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1- Net-Zero Emissions
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2- Interpretive Structural Modelling
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ISM Structural Model Diagram (Level-based)
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Introduction: Sustainable development in the mining sector, as one of the infrastructure
industries, plays a key role in the transition to a low-carbon economy and the realization of
the net zero emission scenario. On the one hand, this industry is known as an engine of
economic growth and a supplier of raw materials for new technologies, and on the other hand,
it leaves significant impacts on the environment and local communities. Therefore, identifying
key variables and analyzing the relationships between them is an undeniable necessity to
achieve a sustainable future in this sector.

Materials and Methods: The present study is applied in terms of purpose and descriptive-
analytical in nature. The statistical population included 80 experts in the fields of mining,
environment, and energy policy, who were selected using purposive and snowball sampling
methods. First, the variables affecting the sustainable development of mines were identified
and finalized using the fuzzy Delphi method. Then, the causal relationships between the
variables were analyzed using the fuzzy Dematel method, and finally, the structure of the
relationships between the key variables was developed using interpretive structural modeling
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(ISM).
Keywords: Sustainable Results and Discussion: Based on the results of the fuzzy Delphi, 12 key variables were
development, NZE identified in four dimensions: economic, social, technological, and environmental. Dematel
scenario, mines, analysis showed that variables such as investment cost, global metal prices, social welfare
modeling, ISM<Dematel level, and environmental education are in the influential group, while variables such as energy

intensity, waste recycling, and ecosystem health are more influential. In interpretive structural
modeling, three variables of carbon pricing policies, investment cost, and global metal prices
were identified as basic and driving factors that play a key role in guiding other variables.
Intermediate variables such as social acceptance of technology and technological innovation
played a mediating role, and dependent variables such as energy intensity and ecosystem
health were identified as final outputs. The comparison of the two methods, Dematel and
interpretive structural modeling, shows a high degree of consistency of the results and the
validity of the findings.

Conclusion: The results show that achieving sustainable mining development and alignment
with the net zero emission scenario requires policy focus on basic variables and coordination
between intermediate variables in order to ultimately achieve desirable environmental and
social outcomes. This structural model can help policymakers allocate resources optimally
and facilitate the transition to sustainable mining. Based on the findings, it is recommended
that policymakers, in the first step, design transparent carbon pricing mechanisms and
financial supports to reduce investment costs. In the second step, support programs for
technological innovation and the development of artificial intelligence in mining should be
created to strengthen social acceptance of technology and environmental education. In the
third step, by improving the smart monitoring system, recycling infrastructure, and promoting
energy efficiency, it is possible to achieve environmental goals and improve ecosystem health.
This three-step path can be a practical roadmap for future mining policy and planning within
the framework of sustainable development and a net zero emissions scenario.
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