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t the University of Minnesota Duluth, the faculty in

the Chemical Engineering Department has significant

industry experience that includes industry training in
the practice of chemical process safety (CPS). As a faculty, we
value CPS instruction in our curriculum, foremost because we
do not want our graduates to get hurt or to hurt other people.
Regardless of the industries employing our graduates, or
whatever future engineering assignments or roles they may
take on, there are many benefits in student exposure to CPS
principles. Lessons learned from both historical and recent
incidents remind us of the value of informing our students
about their role in CPS. Starting now to develop a mindset, or
culture, of CPS will help our graduates successfully integrate
into, and contribute to, any organization’s CPS management
practices. The more knowledge our students have, the less
likely there will be serious incidents.

We have emphasized safety in our curriculum primarily in
our labs, to remain in compliance with OSHA regulations and
the campus Environmental, Health, and Safety (EHS) poli-
cies, and in our capstone design course sequence. Since the
mid 1990s, half of the faculty has participated in the SaChE
Faculty Workshops. As a result, our faculty has incorporated
a variety of safety topics into courses at the discretion of in-
dividual faculty members. We were relatively satisfied with

our level of coverage based on exit interviews with graduating
seniors and survey feedback from alums. We began, however,
to see signs that our level of preparation for our students was
no longer serving their needs. Students returning from intern-
ships and industrial co-operative education experiences were
describing training and events involving CPS in the work-
place. With the renewed emphasis on safety in the aftermath
of relatively recent industrial accidents, such as T2 ') and in
anticipation of ABET revisions to program criteria to include
the analysis and control of chemical process hazards,” we
have made a concerted effort to coordinate and assess CPS
awareness and skills of our students. We also began to experi-
ence increasing industry outreach to our faculty on this topic
from practicing engineers.
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The main challenge we faced was how to add more CPS in-
struction into a full program with little room for new material.
We determined that, rather than add a new required course at
the expense of technical electives credits that are popular with
our students, we would instead weave safety throughout the
curriculum with the aim of graduating engineers that have a
culture of safety and a base set of skills to practice engineer-
ing safely.’! We have four goals:

1. Make students aware of CPS principles, practice, and
the chemical engineer’s role.

2. Infuse a culture of lifelong safety in our department
faculty, students, and graduates.

3. Assess student learning, basic skills, and commitment to
CES.

4. Require minimal additional resources or student credit
hours in a full curriculum.

IMPLEMENTATION PLAN

To accomplish our goals of training our students in CPS,
we embarked upon a four-step implementation plan:

1. Unify our CPS instruction across the curriculum around
a common theme: Conservation of Life (COL).*!

2. Survey the faculty to benchmark our current state of
CPS instruction, identify holes, and add or eliminate
CPS elements to/from the curriculum as needed.

3. Inventory COL teaching resources for instructors and
courses.

We then unfolded the plan to our students through academic
advisement, in our courses, and in extracurricular program-
ming, such as the student chapter of AIChE. Graduates of the
program are periodically surveyed about CPS as part of our
program assessment activities. We used polls of alums to get
their feedback on our plan.

Create a Culture of Safety

The first element of process safety management (PSM) is to
establish a strong culture of safety beginning with leadership
and commitment from management.” Within an academic
department, our process is training students, and we might
think of the faculty members as managers of this process.
We also, however, involve students early in PSM. In our
first-year introductory course, students are made aware of
CPS concepts, terminology, and the role chemical engineers
play. We also teach them the department approach to PSM,
with our theme of COL. All students, faculty, and staff are
held to high standards of operational discipline, whether
teaching the COL principles of CPS in our courses, practic-
ing Environmental, Health, and Safety (EHS) activities in
our teaching and research labs, or involving students in the
management process.

Conservation of Life as a Unifying Theme

Klein and Davis proposed the theme of “Conservation of
Life” to elevate chemical process safety instruction, prin-
ciples, and practice to the same ubiquitous level as other
principles of conservation of energy and mass in chemical

4. Develop a set of
student learning

Conservation of Life in the Curriculum

TABLE 1

outcomes and rubrics Where in the

10 assess student COL Principles Methodologies Tools (examples) Curriculum

learning as part of our 1. Assess e MSDS e NOAA Chemical Reactivity e  Chemistry

overall assessment material/process e Chemical Hazard Worksheet - reactivity database e  Intro to ChE

activities. hazards Characterization ¢ NOAA CAMEO Chemicals: e Materials Science

. e Reactivity response recommendations and e Unit Operations
As a first step towards Screening reactivity prediction tool e ChE Labs

implementation, we engaged ¢ BNL Hazard ¢ DOW Chemical Exposure Index ¢  Reaction

all of our constituents in
the process of planning and
implementation, beginning

Assessment Tool

ASTM CHETAH: reactive
hazard screening (commercial)
EPA High Production Volume
Information System (HPVIS)

