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This description of a "Process Design, Analysis, and 
Simulation" course curriculum is divided into three 
sections. Since the concept of process design is em­

phasized throughout the curriculum, the sequencing of chemi­
cal engineering design classes at New Mexico State Univer­
sity (NMSU) is described in the first section, showing where 
the course is sequenced in the degree program. In the 
second section, the details of the course content are de­
scribed, and finally, the details of student evaluation 
methods and the Texas Eastman involvement are de­
scribed in the third section. 

THE NMSU APPROACH TO CHEMICAL 
ENGINEERING PROCESS DESIGN 

Where "Process Design. Analysis. and Simulation" 
Fits into the Curriculum 

Process design at NMSU is a four-course, eleven-credit­
hour sequence beginning in the student's fourth semester. 
The students begin performing detailed system designs and 
cost estimations in the Process Instrumentation Laboratory. 
This lab is followed by an engineering economics course 
(Junior year), a design, analysis, and simulation course (se­
mester 7), and final ly, a capstone design course (semester 8). 
The progression of these courses in the NMSU curriculum is 
shown in Figure 1. This figure also shows the associated 
core understandings of the students at each level. 

The "Process Design, Analysis, and Simulation" course 
taken in semester 7 is the subject of this paper. The capstone 
design experience requires the students to complete the AIChE 
Design Contest problem. It is a two-credit-hour course that 
requires students to solve the problem individually, follow­
ing AIChE contest rules . This capstone course affords the 
students the opportunity to demonstrate that they have learned 
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and understood all of the technical aspects of process design. 

FORMAT OF THE PROCESS DESIGN, 
ANALYSIS, AND SIMULATION COURSE 

Course Educational Goals 

The course was created to accomplish a number of educa­
tional goals representing a greater-than-acceptable level of 
process design competence for an entry-level engineer. Upon 
completion of the course, we expect the student to 

• Understand the design method, design alternatives, 
and cost estimation methods 

• Be capable of simulating a continuous flow process 
with ASPEN+ 

• Be adept at preparing progress reports, P&!Ds, and 
design project reports 

• Be efficient at preparing and performing formal and 
informal oral presentations 
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[This] is a four-course, eleven-credit-hour sequence beginning 
in the student's fourth semester. The students begin performing 
detailed system designs and cost estimations in the Process 
Instrumentation Laboratory . ... followed by an engineering 
economics course, a design, analysis, and simulation 
course, and finally, a capstone design course. 

Course 
semester 4 

Timing 
semester 5 or 6 semester 7 semester 8 

Design Process 
Engineenng Process Design, 

Plant 
Sequence 

Instrumentation Economy Analysis, and 
Design Laboratory Simulation 

Prerequisite material & macro• transport & 
Courses energy balances economics thermodynamics 

Figure 1. Course sequencing in Chemical Engineering at NMSU. 
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Figure 2. In tegration of lectures and simulation Jabs with the design project. 
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• Understand the application of 29 
CFR 1910.J 19 regulations to the 
design process 

• Distinguish between Process Hazards 
Review techniques and understand 
how to arrange and lead a review 

• Be able to identify appropriate 
vendors for making inquiries and 
obtaining price quotes 

To achieve these goals in one semester, 
the course was built around the design, cost­
ing, and evaluation techniques in the Peters 
and Timmerhaus text,r 11 which is supple­
mented by a number of references made avail­
able to the students in the department's read­
ing room.12-81 In addition, up-to-date vendor 
literature on commercially available equip­
ment options is made available as reference 
materi al fo r design projects. 

The appl icable material from the above­
mentioned references is being assembled into 
a single source. In total, the guide lists thirty 
sources of reference material used for the 
lecture portion of the course, divided into 
fo rty-one lec tures . Student response to 
availability of the notes was enthusiastic , 
wi th convenience outwe ighing concerns 
of additional cos t. 

To create an increased sense of industrial 
authenticity, Texas Eastman was recruited to 
participate in the course by providing design 
projects that represented projects under con­
sideration at the Longview site. 

Description of 
Integrated Course Components 

Details of the nature and timing of the 
lectures, the simulation lab topics, and the 
design project milestones for the integrated 
course, outlined in Figure 2, are detailed 
in the fo llowing sections. 

