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Workshop Overview

Å Lecture 1: Introduction & definition of concepts

Å Lecture 2: Computer aided product (molecules & 

mixtures) design (case study as tutorial)

Å Lecture 3: Targeted reverse process design & 

concept of process group based flowsheet 

synthesis (case study as tutorial)

Å Lecture 4: Introduction to sustainable process 

design & the SustainPro software (case study-1 & 

case study-2) 

Å Lecture 5:  (+ tutorials): Introduction to vPPDL; 

SustainPro 
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Å Product centric process design

Å Chemical product design

Å Sustainable process design

Å General problem definition 

Å Solution approaches

Å Reverse design

Å Decomposition 

Introduction & definition of concepts
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Product centric chemical process design

Problem Definition

Process 

Flowsheet?

Raw 

material Products

Operating 

condition?

Equipment 

parameters?

Product 

molecule/ 

mixture?

Product 

properties

Atoms or 

molecules

Product 

functions?
Molecule or 

mixture 

synthesis?

Application

process?

Product Performance

Application 

conditions?

Equipment 

parameters?

Process Design Product Design

Product Application  Design

Integrate Process-Product

& Application
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Product centric chemical process design

Examples of Product-Process Integration

Process 

Flowsheet?

Raw 

material Products

Operating 

condition?

Equipment 

parameters?

Product 

molecule/ 

mixture?

Product 

properties

Atoms or 

molecules

Product 

functions?
Molecule or 

mixture 

synthesis?

Process Design Product Design

ÅPetroleum blends & petroleum products

ÅPolymers & blends

ÅSpecialty chemicals (including drugs, é.)

Routinely solved!

Can be solved!

Process role?
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Product centric chemical process design

Examples of Product-Process Integration 

Product 

molecule/ 

mixture?

Product 

properties

Atoms or 

molecules

Product 

functions?
Molecule or 

mixture 

synthesis?

Application

process?

Product Performance

Application 

conditions?

Equipment 

parameters?

Product Design

Product Application  Design

For products such as 

drugs, pesticides, food, é

delivery and application is 

important  also needs to 

be validated

Production process 

needs to be reliable ïfirst 

time right is important



SPEED The chemical product tree
Questionof what, why & when (how)?

7Chemical product centric sustainable process design - Lecture 1
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Å Product centric process design

Å Chemical product design

Å Sustainable process design

Å General problem definition 

Å Solution approaches

Å Reverse design

Å Decomposition 

Introduction & definition of concepts
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Chemical process design

Process 

Flowsheet?

Raw 

material Products

Operating 

condition?

Equipment 

parameters?

Chemical process design involves the 

determination of the process flowsheet and the 

corresponding condition of operation and 

equipment design that converts the selected raw 

materials to the desired products
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Are our products & processes sustainable?

Only 25 wt% 

of what goes 

into the pipe 

comes out as 

goods and 

services ï

scope for 

significant 

improvements

Adapted from Driolli, 2005

Natural
Resources

Goods and
Services

Pollution, Waste
and Environmental

Disturbances

Need for significant improvement

Without signficant improvements, our products-processes are not sustainable
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Å Product centric process design

Å Chemical product design

Å Sustainable process design

Å General problem definition 

Å Solution approaches

Å Reverse design

Å Decomposition 

Introduction & definition of concepts
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Sustainable chemical process design

New definition of process design

Chemical 

Product

Chemical  

Process 

??

Raw Material

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, é..
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Raw material, 

solvents, 

water, power, 

steam, é

Products, 

solvents, water, 

power, steam, 

unconverted  

materials, é

Chemical Process

time

D
e
m
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d
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e

s
e

rv
e

Sustainability of total system and sub-systems

Sustainability limit

Concept of sustainability

Prolong the life of the process
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ÅBoundary: process and its connections

ÅCompared to a base-case design, generate 
alternatives that improve the following

ÅOperability, energy consumption, waste 
reduction, environmental impact, safety, cost, é.

