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Today's engineer must be more aware of the environ­
mental implications of technology than ever before. 
The last ten years have heralded a paradigm shift in 

the way engineers view environmental propriety; waste treat­
ment is no longer the most acceptable means of dealing with 
process wastes. The Pollution Prevention Act of 1990 states 
that the option of first choice is to prevent formation of 
waste at the source.f 11 Since it is unlikely that people will 
give up the products that improve the quality of their lives, it 
is imperative that engineers learn how to evaluate and mini­
mize its environmental impact during the concept and design 
stage of a product or process. 

Engineers are always faced with the challenge of imple­
menting new technologies at minimum cost. With increased 
awareness of the impact of technology on the environment, 
engineers must also deal with the added constraint of opti­
mizing processes for minimum environmental impact. But, 
today's engineering students get little, if any, training on 
analyzing a manufacturing process for its environmental 
impact. A required course on pollution prevention (P2) can 
remedy this shortcoming in the engineering curriculum. 

In many respects, the P2 course serves as a second design 
course-one with the objective of minimizing the environ­
mental impact of the process. This clearly complements the 
standard chemical engineering design course in which the 
objective is to minimize the cost of a process. Thus, the P2 
course supplements the curriculum by providing an alterna-
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tive context in which to view process design. 

The ABET EC 2000 guidelines dictate several new chal­
lenges for engineering curricula, including the use of inter­
disciplinary teams, an awareness of the impact of technol­
ogy on the world, and an appreciation for lifelong learning. 
We believe that all three of these items represent an essential 
element of environmental analysis. Thus, the pollution pre­
vention requirement is an ideal environment in which to 
stress these elements of chemical engineering education. 

HISTORICAL PERSPECTIVE 

Recent chemical engineering literature has contained nu­
merous references to the use of pollution prevention meth­
ods in industrial practice. Among the most frequent indus­
trial proponents of pollution prevention have been Jim Dyer 
and Ken Mulholland of DuPont, the authors of a newly 
published book on pollution preventionY1 Among their ex­
amples, they use the DuPont Chamber Works facility to 
illustrate that chemical engineers are taught the necessary 
tools to propose and test modifications in plant design that 
will lead to cleaner manufacturing processes. Old (and envi­
ronmentally negligent) methods become entrenched within 
the system, however, making industrial leaders resistant to 
new technologies. Certainly, new engineers must be trained 
to seek the best environmental solution along with the usual 
economic design solution. 141 

In order to make engineers more aware of environmental 
problems, universities have recently begun instituting courses 
in waste treatment or pollution prevention, or discussing the 
issues of pollution prevention in their capstone design course. 
Some of these efforts are beginning to appear in archival 
publications. For example, Grant, et al., l5l reported on a 
graduate course in pollution prevention that emphasizes waste 
audits and life-cycle assessment. More recently, EI-Halwagi 
and Spriggsf61 described their use of a process simulator and 
mass integration as a basis for pollution prevention for se­
nior/graduate chemical engineering students. 
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CURRENT PRACTICE 

In order to gain more information about teaching pollution 
prevention, we conducted a survey of chemical engineering 
departments throughout the United States. Thirty-five pro­
grams provided information about their course offerings in 
pollution prevention. Including our course at the University 
of Toledo, we identified eleven programs that offer a stand­
alone course in pollution prevention. One department teaches 
a course in industrial ecology as part of an environmental 
management program for engineers. Several additional de­
partments (14) provide elective courses in some form of 
waste treatment and include pollution prevention as a com­
ponent of the course. Six respondents indicated that they had 
no pollution prevention course, but taught the principles of 
pollution prevention in other courses, usually the senior 
design course. Only two respondents indicated that they 
offer no material in pollution prevention-these programs 
referred interested students to courses taught in other depart­
ments. To our knowledge, only our program required a pol­
lution prevention course for chemical engineering students . 

Additional information on pollution prevention course 
material is available through the University of Michigan 
National Pollution Prevention Center (as listed on the web­
site at <http://www.umich.edu/~nppcpub/>, the Michigan 
State University Pollution Prevention Workshop at <http:// 
www.p2workshop.org>, and the Canadian Centre for Pollu­
tion Prevention at <http://c2p2.sarnia.com>. 

