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ChE 141

Chemical Process Development and Plant Economics

Course Description: Application of engineering economics to process flow synthesis and industrial plant design.
General chemical process design considerations. Optimization of plant processes. Economic feasibility study.

Course Prerequisite: ChE 140

Course Credit: 3.0 units (2 h lecture, 3 h laboratory)

Program Educational Objectives (BS Chemical Engineering)
The program aims to educate students such that three to five years from graduation, they:

1.
2.

take leadership roles in their respective fields and/or effectively work in or manage a team;

are equipped with the extensive knowledge and relevant skills necessary to succeed in their chosen careers and
to become responsive citizens;

are able to demonstrate strong research & innovative capability as they recognize and address opportunities
and challenges in their respective spheres of influence;

have shown strong commitment to the ethical practice of their profession; to health, safety and environment;
and service to society.

Course Outcomes
At the end of the course, the student should be able to:

1.
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Prepare a market study for a chemical product or commodity and its raw materials;

Translate the assessed opportunity (based on the market study) into a design basis;

Prepare a database of physico-chemical and other relevant material properties;

Conduct a survey of related literature on pertinent chemical processes;

Apply chemical engineering principles and heuristics in generating a process flow diagram that abides to
typical industry standards;

Develop a simulation model of the process using a commercial simulator;

Integrate health, safety and environmental considerations in the process design;

Estimate total capital investment, total product cost, gross and net profit, and cash flow;

Quantify the effect of interest, taxes, and other economic parameters that affect profit; and

10. Apply economic evaluation principles and methods in making investment decisions.

Student Outcomes Satisfied by Course Outcomes

[a] Ability to apply knowledge of mathematics and science to solve engineering problems

[c] Ability to design a system, component, or process to meet desired needs within realistic constraints such as
economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability, in
accordance with standards

[e] Ability to identify, formulate, and solve engineering problems

[g] Ability to communicate effectively

[h] Broad education necessary to understand the impact of engineering solutions in a global, economic,
environmental, and societal context

[i] Recognition of the need for, and an ability to, engage in life-long learning



Course Content

Week ‘ Lecture Laboratory

Introduction to the Design Process

network (level 5 decisions).

The Design Basis N ) .
01 . ) ) o ) Discussion of course outline, course requirementsand
Overview of execution of design projects in industry. Translation of class policies. Overview of content of marketstudy.
customer needs into a more precise process statement inthe form of a
design basis.
The Process Flow Diagram Presentation of potential plant design topics. (Each
02 General and specific requirements on the contentand group should have an approved topic by the end of this
formatting of process flow diagrams (PFD). week.)
Presentation of market study (part 1). Shouldinclude:
General Design Considerations Heuristics 1. Global product supply and demand
. Local product supply and demand
for Process Synthesis (Part 1) .
03 ) ) ) ) 3. Product growth rate and price
General design considerations, particularly on health, safety, and Updating of design basis sheet with product
environmental aspects of the design. Decision onwhether the . . . i
; o information. Presentation of hazards of productin
process should be batch or continuous (level 1decision). terms of health, safety (includes fire andexplosion
hazards) and environment.
Presentation of market study (part 2). Shouldinclude:
Heuristics for Process Synthesis (Part 2) f y (part 2)
L . Global and local raw material supply
Decisions on the input-output structure of the process flow . .
. - Raw material price
diagram (level 2 decisions): .
1 o Plant location
04 - Purification of f eefls ) Updating of design basis sheet with raw material
2' Removal or recycltn;q ofr;verstble byproduct information. Establishment of plant capacity and mode
- Usage of a gas recyc ‘e and purge stream of operation (level 1 decision). Presentation of hazards
4. Recovery and recycling of some reactants of raw material in terms of health, safety (includes fire
5. Number of product streams and explosion hazards) and environment.
Fundamentals of Engineering Economics (Part 1) Oral presentation of market study and block flow
05 Fundamentals of Engineering Economics (Part 2) diagram with due consideration on level 2decisions.
Enineeri . . : X . Submission of design basis sheet.
ngineering economic decisions. Time value of money. Economic
equivalence between single payment (like capital costs) and annual Submission of draft of Parts I to III of the feasibility
06 payment (like operating costs). report.
Presentation of physico-chemical property database
07 Estimation of Capital and Operating Costs (Part 1) (density, heat capacity, viscosity, thermal conductivity,
Estimation of purchasing and installation costs of process vapor pressure, liquid surface tension) of allchemicals
equipment based on preliminary sizingdata. involved in the process. Presentation of reaction properties
(heat of reaction, equilibrium constant, kinetic data)
First Departmental Examination
Heuristics for Process Synthesis (Part 3)
Decisions on the recycle structure of the process flowdiagram (level
3 decisions): Presentation of draft process flow diagram based on the
1. Number of reactor systems .
08 block flow diagram.
2. Number of recycle streams
3. Introduction of excess reactants
4. Heat effects and equilibrium limitations
Heuristics for Process Synthesis (Part 4)
Decisions on the separation system structure of the processflow Determination of most economic recycle structure
09 diagram (level 4 decisions): (methodology and presentation of results). Updating of
1. General structure of the separation system process flow diagram with due consideration on level 3
2. Vapor recovery system decisions.
3. Liquid separation system
L. . Determination of most economic separation system
Heuristics for Process Synthesis (Part 5) )
T ) . i structure (methodology and presentation ofresults).
10 Application of pinch technology in the design of heatexchanger

Updating of process flow diagram with due
consideration on level 4 decisions.




