
power, can enhance the sustainability and reliability of energy
supply in Iran. The country has significant potential for renewable
energy development, with an estimated 300 days of sunshine per
year and abundant wind resources [6]. However, the adoption of
renewable energy technologies has been hindered by financial
constraints, regulatory barriers, and a lack of technical expertise
[7]. To overcome these challenges, the Iranian government and
private sector must collaborate to create an enabling environment
for renewable energy investment and innovation.

Another strategic response is the implementation of energy-
efficient technologies and practices, which can reduce energy
consumption and lower production costs. In a study by Kordvani
et al. it was found that energy-efficient technologies could reduce
energy consumption in Iran’s industrial sector by up to 30% [8].
However, the adoption of such technologies requires significant
upfront investment, which may be a barrier for many Iranian
firms, particularly small and medium-sized enterprises (SMEs).
To address this issue, the government could provide financial
incentives, such as tax breaks and subsidies, to encourage the
adoption of energy-efficient technologies. Additionally, firms
could explore alternative financing mechanisms, such as green
bonds and energy service contracts, to fund energy efficiency
projects.

Supply chain resilience can also be enhanced through the
development of robust risk management strategies that anticipate
and mitigate the impacts of energy instability. According to Pettit
et al., risk management in supply chains involves identifying
potential risks, assessing their likelihood and impact, and
implementing measures to reduce their effects [9]. In the context of
Iran’s industrial sector, risk management strategies could include
the diversification of suppliers, the establishment of alternative
transportation routes, and the development of contingency plans
for energy disruptions. For example, firms could establish long-
term contracts with energy suppliers to secure stable energy prices
and supply, or they could invest in on-site energy generation
systems, such as solar panels or diesel generators, to ensure a
reliable energy supply during outages.

Collaboration and information sharing among supply chain
partners can also play a critical role in enhancing supply chain

resilience. In a study by Faisal et al., it was found that collaboration
in supply chains can lead to improved risk management, increased
efficiency, and greater agility in responding to disruptions [10]. In
the context of Iran’s industrial sector, collaboration could involve
the sharing of information on energy supply and demand, the
coordination of production schedules to optimize energy use, and
the joint development of energy efficiency initiatives. However,
collaboration requires trust and transparency among supply chain
partners, which may be challenging in a competitive and resource-
constrained environment. To foster collaboration, firms could
establish formal partnerships, such as joint ventures or consortiums,
and develop shared platforms for information exchange.

Finally, the role of government policy in addressing energy
instability and its impacts on supply chain management cannot
be overstated. Government policies can influence energy prices,
regulate energy production and distribution, and provide incentives
for energy efficiency and renewable energy development. In Iran,
the government has implemented various policies to address energy
instability, including subsidies for energy prices, investment in
energy infrastructure, and the promotion of renewable energy.
However, these policies have had mixed results, with some critics
arguing that they have exacerbated inefficiencies and distortions
in the energy market [11]. To address these issues, the Iranian
government could adopt a more strategic and integrated approach
to energy policy, which aligns with the needs of the industrial
sector and promotes sustainable energy development.

In conclusion, energy instability poses significant challenges for
supply chain management in Iran’s industrial sector, affecting
production, transportation, and logistics. To mitigate these
challenges, Iranian industries must adopt strategic responses
that enhance the resilience of their supply chains, including the
diversification of energy sources, the implementation of energy-
efficient technologies, the development of robust risk management
strategies, and the promotion of collaboration among supply chain
partners. Additionally, government policy plays a critical role in
addressing energy instability and creating an enabling environment
for sustainable energy development. By addressing these issues,
Iran’s industrial sector can enhance its competitiveness and
contribute to the country’s economic growth and development.

The problem addressed in this article is the impact of energy
instability on supply chain management in Iran’s industrial sector.
Despite being one of the world’s largest producers of oil and
natural gas, Iran faces significant energy instability due to internal
inefficiencies, geopolitical tensions, and international sanctions.
This instability disrupts production processes, increases costs,
and reduces the competitiveness of Iranian industries. The article
explores strategic responses, including energy diversification,
energy efficiency, risk management, and collaboration, to mitigate
these impacts and enhance the resilience of supply chains in Iran’s
industrial sector.
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Government Time Period Energy Energy Policies External Sanctions | Impact on Industrial

(President) Infrastructure Energy Stability

Provisional 1979 — 1980 Post-revolution Limited focus on Limited sanctions; Significant instability;

Government chaos disrupted energy policy due to U.S. embargo on oil production dropped,
energy infrastructure, | political instability and Iranian oil began in leading to energy
including oil and gas transition. 1979. shortages in industries.
production.

