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Washing – an example
Basic parameters 
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WASHING SYSTEM

C1,  L1,  x1C0,  L0,  x0

V1,  y1 V2,  y2

L0x0 + V2y2 = L1x1 + V1y1

L0 + V2 = L1 + V1

L0 = (100 - C0)/C0 L1 = (100 - C1)/C1

µL0 + µV2 = µL1 + µV1

µL0µx0 + µV2µy2 = µL1µx1 + µV1µy1



Data reconciliation 
Objective functions
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Sequential method
Flows  
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Solutes  

The sample averages, the sample standard deviations and 
the adjusted flows and solute concentrations or contents. 
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Solving objective functions (linear system)

Inserting the adjusted flow balance equation to the 
objective function and demanding
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one gets the adjusted flows. Then, inserting the adjusted 
solute material balance equation to the objective function 
and demanding 
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one gets the adjusted solute concentrations or contents. 



Data reconciliation 
Objective function

5

= 

)
)()()()(

)()()()(
(

2

1

2

2
2

2
2

2
1

2

2
1

2

2
0

2

2
2

2

2
1

2

2
1

2

2
0

2

21

1

1

0

0

2

2

1

1

1

1

0

0

y

y

y

y

x

x

x

x

V

V

V

V

L

L

L

L

s

y

s

y

s

x

s

x

s

V

s

V

s

L

s

L
J

−
+

−
+

−
+

−
+

+
−

+
−

+
−

+
−

=

µµµµ

µµµµ

K

K

The sample averages, the sample standard deviations and
the adjusted flows and solute concentrations or contents. 

Simultaneous method
Flows and solutes
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Solving objective function (non-linear system)

Inserting the adjusted flow and solute material balance 
equations to the objective function and demanding

one gets the adjusted flows and solute concentrations or 
contents. 

From the adjusted parameters one can calculate the 
dilution factor and parameters describing the efficiency of a 
washer or washing system. 
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Measured parameters around a washer – an example

Filtrate 
Flow 
DS (y1) 

Wash liquid
Flow  
DS (y2)

Pulp in 
Flow 
Consistency (C0)  
DS (x0) 

Pulp out 
DS (x1) 

DS = dissolved dry solids 
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Online DF of a washer
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Online E 10 factor of a washer
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Online standardized wash yield Y 10 value of a washer
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Standardized wash yield Y 10 value of a washer
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Optimal DF of a washing line (simplified) 

A simplified cost function of the washing and the 
evaporation

The optimal DF is solved from the equation 
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