Engineering
Capstone Design

with our department’s ex- Evaluate o  Whatif » EPA DEGADIS: dispersion e Thermodynamics
ternal advisory board. Our hazardous events e Consequence Model *  Unit Operations
b A . 2] d Modeling e EPA/NOAA ALOHA: hazard e Reactor Design
QRIS Pr.lman ¥ cqmpose e Root Cause release model e Particle Tech
of practicing chemical en- Analysis * DOW Fire & Explosion Index o Capstone Design
gineers with a wide range Manage process e HAZOP e EPA RMP*Comp: risk e Unit Operations
of industry experience. We misks * FMEA management plan *  Process Control
also recruited a new mem- > LR BN S e e ol
e Inherently Safer
ber to the board, who has Design
specific CPS training and Consider real- e PSM e OSHA PSM Regulation e Intro to ChE
professional responsibility, world operations s Case Studies e CCPS books «  Capstone Design
e (CSB videos

to champion the plan to the
board and provide additional
guidance to the faculty.
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Ensure process &
product
sustainability

Fate Screening

EPA EPI Suite: screening tool for
physical / chemical /
environmental properties

Capstone Design
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engineering education.! They developed five principles based
on industry standards and practice:

1.

Assess material and process hazards (develop basic data
on reactivity, flammability, toxicity, etc.)

. Evaluate hazardous events (apply methodologies to

estimate potential hazardous impacts)

. Manage process risks (evaluate risk vs. acceptable risk

criteria, apply inherently safer approaches, evaluate and
design multiple layers of protection)

. Consider real-world operations (apply comprehensive

PSM systems, recognize importance of human factors,
learn from experience — case histories)

. Ensure process and product sustainability (product safety

stewardship, life-cycle management)

The five COL principles serve as a guide for curriculum de-
velopment, coverage of topics, and implementation. We have
implemented CPS curricula according to a spiral-learning
model'® that provides students with increasing levels of depth
and breadth in the five COL principles as students move from
lower- to upper-division courses, culminating in a capstone
design experience.

Table 1 identifies some of the methodologies and tools for
each of the five principles of COL, as well as recommenda-
tions for placement within a chemical engineering curriculum.
Instructors introduce or review CPS topics within our theme
of COL to elevate the importance of safety to the level of
conservation of mass and energy in engineering practice.

Benchmark Current Practices and Propose
Curriculum Modifications

Once we had formally identified the guiding principles of
COL, we needed to establish a baseline of current CPS educa-
tion in our curriculum. We surveyed the faculty to identify,
with examples, where they are covering COL principles in
our core courses. We recognize that many elective courses
also incorporate COL principles, which is encouraged. We
restricted our survey and implementation plan to the core
set of courses required of all of our graduates, however. In
this way, we ensure that all of our students are meeting our
standard for CPS education.

Table 2 shows a matrix of a snapshot in time mapping general
coverage of COL principles to our program’s core courses at
the beginning of this plan. The faculty survey asked members

TABLE 2

Initial Benchmark Survey Mapping of Course Content to COL

* = introductory, **= intermediate, ***= advanced.

COL Principles " =
g E
= ) ©
E8|1% |§ | X |@
S8 8 2 5 =
sd| 2 | & |82 8E
g ﬁ 2 %) i) S-g
22| 32| & =
0 = & =) 25 =
. oS5 | 83| 6a| &2

Core ChE Curriculum <d|lmo | =5 |0O°| o3
- ol e} < v

Introduction to Chemical Engineering | * *

Mass & Energy Balances

Thermodynamics

Design of Engineering Experiments

Computational Methods

Fluid Mechanics

Particle Technology *k * *

Heat & Mass Transfer * *

Engineering Materials

Process Control * * *

Separations *k *

Reactor Design * * *

Unit Operations Laboratory * * *

Capstone Design * *kk | kk * 0y
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to rank their level of coverage from zero (no COL cover-
age), to three (advanced COL coverage). Table 2 gives
a view of where the potential holes existed in the cur-
riculum. At first glance, it appears that we had adequate
coverage with some level indicated for each principle.
Upon further inspection of examples and discussion
with the faculty, however, we realized that the coverage
was weighted towards the introductory level, lacking in
depth. In our labs, for example, the focus was heavy on
personal protective equipment, chemical waste disposal,
and general lab safety; many courses were light on CPS.
There was also a reliance on the capstone design course
to serve as a catchall for most of the topics in any depth.