Without exception, each course described on the returned 
survey form is a one-term course (quarter or semester) and 
provides 3 credit hours toward the major. Class size aver­
ages between 15 and 

cently published textr 11 1 may also serve as a valuable re­
source. In nearly all cases, supplementary material obtained 
through NPPC, EPA, or other industrial and environmental 
organizations, was used to augment the textbooks. 

Because most of the courses use the Allen and Rosselot 
text, it is not surprising that they follow a similar structure. 
The typical course begins with an introduction to pollution 
prevention concepts, moves on to a discussion of pollution 
in a broad sense (often including an introduction to life cycle 
analysis), and concludes with an extensive analysis of chemi­
cal processes and the development of process synthesis tools. 
As an indication of the typical content, the course outline 
used for our course in the fall of 1999 is given in Table 1. 

Our survey also revealed that many chemical engineering 
departments offer elective courses in waste treatment or 
pollution control, and most of these contain a pollution pre­
vention component. In addition, several programs provide 
pollution prevention education within the capstone design 
courses. For these programs, pollution prevention accounts 
for approximately two weeks of a fifteen-week semester. 

P2 COURSE ORGANIZATION 

We have recently implemented a required course, "Pollu­
tion Prevention," describing methods that can be used to 
minimize the impact of chemical processes on the environ­
ment. The course contains three components: an introduc­
tion to environmental pollutants, a discussion of life cycle 
analysis, and an environmental analysis of a chemical pro­
cess. As a component of the course, we included a case study 
provided by a local chemical manufacturer. 

After analyzing 
20 students, and the 
typical course is of­
fered once a year. 

TABLE 1 available resource ma­
terials, development of 
the course followed the 

One goal of the sur­
vey was to identify the 
source material used 
in the development 
and delivery of a pol-
1 u ti on prevention 
course. The majority 
of instructors listed 
Allen and Rosselotf71 

as an assigned text for 
this course. Other 
books that were men­
tioned , either as a 
required text or 
as supplementary ma­
terial, included those 
of Higgins , lSJ El­
Hawagi, l9l and Graedl 
and Allenby.r 101 A re-
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Example of Course Schedule (Fall, 1999) 

Aug. 30 Pollution in context 

Sept. 6 Pollution control: legal context 

Sept. 13 Energy production from fossil fuel 

Sept. 20 Alternate energy sources 

Sept. 27 Life cycle analysis 

Oct. 4 

Oct. II 

Oct. 18 

Oct 25 

Nov I. 

Nov. 8 

Life cycle analysis-the mechanics 

Life cycle analysis case study-food packaging 

Pollution prevention in unit operations 

Environmental ri sk analys is and solvent selection 

Risk modeling 

Emissions from unit operation 

Rossiter, Chapter I 

Chapter 2 

Chapter 4 

McDonalds/EDF case study1 1
' 1 

Chapter 5 

Allen, 2nd ed., Ch. 61181 

Chapter 6, 1-3; Chapter 7 

Nov. 15 Pollution prevent. in reaction eng.-green chemistry Chapter 6.4 

Nov. 22 Flowsheet analysis for pollution prevention Chapter 8. 1 

Nov. 29 Rigorous methods: design for the environment 

Dec. 6 Environmental cost accounting 

Chapter 8.2 

Chapter 9 

outline in Table 1. It 
was designed as a 
stand-alone course on 
environmental issues in 
chemical engineering, 
focusing on the meth­
ods that can be used to 
minimize the environ­
mental impact of ChE 
processes. The course 
can be loosely divided 
into three sections: 1) 
defining the problem, 
2) analyzing processes 
and products through 
their life cycle, and 3) 
designing environmen­
tally responsible chem­
ical processes. 
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Each of the class units is accompanied by a project that 
must be completed by a team of students. Project descrip­
tions are purposely left vague so that the teams can proceed 
in as creative a manner as possible. Each project requires 
that students obtain background information, ensuring that 
they will gain some experience in using reference materials. 
Finally, a written report is required for each project, enhanc­
ing the students' writing skills. 

What is Pollution? 

As an initial class exercise, the students work together in 
small groups to define a pollutant. They begin with very 
different ideas about pollutants and generally present vague 
notions of things that are either bad for the environment, 
hazardous, or unsightly. Throughout the class, we hone the 
definition until we arrive at an acceptable compromise, e.g.: 

"An undesirable substance or disturbance that causes harm 
to the ecosystem or serves no beneficial purpose." 

