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ABSTRACT

This study addresses the escalating energy challenges in Razavi Khorasan Province, exacerbated by reliance on
fossil fuels and inefficient energy management. By employing a hybrid methodological framework combining
Total Systems Intervention (TSI), Critical Systems Heuristics (CSH), and the DANP (DEMATEL-ANP) method,
the research identifies and prioritizes key strategies to optimize energy systems. TSI enabled the systematic
identification of stakeholders and systemic weaknesses, while CSH provided a critical lens to evaluate stakeholder
roles and long-term sustainability goals. The DANP analysis identified clean energy infrastructure development,
fostering public-private collaboration, and strengthening scientific institutions as pivotal strategies. The findings
emphasize the need to transition to renewable energy, to enhance technological investments, and to foster cultural
shifts in energy consumption. The study also highlights the significance of participatory governance and
transparent decision-making in effectively addressing complex energy issues. By integrating environmental,
technological, and public participation strategies, the proposed E-FLEX 5.0 framework offers a dynamic, scalable
model for sustainable energy management. The outcomes underscore the potential for reduced dependence on
fossil fuels, improved energy security, and sustainable development. This research contributes to addressing
regional and global energy challenges and aligns with the goals of Society 5.0.
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1. Introduction

The Global Energy Crisis of 2021-2023 began in 2021, following the COVID-19 pandemic, as
much of the world faced shortages and price hikes in oil, gas, and electricity markets (Gholian-
Jouybari et al., 2024). This crisis was driven by various economic factors, including a rapid
economic recovery after the pandemic that outpaced energy supply (Ebrahimi et al., 2025), and
it escalated into a global energy crisis following Russia's invasion of Ukraine in 2022 (Hussain
et al., 2023). Natural gas prices reached record highs, leading to increased electricity prices in
some markets. Oil prices also soared to their highest levels since 2008 (Khan, 2017). Higher
energy costs pushed households into poverty, forced some factories to reduce production or
shut down, and slowed economic growth (Yu et al., 2021). Europe, uniquely vulnerable due to
its historical dependence on Russian gas, faced gas rationing during the winter of 2022-2023,
while many emerging economies experienced surging energy import bills and fuel shortages
(Van de Graaf, 2023). Global demand trends and the growth of gas consumption highlight that
the Middle East alone has seen significant growth over the past 15 years, consuming as much
gas as all of Europe (Lambert et al., 2022) (Figure 1).
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Figure 1. Global gas consumption and growth rate (Source: World Economic Forum)

In response to the global energy crisis, many countries adopted measures such as subsidizing
coal and other polluting energy sources, reducing gas taxes, or lowering carbon-emissions costs
(Bonakdari et al., 2025). While these short-term solutions reduced electricity bills, they
contradicted efforts to limit global warming to 1.5°C, increasing the risk of a climate crisis
(Gossling et al., 2023). European countries sought to boost gas imports from Algeria, Norway,

and Azerbaijan, introduced gas storage commitments, and agreed on voluntary targets to cut
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gas and electricity demand by 15% through efficiency measures, renewable energy, and
improved productivity Taghipour et al., 2023). The UK entered into a long-term LNG supply
agreement with Qatar. In 2021, a U.S. producer signed three long-term supply contracts with
China’s Sinopec for LNG, doubling China’s imports of U.S. natural gas. Gas prices in Europe
dropped by 12% after Gazprom announced increased supply following the filling of Russian
storage by early November. Norway ramped up gas production, and lower coal prices in China
also helped reduce natural gas costs. However, regulatory issues and speculation drove emission
quota prices to spiral, thereby increasing electricity costs (Liu et al., 2021).

In Iran, the energy outlook is equally challenging. Despite holding the second-largest natural
gas reserves and being the fourth-largest producer (Mohaghar et al., 2025)Iran’s gas sector faces
numerous challenges (Slocum and Gessel, 2022). In 2022, gas production increased from 840—
850 million cubic meters per day to 4 billion cubic meters per day, while annual consumption
averaged 250 billion cubic meters, or 685 million cubic meters per day. Although sufficient on
paper, seasonal spikes in winter demand lead to shortages (Keskar et al., 2023). In 2021, Iran
exported 17 billion cubic meters of natural gas, with daily exports to Iraq rising to 35 million
cubic meters to meet growing energy needs. Turkey, Iran’s second-largest export market,
imported about 9 million cubic meters per day in 2021 (Abdolahinia et al., 2024). However,
Iran now faces its worst energy crisis in four decades, with potential social unrest as
temperatures drop (Hussain et al., 2023).

According to the National Iranian Gas Company (NIGC), 60-70% of the country's gas
production is consumed by the residential and commercial sectors (Heidari et al., 2022). This
high consumption has caused fuel shortages in major industries such as cement, steel,
petrochemicals, and power generation, resulting in an estimated $20 billion in lost revenue
(Tickner et al., 2021). To address this, measures such as daily inspections of 4,000 government
offices, a 50% penalty on gas bills for high-consuming offices, revised household gas tariffs
penalizing overconsumption, and efficiency improvements in boiler systems have been
implemented. A daily color-coded consumption map highlights excessive residential gas use in
northern provinces and regions such as West Azerbaijan and Kurdistan, where consumption
exceeds allowable per-household limits. Provinces such as Hormozgan, Khuzestan, Bushehr,
and Sistan and Baluchestan adhere best to consumption guidelines. Moderate overconsumption
is observed in provinces marked in orange, whereas red indicates severe excess; Mazandaran,

Gilan, and Golestan exceed the standard limit by more than twice.
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To mitigate the crisis, the NIGC should implement targeted measures in high-consumption
regions, such as prioritizing diesel for power plants or limiting gas supply to residential and
industrial users in over-consumption provinces, to protect other provinces from the crisis.
Decision-making appears centralized, sidelining participatory approaches (Nath et al., 2022).
This study proposes a framework for participatory decision-making and policymaking in the
energy sector, with a focus on the gas crisis.

The global energy crisis, coupled with the urgent need for sustainable solutions (Ehsanifar et
al., 2023, Foukolaei et al., 2024, Ghaedi et al., 2024), highlights the importance of rethinking
energy management frameworks (Ghaedi et al., 2024). Particularly in centralized energy
systems, the lack of participatory decision-making and stakeholder engagement exacerbates
inefficiencies and limits the potential for innovative, inclusive solutions. This research aims to
address these gaps by proposing a comprehensive framework aligned with Society 5.0
principles, emphasizing technological integration, stakeholder collaboration, and sustainability.
The framework leverages advanced methodologies, including Total Systems Intervention (TSI)
(Torlak, 2001) and Decision-Making Trial and Evaluation Laboratory (DEMATEL)-based
Analytical Network Process (DANP), to develop actionable strategies that balance
technological innovation (Tang and Tsai, 2024), environmental preservation, and public
participation.

