
Course: Process Design Principles & Methods, L1, PSE for SPEED, Rafiqul Gani 1

Coourse: 

Process Design Principles & Methods

2017

Lecture 1: Introduction

Professor Rafiqul Gani



Course: Process Design Principles & Methods, L1, PSE for SPEED, Rafiqul Gani 2

Schedule: see the course document

Exam & Grading: Design project report; oral presentation; 3 take-

home exam problems.

Design project: Work in groups of 2 members; details will be given 

later today.

Consulting: During the tutorials groups can consult the teacher for 

questions on the process design project

Course Information
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Textbook-1: LT Biegler, IE Grossmann and AW Westerberg, 

Systematic Methods of Chemical Process Design, Prentice Hall, 

1997.

Textbook

Textbook-2:

PRODUCT AND PROCESS DESIGN PRINCIPLES:

Synthesis, Analysis and Evaluation (Seider, Lewin, Seader, 

Widgado, Gani, Ng), John Wiley & sons, New York, USA, Spring 

2016 (4th Edition)
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Chemical 

Product

Chemical  

Process 

??

Raw Material

Chemical Process Design & Green Engineering

Chemical process design is about finding a sustainable 

process that can convert the raw materials to the desired 

chemical products

Sustainable: Economic, low environmental impact, low 

waste, efficient operation, correct raw material, …..
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The Product Tree

It is important to 

choose the right 

product and the 

corresponding raw 

material from 

which the product 

can be made. This 

also defines the 

path (process 

route)
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Development of the chemical product tree



Course: Process Design Principles & Methods, L1, PSE for SPEED, Rafiqul Gani 7

Product-Raw Material Paths
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A Scenario for Chemical Process Design 

1. Board of Directors’ Design Problem

2. Discovery of possible new projects

3. Feedback & customer reaction

4. Planning & organizational design

5. Preliminary (conceptual) process design

6. Layout & three dimensional modelling

7. Construction

8. Startup & commissioning

9. Plant Operation

10. Debottelnecking

11. Decommissioning

Stages in 

the life of a 

process !
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BU

1

definition of

obejctive

PE

2

conceptual

process

design

Chemical

Research

Operating

Company

Construction

Company

Process

Engineering
Business Unit

CR

1

preliminary

study

PE

1

preliminary

study

BU

2

decision on

process

information about

novel compound

proposal for

process

improvement

idea for new

compound/

market strategy

state of the

market

Ÿ objective

Ÿ idea of production

amount

Ÿ estimated costs

Ÿ estimated schedule

Ÿ patents

Ÿ description of synthesis

path

Ÿ first process description

Ÿ analysis methods for

product, product quality,

etc.

Ÿ first safety considerations

schedule

Ÿ description of the process

Ÿ PFD and pre-P&ID

Ÿ mass and energy balances

Ÿ datasheets for major units

Ÿ site and installation plan

Roles of different groups of people in the different stages of 

the life of a process - I
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Chemical

Research

Operating

Company

Construction

Company

Process

Engineering
Business Unit

PE

3

detailed

process

design

CC

1

engineering

design and

construction

CC

2

commis-

sioning

hand-over

OC

2

operation

and

maintenance

OC

1

commis-

sioning,

hand-over

OC

3

decom-

missioning

Ÿ P&ID

Ÿ data sheets and

equipment drawings

Ÿ mass and energy

balances

Ÿ information about

process at steady state

Ÿ comments on startup

and shutdown

Ÿ plant

Ÿ plant documentation

Ÿ P&ID

Ÿ data sheets

Ÿ equipment

drawings

Ÿ piping

specification

Ÿ installation plan

Ÿ building plan

Ÿ plant modell

BU

4

decision on

project

continuation

Ÿ description of the process

Ÿ PFD and pre-P&ID

Ÿ mass and energy balances

Ÿ datasheets for major units

Ÿ site and installation plan

Roles of different groups of people in the different stages of 

the life of a process - II
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Chemical 

Product

Chemical  

Process 

??

