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To develop an algebraic procedure to minimize
fresh usage and waste discharge through
recycle/reuse Iin a process with property-based
constraints.

Process
222 With Property Constraints [
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Objective e Traditional recycle/reuse strategies in mass

. Integration have been “chemo-centric,i.e.
Motivation e ’s
component dependent
roblem e Many constraints on recycle are governed by
properties and not only chemicals

Optimality

e Process performance & product guality tied to
Procedure properties

e Environmental performance is linked to
properties
(e.g., pH, COD, BOD, color, toxicity, etc.)

Case study.

Conclusions
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Motivation

Need a new design paradigm:
based on properties and functionalities

Property Integration
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Property-based holistic approach to the

allocation and manipulation of streams and

processing units, which is based on tracking,

adjusting anc

matching

throughout the

ODIrOCEeSS

functionalities
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Previews Work on ()
Property Integration et

Shelley and El-Halwagi (2000)
Componentless design and clustering concept

Glasgow et al. (2002), Eden et al. (2003) and
El-Halwagi et al. (2004)

Cluster-based lever-arm optimization rules
Qin et al. (2004)
Algebraic technigues for property integration

Gani and Pistikopoulos (2002) and Eden et al.
(2004)

Simultaneous process and product design
Kazantzi et al. (2004)
Incorporation of process modifications
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Objective For property—_bas_ed direct recycle,
can we identify rigorous targets for:
Motivation
- Minimum fresh usage?
Problem i
- Maximum recycle of process resources?
. - Minimum discharge of waste?
Optimality
o ocedure Objectives.
 Derivation of optimality criteria
Case study » Non-iterative visualization and algebraic
approaches
conclusions| = A priori targets ahead of detailed design!
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Objective | Gilven IS a process with:
- a humber of process sources (streams), N,

Each source has a given flowrate, F, and a
given property p.
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Motivation

Problem

- a humber of process units, N,, which accept
Optimality streams with a given flowrate, G;, and an inlet
property p'".,that satisfies the following

constraint:
Procedure - -
min N maxXx
| | P =P, = P
Given Is also:
- a fresh resource with known property value,

pfr

Case study.

Conclusions
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Objective
Sources Mixtures G Sinks
i i 1
Motivation

pm|n1<p|nl<pmax1

Problem i:10: - \‘/ ............

> J:l

Optimality ® (\',‘;?/
. <
|:NS. e [P /A\ R
Procedure — -
~Nu
FrESh pfr ul <n u<pmaxl\$ j:Nu
Case study.

Conclusions



Process Integration &

Systems Optimization Group

Texas A&M University

Objective

Motivation

Problem

Optimality

Procedure

Case study.

Conclusions

&0\;\:\)& UH:P&,;_
S %,
s IRl
& E

Property Mixing Rule

¥
.
aﬁ‘\;&

Universiti
Teknologi
Malaysia

Ns
in __
V, = Z XiiVWi T X iV
1=1
\p‘”j IS the property-mixing operator for mixture entering sink |

For a stream 1 and fresh entering sink j:

X. . = fi’j and X . = ffr,j
i, ] Gj fr,] Gj
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N u
Objective min = z |y
j=1
Motivation

subject to:

NU
Problem F =Z it fivase fOri=12,. N
i1

NS
Optimality Gj = ffr,j +Z fi,j forj =1,2, ey Nu
i=1

NS
Procedure Gy} :Z fiwi+fowy forj=12,.,N,
i=1
pi" < p’<pi™ or yM<y"<p™ forj=12,..,N,

Case study. _ _
f,; 20 fori=12,..,N; j=12,..,N

fro; 20 forj=12,..,N

u

u

Conclusions
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Objective : . : :
Parametric optimization through dynamic programming
Motivation (Bellman’s Principle)
1:fr,l 1:fr,j 1:fr,Nu

e | | |

R, | Sink |R;, Ry | Sink |Rj Rn | Sink Ry
Optlmallty —l e = = x n n e  —— f— = = = 1 = = e —— .
=1 J =N,
Procedure l l l
Case stud
Y R =[R,;,Rsjs---Ri ;s Ry ]
-1
Conclusions R,=FK-) f, fori=12,. N,
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Objective Example: Fresh has property operator less
e than process streams
Motivation
Sink Optimality Conditions
Problem When a fresh source is mixed with a process source,
the inlet property operator to the sink should be
assigned to its maximum feasible value, i.e. v | =w
Optimality “ “
Source Prioritization Optimality Conditions
Procedure W, Sy N,-1
opt . _ max * 17T 72 _
1,N, — 1,N, Rl,Nu_Fl_ Z fl,jZO
j=1
Case stud .. : :
¢ Maximize use of process sources ranked in ascending
order of their property operators
conclusions| yse source and sink optimality conditions in graphical representation
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Objective
Motivation
Load Rank in ascending
/A order of operator
Problem E = S'nk .
Sink, max omposite 5 <N < 4, Max
s E Curve | SRS
: Sink ,max __ max
Optimality Mj = Gj Vi
____________ Vool =
/:\
Procedure M.Sink, i
2 s
S 20
_ A
Case study. Mlslnk, mak
______________ . .
T B R I EEEEEE S SR >
Conclusions G G G Flowrate
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Source Composite Diagram &5
Objective
Motivation _ _
; Rank in ascending
g order of operator
Problem i
________________ X oo Source |
.. i Compodite
Optimality | ;
MZSourcei Curve |
Procedure H
2
Mlsource
Case study || .oV
(G L >
Conclusions 1 2 3