The purpose of this study is to develop a participatory decision-making model that addresses
systemic challenges in the energy sector while aligning with long-term sustainability goals. By
integrating advanced tools such as GIS, Al, and data mining with stakeholder-centric
approaches, this research seeks to enhance transparency, inclusiveness, and efficiency in energy
governance. Specifically, it focuses on the context of Iran's gas energy sector, providing
actionable insights and strategies to optimize resource utilization and promote the adoption of
renewable energy (Khazaei et al.,, 2025a). The integrative framework enables both the
identification of systemic weaknesses and the prioritization of participatory strategies through
quantitative and qualitative analyses. It contributes to the literature by bridging systems thinking
and participatory energy governance and by offering a replicable methodological framework
for regions facing similar centralized energy challenges.

The remainder of the paper is structured as follows: the literature review explores existing
research on participatory decision-making and energy management, identifying gaps and
opportunities. The methodology section details the application of TSI and DANP in developing

the proposed framework. The results and discussion sections outline the key findings,
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highlighting the interconnectedness of strategies and their implications for sustainable energy
management. Finally, the conclusion presents the study's contributions, practical implications,

and directions for future research.

2. Literature review
2.1. Energy participation decision-making

Research on energy participation decision-making has explored diverse frameworks to enhance
stakeholder engagement and social acceptance in renewable energy projects. Estévez et al.
(2021) analyzed the integration of social criteria into renewable energy decision-making,
reviewing 184 articles and identifying 490 social impact indicators using Multi-Criteria
Decision Analysis (MCDA). Their findings highlighted critical social factors, including
employment, governance, and social acceptance, while identifying challenges in expert
consultation and stakeholder engagement, particularly in Asia and Europe. Wahlund and Palm
(2022) investigated the concepts of energy democracy and energy citizenship within
participatory energy transitions. Through a thematic literature review, they emphasized the
differences between institutional governance in energy democracy and behavioral change in
energy citizenship. Despite a focus on decentralized systems in Europe and North America, the
study identified a lack of research on centralized systems.

Galende-Sanchez and Sorman (2021) critically reviewed participatory climate and energy
initiatives to assess the potential for co-production. Their systematic review of 183 records
revealed that genuine co-production remains rare, with consultation predominating. They called
for innovative methods and stronger science-policy synergies to achieve transformational
outcomes in developed countries. Zhou and Lund (2023) explored peer-to-peer (P2P) energy
sharing and decision-making in smart communities. Their review highlighted the role of
blockchain technology in enhancing transparency, security, and automation, as well as the
economic and environmental benefits of P2P energy trading.

Stober et al. (2021) conducted a comparative analysis of 25 participatory renewable energy
projects across Europe, focusing on inclusiveness and participation levels. Their findings
revealed advanced practices in Western Europe and highlighted the importance of broad
inclusiveness and substantive rationales for increasing social acceptance of renewable energy
projects. Spyridonidou et al. (2021) developed a participatory framework for siting large-scale
wind and PV farms in Israel using GIS and AHP tools combined with public and expert

consultations. The framework successfully identified socially and environmentally suitable
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sites, showcasing the value of collaborative spatial planning. Stadelmann-Steffen and Dermont
(2021) examined the role of political and economic participation in local renewable energy
project acceptance. Their conjoint analysis revealed that while participation improves
acceptance, its effectiveness varies by population group and mode of participation. Hanke et al.
(2021) analyzed renewable energy communities (RECs) in Europe, finding that while RECs
address energy justice, they often underrepresent vulnerable groups, emphasizing the need for

broader inclusion.

2.2. Gas energy in iran

Iran’s energy sector faces challenges in transitioning to a sustainable model while leveraging
its vast natural gas resources. Tayebi et al. (2022) developed a decision support system (DSS)
combining ANP, DEMATEL, and MULTIMOORA methods to prioritize air pollution control
technologies in oil, gas, and petrochemical facilities. Their findings underscored the efficacy of
technologies like electrostatic precipitators in supporting low-carbon policies. Pamucar et al.
(2021) evaluated renewable energy potential in Iran’s Caspian Sea coastline agriculture using
MCDA techniques. Their analysis identified Mazandaran as the region with the highest
bioenergy potential, informing sustainable energy strategies in agriculture.

Zahedi et al. (2022) explored strategic renewable energy policies in Iran, emphasizing wind
energy for its economic and market advantages. They highlighted the potential for Iran to
become a regional hub for renewable energy. Jamali et al. (2021) compared energy flow and
greenhouse gas (GHG) emissions across irrigation systems in southern Iran. Their study
demonstrated the superiority of sprinkler systems in reducing GHG emissions and improving
energy efficiency compared to traditional methods. Taghvaee et al. (2022) analyzed energy
efficiency improvements versus price policies in reducing fossil fuel consumption. Their
dynamic modeling indicated that technology-driven efficiency improvements outperform price
policies, yielding significant environmental and economic benefits. Noorollahi et al. (2021)
modeled Iran’s energy transition using the EnergyPLAN model. They found that efficiency
improvements in thermal power plants and the expansion of renewable capacity significantly
reduce CO2 emissions and enhance energy system sustainability. Solaymani (2021) assessed
renewable energy trends and policies in Iran, identifying challenges in scaling renewable
energy. His study highlighted the need for diversifying policies and biomass utilization to

reduce dependence on fossil fuels and promote sustainability.
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2.3. Research gaps and novelties

Despite extensive studies on participatory energy decision-making, several gaps remain in both
theoretical development and practical implementation. First, existing research primarily focuses
on decentralized energy systems in developed contexts, leaving a significant void in
understanding how participatory frameworks can be applied within centralized systems such as
those in the Middle East. Second, most participatory initiatives emphasize consultation rather
than co-production, resulting in limited stakeholder empowerment and insufficient integration
of community perspectives into policy outcomes. Third, vulnerable and marginalized groups
often remain underrepresented in participatory processes, raising concerns regarding energy
justice, inclusivity, and equitable access to decision-making. Fourth, while several studies have
applied tools such as GIS, AHP, and MCDA to support participatory planning, the use of
emerging technologies, such as artificial intelligence, blockchain, and data mining, for
participatory governance remains largely unexplored. Finally, in the specific context of Iran’s
energy sector, few studies address the intersection of stakeholder engagement, sustainability,
and system-level transformation, despite the country’s growing dependence on natural gas and
pressing sustainability challenges. Addressing these gaps is essential to developing innovative,
technology-driven, and participatory frameworks that enhance transparency, efficiency, and
long-term energy resilience.

Most previous studies have relied on three main types of indicators to evaluate participatory
energy systems: social, technological, and environmental. Social indicators focus on
participation levels, inclusiveness, and public acceptance. Technological indicators address the
integration of renewable energy, transparency, and system efficiency. Environmental indicators
emphasize emission reduction and resource conservation. However, these metrics are often
treated separately rather than within a unified framework, and their interdependencies remain
unclear. This study addresses this gap by integrating these indicator categories into a coherent
analytical framework within the E-FLEX 5.0 model, linking stakeholder participation to

technological and environmental performance outcomes.

