LearnUNI GUIDE

LEARNING SHOULD BE FREE

Professional Certificate in Artificial Intelligence for Process Safety Analysis in Chemical Engineering

Data Visualization for Process Safety Analysis

Data Visualization

Data visualization is the graphical representation of information and data. By using visual elements like
charts, graphs, and maps, data visualization tools provide an accessible way to see and understand trends,
outliers, and patterns in data.

Process Safety Analysis
Process safety analysis involves identifying, assessing, and controlling hazards associated with chemical
processes to prevent accidents and ensure the safety of personnel, the community, and the environment.

Chemical Engineering
Chemical engineering is a branch of engineering that applies physical and life sciences, mathematics, and
economics to produce, transform, transport, and properly use chemicals, materials, and energy.

Artificial Intelligence

Artificial intelligence (Al) refers to the simulation of human intelligence in machines that are programmed to
think and learn like humans. Al technologies include machine learning, natural language processing,
computer vision, and robotics.

Data

Data refers to raw facts and figures that can be processed and analyzed to derive meaningful information.
Data can be qualitative or quantitative and can come from various sources such as sensors, databases, or
surveys.

Process Safety
Process safety is a systematic approach to prevent and mitigate accidents involving hazardous materials
during the design, operation, and maintenance of chemical processes.

Analysis
Analysis is the process of examining data to uncover patterns, trends, and insights that can inform decision-
making and problem-solving.

Visualization
Visualization is the representation of data in graphical form to make complex information more accessible
and understandable.

Professional Certificate
A professional certificate is a credential awarded to individuals who have completed a specialized training
program or course of study in a particular field, indicating proficiency and expertise in that area.

Key Terms and Vocabulary
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In the context of data visualization for process safety analysis in chemical engineering, several key terms
and concepts are essential to understand. Let's explore these terms in detail:

1. Hazard
A hazard is any source of potential harm or adverse health effect on something or someone. In process
safety analysis, hazards are identified and assessed to minimize the risk of accidents.

Example: A chemical spill in a manufacturing plant is a hazardous event that can pose risks to workers and
the environment.

2. Risk
Risk is the likelihood of a hazardous event occurring and the severity of its consequences. Understanding
and managing risks are crucial in process safety analysis to prevent accidents and protect assets.

Example: The risk of a fire outbreak in a chemical processing facility is high due to the presence of
flammable materials and inadequate safety measures.

3. Process Safety Management

Process safety management (PSM) is a systematic approach to managing the hazards of highly hazardous
chemicals in processes. PSM aims to prevent unwanted releases of hazardous substances and ensure a safe
working environment.

Example: Implementing process safety management practices such as hazard identification, risk assessment,
and emergency response planning can help prevent accidents in chemical plants.

4. Incident Investigation
Incident investigation involves analyzing the root causes of accidents, near misses, or process deviations to
prevent recurrence and improve process safety performance.

Example: Conducting a thorough investigation of a chemical spill incident can help identify the factors that
led to the release and implement corrective actions to prevent similar incidents in the future.

5. Safety Instrumented Systems
Safety instrumented systems (SIS) are integrated systems designed to monitor and control process variables
to prevent hazardous events and protect personnel, equipment, and the environment.

Example: Installing a safety instrumented system that automatically shuts down a process in case of
abnormal conditions can help prevent catastrophic accidents in chemical plants.

6. Barrier Management
Barrier management involves identifying, implementing, and maintaining multiple layers of protection to
prevent or mitigate process safety incidents.

Example: Using physical barriers, safety alarms, and emergency shutdown systems as layers of protection
can create a robust barrier management system to safeguard against accidents.

Read online: https://learnuni.com/guides/3191742/data-visualization- LearnUNI - 21 Jun 2026
for-process-safety-analysis



LearnUNI GUIDE

LEARNING SHOULD BE FREE

7. Leading Indicators
Leading indicators are proactive measures used to predict and prevent incidents before they occur by
monitoring trends and behaviors that may indicate potential risks.

Example: Tracking the number of safety inspections conducted per month can serve as a leading indicator
of the effectiveness of safety measures and identify areas for improvement.

8. Lagging Indicators
Lagging indicators are reactive measures used to assess the outcomes of past incidents or accidents to
identify areas for improvement and prevent recurrence.

Example: Analyzing the number of lost-time injuries in a given period can serve as a lagging indicator of the
overall safety performance of a chemical plant.

9. Process Hazard Analysis
Process hazard analysis (PHA) is a systematic method used to identify and evaluate potential hazards
associated with chemical processes to prevent accidents and ensure process safety.

Example: Conducting a process hazard analysis using techniques like HAZOP (Hazard and Operability Study)
can help identify process deviations that may lead to hazardous events.

10. Risk Assessment
Risk assessment is the process of evaluating the likelihood and consequences of hazards to determine the
level of risk and prioritize control measures to mitigate the risks.

Example: Performing a risk assessment for a chemical storage facility can help determine the potential
impact of a chemical release and establish preventive measures to reduce the risk.

11. Bowtie Analysis
Bowtie analysis is a risk assessment technique that visually depicts the relationship between hazards,
threats, barriers, and consequences to understand and manage process safety risks.

Example: Using a bowtie diagram to analyze the risks associated with a chemical process can help identify
critical controls and barriers to prevent accidents.