As an ongoing process, the faculty meets annually for
learning-outcome assessment. Our discussions include
COL instruction. At the start, we identified holes in the
curriculum and made plans to strengthen the delivery
of material and active learning exercises where needed.
For example, we added reactive screening analysis to
our reactor design course as an outcome of this plan.

Inventory of COL Resources

Alarge cache of CPS instructional resources is avail-
able in the literature, on the web, from our industrial
partnerships, within our community of educators, and
from our professional societies. As we started to build up
our inventory of COL resources, we naturally gravitated
towards the “low-hanging fruit.” The two quickest ways
to get started are to require students to participate in the
Safety and Chemical Engineering Education (SaChE)
Student Certificate Program and invite industrial prac-
titioners to make presentations to students.”
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The SaChE Student Certificate program involves web-based
delivery of content followed by an online assessment of stu-
dent learning. The certificate modules are self-contained and
do not require any class time for students to complete. Stu-
dents are able to access and work through the online instruc-
tion outside of class on their own. Student members of AIChE
are recognized for successfully completing a module with a
certificate. Instructors may also access a report of successful
student completion. The certificate program satisfies two of
our criteria by making students aware of COL principles with
no additional resources other than a department’s SaChE
membership, and by providing feedback for assessment of
student learning and accountability.

We find the industrial community ready and willing to visit
our classes and work with faculty to deliver presentations
and material on COL principles. An industrial safety profes-
sional works with our faculty member teaching the capstone
design course to develop HAZOP active-learning strategies.
Although presentations by visitors do require class time, they
fill gaps in the expertise of the instructor and reinforce the
value, from an industry perspective, of the principles of COL
in our pursuit of a culture of safety in our graduates. In our
case, we find industrial partners occasionally send us news
articles, slide presentations, and video from their own safety
training that they find particularly relevant to undergraduate
engineering education.

TABLE 3
Materials for Implementing COL Across the Chemical Engineering Curriculum
Core Courses SaChE Modules (Year) and Certificates Videos
Intro to ChE ¢ PSM & COL (2012) e CSB Videos (Variety)
e Safety in the CPI (2006) e History, Modern Marvels,
e Bhopal (2010) Engineering Disaster Series 10
e  Mini-Case Histories (2003) Union Carbide Explosion
e Process Safety 101 Certificate
Mass & Energy e SHE for Textbooks (2003)
Balances e SaChE Seveso (2008)
Thermodynamics e  Explosions (2009)
o SHE for Textbooks (2003)
Design of e Risk Assessment (2008)
Engineering
Experiments
Computational e Computer Applications for Process Safety
Methods
Fluid Mechanics e Two-Phase Flow/Pressure Relief (2011)
* Consequence Modeling Source Models
(2004)
Particle o Static Electricity (2007, 2008) e CSB Dust Explosion (multiple vids)
Technology * Dust Explosions (2006) e OSHA Fact Sheet & Poster
e Dust Explosion Control Certificate
Heat & Mass e SHE for Textbooks (2003)
Transfer
Engineering e Properties of Materials (2007)
Materials e Chemical Reactivity Hazards Certificate
Process e Design for Overpressure and Under pressure
Control Protection (2006)
e PSM Safety Valves (2003)
Separations e Inherently Safer Design (2006) e (CSB Anatomy of a Disaster
e  Packing Fires (2004)
Reaction e Explosions (2009) e (CSB Reactive Hazards
Engineering e Polystyrene Reactor Runaway (2011) e CSB Runaway at T2
e Runaway Reactions Certificate
Unit Operations e CCPS Process Safety Beacon e OSHA PPE & Safety Videos
Laboratories e Process Hazard Analysis (2009)
e Project Risk Analysis (2009)
® Risk Assessment Certificate
Capstone e Piper Alpha (2007) Acceptable Risks ™!
Design e HAZOP Case Study (2003) National Geographic Seconds from
e Layer of Protection Analysis (2011) Disaster series “Texas Oil
e Safety Guide for Design Projects (2011) Explosion”, “Explosion in the North
e Risk Assessment (2008) Sea,”
e Venting (2007) e History, Modern Marvels,
e Green Engineering (2004) Engineering Disaster Series 6 Piper
e Safety in the CPI Certificate Alpha, 11 Gas Explosion, 18 BP
e Inherently Safer Design Certificate Refmer.y
e CSB Videos
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SaChE provides additional
products for academic and
industrial safety education and
training. Many of these products
include video, presentation
slides, homework problems,
and other tools. Table 3 lists
our core classes and how we
have integrated many SaChE
modules, in addition to the Stu-
dent Certificate program, across
our curriculum. The table also
shows where our faculty uses
other videos and case studies in
our courses. For example, in a
weekly class exercise, a student
team is assigned to make a short,
but formal, CPS presentation
to the class based on a Process
Safety Beacon!® of their choos-
ing. We learned from a student
participating in an industrial
internship that she was required
to make a similar presentation at
a weekly safety meeting the first
week on the job. She selected a
Beacon on dust handling that
gave the process engineers
cause to stop and reconsider
how they were handling solid
materials at their loading dock
for improving safety.

