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TMA OutlineOutline

•• Introduction: why propertyIntroduction: why property--based design?based design?

•• Problem definitionProblem definition

•• Optimality conditionsOptimality conditions

•• ApproachApproach

•• Case studyCase study

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

ProcessProcess
with Property Constraintswith Property Constraints

FreshFresh WasteWaste
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• Traditional recycle/reuse strategies in mass 
integration have been “chemo-centric,i.e. 
“component dependent”

• Many constraints on recycle are governed by 
properties and not only chemicals

• Process performance & product quality tied to 
properties

• Environmental performance is linked to 
properties
(e.g., pH, COD, BOD, color, toxicity, etc.)
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Need a new design paradigm: 
based on properties and functionalities

Conclusions

Property Integration

Property-based holistic approach to the 

allocation and manipulation of streams and 

processing units, which is based on tracking, 

adjusting and matching functionalities 

throughout the process
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-- Shelley and ElShelley and El--Halwagi (2000)Halwagi (2000)
Componentless design and clustering conceptComponentless design and clustering concept

-- Glasgow et al. (2002), Eden et al. (2003) and Glasgow et al. (2002), Eden et al. (2003) and 
ElEl--Halwagi et al. (2004) Halwagi et al. (2004) 
ClusterCluster--based leverbased lever--arm optimization rulesarm optimization rules

-- QinQin et al. (2004)et al. (2004)
Algebraic techniques for property integrationAlgebraic techniques for property integration

-- GaniGani and and PistikopoulosPistikopoulos (2002) and Eden et al. (2002) and Eden et al. 
(2004) (2004) 
Simultaneous process and product designSimultaneous process and product design

-- KazantziKazantzi et al. (2004)et al. (2004)
Incorporation of process modificationsIncorporation of process modifications
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For propertyFor property--based direct recycle, based direct recycle, 
can we identify rigorous targets for:can we identify rigorous targets for:

-- Minimum fresh usage?Minimum fresh usage?
-- Maximum recycle of process resources?Maximum recycle of process resources?
-- Minimum discharge of waste?Minimum discharge of waste?

Objectives:

• Derivation of optimality criteria
• Non-iterative visualization and algebraic 

approaches
• A priori targets ahead of detailed design!
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Given is a process with:Given is a process with:
-- a number of process sources (streams), Na number of process sources (streams), Nss

Each source has a given Each source has a given flowrateflowrate, , FFii and a and a 
given property given property ppii

-- a number of process units, a number of process units, NNuu, which accept , which accept 
streams with a given streams with a given flowrateflowrate, , GGjj, and an inlet , and an inlet 
property property ppinin

jj,that,that satisfies the following satisfies the following 
constraint:constraint:

ppminmin
jj < < ppinin

jj < < ppmaxmax
jj

Given is also:Given is also:
-- a fresh resource with known property value, a fresh resource with known property value, 

ppfrfr
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Sink
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Parametric optimization through dynamic programming
(BellmanBellman’’s Principles Principle)
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Example: Fresh has property operator less 
than process streams frψψ ≥1
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Sink Optimality ConditionsSink Optimality Conditions

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. max

uu
 N

in
N ψψ =

Source Prioritization Optimality ConditionsSource Prioritization Optimality Conditions

21 ψψ ≤
max
,1

.
,1 uu N
opt

N ff = 0 
1

1
,11,1

u

u
≥−= ∑

−

=

N

j
jN fFR

Maximize use of process sources ranked in ascending 
order of their property operators
Use source and sink optimality conditions in graphical representation
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Sinks plotted in descending order 
of minimum property-operator 

Sources plotted in 
descending order of 
property-operator 

Fresh has property operator greater than process streams
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Curve

Fresh locus
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Load

Flowrate

Maximum infeasibility
= Maximum negative 

residual
= Minimum fresh target

Transformation to Transformation to 
Algebraic ProcedureAlgebraic Procedure
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TMA Case StudyCase Study
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Reduction of Solvent Reduction of Solvent 
Consumption by 66%Consumption by 66%

Fχ
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Case StudyCase Study

Reduction of Solvent Reduction of Solvent 
Consumption by 100%Consumption by 100%
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TMA Case StudyCase Study

Thermal Processing,
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& makeup
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Final configuration after Final configuration after 
process modificationprocess modification

A
bsorber

Degreaser
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TMA ConclusionsConclusions

• New property-based pinch analysis and 
visualization technique for maximum integration 
of process sources and units

• Optimality conditions derived using dynamic 
programming principles

• Graphical-based insights for property 
interception strategies and enhanced reuse 

• Novel, non-iterative and systematic algebraic 
procedure for identifying rigorous targets in a 
process with property constraints

ObjectiveObjective

MotivationMotivation

ProblemProblem

OptimalityOptimality

ProcedureProcedure

CaseCase studystudy

ConclusionsConclusions
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TMA Future WorkFuture Work

• Investigate New Approach for Multiple 
Properties

• Optimize Process Performance and Properties

• Integrate Process and Material Synthesis
Combining Process Integration and 
Optimization Principles with Material Design 
Strategies
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MotivationMotivation
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OptimalityOptimality
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CaseCase studystudy

ConclusionsConclusions