Given this definition of pollution, we next move on to a 
discussion of pollution prevention, focusing on the Pollution 
Prevention Act of 1990. Specific examples are normally 
presented at this point. During the current year, we are 
focusing our discussion on energy production from coal 
combustion. To illustrate the difference between pollution 
prevention and pollution control, we consider the differ­
ences between flue gas desulfurization (in which SO2 is 
captured for disposal) and coal gasification (in which coal is 
converted to CO and H2, and sulfur is recovered). This topic 
also provides an opportunity to discuss alternative energy, 
sustainability and the use of biomass, and low-energy den­
sity systems such as wind power. Our discussion of biomass 
utilization provides an introduction into life cycle analysis, 
which whets the student's appetite for later material. 

It is important that students gain an appreciation for the 
range of laws and regulations that affect wastes evolving 
from a chemical process. This course is not intended to 
provide a definitive discussion of all the regulations, how­
ever; a cursory overview of only the most significant laws is 
provided, with more detailed information included about the 
Clean Air Act because of its relevance to energy production. 
This also provides an entry for discussing a range of environ­
mental problems, from global warming (planetary, decades) to 
acid rain (regional , years) to urban smog (local, days). 

Life Cycle Assessment (LCA) 

When evaluating a process or product, it is important to 
consider its entire life cycle to adequately assess its impact 
on the environment. For example, the development of an 
electric car shifts the emissions from the tailpipe to the 
power plant. If one only considers the vehicle, then one 
neglects the emissions from the energy production needed to 
charge the batteries and the impact of energy storage (e.g., 

lead acid batteries), thus incorrectly evaluating the real ef­
fect of this change on the environment. 
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The Allen and Rosselot textbookI71 introduces LCA in 
Chapter 4 and provides a few specific examples for illustra­
tive purposes. Numerous life-cycle studies have also been 
completed within the past few years, and rigorous quantita­
tive methods for LCA have been developed. The Graedl and 
Allen by texts 11 0

•
121 are an excellent resource on LCA. Addi­

tional examples are contained in a set of homework prob­
lems compiled by Allen, Bakshini, and Rosselot.l I3I In addi­
tion, the EPA provides life cycle assessments of several 
products in the form of EPA reports, many of which can be 
accessed through its web site. A particularly appropriate 
study is one completed by McDonalds and the Environmen­
tal Defense Fund on the comparison of polystyrene clamshell 
and paper containers for hamburger delivery. rI4I 

At the heart of the LCA is completion of a material-and­
energy-balance problem, information that is well known to 
chemical engineering students. They have less experience in 
defining the system boundaries or in allocating streams to 
individual products, but this can quickly be addressed through 
the material-and-energy-balance analogy. The students are 
accustomed to the necessary information being included in 
the problem statement, however, and are not aware of the 
level of difficulty encountered in obtaining the data neces­
sary to complete an LCA or the problems associated with the 
quality of data. This is best illustrated using published stud­
ies wherein large volumes of data are compiled and evalu­
ated (see the large list of information available through NPPC 
or the EPA Office of Pollution Prevention and Toxics). 

Another component of the LCA that is new to the students 
is the assessment stage, where process effluents are com­
pared to evaluate the environmental impact of a particular 
product. Although several techniques have been published 
in the literature, we have chosen to address this issue using 
the streamlined life cycle assessment (SLCA, described in 
detail by Graedl r151

). In this case, the raw material and energy 
uses and the process emissions are evaluated and ranked on a 
scale of 1 through 4. The total score of the product is then 
calculated, with the highest score representing the more 
environmentally friendly product. Using SLCA provides a 
means of converting the data obtained by the students into a 
quantitative measure of environmental friendliness. 

In order to assess the student' s ability to complete an 
LCA, we asked them to evaluate two different products that 
serve the same purpose. For example, students compared 
paper cups to styrofoam cups, or disposable diapers to cloth 
diapers, using the methodology described in class. Students 
were grouped into teams of two, with the idea that each of 
them could evaluate one product. They compiled the data 
using resources available at the library or through the internet, 
and then assigned a quantitative score to each of the compo­
nents in the SLCA matrix. They then completed the analysis 
by identifying any important environmental issues that were 
not captured through this ranking system. The students com-
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pleted the assignment by preparing a short technical report 
describing the results of their analysis. 