Raw Material

The Synthesis Step

Concept Generation

Generation of Alternatives

Analysis of Alternatives

Evaluation of Alternatives

Comparison & Optimization

Abstract 

description 

of design 

problem Refined 

description 

of design 

problem
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Chemical 

Product

Chemical  

Process 

??

Raw Material

The Synthesis Step

Abstract 

Description

Problem specification

Approaches for design

Design alternatives

Performance

Cost, safety, …

Concept generation

Alternative generation

Analysis

Evaluation

Comparison & 

optimizationRefined  

Description
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Direct

chlorination

Oxychlori-

nation
Separa-

tion

block 1

Pyrolysis

Separa-

tion

block 2

Purge

Water

EDC

VCM

(product)

HCl

Oxygen

Ethylene

Chlorine

Recycle

HCl (product)HCl (addition)

Example of a Chemical Process & Product

The production of VCM is usually done from ethylene. In this case the process is carried out in two steps,

first reaction with either chlorine or hydrogen chloride in order to produce ethylene dichloride (EDC) and

next pyrolysis (cracking) to form VCM. The compounds in the system are Ethylene, EDC, VCM, HCl, O2,

Cl2 and H2O. The reactions involved is the process are:

Direct chlorination: C2H4 + Cl2  C2H4Cl2

Oxychlorination: C2H4+2HCl+½O2  C2H4Cl2 +H2O

Pyrolysis (cracking): C2H4Cl2  C2H3Cl + HCl

The two step process also requires two separation blocks. In the first step (formation of EDC) two different 

reactions are considered (Direct chlorination and oxychlorination). Oxychlorination produces water in 

addition to EDC and it also requires a recycle. 
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Aspects of Green Engineering

Chemical 

Process

Raw Materials,

Energy

Products

Wastes

Pollution

Control

Modified

Chemical 

Process

Raw Materials,

Energy

Products

Wastes

Pollution

Control

Recycle

Traditional Process

Greener Process Higher income,

Higher operating costs

Lower PC costs
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The Total Picture: Process plus utilities

Heat Integration & Utilities Mass Integration & Utilities
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Power Plant

Manufacturing 

Process
Iout

Iin

Iin

Iout

The Total Picture: Process plus utilities 

plus environmental impact & sustainability
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How to convert ill-posed (abstract definition) problems 

to well-posed (refined definition) ones?

Establish goals

Propose tests to verify if goals are satisfied

Identify starting points

Identify the space of design alternatives 

Note: these are open-ended problems having many 

solutions! The specific solution obtained by one depends on 

the specific decisions made by the designers.
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Establish goals

Make profit, maximize profit, minimize cost, 

ensure safety, ensure low environmental impact, 

easy to control, flexible , ……

Propose tests to verify if goals are satisfied

Identify starting points

Identify the space of design alternatives 

How to convert ill-posed (abstract definition) problems 

to well-posed (refined definition) ones?
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Establish goals

Propose tests to verify if goals are satisfied

Criteria for success  – profit model [net present 

value (economic evaluation) based on a cost 

estimation method]; safety test; environment 

impact test; ……

Identify starting points

Identify the space of design alternatives 

How to convert ill-posed (abstract definition) problems 

to well-posed (refined definition) ones?
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Establish goals

Propose tests to verify if goals are satisfied

Identify starting points

What is the starting point (information) – do we 

already have a process flowsheet plus mass & 

energy balance completed or only a flowsheet or 

nothing except that X-amount of product is to be 

made from Y-amount of raw material

Identify the space of design alternatives 

How to convert ill-posed (abstract definition) problems 

to well-posed (refined definition) ones?
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Establish goals

Propose tests to verify if goals are satisfied

Identify starting points

Identify the space of design alternatives

Design related decisions

Identify them

Identify alternatives

Consider base case design

How to convert ill-posed (abstract definition) problems 

to well-posed (refined definition) ones?
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How much product must be produced?

