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1330 \\/orkshop Overview

Lecture 1: Introduction & definition of concepts

A Lecture 2: Computer aided product (molecules &
mixtures) design (case study as tutorial)

A Lecture 3: Targeted reverse process design &
concept of process group based flowsheet
synthesis (case study as tutorial)

A Lecture 4: Introduction to sustainable process
design & the SustainPro software (case study-1 &
case study-2)

A Lecture 5: (+ tutorials): Introduction to vPPDL;
SustainPro
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Introduction & definition of concepts

A Product centric process design
A Chemical product design
A Sustainable process design
A General problem definition
A Solution approaches
A Reverse design

A Decomposition
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SI==E  Product centric chemical process design

Problem Definition

Process Design Product Design
Raw Produ Atoms or
material | Process  (Products  properties PI’IOduclit/ Amolecules
Flowsheet? molectle
_ _ mixture?
Operating [ [ Equipment
condition? parameters Product Molecule or
mixture
Product Application Desj synthesis?
Product ‘ Application Perfortnance
process? Integrate Process-Product
Application [ [ Equipment & Application
conditions? parameters?
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SI==E  Product centric chemical process design

Examples of Product-Process Integration

Process Design Product Design

Raw Produ Atoms or
material Process @Jducts properti/eg Product molecules
| Flowsheet? ' ‘ molecule/

mixture?
Operating Equipment
condition?[ [ parameters? Product I [ Molecule or
functions? mixture
synthesis?

Aetroleum blends & petroleum products

Aolymers & blends

ASpecialty chemicals (including drugs, é )

Routinely solved!

Can be solved!
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SI==E  Product centric chemical process design

Examples of Product-Process Integration

Product Design
For products such as

drugs, pesticides, food, é E:gggﬁ}es Product | moms o
delivery and application is < molecule/ r
Important also needs to mixture?
be validated Product Molecule or
mixture

Product Application Desj synthesis?

Product ‘ Application Perfortnance
| process? ] Production process

Application [ [ Equipment needs to be reliable T first
conditions? parameters? time right is important
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SIS=0) The chemical product tree
Questionof what, why & when (how)?

Refined chemicals & Consumer products (~3000) .
Plastics, Pharmaseuticals, D\es Solvents, Fertilizers, Fibres, Dispensers, Cosmetics... High I Low

/

N N A

\l \';01\0

_

\0

4
\.‘

Intermediate Products (~300)
Methanol, Vinyi chloride, Styrene, Urea, Formaldehvyde, Ethylene oxide, A ceticaad,
A aylonifrile, Cvclohexane, Acrvlicacid.,...

Production rate

Basic Products (~20)
Ethylene, Propvene. Butadiene, Benzene, Synthesis-gas, Acetviene,

A mmonia, Sulfuric adi Sodium hydroxide, chlorine, ...

Raw Materials (~10) Low
Petroleum, Natural Gas, Biomass, Roack, Sailt, Phosphaie,
Sulfier, Air, Water, ...

— > Number of alternatives

— > Product price

—— > Molecular size

High
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Introduction & definition of concepts

A Product centric process design

A Chemical product design
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Chemical process design

Raw
material | Process | Products

Flowsheet?

Operating [ [ Equipment
condition? 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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SIg=S)  Are our products & processes sustainable?

Need for significant improvement

Only 25 wt%

[ e ———————

Of W h a't g O eS - Natural Goods and 1 Pollution, Waste
. . Resources Services and Environmental
I n to th e p I p e l\ ] ;)lstUJbances
comes out as
goods and B
services 1 ey o
LT Ll =

scope for ~Jae -

g ;‘m - e -‘_)\ ‘{f.fll

Improvements

Adapted from Driolli, 2005

significant ‘( 2 A1

Without signficant improvements, our products-processes are not sustaina
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Introduction & definition of concepts

A Product centric process design
A Chemical product design

A Sustainable process design
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SIgS=) Sustainable chemical process design

New definition of process design

_ Chemical Chemical
Raw Material " Process ] Product
?7?