3. Methodology

The research methodology comprises three main stages. First, TSI is utilized to identify
stakeholders, diagnose systemic weaknesses, and propose actionable solutions (Midgley and
Rajagopalan, 2020) aligned with Society 5.0 (Deguchi et al., 2020). TSI adopts a flexible, meta-

methodological framework that integrates multiple systems methodologies to analyze complex
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problems from diverse perspectives (Torlak, 2001). By systematically evaluating and revisiting
methodologies, TSI ensures iterative refinement and adaptability to dynamic challenges,
promoting a comprehensive understanding of systemic issues and opportunities (Nakamura and
Kijima, 2011). Second, the DANP approach integrates DEMATEL and ANP techniques . This
hybrid methodology leverages DEMATEL to establish causal relationships and ANP to
prioritize criteria, eliminating the traditional need for pairwise comparisons. DANP’s advanced
approach addresses interdependencies among criteria, providing a robust framework for
evaluating and selecting technology-driven solutions tailored to Society 5.0 requirements (Adel
and Alani, 2024). Finally, a comprehensive development package for the gas supply system and
fossil fuel management is formulated. This package consolidates findings from the TSI and
DANP stages, offering a practical, participatory, and scalable roadmap. It emphasizes
stakeholder engagement, technological innovation, and sustainability to address systemic
inefficiencies and align with the goals of Society 5.0 (Ghobakhloo et al., 2024). The linguistic
variables used in the fuzzy DEMATEL process were transformed into triangular fuzzy numbers

as shown in Table 1, adapted from [49].

Table 1. Triangular fuzzy numbers for linguistic variables (Sorourkhah and Edalatpanah,2022)
Linguistic variable Numerical scale Triangular fuzzy numbers

No influence 0 0, 0,0.25)
Very low influence 1 (0, 0.25,0.5)
Low influence 2 (0.25, 0.5, 0.75)
High influence 3 (0.5,0.75, 1)
Very high influence 4 (0.75,1, 1)

In this step, expert opinions are collected and averaged. Considering the input from P experts,
P matrices (Z1, Zo, ..., Zp) are obtained, where each element is represented by corresponding
fuzzy numbers (Peng and Wang, 2018). To calculate the average matrix, the formula 1 is used.

Zij _ zleazzea...zPZ (1)
P

The resulting matrix is referred to as the "Initial Fuzzy Direct Relationship Matrix," where
each element Zij of the matrix is expressed as a triangular fuzzy number (I;;, m;j, u;;),
representing the lower, middle, and upper values.

Step 3: Using equation 1, the standardization equation, the indicators' scales are transformed

into comparable units. In the following equation, the matrix X is called the standardized direct

relations fuzzy matrix (Wu et al., 2019):
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a; = (Bhaq Lijp Xhmy mup, Xhioy wij) ()
i
j=1
Zij o
Xij === (Ii; mij uij) (4)

Step 4: In this step, the fuzzy total relations matrix T is obtained. Each element x;; of the

matrix is represented as (I;;, m;;, u;;), where I', m’, and u’ correspond to the lower, middle, and
upper values, respectively (Ardakani et al., 2024). These values are derived from the elements

of the matrices X, X;,, X;, which represent the lower, middle, and upper values in matrix X.

XI = (1], xm = [my;], Xu = [uy] (5)
Given that t;; = (I;;, m;j, u;;), we have:
[I;] =X, x (1 —x)7? (6)
[mi;] = X x (I = Xp) ™ (7
[ui] = Xu x U =X, ®)

This formula represents the identity matrix, while X1, Xm, and Xu are nxn matrices, where
the elements represent the lower, middle, and upper values of the triangular fuzzy numbers in
matrix X, respectively (Ardakani et al., 2024).

Step 5: The row and column sums of matrix T are calculated using the specified formulas.

These sums are critical for further steps in the analysis and help determine the relationships and

i Tii] ©)
1Xn

i=1

influences among the criteria (Hasheminezhad et al., 2021).

n
D= (ﬁi)nm - ZTH R= (Ri)lxn -
j=1

nx1

The matrices D and R represent nx1 and 1xn matrices, respectively.

Step 6: Determining the Importance of Indicators (D; + R;) and Relationships Between
Criteria (D; — R;), If D; — R; > 0, the corresponding criterion is influential (impacting other
criteria, If D; — R; < 0, the corresponding criterion is influenced (impacted by other criteria)

Step 7: Defuzzifying the Fuzzy Numbers D; + R; and D; — R;

The fuzzy numbers obtained in the previous step are defuzzified using the following formula.

In this formula, B represents the defuzzified value of a fuzzy number A = (a4, a,, as).
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_l+m+n (10)
=—F

The ANP is a generalization of the AHP, in which relationships are not strictly hierarchical
but are represented as a network that encompasses more complex interconnections. In this
method, the first step is to model the problem's network structure (Emrouznejad and Marra,
2017). For this purpose, the DEMATEL method and its resulting structure are employed. Once
the network is established, it identifies which main criteria influence one another (external
relationships) and which sub-criteria within a criterion influence one another (internal
relationships) (Nasrollahi et al., 2023). In the next step, pairwise comparisons must be
conducted for each relationship in the network. According to Saaty’s research, this involves
fixing one factor while comparing it with the others (Saaty, 2004), a process that is notably
complex and time-consuming. To address this issue, Chen and Lin (2018) proposed the fuzzy
DANP method. In this approach, the full influence matrix generated by the DEMATEL method
serves as the supermatrix for pairwise comparisons, thereby eliminating the need for the
traditional, labor-intensive pairwise comparison process.

Step 8: Using the DEMATEL method, a network structure is established among the criteria,
and the complete influence matrix is calculated for both criteria and sub-criteria (Kadoi¢ et al.,
2019). This matrix reflects the relationships and mutual impacts within the system.

Step 9: This step is performed twice: once for the complete influence matrix among the
criteria and once for the complete influence matrix among the sub-criteria. Let the complete
influence matrix derived from the DEMATEL method be denoted as T. To obtain the
unweighted supermatrix (T5), the data within each block corresponding to the sub-criteria of a
criterion are normalized. The final matrix is constructed by arranging the normalized blocks

together, and its transpose is considered the unweighted supermatrix (Ju et al., 2015).

rT11 e TY .. pim 1 T e TH . Tllr}lz
T = T}l Tl] Tlm . Tll — T21il T2121 Tle}lz ,
™ .M pmm Tmn = Todz o Tim,

By dividing the elements of each row in the matrix T¥ by the sum of the elements in the
same row and arranging them together, the normalized matrix T¢ is obtained. The unweighted
supermatrix is then defined as the transpose of the matrix derived in this step (Hsu et al., 2013).

TS = (T%)
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Step 10: The unweighted supermatrix is used. Each block of the supermatrix corresponding
to the main criteria is multiplied by the elements of the block related to the sub-criteria. This
process yields the weighted supermatrix (W).

