
New York

Los Angeles

Ann Arbor

9/16/19



An Initiative on Safety Across the 
Chemical Engineering Curriculum

The 12th European Congress of Chemical Engineering
September 15 - 19

H. Scott Fogler
University of Michigan

Department of Chemical Engineering
Ann Arbor, Michigan



About
What is Chemical Process Safety?

A critical aspect of process safety is “anticipating” what could go 
wrong in a chemical process and ensuring it won’t go wrong. 

Chemical Process Safety is a blend of 
engineering and management practices 
focused on preventing accidents, 
particularly explosions, fires, and toxic 
releases which result in loss of life and 
property.

Dr. Trevor Kletz is considered by most as 
the Father of Chemical Process Safety.

https://youtu.be/XQn5fL62KL8


About
What is Chemical Process Safety and Why Do We Study It ?

What surprises most students is that virtually all 
previous chemical engineering accidents were preventable.

• Most disasters are the result of poor engineering decisions, 
made by a handful of people who lacked fundamental 
understanding of of the consequences of their actions and a 
basic chemical engineering concepts and chemical 
engineering safety.

• One of the best ways to prevent future industrial disasters is 
to understand how to effectively and safely design, 
operate, and troubleshoot chemical processes. 



Sometimes chemical process safety is taught in a separate safety 
course within the chemical engineering curriculum, and sometimes it is 
taught only in the senior year as a part of the process design course. 

Process Safety Undergraduate Education



Chemical Engineering Curriculum
Fall Winter

1st Year
Engineering 100 --

2nd Year
230 Introduction to Materials

and Energy Balance 
330 Chemical and Engineering 

Thermodynamics 
3rd Year

342 Mass and Heat Transfer 344 Chemical Reaction 
Engineering and Design 

343 Separation Processes 360 Chemical Engineering
Laboratory I 

4th Year
460 Chemical Engineering

Laboratory II 
487 Process Simulation and

Design
466 Process Dynamics and

Control 
488 Chemical Product Design I

4XX Elective
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341 Fluid Mechanics



U or MICHIGAN



Safety Courses

• University of Michigan
• 120-130 Seniors ….yet…
• Only 12-14 students take the 2 credit hour Safety Course

• Other Schools
• Safety assignments in Senior Design
• Get SACHE Certification

However, usually it is only a small fraction (10-15 %) of the graduating 
class that gets a satisfactory training in safety 



The purpose of this website is to provide professors and students 
with real case studies and resources so that process safety can be more 
effectively and easily learned throughout the curriculum and become 
an integral part of chemical engineering culture.

What is the goal of the Process Safety Website?



Safety Module in Every Core ChE
Fall Winter

2nd Year
230 Introduction to Materials

and Energy Balance 
330 Chemical and Engineering 

Thermodynamics 
341 Fluid Mechanics

3rd Year
342 Mass and Heat Transfer 344 Chemical Reaction 

Engineering and Design 
343 Separation Processes 360 Chemical Engineering

Laboratory I 
4th Year

460 Chemical Engineering
Laboratory II 

487 Process Simulation and
Design

466 Process Dynamics and
Control 

488 Chemical Product Design I

4XX Elective

Department of Chemical Engineering, University of Michigan, Ann Arbor 1010/9/2019



Homepage of Safety Website



Module
• Video

• Safety Analysis

• NFPA Diamond

• BowTie Diagram 

• Calculation

• .



Tutorials on analysing hazards



Safety Analysis of the T2 Incident



Safety Analysis



Tutorials explaining identification systems – NFPA Diamond

The NFPA Diamond is used by emergency personnel, like firefighters, to quickly identify any risks of hazardous 
materials involved in the emergency they are responding to. The diamond identifies any precautions or special 
measures emergency responders should take when dealing with the emergency situations. They are usually seen on 
trucks transporting chemicals, chemical storage containers, cylinders, or drums, and outside of laboratories.



Globally Harmonized System (GHS)

The three different categories are flammables, health hazards, and environmental 
hazards, which have a variety of sub categories. GHS uses 9 different pictograms, as 
seen below, that are placed on containers to identify the hazard of the chemical being 
stored in the container. 



Swiss Cheese Model

The Swiss cheese model is another risk assessment tool, one that offers a deeper understanding into the layers of 
protection for chemical processes. A layer of protection is either a preventative action that reduces the chance of 
an incident will occur, or a mitigating action that lessens the severity of an accident. These layers of protection can 
include using inherently safer designs, following proper lab procedures, wearing adequate personal protective 
equipment (PPE), or having an emergency response plan.



Components of a Safety Module

5. Construct a BowTie diagram for the incident in the video.
In each Safety Module, students are asked to construct a BowTie diagram for the incident. Information about the 
different elements of the BowTie diagram are provided as to a link to the BowTie Diagram Tutorial found on our 
website.



Process Safety Triangle
Process Safety Triangles are used to illustrate the different indicators that can lead to 
an accident. The process safety triangle illustrates the different actions that can lead 
to an accident. This tool highlights how the smallest unsafe act can lead to a major 
accident. It is applied from the bottom up, where each layer can be thought of as a 
preventative measure to the layer above it. The purpose is to show how an unsafe 
mindset can grow and produce tragic consequences.



Fire Triangle
The fire triangle, also referred to as the combustion triangle, is a visual representation 
of the three essential components needed for the ignition of a fire. Each side of the 
triangle represents a different component.



Safety Analysis

The Chemical Safety Board (CSB) has documented and made videos of a 
number of accidents that have occurred over the last 40 years. These 
videos and associated modules can be found on the safety website 
(http://umich.edu/~safeche/). 