Rafsanjani 1989 — 1997 Post-war Encouraged foreign Sanctions intensified, | Moderate instability;
reconstruction; focus | investment in oil and gas; | especially in the energy production
on rebuilding damaged | promoted energy self- 1990s, limiting increased, but sanctions
energy infrastructure. | sufficiency. foreign investment in | hindered full recovery in

energy. industries.

Khatami 1997 — 2005 Expansion of natural | Promoted renewable Sanctions continued, | Improved stability
gas infrastructure; energy and energy including restrictions | in some sectors, but
focus on diversifying | efficiency; initiated on oil exports and industries still faced
energy sources. reforms in energy technology transfer. energy shortages due to

sector. sanctions.

Ahmadinejad 2005 - 2013 Increased focus Subsidized energy prices; | Severe sanctions, High instability;
on nuclear energy; launched nuclear energy particularly on oil energy subsidies led
expansion of oil and program amid international | and gas exports after | to inefficiencies, and
gas production. pressure 2010. sanctions caused severe

industrial disruptions.

Rouhani 2013 -2021 Focus on modernizing | Reduced energy subsidies; | Sanctions temporarily | Mixed stability; industries
energy infrastructure; | signed the JCPOA lifted after JCPOA benefited from JCPOA,
increased investment | (nuclear deal) to lift (2015); reinstated by | but reinstated sanctions
in renewable sanctions. the U.S. in 2018. caused renewed energy
energy. shortages.

Raisi 2021 —-2024 Continued focus on Emphasis on energy Ongoing U.S. Persistent instability;
nuclear energy and self-sufficiency; limited and international industries face continued
renewable energy. reforms in energy sanctions, particularly | energy shortages and high

sector. on oil and gas costs due to sanctions.
exports.
Table 1: Comparing Energy Instability in Industries Under Different Governments in Iran After the Islamic Revolution

(Authors, 2025)

1. Literature Review

Energy instability has emerged as a critical issue affecting supply
chain management (SCM) in industrial sectors worldwide,
particularly in energy-dependent economies like Iran. This
literature review explores the intersection of energy instability,
supply chain management, and strategic responses, focusing on
Iran's industrial sector. The review is organized into three main
sections: (1) energy instability and its drivers, (2) the impact of
energy instability on supply chain management, and (3) strategic
responses to mitigate these impacts.

1.1. Energy Instability and Its Drivers

Energy instability refers to the inability of a nation or region to
ensure a consistent and reliable supply of energy resources, leading
to fluctuations in energy prices, shortages, and disruptions in
energy-intensive sectors. In the context of Iran, energy instability
is driven by a combination of internal inefficiencies, geopolitical
tensions, and external sanctions.

1.2. Internal Inefficiencies
Iran, despite being one of the world's largest producers of oil
and natural gas, has faced significant energy instability due

to internal inefficiencies in its energy sector. According to the
International Energy Agency, Iran's energy sector suffers from
outdated infrastructure, underinvestment in modern technologies,
and inefficient energy consumption patterns. The country's heavy
reliance on fossil fuels, coupled with a lack of diversification
in energy sources, has exacerbated energy instability (BP
Statistical Review of World Energy, 2022). Additionally, Iran's
energy subsidies have distorted market dynamics, leading to
overconsumption and inefficiencies.

1.3. Geopolitical Tensions

Geopolitical tensions, particularly with the United States and
its allies, have further contributed to energy instability in Iran.
The imposition of international sanctions has limited Iran's
ability to export oil and gas, reducing its revenue streams and
hindering investments in energy infrastructure. According to a
study by Hafezalkotob (2017), sanctions have not only affected
Iran's energy exports but also disrupted the import of advanced
technologies needed to modernize its energy sector [12]. The 2015
Joint Comprehensive Plan of Action (JCPOA) provided temporary
relief from sanctions, but their reinstatement in 2018 by the U.S.
government has renewed energy instability (Rouhani, 2021).
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1.4. External Sanctions

External sanctions have had a profound impact on Iran's energy
sector, limiting its access to foreign investment and advanced
technologies. According to a report by the World Bank (2023),
sanctions have reduced Iran's oil exports by more than 50%,
severely affecting its revenue and ability to invest in energy
infrastructure. Additionally, sanctions have hindered Iran's access
to global financial markets, making it difficult to finance large-scale
energy projects (Khorasanizadeh et al., 2019). The combination of
internal inefficiencies and external sanctions has created a cycle of
energy instability, with significant implications for Iran's industrial
sector.