Environmental Analysis of Chemical Processes 

Because our course is designed for chemical engineering 
students, we put significant emphasis on the design of envi­
ronmentally friendly chemical processes. Two components 
comprise this analysis: first, students must be able to evalu­
ate the emissions from a particular unit operation or to de­
sign the unit operation to minimize its environmental im­
pact; second, they must evaluate entire processes to determine 
where new technologies or new flow patterns could be imple­
mented so that higher yields or selectivities can be achieved. 

In evaluating specific unit operations, students must imple­
ment material they learned in the undergraduate curriculum 
to achieve their goal of minimal environmental impact. For 
example, we use equilibrium thermodynamics and mass trans­
fer to estimate the VOC emissions from a vapor degreaser. 
Students complete the mass balance to determine the amount 
of solvent evaporated and then watch the emissions decrease 
when the solvent is changed to one with lower volatility. 
Similar calculations using fundamental methods describe 
how to estimate emissions from other vessels. Alternatively, 
the EPA and the American Petroleum Institute have com­
piled software tools to perform unit-specific emissions esti­
mates, accessed through the EPA <www.epa.gov> or 
P2workshop <www.p2workshop.org> websites. 

One can also consider optimizing an individual unit opera­
tion for maximum performance. Consider the design of a 
chemical reactor: suppose that two parallel pathways can 
occur, one producing the desired product and the other pro­
ducing an undesired product. The reactor design textbookc161 

teaches us that when the activation energy for the reaction 
leading to the desired product is greater than that of the other 
reaction, raising the temperature will improve the process 
selectivity. Thus, students must recall previously learned 
material or expand upon material that may have only been 
superficially discussed in previous classes. 

A second component of this section is analysis of the 
overall operation of the plant to minimize the environmental 
impact of the process. Here, we use the concepts of the 
process-design course, along with the process simulator, but 
our objective is the minimization of waste streams. When we 
incorporate a technique for calculating the environmental 
impact of a process stream, we obtain a quantitative measure 
of the environmental impact of the proposed process. 

We have used the Waste Reduction (WAR) algorithm 
developed by the EPA Risk Reduction Research Labora­
tory1 17l as our basis for estimating potential environmental 
impact. Although several algorithms exist that could be used, 
WAR provides a consistent measure of estimating the envi­
ronmental impact of each process stream. For us, WAR has 
two primary advantages: first , it is designed to work with the 
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ChemCad simulator, the process simulator used in all of our 
undergraduate classes; second, WAR is being developed 
locally, so the developers are accessible to our students. We 
asked one of the researchers developing the algorithm to 
present the methodology to the class in a guest presentation. 
This researcher then served as a consultant to our class as 
they used the WAR algorithm to work on the project. 

A process analysis project served as the capstone assign­
ment for the class. Working in concert with a production 
facility in Toledo, we developed a process based on their 
commercial plant for the manufacture of pentaerythritol from 
formaldehyde and acetaldehyde. The use of a local industrial 
process had both advantages and disadvantages. On the plus 
side, the students were able to visit the plant and observe the 
process in operation, the process presentation was made by 
an engineer involved in the operation of the plant, and they 
were working on a real problem. But because of proprietary 
needs , the company was reluctant to share all of the informa­
tion about their process with the students. In addition, the 
process contained elements that were not easily simulated 
using ChemCad, obscuring some of the pollution prevention 
issues within the simulation difficulties . Of course, any pro­
cess can be used for this analysis as long as data can be 
found in the literature to support the simulation effort. 

