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Abstract
In the realm of chemical engineering, safety is paramount. Ensuring the safety of chemical processes involves 

thorough evaluation and mitigation of potential hazards right from the early design stages. To address this crucial 
aspect, researchers and engineers have embarked on the development of a preliminary inherent safety evaluation 
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towards creating a robust evaluation framework for chemical process design.
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Introduction
Chemical processes play a pivotal role in various industries, 

from pharmaceuticals to petrochemicals, facilitating the production 
of essential goods. However, these processes inherently carry risks, 
including potential hazards such as fires, explosions, and toxic releases. 
Recognizing and addressing these hazards early in the design phase is 
critical to minimizing risks and ensuring the safety of both workers 
and the surrounding environment [1]. Inherent safety is a concept that 
emphasizes the design of processes to minimize or eliminate hazards 
rather than relying solely on protective measures. Unlike traditional 
safety approaches that focus on adding layers of protection, inherent 
safety seeks to design out hazards from the outset [2,3]. Developing 
tools to assess inherent safety at the early stages of process design 
is essential for integrating safety considerations seamlessly into 
the design process. Chemical processes are integral to numerous 
industries, ranging from pharmaceuticals to manufacturing, providing 
the foundation for the production of essential goods and materials. 
However, these processes inherently harbor various risks, including 
potential hazards such as fires, explosions, and toxic releases. Ensuring 
the safety and integrity of chemical processes is paramount to protect 
both personnel and the environment [4,5]. In recent years, there has 
been a growing emphasis on inherent safety – a proactive approach 
that aims to design out hazards from processes rather than relying 
solely on mitigative measures [6]. Unlike traditional safety strategies 
that primarily focus on adding layers of protection, inherent safety 
seeks to eliminate or minimize hazards at the source, thereby reducing 
the likelihood of accidents and their potential consequences. While 
the concept of inherent safety is well-established within the realm of 
process safety, its practical implementation during the early stages of 
chemical process design remains a challenge. Designing inherently 
safer processes requires a systematic approach to identify and evaluate 
potential hazards, as well as the integration of safety considerations 
into the design process from its inception [7,8]. To address this 
challenge, researchers and practitioners have recognized the need for 
a preliminary inherent safety evaluation tool tailored specifically for 
the early stages of chemical process design. This tool aims to provide 
engineers and designers with a systematic framework for assessing 
inherent safety factors, identifying potential hazards, and exploring 
opportunities for hazard reduction or elimination right from the outset 
of the design process [9,10].
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Risk screening criteria: By focusing on key inherent safety 
indicators such as toxicity, reactivity, and flammability, the tool enables 
rapid screening of potential hazards early in the design phase.

Decision support system: The tool includes a decision support 
system that guides users through the evaluation process, helping them 
prioritize mitigation strategies and design modifications to enhance 
inherent safety.

Integration with design software: Integration with existing process 
design software enhances the tool's usability and allows for seamless 
incorporation of safety considerations into the design workflow.

Conclusion
The development of a preliminary inherent safety evaluation tool 
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