Chemical process design is about findingsastainable
process that can convert the raw materials to the desired
chemical products

Sustainable: Economic, low environmental impact, low
waste, efficient operatio
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Slg=38y  Concept of sustainability

Prolong the life of the process

Products,

Raw material,

solvents, » solvents, water,
water, power, power, steam,
st eam, 3 > unconverted

mat er i al ¢

Demand
Reserve

Sustainability limit

v

time
Sustainability of total system and subksystems
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SigSS) Concept of Sustainabilty - Il

Measure of sustainability

Products,

» solvents, water,
power, steam,

> unconverted
materi al

A Boundary: process and its connections

A Compared to a basecase design, generate
alternatives that improve the following

A Operability, energy consumption, waste
reduction, environment .

A Sustainability metrics (as defined by IChemE): 49

Environmental (resource usage; emissions, effluents, waste), econog
(profit, value, tax; investments), societal (workplace, society)

Raw material,
solvents,

water, power,
St eam, =
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SissM)  Concept of Sustainabilty - 1l
How to achieve sustainability?

Products,

Raw material,

solvents, » solvents, water,
water, power, power, steam,
st eam, £ > unconverted

_ materi al
A Improve one or more of the following

A Operability, energy consumption, waste reduction,
environment al | mpact, saf e

A Sustainability metrics (as defined by IChemE)

Apply a systematic analysis of the mass and energy paths withir
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 &
Areverseo approac
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Introduction & definition of concepts

A Product centric process design
A Chemical product design
A Sustainable process design

A General problem definition

Chemical product centric sustainable process design - Lecture 1



=== Chemical ProdueProcess Connection

Product

In-use properties | :
c o
s E £
> Product function o 3
5 2 3
© L5
N . . . O =
o Physico-chemical properties s s
S )
g =

. O ©

Process function

Process
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14 ==l General Problem Definition

min {CTy +f(x, ¥, U, d, d) + S+ S; + Sg + Ho + Hy} (1)

0=hyX,Vy) process constraints (Eqg. 2)
0=P(,Xx,v,d,u,d) process model (Eg. 3)

=d(f, x, V) property model (Eq. 4)
I1 ¢ g,X,u,d)¢u, process variable constraints (Eq. 5)
, ¢ g,(X,y) ¢u, molecular structure constraints (Eq. 6)
Bx+Cly2zD process networks (Eq.7)

X: real-process variables; vy integer-decision variables;
u: process design variables; d: process input variables;
d: property; B, C, D coefficient matrices
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14 ==l General Problem Definition

pjective function
pcCess constraints
Eqg. 3: Process models Eq.
4. Property models Eg. 5:

Producti Process
Design £q.])

AProcess simulation (3)
AProcess optimization (1-3)
AProduct evaluation (4, 6)
AOptimal product (1, 4, 6)

Process variable
constraints

Eqg. 6: Molecular structural
constrainst

|

Product

Process

AProduct + implicit
application (3, 4, 6)
AProduct-process-

|

Design Design application (1-7)
Eq. 7: Processing networks | | Aé ée.
v |
Product Process Desi /L»
Design (Eqs.2,3,5,7)’Eﬂ
(Eqs4,6)

Integrated
| . Product-Process
Design

:‘eedl> >

gy

Simultaneous Product i Process Design (multiscale & multidiscipline)
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SIS= Models and relationships

Models:

Process/property
f X | dxdt=1{ u,d, dx) |,
T Y =9(x)

A4

(PRODUCT)

Sustainability Metrics
Se=Se (U, X,y d, d)

Si=SCfLy

Control and/or | |
< . . < V. Yl S =S, (size, profit,?) 17
Optimization

Safety & Hazards
H.=Hc (C 1 y.d)