Use Safety Analysis of the Incident in analyzing the accident after viewing 
the video.

http://umich.edu/%7Esafeche/


Course Specific Safety Modules





Thermodynamics Module








Thermodynamics Module



Thermodynamics Module



Complete Safety Module with Solutions



Safety Analysis of the Incident



NFPA Diamond on Propylene



Praxair BowTie Diagram



(1) The Clausius-Clapeyron equation

(2) The short cut equation where Z is the acentric factor, with Z = 0.142 for propylene

Calculated Solutions



Materials and Energy Balance Modules



Materials and Energy Balance Modules








Materials and Energy Balance Modules







(1) Calculate the vapor pressure of octane using Antoine’s equation. 

(2) Calculate the mole fraction of octane using Raoult’s 
Law. (2) Calculate the mole fraction of octane using Raoult’s Law. 

(3) Calculate the volume of the plume. 

(4) Calculate the total moles in the plume using the Ideal Gas Law. 

(5) Calculate the number of moles of octane in the plume. 



Heat and Mass Transfer Modules














(d) Find an expression for the energy flux q2 at r = rtar when fouling occurs. What is the 
percent reduction in heat flux when fouling occurs? [% reduction = (q1-q2)/q1] 

(c) In the Fluids Mechanic module, we found rtar to be approximatey √0.2ri, where ri
is the inner radius of the tube before fouling. Using this estimate for the incident, 
calculate the following when there is no fowling:
1. The temperature difference Tw - Tp from the water flowing inside the tubes (Tw) 
to the propylene flowing in the shell (Tp)
2. The overall heat transfer coefficient, U at r = ri
3. The energy flux, q1 at r = ri

(b) Using a shell balance approach, prove that rq(r) = constant. 



(1) Calculate the vapor pressure of propane using Antoine’s 
equation.

(1) Calculate the vapor pressure of propane at 298°K using Antoine’s equation.

(2) Calculate the pressure in the heat exchanger at 373°K (100°C) using Clausius-Clapeyron. 



Chemical Reaction Engineering Modules












Application of 
Critical Thinking 

in Safety

Actual Case History: A large tank containing ethylene oxide has been 
insulated and is out in the plant. There is uncertainty as to whether or not 
corrosion has taken place under the insulation. To strip of the insulation 
and check for corrosion would require shutting the plant down for 3 
weeks. Because such a shutdown would affect the supply chain and many 
customers, the shutdown would be very costly, ca. 5 million dollars. Let’s 
apply R. W. Paul’s Six Types of Critical Thinking questions to this situation 
to help us decide whether or not to strip the insulation.



What is Critical Thinking?

Socratic Questioning is at the Heart of Critical Thinking

1) Questions about the Question
2) Questions for Clarification
3) Questions that Probe Assumptions
4) Questions that Probe Reasons and Evidence
5) Questions about Viewpoints and Perspectives
6) Questions that Probe Implications and Consequences

R.W. Paul’s Six Types of Critical Thinking Questions

Critical thinking is the process we use to recognize underlying assumptions, 
scrutinize arguments, question problem statements and solutions, and interpret 
and assess the accuracy of information.



Application of Critical Thinking in Safety



Application of Critical Thinking in Safety



Application of Critical Thinking in Safety



Application of Critical Thinking in Safety



Application of Critical Thinking in Safety



Application of Critical Thinking in Safety



Laboratory and Personal Safety



Laboratory and Personal Safety










CCPS Safety Beacons



CCPS Safety Beacons









CEP Spotlights

Introduction: Below is a compilation of Spotlight on Safety articles from CEP. They have been listed in a suggested 
to order you might consider reading but can be read in any order.





CEP Spotlight Solutions



Feedback from the Students



Feedback from the Students

At the end of the survey, students were asked to provide 
additional feedback. The responses below were selected to 
reflect students’ positive impressions of the use of the safety 
module in their course. Students reported:



Feedback from the Students

Students reported:

•"It was insightful to learn and see the consequences when safety factors are 
not properly considered.“

•"This was a helpful experience and helped me begin my study of safety in 
the context of chemical engineering.“

•"The safety module was very interesting. It was cool to see how what we 
learn in class has an immediate impact in the real world.“

•"I thought it was an interesting way to apply what we are learning in class to 
a real-world example and especially safety, which we don't get a lot of 
directly in class."



Associate Professor and Associate Chair for Undergraduate Education, University of 
Michigan

Professor Fei Wen:

Steve Young: BASF



Chemical Engineering Curriculum
Fall Winter

1st Year
Engineering 100 --

2nd Year
230 Introduction to Materials

and Energy Balance 
330 Chemical and Engineering 

Thermodynamics 
3rd Year

342 Mass and Heat Transfer 344 Chemical Reaction 
Engineering and Design 

343 Separation Processes 360 Chemical Engineering
Laboratory I 

4th Year
460 Chemical Engineering

Laboratory II 
487 Process Simulation and

Design
466 Process Dynamics and

Control 
488 Chemical Product Design I

4XX Elective

Department of Chemical Engineering, University of Michigan, Ann Arbor 7610/9/2019



Conclusions

Department of Chemical Engineering, University of Michigan, Ann Arbor 7710/9/2019

1. The students view a number of case history videos and analyze them. 
2. The reoccurring safety algorithms and NFPA diamond and Bow Tie 

diagrams instill a mindset about safety. 
3. Every student has safety training rather than a small faction of the 

graduating class.
4. The student sees the disastrous consequences when safety conditions are 

violated and an accident occurs.
5. These Modules received a very positive response when they were class 

tested and followed by an evaluation of the students in the class. 



… and if you don’t stop on time.

78 10/9/2019Department of Chemical Engineering, 
University of Michigan, Ann Arbor



Any questions?

79 10/9/2019Department of Chemical Engineering, 
University of Michigan, Ann Arbor
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