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SECTION 1: Opening & Context Setting 

“Today we explore a critical question: how do we ensure that the 

rapid digitalization of our industry strengthens, rather than 

undermines, process safety culture? We will examine evidence-

based strategies for making safety knowledge accessible to every 

engineer." 2



The Knowledge Gap Problem

❖ Knowledge is fragmented across 

disciplines and experience levels

❖ Critical insights reside in the 

heads of senior engineers

❖ Junior engineers lack access to 

"lessons learned"

❖Result: Organizations repeat 

preventable mistakes

References: AIChE Spring Meeting 2024, Elsevier 

partnership on process safety knowledge tools. 3



The Digital Paradox 

❖ We have adopted: AI, Digital Twins, 

IoT Sensors, BIM

❖ Challenge: More data ≠ Better safety 

culture

❖ Information overload leads to 

cognitive fatigue

❖ Digital tools must serve the engineer, 

not overwhelm them
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Shared Safety Intelligence

❖ Goal: Bidirectional knowledge flow 

across all engineers

❖ All engineers are both teachers and 

learners

❖ Digital innovation must enable 

collaboration, not replace judgment
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Overview of 

Safety Risk 

Management
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SECTION 2: Strategy Pillar 1 – Capturing Tacit Knowledge

The Tacit Knowledge Challenge

❖Tacit knowledge: "Unconscious 

competence" of experienced engineers

❖Traditional methods: static lessons-

learned documents

❖Problem: Static information fails to 

capture context and rationale
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Dynamic Knowledge Representation

❖ Solution: AI-driven knowledge 

capture from field reports

❖ NLP techniques identify hidden 

trends in safety observations

❖  Creates a dynamic "source of 

truth" accessible to all engineers
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Case Study – Digital SME for Operations

❖Challenge: Few Subject Matter 

Experts (SMEs), overwhelmed by 

turnover and onboarding

❖Solution: "Digital SME" available 24/7

❖Operators review and practice 

procedures before performing them

❖Impact: Reduced equipment-specific 

incidents due to procedure execution 

errors
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SECTION 3: Strategy Pillar 2 – Digital Twins & Contextualization

Digital Twins for Safety Visualization 

❖Digital Twins bridge the gap between 

data and understanding

❖Link historical incident reports directly 

to assets in 3D models

❖Engineers "click" on equipment to see 

full safety history
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Use of digital twins for process safety management
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Digital twins in safety analysis, risk 

assessment and emergency management
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Digital Twins Across the 

Asset Lifecycle: Technical, 

Organisational, Economic, 

and Regulatory Challenges 
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Knowledge Graphs for Safety 

Intelligence 

❖ Knowledge Graphs encode 

relationships between safety concepts

❖ Combines SME expertise with AI 

techniques

❖ Uncover latent threats and guide 

optimal decision-making
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Digital Twins and Blockchain technologies 

for building lifecycle management

30



Exploring the Role of Digital Twin and Industrial Metaverse Technologies in 

Enhancing Occupational Health and Safety in Manufacturing 

31



Phast CFD & Risk Modeling

❖ Advanced consequence modelling 

bridges empirical and CFD approaches

❖ Phast CFD integrates 3D geometry 

modeling with ease of use

❖ Enables accurate fire, explosion, and 

dispersion modeling
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SECTION 4: Strategy Pillar 3 – Breaking Down Silos

The Silo Problem

❖ Most incidents occur at interfaces between 

disciplines

❖ Cross-domain knowledge extraction is 

difficult

❖ Information is siloed in proprietary formats
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Process Safety Information 

Ensures Safe Operations
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Knowledge Silos: What Are They and How To Avoid Them?
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Cross-Functional Collaboration

❖ Cross-Functional Safety Squads on major projects

❖ Shared "Project Wikis" for multidisciplinary updates

❖ Rule: No design change without multidisciplinary 

digital sign-off

36



Collaborative Learning Models

❖ Learning-by-doing approach for safety 

and maintenance training

❖ Adapts to different backgrounds: "digital 

natives" vs. "digital immigrants"