ÅSustainability metrics (as defined by IChemE): 49
Environmental (resource usage; emissions, effluents, waste), economic 
(profit, value, tax; investments), societal (workplace, society)

Raw material, 

solvents, 

water, power, 

steam, é

Products, 

solvents, water, 

power, steam, 

unconverted  

materials, é

Chemical Process

Concept of Sustainabilty - II

Measure of sustainability
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Å Improve one or more of the following

ÅOperability, energy consumption, waste reduction, 
environmental impact, safety, cost, é.

ÅSustainability metrics (as defined by IChemE)

Raw material, 

solvents, 

water, power, 

steam, é

Products, 

solvents, water, 

power, steam, 

unconverted  

materials, é

Chemical Process

Apply a systematic analysis of the mass and energy paths within 

the process to determine a set of mass and energy indicators 

that will help to define attainable targets for improvement; 

generate alternatives that meet these targets through a 

ñreverseò approach

How to achieve sustainability?

Concept of Sustainabilty - III
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Å Product centric process design

Å Chemical product design

Å Sustainable process design

Å General problem definition 

Å Solution approaches

Å Reverse design

Å Decomposition 

Introduction & definition of concepts
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Chemical Product-Process Connection
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Process
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Monomer A

Monomer B

Solvent (S)

Initiator (I)

Transfer
agent (T)

Inhibitor (Z)

MIXER

REACTOR

SEPARATOR

Copolymer
product

Separator
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General Problem Definition 

Fobj = min {CTy + f(x, y, u, d, ɗ) + Se +  Si + Ss + Hc + Hp}  (1)

0 = h1(x, y) process constraints (Eq. 2)

0 = P(f, x, y, d, u, ɗ)    process model (Eq. 3)

ɗ= ɗ(f, x, y) property model (Eq. 4)

l1¢g1(x, u, d) ¢u1 process variable constraints (Eq. 5)

l2¢g2(x, y) ¢u2 molecular structure constraints (Eq. 6)

B x + CTy²D process networks (Eq.7)

x: real-process variables; y integer-decision variables; 

u: process design variables; d: process input variables; 

ɗ: property; B, C, D coefficient matrices
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General Problem Definition 

SN

S1

Product

Design

(Eqs.4,6)

Product ïProcess 

Design (Eq.1)

Product 

Design

Process 

Design

SimultaneousProduct ïProcessDesign (multiscale & multidiscipline)

Integrated

Product-Process

Design

Process Design

(Eqs.2,3,5,7)

Feed

.

.

.

.

ÅProcess simulation (3)

ÅProcess optimization (1-3)

ÅProduct evaluation (4, 6)

ÅOptimal product (1, 4, 6)

ÅProduct + implicit 

application (3, 4, 6)

ÅProduct-process-

application (1-7)

Å  ééé.

Eq. 1: Objective function 

Eq. 2: Process constraints

Eq. 3: Process models Eq.

4: Property models Eq. 5:

Process variable

constraints

Eq. 6: Molecular structural 

constrainst

Eq. 7: Processing networks
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PROCESS 

(PRODUCT)

f

u

ɗ d

x

y

Control and/or 

Optimization

Models:

Process/property

dx/dt = f(f, u, d, ɗ, x)

y = g(x)

b= b(C, f, x)

Sustainability Metrics

Se = Se (f, u, x, y, d, ɗ)

Si = Si (C, f, y)

Ss = Ss (size, profit, ?)

Safety & Hazards

Hc = Hc (C, f, y, d)

Hp = Hp (u, f, x, d, ɗ)

Given: ɗ, d, f, u; calculate x, y (forward)

Given: ɗ, d1, f, u1, x1, y1; calculate x2, y2, 

d2, u2 (reverse)
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Monomer A

Monomer B

Solvent (S)

Initiator (I)

Transfer
agent (T)

Inhibitor (Z)

MIXER

REACTOR

SEPARATOR

Copolymer
product

Separator
effluent

, , ( , , ) ; 1,i
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dt
= - - =