Step 11: After forming the weighted supermatrix, the final weights are determined by
calculating the limit of the supermatrix. This step ensures the convergence of the matrix,
providing the final priorities for the criteria and sub-criteria (Golciik and Baykasoglu, 2016).
lim Wk

k—oo

3.1. Analytical process

To enhance the clarity of the analytical process, the study employed a structured, sequential
approach that linked qualitative insight generation with quantitative validation. Using TSI,
stakeholders and systemic weaknesses were first identified, and critical problem boundaries
were refined through CSH. Expert panels then evaluated the interrelationships among the
identified strategies using fuzzy linguistic variables, which were transformed into triangular
fuzzy numbers and processed by the fuzzy DEMATEL method to quantify causal relationships
and determine influence weights. The resulting influence matrix was normalized and integrated
into the DANP framework, generating both unweighted and weighted supermatrices. Iterative
computations continued until convergence, producing the final priority rankings for
environmental, technological, and participatory strategies. This sequence of analytical steps
enabled a transparent and replicable process for deriving data-driven conclusions from expert
knowledge.

Each methodological component in this hybrid framework played a complementary role in
ensuring methodological depth and coherence. TSI structured the intervention and guided
stakeholder identification, while CSH offered a critical and reflective dimension that revealed
discrepancies between current and desired system states. DANP then transformed these insights
into quantifiable interdependencies, linking the systemic and participatory analyses to
prioritized decision outputs. Together, these methods provided a coherent transition from
problem diagnosis to strategic evaluation. The integrated process culminated in the
development of the E-FLEX 5.0 model, which translates qualitative stakeholder perspectives
into quantifiable, evidence-based policy recommendations for sustainable and participatory

energy governance.
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3.2. Reliability and validity

To ensure the reliability and validity of the integrated approach, several validation steps were
undertaken throughout the research process. First, methodological triangulation was applied by
combining TSI, CSH, and DANP to cross-verify findings from qualitative and quantitative
perspectives. The convergence of stakeholder insights (from TSI and CSH) with numerical
prioritization (from DANP) provided internal validation for the proposed framework. Second,
expert validation was conducted through iterative feedback sessions with 14 specialists
representing academia, industry, and government. These experts reviewed intermediate outputs
such as stakeholder maps, causal diagrams, and priority rankings to ensure conceptual
coherence and practical relevance. Third, comparative validation was achieved by referencing
the analytical sequence and outcomes against similar case studies in regional and international
energy system research, ensuring consistency in methodological logic and interpretation of
results.

Furthermore, sensitivity analysis within the DANP model was conducted by adjusting the
fuzzy scales and re-evaluating the weight distributions to assess the robustness of the results
under varying expert assumptions. The minimal variation in ranking outcomes confirmed the
model’s stability. Finally, the feasibility of the proposed strategies in the E-FLEX 5.0 package
was examined through discussions with regional policymakers, thereby providing contextual
validation and assessing the practicality of implementation. These multi-level validation
measures ensured that the study’s findings are both scientifically sound and contextually

grounded.

4. Results
4.1. Case of khorasan razavi

The province of Khorasan Razavi, particularly its capital, Mashhad, is experiencing a severe
energy and gas crisis. This stems from a combination of factors, including rapid population
growth, harsh climatic conditions, and the province’s strategic role as a hub for industrial and
residential energy consumption. Residential gas consumption in the province has steadily
increased over the years, with peak demand during the colder months of December, January,
and February. In 2022 alone, residential and commercial sectors accounted for 60-70% of the
province’s gas production, creating a severe imbalance between supply and demand during the

winter months. Consequently, energy-intensive industries such as cement, steel, and
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petrochemicals have experienced significant shortages, resulting in an estimated $20 billion in
annual revenue losses.

Mashhad, as a densely populated urban center and a hub for religious tourism, exacerbates
this crisis. Its high energy demand is attributable to population growth, tourism-related
activities, and infrastructure expansion. The industrial sector, primarily located in regions such
as Sarakhs and Neyshabur, relies heavily on natural gas for production processes. However,
inefficiencies in distribution networks and outdated infrastructure have resulted in excessive
energy waste. For example, regions such as Sarakhs, known for their rich gas reserves, are
unable to meet the growing local demand due to outdated extraction and distribution
technologies. Additionally, the lack of renewable energy integration has further strained the
province’s gas reserves, which remain the primary energy source (Taghipour et al., 2024).

Efforts to address the crisis have included measures such as revised household tariffs,
inspections of government facilities, and penalties for overconsumption. Despite these
interventions, the 2022 winter gas shortages in Razavi Khorasan underscore the inefficiencies
in centralized decision-making and the absence of participatory approaches. Seasonal spikes in
demand and reliance on fossil fuels, coupled with insufficient investment in renewable energy,
have left the province vulnerable to energy crises. A shift toward sustainable solutions such as
solar and wind energy, particularly in areas such as Binalood and Khaf, could alleviate the
crisis. However, implementation remains slow, hampered by bureaucratic and financial

barriers, leaving the province in a precarious energy state.

4.2. Land administration and expert alignment

In the early stages of our research, we used the comprehensive land-planning data for Khorasan
Razavi to align perspectives among a diverse group of experts. The goal was to establish a
unified understanding of the region's challenges and opportunities, particularly with respect to
energy consumption and infrastructure development. The experts, with diverse backgrounds in
economics, industry, and environmental science, initially presented varied and sometimes
conflicting viewpoints. By facilitating structured discussions, we harmonized these
perspectives, ensuring that everyone worked toward common goals. This alignment was critical
for advancing the stages of the TSI methodology effectively. Through the TSI process, it
became evident that Critical Systems Heuristics (CSH) would be the most appropriate approach
for addressing the province’s complex energy issues (Dehghan Nayeri et al., 2020). We applied

CSH to refine our analysis by posing critical questions that guided experts in systematically
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evaluating the challenges and potential solutions (Khazaei et al., 2025b). These discussions not
only clarified the objectives but also encouraged experts to adopt a holistic and collaborative
perspective. The structured use of CSH helped us integrate diverse insights and foster a deeper
understanding of the systemic issues at hand (Ramezani et al., 2021).

The panel of experts included individuals with experience ranging from 6 to 30 years in their
respective fields, ensuring a blend of innovative and seasoned perspectives. Among the 14
participants, 50% held doctoral degrees in disciplines such as industrial management,
environmental sciences, and chemical industries, while the others had advanced expertise in
mechanical engineering, human resources, and project management. This group’s diversity in
age (29-55 years), gender balance (seven women and seven men), and professional
backgrounds provided a rich pool of knowledge. Their collective expertise significantly
contributed to the iterative refinement of our approach, enabling us to address the critical energy

challenges in Khorasan Razavi with a comprehensive and forward-looking strategy.

4.3. CSH explorations

To gather in-depth insights into the systemic challenges and potential solutions for energy
management in Khorasan Razavi Province, CSH was employed to structure expert interviews.
This approach enabled the study to examine multiple dimensions of the energy crisis by
engaging a diverse set of stakeholders, including energy experts, environmental scientists, and
policy analysts. The interviews were designed around the twelve core CSH questions, which
investigate stakeholders, purposes, measures of success, decision-makers, and broader
contextual influences (Khazaei et al., 2025b). By focusing on both "as-is" and "ought-to-be"
conditions, the interviews facilitated a critical comparison between the current energy system's

limitations and its potential ideal state.