Members of AIChE and most
academic professionals now
have access to books produced
by AIChE’s Center for Chemi-
cal Process Safety (CCPS)M
through the online resource for
technical references, Knovel "%
These books provide detailed
information about CPS prin-
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ciples, methodologies, tools, and
case studies. For example, the
Failure Scenario tables in Guide-

Map of COL Principles to SaChE Recommendations for ABET Safety

TABLE 4

Content in Chemical Engineering

lines for Design Solutions for

w2
v & o
Process Equipment Failures"" are SaChE ABET > g k=
an important resource for students Safety Content = E £ 2 - -
. . . . = 5 L
applying inherently safer design in = z = g <8 = g
: . : = = o S 3 « <
unit operations and process design. ©5 | B < = g £ ¢ 2 s
Company websites also have in SE |38 = 3 E a 5 E 7 =
] ] 2|2 |& | |® |B% |= |§¢
formation about CPS. For example, $E | d £ S S £ 2 o 2 =
A =] o v
DuPont has several case studies g % E i g2 g g 8 v 2
N 2 = = @ Lo =
that demonstrate the advantages of 5 = EE & z 2 E £ -2 = o _2
" ! = < . =) = S 35 = = )
safety in practice. We use these case 9 2 | 8s =SB 8 | 2 < = = 5 s
g 5 3 = = @ sy (=] =3 (= 1 E__) -5 =
studies for short active-learning SS9 | 2% | §8 |28 |5 S5 5 = S 2
) . 2 an 2o g2 > = 2 s 58 5 s
exercises in classrooms. Dow has t3 |55 |28 |28 | E 9 2 E9 | 85
a website dedicated to product | COL Principles S SR 585 =8 = 5 8 28 | E3
safety and sustainability. Exxon i ol < i S = S
Mobil has a website dedicated to | 1. Assess material/ v v
their philosophy and practice of process hazards
safety. They have several detailed | 2. Evaluate v v
documents that are downloadable. Hazardous EYents
Students can learn what industry is | 3= Manage process v v v v
o risks
doing in the area of CPS and the T Gond 1 v " %
. . o - 5 onsider real-
pr1HC{ples f)f COL. This brief class e
exercise reinforces the value of CPS  [5—5 = = PR v v v

and strengthens the culture. sustainability

We also visited several government

and professional society websites for additional materials and
information on CPS that supports the five principles of COL.
Much of the material is available at no cost and ranges from
simple posters for safe dust handling from OSHA and videos
of incident investigation from the U.S. Chemical Safety Board
(CSB), to software tools for dispersion modeling from NOAA
and EPA, as listed in Table 1. In another example, NOAA has
a web-guided tour entitled “Responding to a Chemical Spill.”
The American Chemical Council maintains a database helpful
for dealing with product safety and sustainability.

Assessment of Student Learning

We have an assessment process already in place with tools
and measures identified for meeting ABET prescribed learn-
ing outcomes. In keeping with our goal requiring no new re-
sources, we found that we are able to use our existing process
and measurements to assess student-learning outcomes for
COL. The following list of measurement tools was selected
for assessing student learning in CPS:

e Process Control Project Report

e Separations Final Exam

* Reactor Design Final Exam

e Unit Operations Laboratory Reports and Presentations

e Capstone Design Project and Presentations (projects are
industry sponsored, HAZOP safety reviewed by engi-
neering liaison)

Vol. 46, No. 3, Summer 2012

e Exit interviews with graduating seniors

e Alumni and industry surveys

Before graduation, students are expected to demonstrate
their knowledge and application of COL principles in their
reports and presentations for our capstone design course by
addressing subjects such as:

e Process hazards

e Hazardous events

* Hazard/risk analysis
e Layers of protection

* Human factors issues

* Product safety and life-cycle considerations.