• Market demand

• Raw material availability

• Cost of size of equipments

• Batch process (residence time versus equipment size 

versus production rate)

• Continuous process (residence time versus 

equipment size versus production rate)
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How to solve the process design 

problem (refined definition)?

• Many ways to solve the problem

• We will teach you to do this systematically by 

performing a predefined set of tasks (work-flow)

• The tasks are arranged in a specific sequence 

• Within each task, a set of decisions need to be 

made

• Calculations are made to verify the decisions

• Data generated in one task is used in the 

subsequent tasks
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Design Tasks 1-6

•Task 1: Collect information on the product 

• Task 2: Collect information on the process; alternative paths to 

convert other raw materials to the desired product

• Task 3: Generate (and/or select) preliminary process flowsheet

• Task 4: Decide process conditions (such as reaction conversion, 

separation factor, purge, etc.) and perform a simple mass balance 

on the selected flowsheet

• Task 5: Based on the results from above, set temperatures and 

pressures on the process flowsheet

• Task 6: Based on the results from above, perform a simple mass 

& energy balance
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Design Tasks 6-12

•Task 7: Perform detailed process simulation – convert each of the 

simple models with the more rigorous option, one at a time, until 

all simple models have been converted. 

• Task 8: Based on the simulation results from task 7, perform 

equipment sizing and costing calculations

• Task 9: Based on the results from tasks 1-8, perform an 

economic evaluation, using the current design as the “base case”

• Task 10: Investigate if opportunities for heat and mass transfer 

exist. If yes, apply them and check by how much the cost of 

operation can be further reduced? (or Task 11)

•Task 11: Perform environmental impact analysis (or Task 12)

• Task 12: Investigate how the current design can be further 

improved; formulate process optimization problems (or Task 10)
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Case Study: Utilize 75 million kg/y of excess ethylene

What can we produce from Ethylene that can be sold 

profitably?

Task 1: Identify the product & collect product 

information (see also chapter 1 of textbook)
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Case Study: Utilize 75 million kg/y of excess ethylene

What can we produce from Ethylene that can be sold 

profitably?

Task 1: a) One alternative product – Ethanol

b) Collect information about ethanol –

Formula: C2H5OH; 

Properties: Tb = 351.44 K; Tm = 159.05 K; Miscible with 

water; used as solvent; …….
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Case Study: Utilize 75 million kg/y of excess ethylene

What can we produce from Ethylene that can be sold 

profitably?

Task 2: Collect information on process to convert raw 

material (ethanol) to product (ethanol) – see also 

chapters 1-2 of textbook

Questions

How pure is ethylene source?

What are the consequences of impurities?

How much ethanol to make and at what purity?

What information on the reaction is available?

Any known process flowsheets?
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Case Study: Utilize 75 million kg/y of excess ethylene

What can we produce from Ethylene that can be sold 

profitably?

One alternative – Ethanol

Questions (task 2)

How pure is ethylene source? 96%EL, 3%PL, 1%M

What are the consequences of impurities? 

By-products (DEE, IPA, W, CA) & purge?

How much ethanol to make and at what purity? 

Ethanol at 190 proof (85.44% mole)

What is the next step? Find out about reactions
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Case Study: Utilize 75 million kg/y of excess ethylene

Task2: Collect process information  

CH2=CH2 + H2O  CH3CH2OH

535 K < T < 575; P approx 68 atm; 

homogeneous noncatalytic reactor; low 

conversion 5-7% of ethylene to ethanol

2CH3CH2OH   C2H5OC2H5 + H2O

Keep concentration of methane < 10%

Conversion of propylene approx 0.5-0.7%

Reactor/

Process 

Flowsheet?