Despite the difficulties that we had in accessing propri­
etary information and implementing the pentaerythritol pro­
cess on the simulator, the students were quite successful in 
evaluating pollution prevention opportunities for the pro­
cess. For illustrative purposes, the results of two different 
groups ' efforts are summarized here. In the original process, 
formic acid is used to neutralize the product stream leaving 
the reactor (the reaction must be carried out in basic media to 
facilitate the reaction) . One group proposed using sulfuric 
acid, which converts by-product sodium formate into formic 
acid and sodium sulfate; the formic acid is converted to 
methyl formate (a salable product) while the latter is recov­
ered as sodium sulfate (also a salable product) . Analysis of 
the economics of the modified process showed a potential 
17% cost savings relative to the cost of the original process. 
Use of the WAR algorithm, which reports potential environ­
mental impact in terms of impact units of non-product per 
kilogram of product, showed a reduction in environmental 
impact of nearly 75%. Other groups focused more exten­
sively on the inclusion of recycle streams. Nearly complete 
recycle could be achieved, decreasing the potential environ­
mental impact by almost 99%. But, completing the recovery 
and recycle operations required installation of two distilla­
tion towers , a heat exchanger, and several pumps."Thus, the 
economics of this operation were not entirely favorable . 

POLLUTION PREVENTION 
AND THE ABET EC 2000 CRITERIA 

The ABET EC 2000 guidelines dictate several new chal-
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lenges for engineering curricula that can be met, in part, 
through the P2 class. In particular, this class impacts five of 
the nine expected program outcomes, including 

f an understanding of professional and ethical responsibility 
g. an ability to communicate effectively 
h. the broad education necessary to understand the impact of 

engineering solution in a global and societal context 
i. a recognition of the need for, and an ability to engage in, 

life-long learning 
j. a knowledge of contemporary issues 

In addition, the AIChE Program Criteria specified that 
students must achieve a "working knowledge, including safety 
and environmental aspects" of specific elements of chemical 
engineering. The pollution prevention requirement repre­
sents an ideal environment in which to stress these elements 
of chemical engineering education. 

() Outcome f: Environmental considerations are an important com­
ponent of a chemical engineer's professional responsibility. The 
pollution prevention course provides an excellent opportunity for 
addressing the ABET criterion on developing an understanding of 
those responsibilities . It places a major emphasis on environmental 
awareness, and in particular it focuses the students' attention on 
their role in minimizing the environmental impact of chemical 
processes. Course assignments require evaluation of the environ­
mental impact of a chemical process and the engineer's responsi­
bility in reducing that impact. We discuss alternative ways of 
meeting the environmental challenge, and even raise the issue of 
meeting the emissions standard by diluting the stream. Evidence 
that students understand their professional and ethical responsibili­
ties is demonstrated through their evaluation of these issues within 
their project presentations . 

() Outcome g: It is difficult to develop standard assessment tools 
(i.e., exams) for complex environmental problems; thus, we assess 
the student's understanding through a series of written projects. 
These assignments require analysis of a problem and a discussion 
of potential solutions. A written report is normally the result of the 
student team 's analysis. The reports are graded on both the techni­
cal content and the written communication. Because engineers 
must learn to communicate environmental issues in non-technical 
terms, this element is stressed with the report. Students demon­
strate enhanced written communication ski lls by the improvement 
of their written reports over the course of the term. 

() Outcome h: The framework of the P2 course includes a discus­
sion of pollution, but pollution includes more than just evaluating 
the emissions from a chemical process. We also discuss the global 
impact of emissions in the context of global warming, ozone deple­
tion, acid rain, etc. Perhaps the area in which this recognition is 
most clearly addressed is through life cycle analysis, which pro­
vides the class with a quantitative means of assessing the impact of 
a product or process on the environment. Within this evaluation, 
students must assign an importance to each environmental impact 
from a global standpoint. Their ability to describe CO2 emissions in 
terms of its impact on global warming, and the different emissions 
level s achieved in process alternatives, demonstrates their under­
standing of the global impact of their decisions. 

() Outcome i: Because environmental problems are constantly 
changing, assignments in this class generally require that students 

276 

seek out data through which an evaluation can be made. We en­
courage students to look outside of the classroom to access data 
needed to solve the problem. Moreover, the assignments are framed 
in a general context. For example, consider this problem statement 
for an assignment on energy and the environment: 

There is a wealth of information describing the electric utility industry, including 
detailed descriptions of 111,merous coal-fired power plants. You should identify a 
particular power plam and calculate (as best as possible) the overall efficiency of 
the plam. This estimate can be based 011 the amount of coal consumed in the plant 
and the amount of electricity generated. Also, estimate the emissions of CO, SO, 
PM, and NO, in the plant, per unit of energy. Compare these values against 

industry standards (averages) to determine the plant efficiency. 