Lectures • The course is designed for three 
fifty- minute lectures each week. The lectures 
are divided into three units (equipment de­
sign/cost; economic evaluation/hazards re­
view methods; process optimization), and 
written exams are administered at the comple­
tion of each unit. A summary of the lecture 
and examination schedule is given in Table l. 
In the first unit (l ectures 1-17), students are 
informed of available equipment options, siz­
ing techniques, cost estimation techniques, 
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and procurement procedures. The second unit (lectures 18-
32) covers economic evaluation and safety regulations, in­
cluding plant costing techniques, profitability potential, 
OSHA 29 CFR 1910 regulations, and process hazards re­
view techniques. In the final unit of the course (lectures 33-
41 ), students are given some of the finer details of plant 
design (including optimization techniques), relief and scrub­
ber systems for hazardous gases, column control techniques, 
and pinch technology. Each set of lectures is followed by 
a written examination to evaluate student progress on an 
individual level. 

Simulation Laboratory • As the course title indicates, the 
course includes a computer simulation component. This seg­
ment of the course is covered in a weekly, two-and-a-half 
hour simulation lab in which the students are taught to per­
form process simulations on ASPEN+ simulation software. 
Students must use the software to prepare the material and 
energy balances for their preliminary and final designs. The 
final design report must include a section on the preparation 
and results of their simulation. 

Four of the laboratory time slots are used for student oral 
presentations. They include 1) the design task presentation, 
2) an informal student-team presentation of potential design 
concepts, 3) a formal process hazards review, and 4) the 
formal design recommendation. The schedule of simulation 
lecture topics and oral presentations for the computer labora­
tory is given in Table 2. 

Design Project• The major student learning activity dur­
ing the course is the design project. Except for oral presenta­
tions, the design project is completed by the students outside 
of the class. The students spend ten weeks developing a 
solution to a chemical processing need. Working in groups 
of 3-4, the students are led through a design process contain­
ing four "milestones," each one representing a point where 
one phase of the project is brought to a conclusion and 
student progress is evaluated in some manner. The mile­
stones include 1) the generation of alternative designs, 2) a 
study of the feasibility of the options generated and the 
preparation of a preliminary design on promising candidate 
designs, 3) a formal process hazards review, and 4) an eco­
nomic evaluation and design recommendation. 

Student evaluation methods vary, depending on the mile­
stone reached. The evaluation may include written progress 
reports, informal presentations, formal and informal written 
reports, or a final formal presentation where the team pro­
poses and defends its design recommendation. Additional 
detail s of the evaluation methods are described in the sec­
tions that follow and in the Student Evaluation Section. 

[> Milestone I: Generation of Alternatives 

Students are placed into groups and told to prepare a 
flow diagram representing what they believe is the best 
option for the processing problem being considered, in-
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TABLE 1 
Course Lecture/Examination Schedule 

Session J2Rk Lecture 

I Course Ground Rules and Introduction to Process Design I 

2 Des ign Reports; Specification Sheets 2 

3 Block Diagrams, Process Flow Sheets, and P&IDs 3 

4 Design & Cost: Vessels, Reactors, Reaction Systems 4 

5 Design & Cost: Plate Mass Transfer Systems 5 

6 Design & Cost: Continuous Contacting Mass Transfer Systems 6 

7 Design & Cost: Drying, Filtering, Mixing/Agitation Systems 7 

8 Design & Cost: Valves, Pipes, Fittings 8 

9 Piping System Calculations l 9 

LO Piping System Calculations 2 10 

11 Design & Cost: Pumps II 

12 Design & Cost: Fans, Blowers, Compressors 12 

13 Design & Cost: Vacuum Equipment and Systems 13 

14 Design & Cost: Mechanical Design of Heat Transfer Equipment 14 

15 Design & Cost: Sizing/Specifying Heat Transfer Equipment 15 

16 Design & Cost: Solids Handling, Size Reduction Equipmem 16 

17 Materials of Construction: Options and Selection 17 

18 Open Review for Exam J 

1 19 EQUIPMENT DESIGN EXAM 

20 Cash Flows, Cost Classifications 18 

21 Cost Estimation Methods I 19 

22 Cost Estimation Methods 2 20 

23 Safety, Health, and Environmental Regulations 21 

24 29 CFR 19!0.119; Process Safety Management Regulations 22 

25 Exposure, Fire, Explosion, and Thermal Stabi lity 23 

26 Process Hazards Review Procedures; Checklist and HAZOP 24 

27 Process Hazards Review Procedures; FMEA and Fault Tree 25 

28 Interest and Investment Costs 26 

29 Taxes and Insurance 27 

30 Depreciation Cost Methods I 28 

31 Depreciation Cost Methods 2 29 

32 Profitability 30 

33 Alternative Investments 31 

34 Replacements 32 

35 Open Review for Exam 2 

136 SAFETY, REGULATIONS, AND ECONOMICS EXAM 

37 Optimal Design and Design Strategy 33 

38 Hazardous Gases 34 

39 Control of Liquefied Toxic Gas Releases and Scrubber Design 35 

40 Sizing of Relief and Control Valves 36 

41 Distillation Column Control 37 

42 Heat-Exchanger Networks (Pinch Technology) I 38 

43 Heat-Exchanger Networks (Pinch Technology) 2 39 

44 Heat- Exchanger Networks (Pinch Technology) 3 40 

45 Design Heuristics and Open Review for Final Exam 41 

PROCESS OPTIMIZATION EXAM (Comprehensive) 