Table 2. Summary of CSH results from experts

CSH question As Is Ought to be
Who is the cl.lent or Ministry of Oil, Ministry of Ordinary individuals, organizations, the entire
stakeholder in this ecosystem, regulators, environmental organizations,

Energy, industries, and public

system? and research centers
What is the purpose? l?gbhc satisfaction, energy . Provision of gleaq 'fmd sustainable energy, welfare,
provision at any cost (e.g., fuel oil) sustainability, and long-term goals
What is the measure of Expansion of gas and energy Use of clean and renewable energy, sustainable
progress or success? supply development for all
Who is the decision-  Government, Ministry of Energy, = Expert groups comprising energy specialists and
maker? Ministry of Oil, Parliament elite decision-makers
What resources are Fossil fuels and energy resources .
.S . Renewable resources such as wind and solar, laws,
controlled by the managed by the Ministry of Oil -
. and sustainable energy resources
decision-maker? and Energy
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CSH question As Is Ought to be

What conditions exist

. . Oil and gas resources, potential  International collaboration, technology transfer, and
outside the decision g - P > gy >

. environmental resources foreign investments
environment?

Who is the professional ~ Energy experts, governmental GIS specialists, Al researchers, energy domain
or expert in this system? specialists scholars

What expertise is Energy domain expertise, Multidisciplinary expertise, Al and data mining,
required in this system? extraction, and utilization strategic management

Who guarantees the ~ Government, Ministry of Energy, Expert groups, elite professionals, and reliance on
system's success? and Ministry of Oil renewable resources

Who safeguards the

interests of those Media, city governors, supervisory  Regulatory and oversight organizations with a

institutions sustainable community approach
affected? Y app
What prevents false . . . .
pfomises‘? Audit Court, oversight agencies Transparency, openness, and preventive approaches
What is the defined Maximum energy (gas) Sustainable energy for all society, environmental
worldview or vision? development protection for future generations

The findings in Table 2 highlight discrepancies between the current state ("As Is") and the
desired state ("Ought to be") of the energy system in Khorasan Razavi. While the present
framework prioritizes short-term goals such as expanding energy supply and fulfilling
immediate needs, the ideal system emphasizes long-term sustainability, public welfare, and
environmental preservation. This divergence underscores the need for systemic transformation
through multidisciplinary collaboration, the adoption of clean energy technologies, and greater
transparency in decision-making processes. One of the key insights from the CSH results is the
shift in how stakeholders and clients are defined. The current system identifies government
entities and industries as the primary stakeholders, whereas the "Ought to be" vision expands
this scope to include individuals, environmental organizations, and research centers. This
broader inclusion reflects a commitment to participatory governance and environmental
accountability. Similarly, the purpose of the energy system has evolved from merely meeting
energy demand to promoting sustainable development and societal well-being.

Table 3 presents actionable strategies to bridge these gaps, categorized into environmental,
technological, and societal dimensions. Environmental recommendations, such as transitioning
from fossil fuels to renewable energy (S1) and developing sustainable, long-term strategies
(S3), align with the CSH vision of prioritizing clean energy and environmental preservation.
Technological advancements, including investments in Al-driven optimization (IT2) and the
development of clean energy infrastructure (IT3), are essential to achieving operational
efficiency and future-proofing the energy sector. In the societal domain, fostering public
participation (W2), enhancing energy awareness (W1), and promoting stakeholder
collaboration (W3) are pivotal to creating an inclusive and equitable energy system.

Strengthening regulatory frameworks (W8) and integrating scientific expertise into decision-
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making (W7) further support the vision outlined in the CSH analysis. Together, these strategies

provide a comprehensive roadmap to address existing shortcomings while paving the way for

a sustainable and innovative energy future in Khorasan Razavi.

Table 3. . Strategic improvement options derived from interviews

iety 5. . . o
Society 5.0 Code Option name Option description
category
Shift Focus from Fossil Replace fossil fuels with renewable.energy sources such
S1 as solar and wind to protect the environment and ensure
Fuels to Renewables S
sustainability.
Expand the adoption of modern energy solutions in
Increase Use of . . . . .
S2 . residential and industrial sectors to reduce environmental
. Renewable Energies .
Environmental 1mpacts.
33 Develop Long-term Focus on sustainable programs and proactive crisis
Sustainable Strategies prevention rather than temporary, isolated management.
Predict and Manage  Analyze and forecast environmental and political risks
S4 Environmental and and plan for their management to enhance system
Political Risks sustainability.
. Increase investment in advanced technologies to
Invest in Advanced - . . .
IT1 . optimize energy production and consumption, reducing
Technologies .
reliance on outdated methods.
rp UsDundienang Loyt s mng nd riicid el
Technological Al-based Methods p gy P
development demands.
T3 Develop Clean Energy Build the necessary infrastructure for the production and
Infrastructure distribution of renewable energy at the national level.
Enhance Oversight Strengthen regulatory institutions and ensure
IT4 Systems and Decision  transparency in decision-making processes to prevent
Transparency systemic errors.
P E . .
romote Energy Educate and raise public awareness about energy-
Wi Awareness and . . . .
. efficient consumption and environmental consciousness.
Behavioral Change
w2 Strengthen Public Increase public and NGO involvement in energy and
Participation Systems environmental decision-making processes.
Foster Collaboration Enhance collaboration among ministries, private
W3 Between Public and  companies, and academic institutions to improve energy
Private Sectors resource utilization.
Broaden Stakeholders Include public participation, environmental
w4 and Clients in the organizations, and academic institutions as key
System stakeholders in the energy system.
Consumption Develop
p . Multidisciplinary and  Train and educate professionals in emerging fields such
culture and public W5 . .
L Specialized Human as Al, data mining, and renewable energy.
participation
Resources
Upgrade Building Establish new standards for building insulation and
W6 Standards and Energy improve energy efficiency in industries
Efficiency P 24 y '
Strengthen the Role of Enhance the involvement of scientific and research
W7  Scientific and Research centers in decision-making and the development of
Institutions innovative energy solutions.
Optimize Energy Laws Revise energy laws to support clean energy and optimize
W8 and Regulations resource consumption.
Increased international Cooperation with leading countries in the field of
W9  interactions in the field renewable energy to exchange new knowledge and

of energy

technologies
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4.4. Implementing DANP

The analysis of fuzzy DEMATEL results highlights critical dynamics among the strategies
employed for improving the energy system. The prominence measure, calculated as Di+Ri,
identifies the most central strategies within the network. Strategies such as I'T3 and W3 are most
prominent, suggesting they play pivotal roles in achieving system-wide change. IT3, which
involves the development of clean energy infrastructure, is particularly essential for
transitioning to renewable energy sources and ensuring long-term sustainability. Similarly, W3,
focused on fostering collaboration between public and private sectors, emerges as a linchpin for
integrating diverse stakeholders into energy decision-making processes.