The students have been given guidance on where to find the re­
quired information, but the data are not provided. Moreover, the 
specific information required to solve this problem is not stated, 
although several different sources of data were identified. By re­
quiring students to confront open-ended technological issues for 
which information must be sought outside the usual classroom/ 
textbook sources, they experience the challenge and excitement of 
tackling problems as a professional does. Completion of the assign­
ment demonstrates their ability to gain information and learn on their 
own. 

() Outcome j: One of the primary technical issues in society today 
is the impact of technology on the global environment. Recent 
discussions in the popular press on global warming, loss of 
biodiversity, farmland, and habitat, on acid rain and ozone deple­
tion, among other things, point to the importance of the environ­
mental challenge we are currently facing. This is also the focus of 
the P2 course. Environmentally conscious design of all processes 
and products can minimize the environmental impact of the techni­
cal products that modem society demands. A completed LCA 
compares different products in a rational way and provides a tool 
for evaluating different alternatives and choosing the one that is 
most environmentally benign. Analysis of chemical processes, ei­
ther individual unit operations or the entire process, teaches the 
students some simple techniques that can be used to reduce the 
environmental impact of these activities. 

In direct response to this issue, a new component of the class has 
been introduced this year. Students are now asked to maintain an 
env ironmental journal, described in the current syllabus as: 

Environmental Journal: Virtually every day there is an article in the 
popular or technical press regarding an environmental issue. Each 
student should collect articles throughout the semester and place them 
into a journal. After reading the article, the student should write a 
short (approximately 3-5 sentences) technical evaluation of the science 
and engineering basis behind the written article. Towards the end of 
the semester, the studellt should look for a series of articles from his/ 
her journal on a common subject and prepare an extended evaluation 
(approximately 2-3 pages) describing the issue. Additional technical 
information may be required and should be cited, as necessary. The 
journal will be submitted on the last day of class. 

Clearly, the journal requires that the students remain aware of 
contemporary environmental issues within their own community 
and throughout the world. 

COURSE EVALUATION AND MODIFICATIONS 

The primary objective of the P2 course is to give students 
a different perspective on the design process and to demon-
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strate the opportunities for using chemical engineering prin­
ciples to minimize environmental impacts. For this reason, 
there is not a lot of new material presented within the course. 
Rather, it repackages many of the fundamentals learned in 
earlier courses and provides new insight into the use of these 
calculations. This was noted in student comments from an 
end-of-course survey completed in the fall of 1998. In a mid­
course survey conducted in the fall of 1999, two questions 
explicitly requested information on this subject. Students 
agreed that the course shows that chemical engineering cal­
culations can be applied in a new context and that pollution 
prevention is relevant to chemical engineering. Students also 
recognized that this course has limited technical content. 

One of the primary issues raised by the students in the fall 
1998 survey was the lack of exams and the reliance on 
projects. In general, students believed that the projects pro­
vided a good extension of the materials discussed in the 
class, but because grading a project tends to be more subjec­
tive than grading an exam, they felt that the grades did not 
reflect their learning. In addition, because the projects were 
group efforts, the students recognized that the project grade 
could reflect the abilities of a single member of the group 
and might not represent the capabilities of the others. 

Based on the recommendations of these students, a series 
of quizzes was added for the following semester; the mate­
rial for the quizzes came directly from lecture notes and 
provided an objective evaluation of each student's perfor­
mance. In the fall 1999 survey, however, the students were 
neutral about the ability of the quizzes to provide a quantita­
tive measure of classroom learning. Rather, they agreed that 
the projects were relevant to the lecture material. This conflict­
ing information, obtained from different groups of students, 
points out the necessity of having multiple evaluation tools. 

At the University of Toledo we are specifically interested 
in understanding how pollution prevention can be used to 
achieve ABET goals. In the spring of 1999, graduating se­
niors were asked to complete a survey matching the ABET 
goals with the course in which those skills were learned. Of 
32 graduating seniors, 9 (28%) indicated that P2 was most 
helpful with regards to Criterion h, the broad education 
necessary to understand the impact of engineering solutions 
in a global and societal context. Additionally, 6 out of 32 
(19%) listed Criterion j , a knowledge of contemporary is­
sues. Similar information was requested from the mid-course 
survey conducted in the fall of 1999. Students agreed strongly 
that P2 teaches a knowledge of contemporary issues (Crite­
rion j). The need for and ability to participate in life-long 
learning (Criterion i) and the ability to function on 
multidisciplinary teams (Criterion d) were also skills ob­
tained within the P2 course. 

