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ObjectivesObjectives: : maximizemaximize productionproduction, , improveimprove
qualityquality, , improveimprove safetysafety conditionsconditions, reduce , reduce 
costscosts, etc., etc.

ExtremelyExtremely hardhard tasktask
UncertaintiesUncertainties
LackLack ofof criticalcritical measurementsmeasurements
NonNon--linear linear naturenature
SlowSlow responseresponse
……

Fundamental Fundamental knowledgeknowledge quality of the quality of the 
model or the assumptions model or the assumptions assumedassumed..

Repetitive nature Useful for optimization

BatchBatch ProcessProcess OptimizationOptimization
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RunRun--toto--runrun (R2R) (R2R) optimizationoptimization
LearnLearn fromfrom thethe pastpast batchesbatches toto improveimprove thethe
performance performance ofof thethe currentcurrent oneone

ThreeThree ideas:ideas:

a) a) TheThe batchbatch--wisewise unfoldingunfolding : : X(IX(I, J, K) , J, K) X(IX(I, JK), JK)

b) b) A PLS A PLS modelmodel gradient of gradient of thethe optimizationoptimization
functionfunction

c) Nonc) Non--linearitieslinearities andand NonNon--convexityconvexity adaptive adaptive 
PLS model + heuristic rules (CV).  PLS model + heuristic rules (CV).  

J. Camacho, J. Picó and A. Ferrer. Self-tuning run to run optimization of fed-batch processes using
unfold-PLS, AIChE Journal, 53(7):1789-1804 (2007).

OptimizationOptimization MethodMethod
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IllustrativeIllustrative exampleexample: : FermentationFermentation processprocess..
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IllustrativeIllustrative exampleexample: : FermentationFermentation processprocess..
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Product, Biomass Gass flows

T,P, … Substrates

IllustrativeIllustrative exampleexample: : FermentationFermentation processprocess..

OptimizationOptimization MethodMethod

Objective: Select the feeding profile of substrate to
maximize final product or biomass .
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IllustrativeIllustrative exampleexample: : FermentationFermentation processprocess..
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ThreeThree ideas:ideas:

J. Camacho, J. Picó and A. Ferrer. Self-tuning run to run optimization of fed-batch processes using
unfold-PLS, AIChE Journal, 53(7):1789-1804 (2007).
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Fed-batch
data

Optimization index
(quality variables, energy

consumption, etc..)
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Gradient-based
optimization: 

X = [x1,x2] Y

dX
dycXX kk ·1 +=+

We need to estimate
the gradient!!!
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ThreeThree ideas:ideas:

a) a) TheThe batchbatch--wisewise unfoldingunfolding : : X(IX(I, J, K) , J, K) X(IX(I, JK), JK)
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Gradient-based
optimization: 

X = [x1,x2] Y

dX
dycXX kk ·1 +=+

We need to estimate
the gradient!!!

At least as many samples as process variables
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PLS Fast Gradient-based Optimization !!!

High number of
process variables

#Var(X) = J·K
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ThreeThree ideas:ideas:

a) a) TheThe batchbatch--wisewise unfoldingunfolding : : X(IX(I, J, K) , J, K) X(IX(I, JK), JK)

b) b) A PLS A PLS modelmodel gradient of a gradient of a functionfunction

c) Nonc) Non--linearitieslinearities andand NonNon--convexityconvexity adaptiveadaptive
PLS PLS modelmodel + + heuristicheuristic rules (CV). rules (CV). 

-- ConstructConstruct thethe PLS PLS modelmodel withwith thethe lastlast N N batchesbatches

-- OnlyOnly trusttrust thethe modelmodel withwith a a certaincertain degreedegree::

ConfidenceConfidence degreedegree [0,1] by cross[0,1] by cross--validationvalidation..

J. Camacho, J. Picó and A. Ferrer. Self-tuning run to run optimization of fed-batch processes using
unfold-PLS, AIChE Journal, 53(7):1789-1804 (2007).

OptimizationOptimization MethodMethod
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SelfSelf--tuningtuning algorithmalgorithm::

Step 1: Process a new batch k with feeding law Xk
and obtain the output Yk.
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J. Camacho, J. Picó and A. Ferrer. Self-tuning run to run optimization of fed-batch processes using
unfold-PLS, AIChE Journal, 53(7):1789-1804 (2007).
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SelfSelf--tuningtuning algorithmalgorithm::

Step 1: Process a new batch k with feeding law Xk
and obtain the output Yk.