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

Given: d, d,, f, u;, X4, ¥4; calculate x,, Yo,
d,, u, (reverse) Hp=H, (. f x,d,d)
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SPEED mayelnlells

Property models Log P;=A + [B/(C;+ T)]

Process models

dm — fini _fouti
dt 3 ]

M, T, P)V;i1 1/NC

a g Operation models % Formulation
=T — 5 @ CZ) process
n E & Process models =22 a model
C O L S D
30 = Property-kinetics S 2 =
o = o2 O” Product
= models 0n O — .
> = = O evaluation
o = model
Cost models <
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Introduction & definition of concepts

A Product centric process design
A Chemical product design
A Sustainable process design
A General problem definition
A Solution approaches

A Forward-reverse approach
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SIMSSR Solution Approach: Reverse Approach

Property Based Design

Structures of Specify the
molecules and/or 1 structures FA:. Forward
process flowsheets Approach
Determine U ) Determine
structures S€ prop_erty the target
that match or behaviour properties
the target models |

Set of target
RA: Reverse | Specify the (desired)
Approach properties properties

Usually, FA used for process design while RA used for product
design; why not RA & with property models for both?
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SIS SR Solution Approach: Concepts-2

Behaviour Based Analysis

Structures of Specify the A F ]
molecules and/or 1 structures - ronwar
Approach

process flowsheets
Determine . Determine
set of Use behaviour the target
target models behaviour
properties 5

Set of target
RA: Reverse | Specify the (desired)
Approach properties behaviour

Usually, FA used for both; why not FA for process analysis while
RA used for product analysis?
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Si==8) Forward Design Approach - Example

Given: | nlet conditions

nd desired
per f ance criterid (p) ]
Separation targets Chose polymer hence DeS | g n Of a
p= f( X) > fixing desidn Vgriables
X &) membrane-

Permeate (X)

— — Evaluat e property b aS ed
parameters (A) from ]

I > > >J properti models Separathn
— — Solve model and evaluat e p rocess

dif ferential (Y)

I : ) I outlet variables((X)
T —
Feed At |=L, evaluate the

performance criteria (p)
and compare to desired
value.

(L)

Desired
per f or mance
criteria
achieved?

Target Properties

d = f(d
d=1d) | Designfound |
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Sle33 Reverse Design Approach - Example

p = f( X)

Stage | : Setting

Given: | nlet condition

= and desired perfor mahee
criterigd (p)
<

v

Evaluat e outlet variables
(X) using perf or mance
criteria (p)

v

Solve model and evaluat e

Eﬂmeatiﬁ)
s s sl
eed =—p —

Stage Il

Target Properties

d = f(d)

the target dif ferential variables (Y) and
property paramet ers&—&[ﬁga)

Nt

A 4
Solve property models
Stage I I ; to evaluat e design
Obtaining the variables (d) for the
targets polymer with

properties (Auaget)

| s polymer
feasible?

Design f ound
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Introduction & definition of concepts

A Product centric process design
A Chemical product design
A Sustainable process design
A General problem definition
A Solution approaches
A Forward-reverse approach

A Decomposition based approach
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SIS0 Decomposition-based approach: work flow

Define target T match target

Processproduct >

synthes(;s/fc_le_?_ign problem Procevsspro duct algorithm/solution strategy
efinition >
T 0 behavior model !
- algorithm/solution strategy Define design
Identify best match | targets
of design targets? [ l
yes Processproduct i«
— property model
Solution found &
verification
: : d6Anterroaches & Gani, 2
(experiment/pilot plant) PSE-2009

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

Chemical product centric sustainable process design - Lecture 1



Sig=SDRDecomposition-based approach: main concept

Targeted (Reverse) Approach

1. Define target 2. Match target

I P (X) //"
——_ PROCESS = '
// /
Stage IV
| o
0(d) Stage Il
Stage I

Known : 1, X or P X)
Calculatetarget :d or d(d)

Reduce search
space by satisfying
sets of constraints
at each stage
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Lecture 1
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