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Motivation

Identify the optimal operating
input for a nanofiltration
membrane separation process
Process and productivity
constraints have to be taken into
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Real-time optimization

Plant

Figure: lllustration of a general plant.
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Real-time optimization
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Real-time optimization
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Real-time optimization methods

Real-time optimization

Plant:

*_

u, m&n Tp(y,u)

RTO method

 Modifier adaptation with quadratic

s.t. y =f,(u)
approximation (MAWQA)

Model:
u, = min 7, (y,u)
u
—> Plant —
st. y =1f,(u)
Plant | . . u Y
u,, # u,
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Figure: lllustration of a general plant.
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Modifier adaptation (MA)

u:z = min Jm(y,u)
st. y =f,(x,u)
gm(x,u) <0

= min J50 (9, )
u
s.t. y = f,,(x,u)

bk (x,u) <0
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Modifier adaptation (MA)

Modified objective function and constraints:
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gil P (x,u) = g (x,u)+(g; — g5,) + (Vey — Ver,)" (u—u")

u:n = min jm(y,u)
st. y =f,(x,u)
gm(x,u) <0

= min J50 (9, )
u
s.t. y = f,(x,u)
gt (x,u) <0
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Modifier adaptation (MA)

» ) ) Modified objective function and constraints:
u,, =min TIm (¥, 1)

o f Ja%d’k(xv u) = Jn(y, u)+(Vj;“ - Vj,i)T(ll — uk)
st.y = m(X; 11) ad,k(x, u) = gm(x, u)—l—(g;; — gﬁ%) + (Vg§ _ ngn)T(u o uk)

gm(x,u) <0 &m
jk,gk
>‘ Plant SR

Modifier adaptation

\

~ k41 . d.k (o ~
1A :mdnjﬁb (y,u) !

m

st. y =f,.(x,u)
g " (x,u) <0

[Optimize MAJ( {Modify Jodk, gg:l,kj
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Modifier adaptation with quadratic approximation (MAWQA)*
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* Screening algorithm to choose points for
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Used for gradient approximation when
not enough points are available for
fitting a quadratic function

When number of available points are
less than {mutl)nut2)

“A reliable modifier-adaptation strategy for real-time optimization”, Computers & Chemical Engineering, 91, 318 - 3
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Figure: Illustration of screening algorithm?.
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Modifier adaptation with quadratic approximation (MAWQA)*
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Membrane separation process
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MAWOQA Experiment result without productivity constraint
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Figure: Experimental results for the unconstrained case: Evolution of the inputs (normalized) transmembrane pressure, temperature and the
profit function obtained using process measurements. The tuning parametersy, Au, Ah and 6 were set to 3.0, 0.1, 0.1 and 0.1, respectively.
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MAWOQA Experiment result with productivity constraint
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Figure: Experimental results for the constrained case: Evolution of the inputs (normalized) transmembrane pressure, temperature and the profit
function obtained using process measurements. The values of the tuning parametersy, Au, Ah and 6 used in the MAWQA scheme are set to 3.0,

0.25,0.25 and 0.25.
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Validation of experiment results
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O Experimental result: with constraint

O  Experimental result: without constraint
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Top figure: Contour plot of the profit function of the nominal models and of the plant, its optimum and the optimum identified by the MAWQA
experiments for both the constrained and the unconstrained cases.
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Summary & Outlook

Summary & Outlook

 We reported the development of an online real-time optimization solution (MAWQA) for the

optimal operation of a continuously operated membrane plant with a nanofiltration membrane.

 Two experiments, one without constraints and another one with a productivity constraint were

performed.

* In both experiments, the MAWQA scheme converged to an input close to the plant optimum that

is predicted by the surrogate model for a large data set.

 The experiments validated that the combination of the plant measurements with MAWQA can

drive a real plant to an optimal operation despite plant-model mismatch

* Inour future work, we will focus on reducing the inefficient input moves and on developing a

standardized approach for choosing the tuning parameters.
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