Table 4 maps our principles of COL to the SaChE recom-
mendations for ABET Safety content in Chemical Engineer-
ing."” COL goes beyond SaChE recommendations, however,
with the addition of product safety and sustainability. We
adopted five learning outcomes and developed rubrics for
assessing student achievement following best practices in
our rubric design."¥! As shown in Table 5 (next page), each
rubric has four levels, with the highest level of achievement
at the left. The criteria are cumulative as we move from lower
to higher levels of achievement. The criteria for meeting our
standard is placed at level two. We are able use our existing
measurements of student achievement to assess CPS educa-
tion of our graduates.
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We provide students with these rubrics in our introductory
course, and review them periodically throughout the cur-
riculum to develop the sense of personal responsibility in the

student that contributes to our culture of CPS.
Example of COL in the Curriculum

Our unit operations laboratory courses have a communica-
tion component for developing technical writing and verbal
communication skills. A simple way to provide students with
opportunities to practice verbal communication and safety
involves weekly safety presentations by student teams. Stu-
dents are encouraged to tie in their presentation with their
assigned experiment. At a minimum, they are required to ask

1. What can go wrong?

four questions about their unit operation:

2. What is the likelihood that something can go wrong

based on the current conditions of the equipment/pro-

cess?

Outcome 1:

TABLE 5
Rubrics for Assessment of COL Student Learning Outcomes. Levels are Cumulative.

Graduate is able to assess material and process hazards.

3. Exceeds Standard 2. At Standard 1. Making 0. Not there yet
Progress
e Conduct detailed hazards assessments | ¢ Demonstrate basic hazard | ® References |e Minimal or
for toxicity, flammability, reactivity, understanding and evaluation for MSDS no data
and other process hazards, including toxicity, flammability, reactivity, developed
use of appropriate computer tools and other process hazards

Qutcome 2:

Graduate is able to evaluate hazardous events.

3. Exceeds Standard

2. At Standard

1. Making Progress

0. Not there yet

Evaluate the consequences of
hazardous events using dispersion
models and other consequence
modeling methodologies

for evaluating
consequences of
hazardous events

e  Use basic computer tools | ¢

Identify a range
of possible
hazardous events

Minimal or No
identification of
hazardous events

QOutcome 3:

Graduate is able to manage process risks.

3. Exceeds Standard

2. At Standard

1. Making Progress

0. Not there yet

Performs detailed .
quantitative risk analysis

Evaluates risk using .
detailed

Considers risk using
“what if?”/checklist or

No evaluation of risk
No PSM included in

¢ Evaluate alternative designs methodologies such as other simple reporting
for risk considerations HAZOP methodologies e Does not consider
o  Evaluate design options for | ®  Qualitative risk o Identifies at least one inherent safety or
inherent safety, including assessment using risk layer of protection protection in design of
intensification, substitution, matrix or LOPA o Identifies unit operation/process
attenuation, limitation e Designs a unit opportunities for e Does not consider
operation/process inherent safety inherent safety
considering multiple
layers of protection
Outcome 4: Graduate understands real-world operations.

3. Exceeds Standard

2. At Standard

1. Making Progress

0. Not there yet

Apply comprehensive PSM | e
systems, recognize and
evaluate importance of
human factors, learn from .
experience — case histories
Pre-start-up safety review

Process design demonstrates

compliance with relevant OSHA

regulations

General understanding of
causes/consequences of major
incidents

Management of change applied to any

modification in design
Written operating procedures

e (Cites OSHA
regulations

e Aware of one
incident

No reference to
regulations
Cannot cite an
industrial
incident

Outcome 5:

Graduate is aware of principles of product sustainability.

3. Exceeds Standard

2. At Standard

1. Making Progress

0. Not there yet

Performs a Lifecycle inventory
analysis

System optimization
Considers Ultimate use and
disposition of products and
manufacturing materials

and mass integration

Impact Study

e Holistic design for energy °
e  Preliminary Environmental

e  Consider product safety
issues for downstream users

Mass and energy
balances closed

Mass and energy
balances not closed
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3. What are the consequences if something does go wrong?
(such as personnel, production, equipment, environment,
financial, etc.)

4. What can be done to reduce/remove the probability of
the identified hazardous events occurring?

This exercise allows the students and faculty to assess their

ability to communi-
cate safety informa-
tion at many levels.