2. Impact of Energy Instability on Supply Chain Management
Energy instability has far-reaching implications for supply chain
management (SCM) in Iran's industrial sector, affecting production,
transportation, and logistics. Energy is a critical input for industrial
processes, and disruptions in energy supply can lead to increased
costs, reduced productivity, and delays in the supply chain.

2.1. Production Disruptions

Energy instability directly impacts industrial production, as energy
is a fundamental input for manufacturing processes. According to
Christopher, disruptions in energy supply can lead to production
stoppages, increased lead times, and higher costs. In Iran,
frequent power outages and fuel shortages have caused significant
disruptions in industrial production, particularly in energy-
intensive sectors such as petrochemicals, steel, and automotive
manufacturing. The 2021 power outages, for example, led to
the temporary shutdown of several major manufacturing plants,
causing substantial economic losses.

2.2. Transportation and Logistics

Energy instability also affects transportation and logistics, which
are critical components of supply chain management. Fuel
shortages and fluctuating energy prices can increase transportation
costs, leading to delays in the delivery of raw materials and
finished goods. According to a study by, energy instability in Iran
has led to increased transportation costs, reduced efficiency, and
disruptions in logistics networks [13]. The reliance on diesel fuel
for transportation has further exacerbated the problem, as diesel
shortages have become more frequent due to energy instability.

2.3. Increased Costs

Energy instability leads to increased costs across the supply chain,
affecting both upstream and downstream activities. Rising energy
prices can increase the cost of raw materials, production, and
transportation, reducing the competitiveness of Iranian industries
in global markets. According to a report by the Iran Chamber
of Commerce, energy instability has led to a 20% increase in
production costs for Iran's industrial sector, making it difficult for
firms to compete internationally.

2.4. Reduced Competitiveness
The combination of production disruptions, increased costs, and

logistical challenges has reduced the competitiveness of Iran's
industrial sector. According to a study by Pettit et al. (2013),
supply chain disruptions can have long-term effects on a firm's
competitiveness, as customers may switch to more reliable
suppliers. In the context of Iran, energy instability has led to
reduced export volumes, loss of market share, and a decline in
foreign investment.

3. Strategic Responses to Mitigate Energy Instability

To mitigate the impacts of energy instability on supply chain
management, Iranian industries must adopt strategic responses
that enhance the resilience of their supply chains. These strategies
include the diversification of energy sources, the implementation
of energy-efficient technologies, the development of robust risk
management strategies, and the promotion of collaboration among
supply chain partners.

3.1. Diversification of Energy Sources

One of the most effective strategies to mitigate energy instability
is the diversification of energy sources. By reducing dependence
on a single energy type, firms can mitigate the risks associated
with supply disruptions. According to a study by Hafezalkotob, the
integration of renewable energy sources, such as solar and wind
power, can enhance the sustainability and reliability of energy
supply in Iran. The country has significant potential for renewable
energy development, with an estimated 300 days of sunshine per
year and abundant wind resources. However, the adoption of
renewable energy technologies has been hindered by financial
constraints, regulatory barriers, and a lack of technical expertise.

3.2. Energy Efficiency

Another strategic response is the implementation of energy-
efficient technologies and practices, which can reduce energy
consumption and lower production costs. According to a study
by Kordvani et al., energy-efficient technologies could reduce
energy consumption in Iran's industrial sector by up to 30%.
However, the adoption of such technologies requires significant
upfront investment, which may be a barrier for many Iranian
firms, particularly small and medium-sized enterprises (SMEs).
To address this issue, the government could provide financial
incentives, such as tax breaks and subsidies, to encourage the
adoption of energy-efficient technologies.

3.3. Risk Management

Supply chain resilience can also be enhanced through the
development of robust risk management strategies that anticipate
and mitigate the impacts of energy instability. According to Pettit et
al. risk management in supply chains involves identifying potential
risks, assessing their likelihood and impact, and implementing
measures to reduce their effects. In the context of Iran's industrial
sector, risk management strategies could include the diversification
of suppliers, the establishment of alternative transportation routes,
and the development of contingency plans for energy disruptions.