Flowrate
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Objective
|_oad
Motivation 1
Material Recycle/Reuse

Property Pinch Point

Problem
Optimality.

Procedure

Source
Composite

Case study.

Conclusions < . = ~—:
— Min. Fresh owrate Min. Waste
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Objective AV
/ : | \
. _oad [ :
Motivation = .
Fx |
| .
Problem . Property |
. Interceptiop
. Network
Optimality Sink | ;
Composite . ,
Source . N
Procedure Composite | | "
I
Case study. .:' ! _ .- ’?’5
-l".“- = i m— - -
I‘_-_--Ill" 0o : S
Conclusions - e Flowrate, . = =*—.
Min. Fresh Fy Min. Waste Discharge
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Fresh has property operator greater than process streams "

_oad Sources plotted in
{ descending order of
property-operator
Material Recycle/Reuse Source
Property Pinch Point Composite

Sink

Fresh :
Composite
’." Sinks plotted in descending order
& of minimum property-operator
p’ X
Min. Fresh Flowrate Min. Waste

Usage Discharged
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Transformation to
Algebraic Procedure
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Curve
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Sink

Composite

Curve

Maximum infeasibility
= Maximum negative
residual
= Minimum fresh target

Fresh locus
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Interval| © | Interval Source Flow Sink Flow
nierva
2 | Load Sources | per Interval Per Interval
(AM) (AF,) (AGy)
AM AM
Source 1 2V 1
1 M]_ AMl l//s,l_'//fr WLT?X_V/fr
AM — 2
2 M2 2 Vi Vq V/L";x -y,
Source 2 P AM,
4 Ve =V Yis ~ Y
Mk-l
M
K AM, Source 3 AM, __AM,
Mk Vsininterval k — ¥ #r Yiininterval k — ¥ i
A 4
Source
Mn-l Ns
AM, _am,
n M AM n Ysininterval n — ¥ #r V/l:niixinterval n Vi

Conclusions
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Case Study
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To i=1
Objective Flare |
Source Property Values

Motivation >

§ Absorber RVPcond.II — 25atm

o Bottoms

@ (to boiler fuel) RVPcond = 6_Oatm
Problem To '

Flare RVPfresh = 2.0atm
Optimality organic
Additives
Offgas
Procedure Thermal Processing, il Metal ,I\D,ligt;?ased
Solvent Regeneration Degreaser B
& makeup Finishing
Case StUdy Regenerated Solvent I5_0 kg/s Slnk COnStralntS
2.0 kg/s T
| 2.0 < RVR,caser(@tm) <3.0

Conclusions

20<RVP, . (@tm) <4.0

bsorber
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Objective

Motivation :
Reduction of Solvent

Consumption by 100%

Problem
5

Optimality Condensate |

Degreaser
Procedure
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Flare process modification Malaysia

Objective 2.0 kg/s

>
Motivation 2

= Absorber

3 Bottoms

= (to boiler fuel)

—>
Problem To
FI
Optimality.
Organic
Additives

Procedure Offgas l

: Degreased

Thermal Processing, e Metal Megta|
Solvent Regeneration Degreaser .. g
Case study & makeup Finishing
Regenerated Solvent 5.0 kg/s

Conclusions
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Objective * New property-based pinch analysis and
visualization technique for maximum integration

Motivation _
of process sources and units
Probl N » : : :
e o Optimality conditions derived using dynamic
programming principles
Optimality
» Graphical-based insights for property
Frocedure Interception strategies and enhanced reuse

Case study | o Novel, non-iterative and systematic algebraic
procedure for identifying rigorous targets in a
Conclusions process with property constraints
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Future Work 1O
Objective
votivation | ® Investigate New Approach for Multiple
Properties
Problem
« Optimize Process Performance and Properties
Optimality
* Integrate Process and Material Synthesis
srocedde 1 Combining Process Integration and
Optimization Principles with Material Design
Case study. .
Strategies
Conclusions