Chemical Engineering Educatian 



eluding estimates of the installed capital of the process. 
Emphasis is placed on creativity, thereby promoting brain­
storming sessions. 

Students are evaluated based on the technical consider­
ations of their design, their creativity, and on the prepa­
ration of a memo that describes and justifies the alter­
native selected, summarizes the cost estimate, lists 
assumptions and unknowns, and includes the flow dia­
gram as an attachment. 

I> Milestone 2: Feasibility Survey and Preliminary Design 

The students are regrouped in such a manner that no 
two members of a Milestone 1 group 1 are in the same 
group again for Milestone 2. Usi ng the design options 
each member brings to the new group, the Milestone 2 
team must prepare a preliminary design from the al­
ternatives and then perform a feasibility survey as­
sessment on that design. 

Evaluation is based on a formal report that includes a 
computer process simulation, equipment specification 
sheets, preliminary P&IDs, and an estimate of capital 
and operating costs. These materials are used to prepare 
for the process hazards review. 

I> Milestone 3: Process Hazards Review 

A complete process hazards review (PHR) is performed 
by assignjng each group an independent segment of the 
process on wruch to prepare documentation for the review 
(e.g., feed system, reactor system, distillation system). 
Each group acts as the chairman for that segment, presents 
a process description of that segment, and then leads the 
hazards review on that segment. The instructor acts as the 
PHR resource, assuring that the review session follows 
proper protocols . Due to_ the manner in which students 

TABLE2 
Laboratory Lecture Topics/Oral Presentations 

(Stt1denr Presentations in lla/ics) 

Week ASPEN+ Topics a11d Student Presentation Sessions 

Introduction to ASPEN+ and Model Manager 
2 Components and Physical Properties 
3 Component and Physical Properties 

4 Flowsheeting and Unit Operations 

5 Design Problem Presentation 
6 Flowsheeting and Unit Operations 

7 Prelimina,,, Design Reports Dt1e; Informal Oral Progress Reports 

8 Flowsheeting and Unit Operations 
9 Sizing and Cost Estimation 

lO Work on Project Design Simulation 

11 Process Hazards Reviews (PHR Mmerials Dt1e and Presentations Given) 
J 2 Optimization 

13 Work on Final Design Simulation, Consultations 
14 Work on Final Design Simulation (Final Design Reports Due End of Wk) 

15 Final Process Design Recommendation Orals 
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were grouped for the first two stages of the project, the 
designs of the different groups are similar at this point. 
Each group has a vested interest in the results of the 
PHRs of other groups and th us becomes an active par­
ticipant in the review process. 

Evaluation of the PHR is based on the quality of the 
process description, the extent of the review performed, 
participation, and the quality of summary documentation. 

I> Milestone 4: Economic Evaluation and Final Design 

In the final phase of the project, each group incorpo­
rates the findings of the PHR committee into its design, 
makes appropriate modifications to the simulations and 
cost estimations, determines project profitability, and 
prepares a structured , informal report clearly present­
ing a design recommendation. Each group must also 
prepare and present a formal oral recommendation of 
its design project. 

Student evaluation for the final phase of the project is 
based on performance on the traditional written report 
and oral presentation. Eastman representatives are present 
for the students ' final oral design recommendations and 
take active roles in the evaluation, with a portion of the 
team's grade based on evaluations prepared by the Eastman 
representatives. Upon completion of the orals , the 
Eastman representative di scusses the approach Eastman 
would have taken to complete the design , providing 
instant critique and feedback to the student teams on 
their design solutions . 

Guidelines for Problem Screening and Selection • Each 
problem must contain a significant opportunity for the stu­
dents to demonstrate acquired design skills without overbur­
derung them with ancillary tasks. The real systems of the 
selected problem wi ll typically require non-ideal thermody­
namic relationships. Details of the physical property rela­
tionships are provided as a part of the problem statement. 
Trus removes the burden of having to research physical 
property data (such as interaction parameters), but still re­
quires the student to decide whether or not to make use of 
the information. The students become aware of the impor­
tance of the thermodynamic relationships without using valu­
able time better spent in the process synthesis and design 
stages of the program. 