Week ‘ Lecture Laboratory

Determination of most economic heat exchanger

Process Control network structure (methodology and presentation of

11 i c i i
Design of control schemes of common unit operationsand whole results). Updating of process flow diagram withdue
processes. consideration on level 5 decisions.
. . ¢ . . Updating of process flow diagram with process control
12 Estimation of Capital and Operating Costs (Part 2) schemes. Presentation of breakdown oftotal equipment
Estimation of Capital and Operating Costs (Part3) cost and utility cost.

Estimation of total capital investment and total product costs based

Presentation of estimated total capital investment and
on the total equipment and utility costs. Developmentof cash flow f P

13 total product cost. Submissi d PartsIV and V
with due consideration on taxation anddepreciation. oralpro 1'4¢‘ FOS ubmission of draft of PartsIV an
of the feasibility report.
14 . . Presentation of project cash flow.
Profitability Analysis (Part 1)
Profitability Analysis (Part2) Presentation of results of profitability analysis.
15 Estimation of profitability of the project via varioustechniques. Submission of draft of Parts VI to VII of thefeasibility
report.

Second Departmental Examination

Feasibility Study Presentation and Submission of Feasibility Study Report

Course Assessment
Laboratory (60% of final grade)

Feasibility Study Report 50%
Feasibility Study Presentation 10%
Market Study Presentation 10%
Group Evaluation 10%
Individual Evaluation 20%

Lecture (40% of final grade)
First Examination 50%
Second Examination 50%

A failing grade (less than 60%) in the laboratory part of this course will result in A FINAL GRADE OF 5.00.

Course Policies

1. Grading System. The general average will be rounded up to the first decimal place and converted
according to the grading system. This is a pass-or-fail course. In addition, no curving of any form
will be done on the final grades.

2. Tardiness and Absences. Attendance will be checked every meeting. Tardiness is logged 15
minutesafter the start of each class session. Coming in late thrice is equivalent to one absence.

Absence in more than 20% of total lecture class meetings is equivalent to a 10-point deduction from
the final grade. On the other hand, absence in more than 20% of total consultation sessions will
mean a failing grade irrespective of gradein other requirements.

3. Long Examinations. Two long examinations will be administered for this course. The first and second
examinations are to be answered by individual and by group respectively. Each student should submit
around ten short bond papers as answer sheets (with only the student number and page number written
on the upper right corner of each paper) a week before the examination.

Use of notes, books, and references for the entire duration of the examination will not be allowed.
Cheating is strictly prohibited and those caught will be subjected to existing rules and regulations, one of
whichis expulsion from the university. Grievances will only be entertained a week after the release of
results.

4. Homeworks and Seatworks. Homeworks and seatworks are to be done individually unless otherwise
specified by the lecturer. No make-up is allowed for missed homeworks and seatworks. The plant design
lecturers reserve the right to incorporate the average scores of the homeworks and seatworks on the long
examination scores, if deemed to be necessary.

5. Groupings. Each group shall consist of three to four members only. There is no exemption on this rule



to maintain fairness. Each group will submit the list of members, the name of the chosen group leader,

and the contact numbers and email addresses of every member on a short bond paper on the second

laboratory session.

Plant Design Topics. A good plant design topic will satisfy the following descriptions, but consult with

your plant design adviser regarding his/her preferences and restrictions during the first laboratory

session:

a.  Proposed process with distinct advantage over the conventional process. Possible explanations include:
locally abundant raw material, cheaper catalyst, absence of hazardous raw materials or by- products,
better atom economy, less greenhouse emissions.

b.  Proposed process requires relatively simple reactors. The laboratory-scale reactor used to generate the
kinetic data is CSTR or PFR, instead of complicated ones like fluidized bed and reactive distillation.

c¢.  Proposed process involves relatively simple chemicals. The physico-chemical properties of all compounds
present in the process can be readily found in Perry’s Chemical Engineers’ Handbook or calculated using
group contribution method.

Each group will submit at most five plant design topics at the start of the second laboratory session. Each
topic should be presented with the following information:

i. Description of the proposed process and its advantage over the conventional process.

ii. Journal, theses, dissertation, or patent discussing the kinetics of the reaction. Each group shall have

at least one reactor. Since the process becomes more complex as the number of reactors increases, it
is recommended to set the maximum number of reactors at two/three for groups withthree/four
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