Log Pi = Ai + [Bi/(Ci + T)]Property models
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Property-kinetics 

models

Process  models

Operation  models

Cost  models

Formulation 

process 

model

Product 

evaluation 

model
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Å Product centric process design

Å Chemical product design

Å Sustainable process design

Å General problem definition 

Å Solution approaches

Å Forward-reverse approach

Å Decomposition based approach

Introduction & definition of concepts
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Solution Approach: Reverse Approach

Property Based Design 

Structures of 

molecules and/or 

process flowsheets

Use property 

or behaviour 

models 

Set of target 

(desired) 

properties
Specify the 

properties

Determine 

structures 

that match 

the target

Specify the 

structures

Determine 

the target 

properties

RA: Reverse 

Approach

FA: Forward 

Approach

Usually, FA used for process design while RA used for product 

design; why not RA & with property models for both?
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Solution Approach: Concepts-2

Behaviour Based Analysis 

Structures of 

molecules and/or 

process flowsheets

Use behaviour 

models 

Set of target 

(desired) 

behaviour
Specify the 

properties

Determine 

set of 

target 

properties

Specify the 

structures

Determine 

the target 

behaviour

RA: Reverse 

Approach

FA: Forward 

Approach

Usually, FA used for both; why not FA for process analysis while 

RA used for product analysis? 
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Forward Design Approach - Example

Feed
(I )        

Permeate (X)        

Target Properties
ɗ= f(d)

Separation targets
p = f( X)

Given: I nlet  condit ions 
(I ) and desir ed 

per f or mance cr it er ia (p)

Chose polymer  hence 
f ixing design var iables 

(d)

Solve model and evaluat e 
dif f er ent ial (Y) and 
out let  var iables (X)

At  l=L, evaluat e t he 
per f or mance cr it er ia (p) 
and compar e t o desir ed 

value.

Desir ed 
per f or mance 

cr it er ia 
achieved?

Design f ound

Evaluat e pr oper t y 
par amet er s (Ȃ) f r om 

pr oper t y models

(d)

(d1)

(d2)

Design of a 

membrane-

based 

separation 

process
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Feed
(I )        

Permeate (X)        

Target Properties
ɗ= f(d)

Separation targets
p = f( X)

Given: I nlet  condit ions (I ) 
and desir ed per f or mance 

cr it er ia (p)

Evaluat e out let  var iables 
(X) using per f or mance 

cr it er ia (p)

Solve model and evaluat e 
dif f er ent ial var iables (Y) and 
pr oper t y par amet er s (Ȃt ar get ) 

Solve pr oper t y models 
t o evaluat e design 

var iables (d) f or  t he 
polymer  wit h 

pr oper t ies (Ȃt ar get )

I s polymer  
f easible?

Design f ound

St age I : Set t ing 
t he t ar get

St age I I : 
Obt aining t he 

t ar get s 

Stage I

Stage II

Reverse Design Approach - Example
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Å Product centric process design

Å Chemical product design

Å Sustainable process design

Å General problem definition 

Å Solution approaches

Å Forward-reverse approach

Å Decomposition based approach

Introduction & definition of concepts
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Decomposition-based approach: work flow 

Define design 

targets

Process-product 

synthesis/design problem 

definition Process-product 

behavior model

Process-product 

property model

Identify best match 

of design targets?

no

yes

Solution found & 

verification 

(experiment/pilot plant)

algorithm/solution strategy

algorithm/solution strategy

Define target ïmatch target

dôAnterroaches & Gani, 2006; Alvarado et al, 

PSE-2009

CAMD = CAFD; functional groups (molecules = process); 

property prediction (molecules = process)
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2. Match target

Targeted (Reverse) Approach 

Decomposition-based approach: main concept 

1. Define target

Stage I

Stage II

Stage III

Stage IV

Known : I, X or Pt(X)

Calculate target : d or ɗ(d)

Reduce search 

space by satisfying 

sets of constraints 

at each stage
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Locating the optimal product-pocess is like finding Wally 

Where is Wally?

Donde esta Waldo?

Hvor er Holger?

........

........