It is important to select a problem that does not require an 
unreasonable amount of effort to solve with the simulation 
software. Although it is certainly a major objective of this 
program to incorporate simulation methods into the design 
process, the student should not have to use advanced simula­
tion techniques to solve the problem. This is a double-edged 
sword since most problems with any substance whatsoever 
require some advanced techniques to solve. It becomes the 
task of the educator and corporate sponsor to reach a reason­
able balance between the complexity of the problem chosen 
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and the degree of modeling effort required to solve it. prove the quality of undergraduate education, and 2) cre­
ation of intellectual exchange and substantive resource link­
ages among institutions . The value of design faculty pos­
sessing industrial experience complements the relation­
ship. The virtues of faculty having industrial design ex­
perience have been discussed by others. 1101 

STUDENT EVALUATION 

Total Point Distribution 

In addition to the core activity of the course (the group 
design project), the evaluation includes assignments from 
the text and lab, impromptu writing assignments and quiz­
zes, and three written examinations. These activities reflect 
"individual" evaluation of the subject matter. The total course 
point system is arranged so that the students must perform 
both the individual and group activities successfully to achieve 
an acceptable grade. The point distribution for the course in 
provided in Table 3. 

Benefits to the Student 

Evaluation ofDesign Proiects 

The final design is evaluated based 
on four categories: technical content 
(55 %), report format (15%), project 
management (5% ), and oral presenta­
tion (25% ). These expectations are in­
cluded in the course syllabus. Final de­
sign project reports are scored accord­
ing to the itemized breakdown pro­
vided in Table 4. The "Wt" column 
refers to the weight the item carries 
with respect to the category of which 
the item is a subset. 

THE EASTMAN CHEMICAL 
COMPANY 

AND NMSU PARTNERSHIP 

Texas Eastman partnered with chemi­
cal engineering at New Mexico State 
University in 1994 to assist in the edu­
cation and professional development of 
students enrolled in the chemical engi­
neering program. The relationship in­
volves Texas Eastman's active partici­
pation in the administration and evalu­
ation of the design curriculum, coop­
erative engineering programs, and 
scholarships. The hiring of NMSU 
chemical engineering graduates by 
Texas Eastman has increased substan­
tially since the onset of this program. 

This interaction addresses requests by 
the NSF' s Engineering Education Coa­
litions (EEC) program to reform under­
graduate engineering education.l9l The 
relationship seeks to aid in meeting 
goals established by the NSF/EECs, in­
cluding 1) development of alternative 
cunicula and delivery systems that im-
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Although this interaction provides benefits to all parties 
involved, the students enrolled in the course receive the 
greatest enrichment. First, they have an opportunity to dem­
onstrate their technical competence, design creativity, and 
communication skills to a potential employer, making the 
design project and oral presentation much more than an 
activity performed only for a grade. The students have an 

TABLE3 
Point Distribution 

Student Evaluation Poi11t Value 

Homework/Lab Problems 
Three Exams (JOO points each) 
Preliminary Design 
Feasibility Survey 
Process Hazards Review 
Final Design 

150 
300 
50 

150 
150 
200 

Activity Tvpe 

individual 
individual 

group (Milestone I) 
group (Milestone 2) 
group (Milestone 3) 
group (Milestone 4) 

TABLE4 
Itemization of Evaluation Scoring 

Tech11ical Co11tent (55%) 
P&I Diagrams 20 
Material/Energy Balances (simulation) 25 
Federal Regulations/Hazards Review 15 
Equipment/Construction Materials List 5 
Equipment Specification Sheets 5 
Equipment Cost Estimate 15 
Economic Analysis 15 

Project Management (5%) 
Teamwork 50 
Time Management 25 
Progress Reports 25 

Report Format (15%) 
Transmittal Letter 5 
Executive Summary/Abstract 20 
Discussion 20 
Conclusions and Recommendations 20 
Attachments 10 
Remaining Report Sections 10 
Grammar/Spelling I 5 

Oral Presentation (25%) 
Communication Skills 65 
Quality of Visual Aids 25 
Professional Appearance LO 

opportunity to network with potential 
recruiters as peers outside of the stan­
dard university interview process. In 
1995, Eastman hired 10% of the gradu­
ating seniors from this class. Finally , 
students achieve a feeling of satis­
faction derived from having com­
pleted a plant design that may find 
industrial application as opposed to 
merely repeating a previously com­
pleted plant design. 