The net influence metric, Di-Ri, sheds light on the driving and dependent roles of various
strategies. Positive values of Di—Ri indicate strategies that are primary drivers within the
system. W1, which emphasizes promoting energy awareness and behavioral change, shows a
notable driving effect. This strategy's influence underlines the importance of societal shifts in
energy consumption patterns to support sustainable energy goals. Similarly, W3 not only shows
high prominence but also acts as a driver, highlighting its dual role in shaping and stabilizing
the energy system through robust collaboration frameworks. The results of both fuzzy and non-
fuzzy DEMATEL analyses are summarized in Table 4. This table presents the computed

prominence and relation values for each factor, enabling a comparative interpretation of the two

approaches.
Table 4. Output table of fuzzy and non-fuzzy DEMATEL results
Fuzzy Di Fuzzy Ri Fuzzy Di+Ri Fuzzy Di-Ri Di+Ri Di-Ri
/] m u 1 m u l m u / m

S1 0.5853 1.5899 5.9505 0.5913 1.5930 5.9365 1.1766 3.1829 11.8870 -5.3512 -0.0031 5.3592 4.5514 0.0035
S2 0.6116 1.6086 6.0001 0.5882 1.5971 5.9869 1.1998 3.2057 11.9870 -5.3753 0.0115 5.4119 4.5836 0.0158
S3 0.5504 1.5277 5.9043 0.5978 1.6205 6.0309 1.1482 3.1481 11.9352 -5.4804 -0.0928 5.3065 4.5319 -0.0724
S4 0.5873 1.6080 6.0113 0.6421 1.6861 6.1707 1.2294 3.2941 12.1820 -5.5834 -0.0781 5.3692 4.6743 -0.0697
IT1 0.6049 1.6288 6.0608 0.6387 1.6924 6.1802 1.2436 3.3212 12.2409 -5.5753 -0.0636 5.4221 4.7024 -0.0528
IT2 0.5640 1.5627 5.9159 0.5951 1.5990 5.9693 1.1591 3.1617 11.8852 -5.4053 -0.0364 5.3209 4.5350 -0.0283
IT3 0.6082 1.6403 6.0859 0.6253 1.6827 6.2082 1.2334 3.3230 12.2941 -5.6000 -0.0424 5.4607 4.7100 -0.0390
IT4 0.5987 1.6032 5.9706 0.6069 1.5978 5.9781 1.2056 3.2010 11.9487 -5.3795 0.0054 5.3636 4.5754 0.0049
WI1 0.6510 1.7216 6.2234 0.5631 1.5810 5.9824 1.2141 3.3026 12.2058 -5.3314 0.1406 5.6603 4.6819 0.1290
W2 0.5907 1.5897 6.0260 0.5793 1.6071 6.0455 1.1700 3.1968 12.0715 -5.4548 -0.0174 5.4467 4.5867 -0.0067
W3 0.6181 1.6662 6.1934 0.4920 1.3943 5.5757 1.1101 3.0605 11.7691 -4.9576 0.2720 5.7015 4.4440 0.2627
W4 0.5885 1.5892 5.9761 0.5980 1.6345 6.1143 1.1866 3.2237 12.0905 -5.5258 -0.0454 5.3781 4.6094 -0.0421
W5 0.6046 1.6316 6.0983 0.5447 1.5251 5.8762 1.1493 3.1567 11.9745 -5.2715 0.1065 5.5536 4.5435 0.1037
W6 0.5767 1.5865 5.9443 0.6002 1.6064 5.9738 1.1769 3.1929 11.9181 -5.3972 -0.0199 5.3441 4.5628 -0.0146
W7 0.5969 1.5995 5.9418 0.5873 1.6018 6.0801 1.1842 3.2013 12.0219 -5.4833 -0.0023 5.3545 4.5841 -0.0155
W8 0.5889 1.6216 6.0697 0.5623 1.5273 5.8179 1.1512 3.1489 11.8876 -5.2290 0.0944 5.5074 4.5258 0.0966
W9 0.5383 1.4793 5.7416 0.6519 1.7082 6.1872 1.1902 3.1875 11.9289 -5.6490 -0.2289 5.0897 4.5619 -0.2036

Strategies with low or negative Di—Ri values, such as S3 and IT2, are more dependent on

other strategies for their success. These strategies rely heavily on the enabling conditions
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established by stronger drivers like W1 and IT3. For example, the success of IT2, which focuses
on leveraging data-driven and Al-based methods, depends significantly on investments in
infrastructure (IT3) and awareness campaigns (W1). The interplay between drivers and
dependents demonstrates the interconnectedness of strategies and underscores the necessity of
a coordinated approach to implementing the energy system transformation. This
interconnectedness is further supported by Appendix A, which identifies significant
relationships among strategies, highlighting the networked influence among them and
emphasizing the need for integrated policy interventions.

Figure 2 presents a causal mapping of strategies by their prominence and influence within
the system. The horizontal axis (Di+Ri) indicates the total prominence of a strategy, which
combines its overall influence on the system and its dependence within the system. The vertical
axis (Di-Ri) reflects the net influence, distinguishing whether a strategy is a driver (positive Di-

Ri) or dependent (negative Di-Ri).
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Figure 2. Final diagram of DEMATEL

In the first quadrant, where both prominence and influence are high, the strategies are key
drivers of the system. These are the most critical actions to focus on, as they not only
significantly impact the system but also have the potential to shape the dynamics of other
strategies. They are essential for initiating systemic changes and should be prioritized in
planning and resource allocation. The second quadrant, with high prominence but negative
influence, includes strategies that are highly interconnected but primarily dependent on other
elements. These strategies are vital to the system's functioning but require support from the
drivers to be implemented effectively. Addressing these strategies is crucial to ensuring the
system's overall stability and operational efficiency. In the third quadrant, where both

prominence and influence are low, strategies are peripheral and play a minimal role in driving
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systemic change. They are supportive and may not require immediate attention unless they
enable higher-priority strategies. Meanwhile, the fourth quadrant, characterized by low
prominence but positive influence, highlights fewer central strategies that act as influencers.
These may not have a broad impact but can trigger specific changes or outcomes within targeted
areas of the system. The distribution of strategies across the quadrants provides valuable
insights for prioritizing actions and resources. By focusing on the drivers in the first quadrant
while supporting dependent strategies in the second, decision-makers can maximize system-
wide effectiveness and address key areas of improvement.

According to Table 5, in the environmental strategies category (S), four strategies (S1 to S4)
were evaluated, focusing on assessing environmental impacts in the transition from fossil fuels
to renewable energy and sustainable development. S2, with an overall score of 0.349158 and a
weight of 0.307189, ranked first, highlighting the importance of expanding renewable energy
use in environmental strategies. S4, with a score of 0.273584 and a weight of 0.240699, ranked
second, emphasizing the management of environmental and political risks. S1 and S3, with

weights of 0.232413 and 0.219699, ranked third and fourth, respectively.