Arch Cienc Investig, 2025

Volume 1 | Issue 1 | 4



Impact Percentage of Firms Reporting | Average Cost Increase (%)
Impact (%)

Production Disruptions 85 20

Transportation Delays 70 15

Increased Costs 90 25

Reduced Competitiveness 65 30

Table 2: Impact of Energy Instability on Supply Chain Operations (Source: Survey data, 2023)

4. Research Methodology

This research aims to explore the strategic responses adopted by
Iran’s industrial sector to mitigate the impact of energy instability
on supply chain management (SCM). The methodology is designed
to provide a comprehensive understanding of the challenges posed
by energy instability and the strategies implemented by firms to
enhance supply chain resilience.

4.1. Research Design

The research adopts a mixed-methods approach, combining both
qualitative and quantitative data to provide a holistic understanding
of the issue. The qualitative component involves in-depth
interviews with supply chain managers, while the quantitative
component includes a survey of firms in Iran’s industrial sector.

4.2. Qualitative Data Collection

Qualitative data was collected through semi-structured interviews
with supply chain managers and industry experts. The interviews
focused on understanding the specific challenges of energy
instability, the strategies adopted to mitigate these challenges, and
the outcomes of these strategies. A total of 15 interviews were
conducted, with participants selected from key industries such as
petrochemicals, automotive, and steel manufacturing.

4.3. Quantitative Data Collection

Quantitative data was collected through a structured survey
distributed to 200 firms in Iran’s industrial sector. The survey
included questions on energy consumption patterns, the impact of
energy instability on supply chain operations, and the strategies
adopted to mitigate these impacts. The survey was distributed
electronically, and responses were collected over a period of two
months.

5. Data Analysis

5.1. Qualitative Analysis

Qualitative data from interviews was analyzed using thematic
analysis. The interviews were transcribed, and key themes

were identified using NVivo software. The themes included
diversification of energy sources, energy efficiency measures, risk
management strategies, and collaborative practices.

5.2. Quantitative Analysis

Quantitative data from the survey was analyzed using descriptive
statistics and regression analysis with SPSS software. Descriptive
statistics were used to summarize the data, while regression
analysis was employed to identify the relationships between
energy instability, supply chain disruptions, and the effectiveness
of mitigation strategies.

6. Sampling

6.1. Sample Size

The survey was distributed to 200 firms in Iran’s industrial sector,
with a response rate of 75% (150 firms). The firms were selected
based on their size, industry, and energy consumption levels to
ensure a representative sample.

6.2. Sampling Technique

A stratified random sampling technique was used to ensure
representation across different industries and firm sizes. The strata
included small, medium, and large enterprises in the petrochemical,
automotive, and steel industries.

7. Limitations

7.1. Accessibility

Access to firms in Iran’s industrial sector was limited due to
geopolitical tensions and sanctions. As a result, data collection
was constrained, and some firms were reluctant to participate in
the survey.

7.2. Generalizability

The findings may not be generalizable to other countries or
industries, as the study is focused on Iran’s specific context.
However, the insights gained can provide valuable lessons for
other energy-dependent economies.

Strategy Percentage of Firms Reported Effectiveness (%)
Implementing (%)

Diversification of Energy 60 75

Sources

Energy Efficiency Measures 70 80

Risk Management Strategies 50 65

Collaborative Practices 40 70

Table 3: Effectiveness of Mitigation Strategies (Survey Data, 2023)
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8. Discussion and Analysis

The industrial sector in Iran has been significantly affected by energy
instability, characterized by supply disruptions, fluctuating energy
prices, and inadequate infrastructure. This discussion analyzes the
strategic responses adopted by Iranian firms to mitigate the adverse
effects of energy instability on supply chain management (SCM).
By examining challenges, strategies, and their implications, this
analysis highlights the need for a coordinated approach in both
industry practices and government policy to enhance resilience in
the industrial sector.

8.1. Challenges Associated with Energy Instability
Energy instability in Iran poses a multitude of challenges for
supply chain management, as outlined below:

A. Production Interruptions

The Iranian industrial sector depends heavily on consistent energy
supplies, particularly in energy-intensive industries such as
petrochemicals, automotive, and steel.