W

EL, PL, M

M

EL

PL

DEE

EA

IPA

W

CA

Properties: Mw, density, Tm, Tb, Hvap, Pvap(T), Tc, Pc
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Case Study: Utilize 75 million kg/y of excess ethylene

What can we produce from Ethylene that can be sold 

profitably?

One alternative – Ethanol

Questions

How pure is ethylene source? 96%EL, 3%PL, 1%M

What are the consequences of impurities? 

By-products (DEE, IPA, W, CA) & purge?

How much ethanol to make and at what purity? 

150000m3/y at 190 proof (85.44% mole) of ethanol

What is the next step? 
Make a quick cost evaluation & establish the flowsheet requirements

(see section 2.4.1 of textbook) - $72 - $82 million/y (profit), but 

operating cost/y and annualized capital cost/y needs to be subtracted.
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Case Study: Utilize 

75 million kg/y of 

excess ethylene to 

produce 150000 m3/y 

at 85.44%mole purity 

ethanol

Task 3: Generate a 

process flowsheet

(chapter 2)

Next: Task 4

(perform a simple 

mass balance)
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Task 4: Perform a simple mass balance – chapter 3

1. MIX 2. RXN 3. Splitter

4a. Mixer

5. DIV

6. MIX

9.Splitter

8. Splitter

7. Splitter

01

02

1 2

31

32

41

42

03

52

51

6

72

7181

82

91

92

Redraw flowsheet for MB-model: Redrawn flowsheet

4b. Splitter

Use only mixers, reactors, dividers and splitters (component)!
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Task 4: Perform a simple mass balance - chapter 3 plus 

notes

Use PROII or generate your own mass balance model

Design decisions needed for 

reactors, separators, dividers
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Task 4: Perform a simple mass balance – chapter 3 plus 

notes

Use PROII or generate your own mass balance model

Note: Simulation (simulator) is used mainly to verify design 

decisons. It does not do process design!
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Task 5: Set temperatures and pressures on streams and unit 

operations (see also chapter 3 of textbook)

example
example

(T= ??; P = ??)
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Task 6: With all temperatures and pressures known, 

perform mass and energy balance for the simple flowsheet 

(see also chapter 3 of textbook)

That is, calculate how much 

energy needs to be added or 

removed for each unit operation?
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Mass and Energy balances for Ethanol Process Flowsheet
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Task 7: Replace each of the component stream calculators (splitters) 

with their corresponding rigorous models (one at a time) and perform 

the mass and energy balance for the total flowsheet

Chapters 3, 

7-8 of 

textbook)
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Task 8: Perform equipment sizing and costing calculations 

for all equipments in the process flowsheet (Chapter 4)
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Task 9: Perform economic evaluation for designed process 

(Chapters 4-5 plus notes) – this will be the base case design
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Task 10: Investigate opportunities for heat and mass 

integration (chapters 10 & 16 plus notes)

integrate
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Task 11: Perform environmental impact analysis (supplied 

notes)
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Task 12: Investigate how to improve the base case design –

formulate process optimization problems (chapter 9 plus 

notes)

For example, can 

the heat duty 

further reduced?
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Important Issues to Note in Chemical 

Process Design

1. Process design is about making design decisions (which 

decisions, when & how) & verifying if they are 

acceptable.

2. Process simulators should not be used for blind trial and 

error but for fast evaluation of design decisions

3. Process design is iterative by nature but if a systematic 

procedure is followed, better results can be obtained 

faster

4. Use everything (knowledge) that you have learned from 

other courses
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Course: Tutorials

1. First week 

– get familiar with software (Process simulator: PROII) & (ICAS: 

Database & utility calculations)

– start with process design project (tasks 1-2); Friday, 10 February 

finish task-3

2. Design project report needs to be submitted in terms of 

tasks at different stages of the course (only for checking 

the design not for grading)

3. Work on design projects can be done in groups of 3 with 

one report per group but for the 3 extra exam problems, 

the reports must be individually submitted 