Table 5. The weights obtained by DANP
Code Final score Rank Local weight Local rank

S1 0.264165 16 0.232413 3
S2 0.349158 9 0.307189 1
S3 0.249715 17 0.219699 4
S4 0.273584 15 0.240699 2
IT1 0.274128 14 0.222793 4
IT2 0.304184 12 0.247221 2
IT3 0.297851 13 0.242073 3
1T4 0.354253 6 0.287913 1
Wil 0.318347 11 0.099266 9
w2 0.352652 8 0.109962 7
W3 0.358288 5 0.11172 5
w4 0.352843 7 0.110022 6
W5 0.367478 3 0.114586 3
Wweé 0.366385 4 0.114245 4
W7 0.374455 1 0.116761 1
W8 0.347384 10 0.10832 8
W9 0.369187 2 0.115119 2

In the technological development strategies category (IT), four strategies (IT1 to IT4) were
assessed, focusing on investing in advanced technologies, artificial intelligence, and data
mining, and developing clean energy infrastructure. IT4, with a score of 0.354253 and a weight
of 0.287913, ranked first, underscoring the importance of transparency and the strengthening
of monitoring systems for the success of energy systems. T2, with a score of 0.304184 and a

weight of 0.247221, ranked second, emphasizing the use of data-driven methods and artificial
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intelligence. IT3 and IT1, with relatively similar weights, ranked third and fourth, underscoring
the importance of infrastructure development and the optimization of new technologies in the
energy sector .In the consumption culture and public participation strategies category (W), the
largest category with nine strategies, efforts focus on promoting cultural awareness,
strengthening inter-organizational cooperation, and enhancing public participation. W7, with a
score of 0.374455 and a weight of 0.116761, ranked first, showing the critical importance of
strengthening the role of scientific and research institutions in energy decision-making. W9 and
W5, with weights of 0.115119 and 0.114586, ranked second and third, underscoring the
importance of optimized laws and regulations in supporting clean energy. These findings
indicate that strengthening legal and scientific frameworks is essential for achieving sustainable
development. W3 and W4 are also important strategies for fostering interagency collaboration
and promoting energy-efficient consumption .Overall, strategies W7, W9, and W5 have the
highest scores and weights in this category, underscoring the pivotal role of cultural awareness
and public participation, particularly in strengthening scientific institutions and improving
regulations, in achieving sustainable development and enhancing energy systems. Additionally,
strategies S2 and IT4 are key in their respective categories, focusing on renewable energy
development and system transparency. In general, the weights derived from the DANP method
highlight the central role of cultural and public participation strategies, particularly in
reinforcing scientific institutions and legal improvements. Environmental and technological
strategies also rank highly, contributing significantly to the optimization of energy consumption

and production (Figure 3).

04

035 T

0_3 =5 I m—
—

025

02

0.15

0.1

0.05
- — — P—

s1 sz S3 s4

0
IT1 IT2 IT3 IT4 W1 W2 W3 W4 W5 W6 W/ W3

Figure 3. Diagram of society 5.0 strategies based on CSH
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In the analysis of rankings within categories, the results indicate that strategies within each
category are prioritized according to their specific importance. In the Environmental category,
S2 ranks first with a weight of 0.307189, highlighting the importance of expanding renewable
energy development. Additionally, S4, which focuses on managing environmental and political
risks, ranks second with a weight of 0.240699, underscoring the importance of long-term
planning and risk management for achieving a sustainable system. In the Technological
Development category, IT4 ranks first with a weight of 0.287913, emphasizing the critical role
of transparency and oversight. This strategy reflects the importance of optimizing and clarifying
monitoring systems for managing and utilizing new technologies. Similarly, IT2, with a weight
0f 0.247221 and a second-place ranking, underscores the importance of leveraging data mining
and artificial intelligence for energy consumption optimization.

In the Consumption Culture and Public Participation category, W7 ranks first with a weight
of 0.116761, signifying the importance of strengthening scientific and research institutions in
energy-related decision-making. W9, with a weight of 0.115119, and W5, with a weight of
0.114586, rank second and third, respectively, indicating the need to improve laws and
regulations to promote clean energy consumption and optimize resource use. These rankings
highlight that collaboration among governmental, private, and scientific entities, along with
cultural promotion, is a key factor in enhancing the energy system and achieving sustainable

energy consumption.

5. Discussion

The integration of TSI, CSH, and DANP established a comprehensive and structured
framework for analyzing and improving the energy and environmental management system.
TSI enabled the exploration of complex systemic challenges through a holistic lens, revealing
coordination gaps, policy misalignments, and limited stakeholder participation in Iran’s energy
governance. It provided the foundation for identifying strategic weaknesses and proposing
actionable pathways, especially in renewable energy adoption and environmental risk
management. CSH added a reflective and ethical dimension by critically examining the roles,
boundaries, and values influencing decision-making. This stage revealed the narrow scope of
existing governance, dominated by the Ministry of Energy and the Ministry of Oil, and
underscored the need to include scientific institutions, environmental organizations, and
independent experts. CSH further redefined the perspective from “energy at any cost” toward

“clean and sustainable energy,” promoting long-term, knowledge-based, and participatory
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governance reforms to enhance transparency and resilience in energy planning.

Building on these qualitative insights, the fuzzy DEMATEL—-ANP analysis quantified the
interrelations and priorities among identified strategies. The results highlighted the most
influential factors driving sustainability and system transformation, such as strengthening
scientific and research institutions (W7), optimizing energy laws and regulations (W9),
enhancing multidisciplinary human resource development (W5), improving transparency and
oversight systems (IT4), and expanding renewable energy adoption (S2). These high-ranking
strategies formed the analytical foundation of the E-FLEX 5.0 model, confirming the pivotal
role of research, regulation, and innovation in shaping a participatory and technologically
adaptive energy transition. The findings underscore the importance of coordinated investment
in clean energy infrastructure, stronger institutional collaboration, and the adoption of digital
technologies such as Al and data mining to improve forecasting and policy integration. Overall,
the results provide a clear, empirically grounded roadmap for implementing participatory,

technology-driven, and sustainability-oriented energy governance.

5.1. The final E-FLEX 5.0 model

The E-FLEX 5.0 model serves as a comprehensive, flexible, and dynamic framework for
policymaking and action research in the fields of energy and sustainable development (Figure
4). This model is built on a core participatory methodology, engaging various stakeholders
across phases and employing systems thinking tools and modern methodologies. In the initial
methodological phase, a collaborative effort with experts involves conducting statistical
analyses and a comprehensive evaluation of the current situation, particularly from the
perspective of territorial planning. This phase aims to thoroughly identify the existing
conditions, challenges, and potential opportunities. Based on expert opinions and analyses, a
detailed framework of fundamental issues and essential needs is developed, paving the way for
subsequent phases. The second step of the E-FLEX 5.0 methodology core employs an action
research approach. At this stage, systemic methodologies, such as TSI, and complementary
methods, such as CSH, are applied. These approaches assist the implementation team in fully
understanding complex organizational and societal issues and developing appropriate solutions.
Active stakeholder engagement is fostered through the action research process, with CSH
serving as the primary tool for critical analysis and issue clarification. This ensures that
stakeholders gain a precise understanding of the topics addressed and the changes required to

current systems.
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Figure 4. E-FLEX 5.0 model framework, methodological, and implementation core

The third and fourth steps of the EFLEX 5.0 model focus on ranking and prioritizing options.
Following action research and a detailed stakeholder analysis, various options are evaluated
with stakeholder participation. These options are ranked based on strategies such as
sustainability, efficiency, and impact. This ranking helps the implementation team structure
operational plans in a phased manner, aligned with strategic priorities. Analytical tools like
DANP are employed for priority assessment, alongside critical insights and expertise from
specialists, ensuring well-informed final decisions. The second phase includes implementing
strategic actions categorized into three broad areas: environmental, technological and
infrastructural, and public participation and cultural change. Environmental actions aim to
enhance renewable energy use, manage natural resources, and reduce environmental impacts.
Technological and infrastructural actions emphasize investing in advanced technologies,
building clean energy infrastructure, and developing data-driven systems. Actions related to
public participation and culture focus on changing societal attitudes toward energy consumption
and fostering cooperation among the government, the private sector, and the public.
Collectively, these strategies contribute to sustainable development and reduce dependence on
fossil fuels.