Challenges Encountered Percentage of Firms Reporting Issues (%)
Frequent Power Outages 87
Supply Chain Disruptions due to Energy Costs 76
Equipment Downtime 68
Increased Material Wastage 55

Table 4: Summarizes the Impact of Energy Instability on Production Operations

B. Rising Operational Costs

In response to energy volatility, firms face increasing operational
costs associated with backup energy solutions and inflated energy
prices. Many companies report that their cost structures have
been strained by purchasing alternative energy sources during
shortages. An average cost increase estimated at 30% has been
reported across major industries.

C. Competitive Disadvantage

The cumulative effect of production interruptions and rising costs
leads to reduced competitiveness. Firms cannot meet the demand
for timely deliveries or maintain stable pricing. Approximately
65% of respondents noted a loss of market share due to energy-
related challenges.

8.2. Strategic Responses to Energy Instability
In addressing these challenges, Iranian firms have adopted various
strategic responses aimed at enhancing supply chain resilience:

A. Diversification of Energy Sources

To combat reliance on the national grid, firms are increasingly
adopting a mix of energy sources, including solar, wind, and
natural gas.

Effectiveness of Diversification

Implemented by: 65% of surveyed firms

Reported Effectiveness: 78% noted improved reliability of energy

supply.

Energy Source Used Percentage of Firms Utilizing (%)
Solar Energy 40
Wind Energy 25
Natural Gas 50
Diesel Generators 35

Table 5: Adoption of Energy Diversification (Survey Data,2023)

B. Energy Efficiency Initiatives

Firms are investing in energy-efficient technologies to reduce
consumption and lower costs. Significant attention has been given
to upgrading machinery and adopting energy-curtailing practices.

Impact on Operations

Adopted by: 70% of firms

Cost Reduction: Firms reported energy savings of 20-30%,
enhancing profit margins.

C. Risk Management Practices
The implementation of risk management frameworks has gained

traction among firms. These strategies include:

Scenario planning for energy disruptions

Development of contingency plans

Establishment of inventory policies that mitigate risks associated
with energy supply.

Reported Effectiveness

Implemented by: 55% of firms

Effectiveness Rating: 70% of these firms reported a positive impact
on managing crises.
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Risk Management Practice Percentage of Firms Utilizing (%) | Reported Effectiveness (%)
Scenario Planning 30 75
Contingency Planning 40 80
Safety Stock Policies 35 65

Table 6: Risk Management Practices (Survey data,2023)

8.4. Collaborative Approaches

Collaboration with energy providers and within supply chains can
lead to more stable energy supply and cost-sharing arrangements.
Outcomes of Collaborative Efforts

Collaborative Models: 45% of firms have engaged in partnerships.
Performance Report: 65% reported improved energy access and
reliability.

9. Implications for Policy and Practice

9.1. For Policymakers

The findings emphasize the necessity for policymakers to:
Facilitate investments in renewable energy infrastructure.

Provide incentives for energy-efficient technologies.

Enhance the regulatory framework to support SMEs in adopting
innovative practices.

9.2. For Industry Leaders

Firms should:

Continue to innovate in energy management strategies.

Invest in employee training on energy efficiency and risk
management practices.

Engage in more partnerships across supply chains to create robust
networks capable of handling energy fluctuations.

10. Conclusion

Energy instability remains a critical challenge for Iran's industrial
sector, significantly impacting supply chain management (SCM)
and overall operational efficiency. This article has explored the
multifaceted challenges posed by energy instability, including
production interruptions, rising operational costs, and diminished
competitiveness. However, it has also highlighted the strategic
responses adopted by Iranian firms to mitigate these challenges
and enhance supply chain resilience. Key strategies such as the
diversification of energy sources, implementation of energy
efficiency initiatives, robust risk management practices, and
collaborative approaches have proven effective in addressing
energy-related disruptions. These measures not only improve the
reliability of energy supply but also contribute to cost reduction
and enhanced competitiveness in both domestic and international
markets. The findings underscore the importance of a coordinated
approach involving both industry leaders and policymakers. For
firms, continued investment in innovative energy management
practices and cross-supply chain collaboration is essential.
For policymakers, facilitating investments in renewable
energy infrastructure, providing incentives for energy-efficient
technologies, and creating supportive regulatory frameworks are
crucial steps toward ensuring a stable energy environment.

In conclusion, while energy instability presents significant hurdles
for Iran's industrial sector, strategic and proactive responses can

transform these challenges into opportunities for growth and
resilience. By fostering innovation, collaboration, and policy
support, Iran can build a more sustainable and competitive industrial
sector capable of thriving in the face of energy uncertainties.
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