❖ Mutual collaboration improves weaknesses 

on both sides
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SECTION 5: Strategy Pillar 4 – Immersive & Gamified Learning 

Immersive Virtual Experiments

❖ IVE (Immersive Virtual Experiment) 

for safety training

❖ Students practice equipment isolation 

in VR before physical execution

❖ Result: Better visualization and 

understanding of safety steps

39



Examining the Role of Augmented Reality 

and Virtual Reality in Safety Training 
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Rapid Risk Assessment in 

Industry: Increasing 

Awareness of Worker Safety 

in Industrial Activities 
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Gamification for Engagement 

❖ Shift from annual compliance training to 

daily bite-sized challenges

❖ Reward engineers for identifying and 

sharing near-misses

❖ Leaderboards foster healthy competition
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Active Learning Effectiveness 

❖ Active learning strategies outperform 

traditional lectures

❖ Cooperative learning activities increase 

engagement

❖ Simulation-based learning improves 

knowledge transfer
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Modern Technologies 

in Occupational 

Health and Safety 

Training: An Analysis 

of Education, 

Innovation, and 

Sustainable Work 

Practices in Industry 
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Psychological Safety 

in the Modern 

Workplace – 

TouchscreenTalent 

Recruitment
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Knowledge Transfer Results 

❖ Survey findings: Students felt more prepared to 

transfer learning to physical setups

❖ IVE enabled visualization and understanding of safety 

steps

❖ Plans to expand immersive technology across 

curriculum
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SECTION 6: Strategy Pillar 5 – AI-Powered Knowledge Systems 

AI Large Models for Safety Q&A

❖ Traditional methods: low efficiency, 

insufficient accuracy

❖ Solution: AI large-model-based Q&A 

system

❖ Combines knowledge graphs + RAG 

(Retrieval-Augmented Generation)

❖ Result: Rapid response to complex safety 

queries
50
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AI for HAZOP Automation

❖ Long-term goal: HAZOP automation 

and augmentation

❖ GPT techniques applied to curated, 

proprietary engineering datasets

❖ Predicts initiating events and 

consequences based on training data
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AI Education for Safety Professionals

❖ Challenge: Most safety professionals lack 

formal AI education

❖ Solution: Graduate courses on AI for 

workplace safety

❖ Covers: machine learning, deep learning, 

LLMs, computer vision, VR

❖ Students propose AI-based solutions to 

real-world safety risks
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Are You Ready for AI-Based Safety Video Monitoring?
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Conclusion

The 5-Pillar Framework:

Framework Summary & Implementation Roadmap

❖ Capture: Tacit knowledge to dynamic databases

❖ Contextualize: Data mapped to Digital Twins & Knowledge Graphs

❖ Collaborate: Cross-functional teams & learning-by-doing

❖ Learn: Immersive VR & gamified active learning

❖ Retrieve: AI-powered knowledge Q&A & HAZOP augmentation
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Q&A Session

1."What is the one piece of safety knowledge you wish you could access instantly?"

2."What barriers to knowledge sharing exist in your organization?"

3."How might AI tools like knowledge Q&A systems change your daily work?"

Suggested Discussion Questions:
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These references from the search results provide additional depth:

•Forcina, A. et al. "The role of Industry 4.0 enabling technologies for safety 

management: A systematic literature review." Procedia Computer Science, 180: 

436. 

•VanDerHorn, E. & Mahadevan, S. "Digital Twin: Generalization, 

characterization and implementation." Decision Support Systems, 145, 113524. 

•Agnusdei, G.P. et al. "A classification proposal of digital twin applications in the 

safety domain." Computers & Industrial Engineering, 154, 107137. 

•Culot, G. et al. "Behind the definition of Industry 4.0: Analysis and open 

questions." International Journal of Production Economics, 226, 107617. 

Recommended Supplementary References (for further reading)
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