RESULTS

We are in the fourth
academic year of our
COL implementation
effort. Table 6 shows
our current state of
COL in the curricu-
lum. We find it helpful
to keep COL in front
of the faculty by re-
viewing the plan and
activities with the ex-
ternal advisory board
and assessment team
annually. COL is a
common agenda item
in faculty meetings
during discussions of
curriculum develop-
ment and student ad-
visement.

Exit interviews be-
tween the department
head and graduating
seniors provide direct
evidence that we are
approaching our goal
of developing a cul-
ture of process safety
in the program and
in graduates. When
asked to identify cur-
rent issues in chemical
engineering, 100%
of the students inter-
viewed mentioned
their role and steward-
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ship in process and product safety. Alumni surveys indicate
that our graduates value their education in COL principles,
ranking these topics high in level of importance and providing
comments for inclusion and improvement. Our assessment
also reveals that the majority of our graduates are capable of
using CPS methodologies.

Lessons Learned

The faculty has not wavered in its commitment to our theme
of COL across the curriculum and reports that students are
able to build on their learning as they progress through the
program. If a program’s faculty decides not to incorporate
CPS as broadly described in this paper, we recommend they
consider identifying a subset of courses that should normally
include discussions of COL principles. This subset of courses
may be selected to provide students with annual exposure to
CPS in the curriculum. For example, a subset of courses that
typically span a four-year curriculum may include mass and
energy balances, thermodynamics, reaction engineering, unit
operations, and design.

One issue we have identified is the need for consistency

between the same courses delivered by different instructors.
We resolve this issue through our planning efforts, inventory
of materials, and designation of courses where mater:als are
used in the program. This is also helping to avoid unneces-
sary duplication of effort and coverage in different courses. A
second issue involves the timing of COL coverage in a course.
The faculty has learned to introduce COL principles early in
a course to allow for their integration into the various topics,
rather than an add-on at the end given time constraints. By
including COL principles at the same level as other conserva-
tion principles, students are learning to consider safety in all
aspects of problem-solving and design.

We plan to continue to explore new COL methodologies,
tools, case studies, etc., to continue to enhance CPS instruction
in our courses. Other programs, however, need not start from
scratch or expend effort searching for, or developing their own
materials. The SaChE website includes case studies, lectures,
student problems, video, etc.

Our external advisory board strongly endorses our COL
theme and coverage of CPS topics. The members of the board
are an integral part of our refining process as

TABLE 6 we move forward.
Curent Map of Course Content to COL
* = introductory, **= intermediate, ***= advanced. RECOMMENDATIONS AND
CONCLUSIONS
COL Principles Our experience with COL as a unifying
" = theme has been positive and productive. The
= o) . ae . . .
Sa | E = S N g1}1dmg principles of COL provide faculty
2| & 8 =+ 3 with a framework for program development.
S8 | 8 e 8 =) Prog P
‘é = a - & | 2% | Education resources are distributed across
28| g 2 & 'ng b= 2 g the curriculum in a fashion that provides
(5] = ) 5] . . .
’ 20| 2| 8¥| §2&| 22| complete coverage of material while giv-
Core ChE Curriculum <a|l@md® | | O0° | @al . h . A
_ ) ) _ ing students increasing depth of experience
' - — = = o = o through multiple opportunities to practice
T Ol S * * & * using established methodologies. Programs
Mass & Energy Balances * ®% may adapt our approach to their needs with-
: out significant demands of time and resources
Thermodynamics *% * :
on the department and faculty. By holding
Design of Engineering Experiments % # e * students and faculty accountable through an
Computational Methods = = T = assessment process, a program may quickly
. . establish a culture of chemical process
Fluid Mechanics % R safety and meet required learning outcomes.
Particle Technology o) % ok % Ultimately, CPS/COL in the curriculum has
value for all constituents of a chemical engi-
Heat & Mass Transfer * * *¥k w*o¥k * : : y
neering program, including the faculty, staff,
Engineering Materials * * * * students, industry, and the public they serve.
Process Control *k *% wkk ACKNOWLEDGMENT
Separations % %% W % The authors express appreciation to
= T e v = o Maryann Johnson, Senior Safety and Health
sactoresign consultant at Zenith, and Denise Albrecht,
Unit Operations Laboratory ok ok *% * EHS Engineer at 3M, for their insightful and
CapatoneDasien o PNy o || opotn [l creat%ve recomn%endatlo.ns fo.r 1ncorpprat1ng
CPS in the chemical engineering curriculum.
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