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| d . While FMEA has proven effective in traditional risk assessment,
ntroduction its application in sustainability contexts often requires
In the realm of industrial management, the integration of sustainability into  adaptation. For instance, the model may need to incorporate
supply chain operations has become a pressing priority. As organizations  enyvironmental and social criteria alongside conventional
strive to balance economic performance with environmental stewardship  gperational metrics [2]. Another prevalent model is the Analytic
and social responsibility, the complexities and vulnerabilities of supply  Hierarchy Process (AHP), which assists in decision-making by
chains have significantly increased. The ability to effectively assess and  preaking down complex problems into a hierarchy of more
mitigate risks is therefore critical to achieving sustainable supply chain manageable sub-problems. AHP allows managers to weigh
operations. Risk assessment models play an instrumental role in identifying  giverse risk factors such as carbon footprint, supplier reliability
potential disruptions, evaluating their impact and devising strategies to  gpq regulatory compliance in relation to one another. This model
minimize adverse outcomes [1]. Sustainable supply chains are inherently g particularly useful when decisions involve trade-offs between
more complex than traditional ones because they incorporate a wider competing sustainability goals. By quantifying subjective
range of stakeholders, longer time horizons and more comprehensive  judgments and facilitating structured comparisons, AHP
performance metrics. In addition to financial efficiency, they must account  enhances the transparency and rigor of sustainability-related
for environmental regulations, ethical sourcing, labor practices and carbon  gecisions [1]. Monte Carlo simulation is also widely used in risk
emissions. This broad spectrum of concerns introduces new types of risks  gssessment for sustainable supply chains. This probabilistic
that traditional supply chain models may not adequately address.  mogel enables industrial managers to simulate various risk
Consequently, industrial managers are increasingly tuming to advanced  gcenarios and evaluate the potential variability in outcomes.
risk assessment models that are specifically tailored to the unique  Monte Carlo simulation is especially valuable in dealing with

demands of sustainability. uncertainties related to climate change, market demand and
. geopolitical events, all of which can significantly impact
DGSCI‘IptIOI‘I sustainable supply chain performance. By running thousands of

Several risk assessment methodologies have emerged to address the iterations with different input variables, the model provides a
multifaceted nature of sustainable supply chains. One commonly used  comprehensive picture of potential risks and their associated
approach is the Failure Mode and Effects Analysis (FMEA), which  probabilities [4]. The integration of artificial intelligence and
systematically evaluates potential failure points within a process or system  machine learning into risk assessment is another promising
and prioritizes them based on their severity, occurrence and detectability. development. These technologies can analyze vast datasets to
detect patterns and predict potential disruptions with greater
*Address for Correspondence: Emma Liam, Department of  accuracy. Machine learning algorithms can continuously learn
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For instance, Al-powered models can forecast supply disruptions
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unrestricted use, distribution and reproduction in any medium, provided the  specific procurement decisions. The use of Al enhances the
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Data transparency and collaboration across the supply chain are crucial Acknowledgment
for accurate risk evaluation. Moreover, a culture of sustainability must
be embedded throughout the organization to ensure that risk None.

management decisions align with long-term environmental and social :
objectives. Sustainable supply chain operations are increasingly Conflict of Interest

becoming a strategic focus for industrial management due to rising None.

environmental concerns, regulatory pressures and consumer

expectations. Risk assessment models play a crucial role in identifying, References

evaluating and mitigating potential disruptions that could hinder the

sustainability of supply chain processes. These models incorporate 1. Khan, Irfan, Fujun Hou and Hoang Phong Le. "The impact of
various dimensions, including environmental, social and economic risks, natural resources, energy consumption and population growth on
to ensure comprehensive analysis and decision-making. Among the environmental quality: Fresh evidence from the United States of
commonly used models, FMEA (Failure Mode and Effects Analysis), America." Sci Total Environ 754 (2021): 142222.

Monte Carlo Simulation, Analytic Hierarchy Process (AHP) and

Bayesian Networks stand out. These tools allow managers to quantify 2. Fan, Yupeng and Chuanglin Fang. "Assessing environmental
uncertainty, prioritize risks and develop contingency plans. For example, performance of eco-industrial development in industrial parks."
FMEA helps in detecting potential failure points in the supply chain, Waste Manag 107 (2020): 219-226.

while AHP supports multi-criteria decision-making by evaluating
alternatives against sustainability indicators. Integrating advanced
technologies such as Artificial Intelligence, Blockchain and [oT into risk
assessment frameworks has further enhanced predictive capabilities
and transparency. These tools enable real-time monitoring, data-driven
insights and better coordination across supply chain nodes.

Conclusion

The shift toward sustainable supply chain operations has elevated the
importance of robust and adaptive risk assessment models in industrial
management. As supply chains become more global, interconnected
and exposed to diverse risks, traditional models must evolve to address
the broader dimensions of sustainability. Tools such as FMEA, AHP,
Monte Carlo simulation and Al-driven analytics offer powerful
capabilities for identifying, evaluating and mitigating risks in complex
environments. However, the successful application of these models
hinges on data integrity, stakeholder engagement and a strong
organizational commitment to sustainability. By embracing these

principles, mdustnall managers can r.1aV|gate th.e uncelrtamtles. of .ttlle [gov{ 0 °g|'e éhis T"Eﬁ!e? Lgm, Etmma-. “Il?i%k Ats,smment MOd?I§|f°(§ -
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