Benefits to the Industrial Sponsor 

Texas Eastman is also a benefactor 
of the interaction. Technical person­
nel from Texas Eastman have an op­
portunity to preview student's com­
munication and technical skills applied 
to a specific problem from the Texas 
Eastman site. In today ' s highly com­
petitive chemical manufacturing mar­
ket, poor communication can result in 
missed opportunities, or worse yet, 
human tragedy. In the design curricu­
lum at NMSU, students must give ap­
proximately ten formal presentations 
on lab experiments or design projects 
prior to their final oral presentation to 
the Eastman representatives. Eastman 
recruiters who are present for the fi­
nal oral design presentations are privi­
leged to see the results of a program 
that places heavy emphasis on strong, 
clear communication abilities. 

Results of the students ' work can 
also be used as a "screening tool" for 
preliminary process design alterna­
tives. The design problem being solved 
by the students this semester involves 
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a process stream at the Longview site, where a number of 
components have recently been identified as potentially high­
value materials. Because of existing design commitments, 
Eastman has been unable to perform a preliminary design 
and cost analysis on separation of the valuable components. 
With minimal effort, Eastman engineers were able to devise 
the design problem in a manner that removed potential "con­
fidentiality" issues and have provided the design task as this 
year's major problem for the class. Upon completion of the 
course, Eastman will receive a number of design alterna­
tives, including ASPEN+ simulations, capital cost estimates, 
and complete economic evaluations for this design. The 
computer simulations represent a starting point for the com­
mercial design and save the company a significant number 
of man-hours in design time. 

Finally, the relationship places the "Eastman" name di­
rectly in front of each student for an extended period of time. 
For those students who ultimately will not be employed by 
Eastman, this process helps foster an image of a sponsor 
that is sincere in its effort to help both the student and 
their chosen college. This promotes a sense of added 
"goodwi )I" toward Eastman Chemical Company since 
the company becomes a permanent part of the student ' s 
educational experience. 

Benefits to the Corporate Design Engineer 

The Texas Eastman engineer responsible for assisting in 
the preparation and presentation of the design problem ben­
efits from the interaction with NMSU faculty in that it al­
lows the engineer to follow graduate research programs that 
are of interest to the company. In addition, the student­
generated designs represent alternatives independently pro­
duced that may uncover an approach not previously consid­
ered by the company. Also, for tasks for which the company 
has been unable to assign manpower to conduct a feasibility 
study, the student designs represent a timesaving mechanism 
by providing basic design requirements and a computer simu­
lation from which the company may begin a commercial 
design task. In addition, the literature search and many of the 
tedious calculations that represent the design fundamentals 
will have been completed, conveniently placing the Eastman 
design engineer in a position to begin optimizing the pro­
cess economics. The process also provides independent 
verification of existing designs for problems extracted 
from historical project files. 

Finally, for students who are hired or accepted into the 
cooperative program, the design engineer become a de facto 
mentor and familiar face, easing the transition from success­
ful student to productive employee. 

Benefits to the 
Chemical Engineering Department and the University 

This direct interaction of NMSU facu lty and representa­
tives from Texas Eastman ' s Process Engineering Depart­
Spring 1997 

ment, as well as Texas Eastman 's Personnel Department, 
has resulted in the formation of personal friendships , further 
strengthening ties between Texas Eastman and NMSU. These 
strong relationships are the precursor of many of the benefits 
already discussed. Such relationships are often the source of 
many intangible benefits to the Department and the Univer­
sity that are difficult to quantify. 

As already discussed, this relationship increases the likeli­
hood of student placement, provides feedback from the in­
dustrial sponsor concerning suggestions on strengthening 
the Department's academic program, allows faculty to keep 
abreast of changing design needs of industry, and provides 
the potential to develop collaborative research relationships 
on topics of common interest. 

SUMMARY 
The chemical process design curriculum at New Mexico 

State University demonstrates the value of recent industrial 
experience within a department. Dedication to education is 
di splayed by the level of effort placed into preparation of the 
course design and educational materials. The achievements 
of the Department's graduates will ultimately demonstrate 
the effectiveness of the course format. 

NMSU's Chemical Engineering Department has devel­
oped a partnership with the Texas Eastman Division of 
Eastman Chemical Company for development and adminis­
tration of the design curriculum. This union provides ben­
efits to the students, the industrial sponsor, and the univer­
sity. The program has received praise from the students as 
well as from the management of Texas Eastman and the 
NMSU College of Engineering. 
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