SUMMARY 
The pollution prevention course required of chemical en-
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gineering students at the University of Toledo provides a 
solid introduction to the role of the chemical engineer in 
controlling the future environmental impacts of chemical 
processes. The course describes the environment in a global 
context, forcing students to consider the far-ranging conse­
quences of their engineering decisions. It reinforces many 
concepts taught throughout the chemical engineering cur­
riculum and demonstrates new ways to apply the fundamen­
tal calculations that have already been learned. Because the 
concept of pollution prevention is still evolving and protec­
tion of the environment is a topical issue, this course pro­
vides an ideal environment in which to educate our students 
about the impact of engineering decisions on everyday life. 

REFERENCES 
1. Anastas, P.T. , and J .C. Warner, Green Chemistry Theory 

and Practice, Oxford University Press, New York, NY, p. 7 
(1998) 

2. Mulholland, KL., and J.A. Dyer, Pollution Prevention: Meth­
odology, Technology, and Practices, AIChE, New York, NY 
(1999) 

3. Dyer, J .A. , and KL. Mulholland, "Follow this Path to Pollu­
tion Prevention," Chem. Eng. Prag., p. 34, January (1998) 

4. Mulholland, KL. , "Pollution Prevention-Business Re­
sponse: Past , Present, and Future," presented at the Uni­
versity of Toledo, March 4, 1999 

5. Grant, C.S. , M. Overcash, and S.P. Beaudoin, "A Graduate 
Course on Pollution Prevention in Chemical Engineering," 
Chem. Eng. Ed., 30(4), 246 (1996) 

6. El-Hawagi, M.M., and H.D. Spriggs, "Educational Tools for 
Pollution Prevention Through Process Integration," Chem. 
Eng. Ed. , 33(4), 246 (1999) 

7. Allen, D.T. , and KS. Rosselot, Pollution Prevention for 
Chemical Processes, John Wiley & Sons, Inc. , New York, NY 
(1997) 

8. Higgins, T.E. , Pollution Prevention Handbook, CRC Lewis, 
Boca Raton, FL (1995) 

9. El-Halwagi, M.M., Pollution Prevention Through Process 
Integration, Academic Press, New York, NY (1997) 

10. Graedl, T.E. , and B.R. Allenby, Industrial Ecology, Prentice­
Hall , Englewood Cliffs, NJ (1995) 

11. Bishop, P.L. , Pollution Prevention: Fundamentals and Prac­
tice, McGraw-Hill , New York, NY (2000) 

12. Graedl, T.E. , and B.R. Allenby, Industrial Ecology and the 
Automobile, Prentice-Hall, Englewood Cliffs, NJ (1998) 

13. Allen, D.T. , N. Bakshini, and KS. Rosselot, Pollution Pre­
vention: Homework and Design Problems for Engineering 
Curricula, AIChE CWRT, New York, NY (1992) 

14. McDonald's-EDF Environmental Task Force, videotape avail­
able from University of Michigan National Pollution Pre­
vention Center (1993) 

15. Graedl, T.E ., Streamlined Life-Cycle Assessment, Prentice­
Hall, Englewood Cliffs, NJ (1998) 

16. Fogler, H.S ., Elements of Chemical Reaction Engineering, 
3rd ed., Prentice-Hall, Upper Saddle River, NJ (1999) 

17. Cabezas, H. , J.C. Bare, and S.K Mallick, "Pollution Preven­
tion with Chemical Process Simulators, The Generalized 
Waste Reduction (WAR) Algorithm-Full Version," Comput. 
Chem. Eng., 23(4-5) 623 (1999) 

18. Prothero, Scott, and Fred Arnold, "Evaluating Environmen­
tal Releases and Exposures," in Green Engineering, D.A. 
Allen and D.R. Shonnard, in preparation. Presented at ASEE 
Green Engineering Educators Workshop, Charlotte, NC, 
June 20, 1999. 0 

277 