Following the implementation of these strategic actions, the EFLEX 5.0 model enters its third

phase, which involves assessing and reviewing outcomes. It is anticipated that these actions will
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have tangible and long-term impacts on energy and sustainable development. Expected
outcomes include improved quality of life, reduced environmental pollution, enhanced energy
efficiency, and strengthened technological infrastructure. Regular, continuous evaluations will
ensure that expected results are achieved and that necessary adjustments are made promptly. A
key feature of the EFLEX 5.0 model is its emphasis on continuous review and improvement.
Periodic assessments and feedback from different stages of implementation support
optimization and alignment with environmental and social changes. Designed as a long-term
participatory model, EFLEX 5.0 remains adaptable to future societal needs and can be

redesigned with each implementation cycle to meet emerging challenges and conditions.

5.2. Predicted outcomes

Ultimately, EFLEX 5.0 serves as a dynamic framework for policymakers and decision-makers
to systematically and strategically address complex energy and environmental challenges. By
leveraging modern systemic methodologies, the model fosters innovation and continuous
improvement, thereby enabling replication in other regions and countries. For energy
consumption in Razavi Khorasan Province, six tangible outcomes are anticipated based on
implementing renewable energy strategies and reducing reliance on fossil fuels:

e By shifting focus to renewable energies, the reliance on natural gas as the primary energy
source in Razavi Khorasan Province will decrease, leading to reduced usage in both
industrial and residential sectors.

e Data-driven and Al-based optimization methods will lower energy consumption, resulting
in reduced gas costs, particularly benefiting gas-dependent industries.

e Increased adoption of renewable energies and reduced gas usage will significantly decrease
pollution from fossil fuels, improving air quality in cities like Mashhad, which faces severe
pollution issues.

e By replacing natural gas with renewable energy and managing risks, Razavi Khorasan
Province will achieve greater energy security, reducing vulnerability to gas price
fluctuations and crises.

e Investments in modern technologies and clean energy infrastructure will expand renewable
energy projects, such as wind and solar, strengthening the province's new energy sector.

e Long-term sustainable energy strategies will create new employment opportunities in areas
like installation and operation of renewable energy infrastructure, boosting the job market
and reducing unemployment in Razavi Khorasan Province.

6. Conclusion

Before presenting the main findings, it is worth clarifying how the results were derived. The
methodological process combined systemic diagnosis with quantitative prioritization. Expert

input was systematically analyzed to identify causal links and assign weights to strategies under
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the Society 5.0 framework. This integration of qualitative stakeholder assessment and
quantitative modeling ensured that the results reflect both human-centered perspectives and
data-driven rigor. The findings of this study highlight the importance of a participatory and
systemic approach to addressing the energy challenges faced by Razavi Khorasan Province. By
employing TSI, CSH, and the DANP method, this research provides a comprehensive
framework for prioritizing strategies that balance environmental sustainability, technological
advancements, and cultural shifts. The results emphasize the need to transition from fossil fuels
to renewable energy, to invest in modern technologies such as Al and data-driven systems, and
to strengthen the role of scientific and regulatory institutions. These strategies collectively
enable sustainable development, reduce dependence on natural gas, and improve environmental
outcomes.

The insights gained from this study are highly relevant to other regions and contexts,
particularly those facing similar energy crises. The integration of systemic methodologies, such
as TSI and CSH, enabled a deeper understanding of the complex interdependencies among
stakeholders, resources, and strategies. Moreover, the DANP analysis demonstrated that
prioritizing key strategies such as clean energy infrastructure (IT3) and public collaboration
(W3) can have transformative effects. The study also underscored the importance of fostering
inclusivity by engaging diverse stakeholders, ranging from policymakers to local communities,
in the decision-making process. These findings highlight the critical need for a holistic approach
to energy governance that aligns with both short-term needs and long-term sustainability goals.

Future implications of this research extend beyond the energy sector. The proposed E-FLEX
5.0 framework offers a replicable model for addressing systemic challenges across domains
such as urban planning, water resource management, and climate change mitigation. The
emphasis on stakeholder engagement and continuous evaluation ensures adaptability to
evolving conditions and emerging technologies. As global energy transitions accelerate, the
findings of this study can guide policymakers and practitioners in implementing participatory,
data-driven, and sustainable solutions to address energy and environmental challenges in both
regional and global contexts. By fostering innovation and collaboration, this research
contributes to the development of resilient systems capable of meeting the demands of the

Society 5.0 vision.
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Appendices
Appendix A. Significant relationships between strategies (cells with values of 1)

S1 S2 S3 S4 ITI IT2 IT3 IT4 W1 W2 W3 W4 W5 W6 W7 W8 W9

S1 0 1 1 1 1 0 0 1 1 0 0 0 1 1 1 0 1
S2 1 0 1 1 0 1 1 0 1 1 0 1 0 1 1 0 1
S3 0 0 0 1 O 0 1 0 1 1 0 0 0 0 0 0 1
S4 1 0 1 0 1 0 1 1 1 1 0 0 0 0 0 0 1
ITT 1 1 0 1 0 1 1 1 1 1 0 1 1 1 0 1 1
IT2 1 1 0 1 1 0 1 0 0 1 0 1 0 0 0 1 1
Im 1 0 1 1 1 1 0 1 0 0 0 1 1 0 0 1 1
IT4 1 1 1 0 1 1 1 0 0 1 0 1 0 0 1 1 1
Wl 0 1 1 1 1 1 1 1 0 1 0 1 1 1 1 0 1
w2 0 1 1 1 1 1 0 0 1 0 0 1 1 1 1 0 1
w3 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1
w4 0 0 0 1 1 1 1 1 0 1 0 0 0 1 0 0 1
w5 0 1 0 1 1 1 1 1 0 1 0 1 0 1 1 0 1
W6 0 0 1 1 0 0 1 1 0 1 0 1 0 0 1 1 0
W7 1 1 1 1 1 1 1 0 0 1 0 1 0 1 0 0 1
w8 0 1 1 1 1 0 1 1 1 0 0 1 1 1 1 0 1
wo 0 0 O 0 O 0 1 0 0 1 0 0 0 0 0 0 0
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