Step 2: Rebuild the BW-PLS model with the data 
of batch i.
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J. Camacho, J. Picó and A. Ferrer. Self-tuning run to run optimization of fed-batch processes using
unfold-PLS, AIChE Journal, 53(7):1789-1804 (2007).
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SelfSelf--tuningtuning algorithmalgorithm::

Step 1: Process a new batch k with feeding law Xk
and obtain the output Yk.

Step 2: Rebuild the BW-PLS model with the data 
of batch i.

Step 3: Compute the gradient and the next feeding
law.

J. Camacho, J. Picó and A. Ferrer. Self-tuning run to run optimization of fed-batch processes using
unfold-PLS, AIChE Journal, 53(7):1789-1804 (2007).
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SelfSelf--tuningtuning algorithmalgorithm::

Step 1: Process a new batch k with feeding law Xk
and obtain the output Yk.

Step 2: Rebuild the BW-PLS model with the data 
of batch i.

Step 3: Compute the gradient and the next feeding
law.

Step 4: Increment the counter k = k+1 and loop
back to Step 1.

J. Camacho, J. Picó and A. Ferrer. Self-tuning run to run optimization of fed-batch processes using
unfold-PLS, AIChE Journal, 53(7):1789-1804 (2007).
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SaccharomycesSaccharomyces cerevisiaecerevisiae fedfed--batch cultivationbatch cultivation

J. Camacho, J. Picó and A. Ferrer. Self-tuning run to run optimization of fed-batch processes using
unfold-PLS, AIChE Journal, 53(7):1789-1804 (2007).

Case Case StudyStudy: : SimulationSimulation

Input: Feeding profile of substrateInput: Feeding profile of substrate

OuputOuput: Biomass concentration: Biomass concentration

Substrate Biomass
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SaccharomycesSaccharomyces cerevisiaecerevisiae cultivationcultivation

The one
suggested!!!

J. Camacho, J. Picó and A. Ferrer. Self-tuning run to run optimization of fed-batch processes using
unfold-PLS, AIChE Journal, 53(7):1789-1804 (2007).

Case Case StudyStudy: : SimulationSimulation
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Straightforward use of additional information: Straightforward use of additional information: 

e.g. initial conditions + process variablese.g. initial conditions + process variables

J. Camacho, J. Picó and A. Ferrer. Self-tuning run to run optimization of fed-batch processes using
unfold-PLS, AIChE Journal, 53(7):1789-1804 (2007).

ExtensionsExtensions
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Straightforward use of additional information:Straightforward use of additional information:

Straightforward extension to multiStraightforward extension to multi--criteria:criteria:

e.g. maximize biomass while reducing final volumee.g. maximize biomass while reducing final volume

J. Camacho, J. Picó and A. Ferrer. Self-tuning run to run optimization of fed-batch processes using
unfold-PLS, AIChE Journal, 53(7):1789-1804 (2007).

ExtensionsExtensions

Multiple Y variables
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Straightforward use of additional information:Straightforward use of additional information:

Straightforward extension to multiStraightforward extension to multi--criteria:criteria:

Soft constraints on Y can be handled by using PLS Soft constraints on Y can be handled by using PLS 
estimations. estimations. 

Possible combination with fundamental knowledge.Possible combination with fundamental knowledge.

e.g. parameterization of the feeding profile.e.g. parameterization of the feeding profile.

J. Camacho, J. Picó and A. Ferrer. Self-tuning run to run optimization of fed-batch processes using
unfold-PLS, AIChE Journal, 53(7):1789-1804 (2007).

ExtensionsExtensions

a)a) DataData--basedbased divide in divide in 
100 100 intervalsintervals andand optimizeoptimize
(100 (100 parametersparameters))

b)  Grey b)  Grey approachapproach 3 3 
parametersparameters
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AdvantagesAdvantages::

No fundamental No fundamental knowledgeknowledge isis requiredrequired butbut can be can be 
usedused..

TheThe onlyonly requirementrequirement isis toto measuremeasure thethe performance performance 
indexindex..

ApplicableApplicable toto anyany batchbatch processprocess..

HighHigh degreedegree ofof discretizationdiscretization ofof thethe inputinput..

AnyAny otherother measurementmeasurement can be can be integratedintegrated
straightforwardlystraightforwardly..

ExtensionExtension toto severalseveral performance performance indicesindices..

ExtensionExtension toto constraintsconstraints handlinghandling..

ConclusionsConclusions
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