12. Root Cause Analysis
Root cause analysis is a method used to identify the underlying causes of incidents or problems to
implement corrective actions and prevent recurrence.

Example: Conducting a root cause analysis of a process deviation can help identify systemic issues, human
errors, or equipment failures that contributed to the event.

13. Data Mining
Data mining is the process of discovering patterns, trends, and insights from large datasets using statistical
techniques, machine learning algorithms, and artificial intelligence.
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Example: Using data mining algorithms to analyze historical incident data can help identify common causes
of accidents and inform process safety improvements.

14. Predictive Analytics
Predictive analytics is the use of statistical algorithms and machine learning models to forecast future events
or outcomes based on historical data and trends.

Example: Employing predictive analytics to predict equipment failures can help chemical plants proactively
schedule maintenance activities and prevent unscheduled downtime.

15. Visualization Tools
Visualization tools are software applications that enable users to create interactive charts, graphs,
dashboards, and maps to visualize data and communicate insights effectively.

Example: Using visualization tools like Tableau, Power Bl, or Matplotlib can help chemical engineers create
informative visualizations of process safety data for analysis and decision-making.

16. Dashboard
A dashboard is a visual display of key performance indicators (KPIs), metrics, and data points that provide a
real-time overview of process safety performance.

Example: Monitoring leading indicators such as near misses, safety audits, and training completion rates on
a process safety dashboard can help identify trends and areas for improvement.

17. Heat Map
A heat map is a graphical representation of data where values are depicted using colors to highlight
patterns, trends, or anomalies in a dataset.

Example: Creating a heat map of process safety incidents across different areas of a chemical plant can help
identify hotspots and prioritize safety interventions.

18. Scatter Plot
A scatter plot is a type of chart that displays the relationship between two variables by plotting data points
on a two-dimensional graph.

Example: Using a scatter plot to visualize the correlation between process temperature and pressure can
help identify potential process safety risks and control measures.

19. Histogram
A histogram is a graphical representation of the distribution of data values into bins or intervals to visualize
the frequency or probability of occurrence of each value.

Example: Creating a histogram of process downtime incidents can help identify common causes and
patterns to improve maintenance practices and prevent unplanned shutdowns.

20. Time Series Analysis
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Time series analysis is a statistical technique used to analyze and forecast trends, patterns, and seasonality
in data collected over time.

Example: Conducting a time series analysis of process safety incidents over a specific period can help
identify recurring patterns and trends to improve safety performance.

21. Geospatial Analysis
Geospatial analysis is the process of analyzing and visualizing data based on geographic or spatial
information to identify patterns, relationships, and trends related to location.

Example: Using geospatial analysis to map process safety incidents in a chemical plant can help identify
spatial clusters and environmental factors influencing safety risks.

22. Interactive Visualization
Interactive visualization allows users to explore and interact with data visualizations by adjusting
parameters, filters, and views to gain deeper insights and make informed decisions.

Example: Creating an interactive dashboard of process safety KPIs with drill-down capabilities can empower
users to explore data at different levels of detail and identify root causes of issues.

23. Data Quality
Data quality refers to the accuracy, completeness, consistency, and reliability of data used for analysis and
decision-making purposes.

Example: Ensuring data quality by validating sensor readings, eliminating duplicates, and resolving
inconsistencies can enhance the reliability and credibility of process safety analysis results.

24. Data Integration
Data integration is the process of combining data from different sources, formats, or systems to create a
unified view for analysis, reporting, and decision-making.

Example: Integrating process safety data from incident reports, maintenance logs, and inspection records
into a centralized database can provide a holistic view of safety performance.

25. Data Visualization Best Practices
Data visualization best practices include principles and guidelines for creating effective, clear, and insightful
visualizations that communicate information accurately and engage users.

Example: Following best practices such as simplifying complex data, using appropriate chart types, and
labeling axes clearly can enhance the readability and impact of process safety visualizations.

26. Challenges in Data Visualization
Challenges in data visualization include issues related to data complexity, visualization design,
interpretation, and communication that can impact the effectiveness of visualizations.

Example: Addressing challenges such as data overload, visualization clutter, and misleading representations
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can improve the usability and utility of process safety visualizations for decision-making.

27. Ethical Considerations
Ethical considerations in data visualization involve ensuring the privacy, confidentiality, and security of
sensitive data, as well as presenting information in a transparent and unbiased manner.

Example: Respecting data privacy regulations, anonymizing personal information, and avoiding misleading
visualizations are essential ethical practices in process safety analysis.

28. Continuous Improvement

Continuous improvement is the ongoing process of enhancing process safety performance by
implementing corrective actions, monitoring results, and adapting strategies based on feedback and lessons
learned.

Example: Establishing a culture of continuous improvement through regular safety audits, incident reviews,
and training programs can drive innovation and excellence in process safety management.

In conclusion, mastering the key terms and vocabulary related to data visualization for process safety
analysis in chemical engineering is essential for professionals seeking to enhance safety performance,
prevent accidents, and optimize processes. By understanding and applying these concepts effectively,
individuals can leverage data visualization tools and techniques to visualize, analyze, and interpret process
safety data for informed decision-making and risk management.

Read online: https://learnuni.com/guides/3191742/data-visualization- LearnUNI - 21 Jun 2026
for-process-safety-analysis



