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Motivation
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Hybrid dynamics concept:

• Real systems combine continuous evolution with discrete 

events.

Challenges in modelling:

• Hybrid systems introduce discontinuities and state-dependent 

switching complication simulation and control.

Modeling Approach

• Tools such as MATLAB Simulink combined with the Stateflow

toolbox provide a practical framework for representing hybrid 

systems.

Continuous dynamics

Discrete dynamics
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Generic flowsheet
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Two Batch Reactors

Solid-liquid extraction Buffer Tank Three Filtration Units Buffer Tank 2
Solid feed

Outlet 𝐶𝐴,𝑜𝑢𝑡 and 𝐶𝐵,𝑜𝑢𝑡

Product formation Flow stabilization Product purification

Product A

Suspended particles B

𝐶𝐴 and 𝐶𝐵
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Batch reactor dynamics
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Fill (mode=-2)
No reaction

𝑑𝐶𝐴,𝑏𝑎𝑡𝑐ℎ
𝑑𝑡

= 0

𝑑𝐶𝐵,𝑏𝑎𝑡𝑐ℎ
𝑑𝑡

= 0

Volume change
𝑑𝑉𝑏𝑎𝑡𝑐ℎ
𝑑𝑡

= 𝑟𝑓𝑖𝑙𝑙

React (mode=1)
Dynamic reaction
𝑑𝐶𝐴,𝑏𝑎𝑡𝑐ℎ

𝑑𝑡
= 𝑘𝐴,𝑟𝑒𝑎𝑐𝑡 ⋅ 𝐶𝐴,𝑏𝑎𝑡𝑐ℎ

𝑑𝐶𝐵,𝑏𝑎𝑡𝑐ℎ
𝑑𝑡

= 𝑘𝐵,𝑟𝑒𝑎𝑐𝑡 ⋅ 𝐶𝐵,𝑏𝑎𝑡𝑐ℎ

Constant volume
𝑑𝑉𝑏𝑎𝑡𝑐ℎ
𝑑𝑡

= 0

Drain (mode=0)
No reaction

𝑑𝐶𝐴,𝑏𝑎𝑡𝑐ℎ
𝑑𝑡

= 0

𝑑𝐶𝐵,𝑏𝑎𝑡𝑐ℎ
𝑑𝑡

= 0

Volume change
𝑑𝑉𝑏𝑎𝑡𝑐ℎ
𝑑𝑡

= −𝑟𝑑𝑟𝑎𝑖𝑛

Switch when

𝑉𝑏𝑎𝑡𝑐ℎ ≥ 𝑉𝑏𝑎𝑡𝑐ℎ,𝑙𝑖𝑚

Switch when

𝐶𝐴,𝑏𝑎𝑡𝑐ℎ ≥ 𝐶𝐴,𝑏𝑎𝑡𝑐ℎ,𝑙𝑖𝑚𝑖𝑡

Switch when

𝑉𝑏𝑎𝑡𝑐ℎ ≤ 0

CIP (mode=-1)
Cleaning dynamics
𝑑𝐶𝐴,𝑏𝑎𝑡𝑐ℎ

𝑑𝑡
= −𝑟𝑐𝑙𝑒𝑎𝑛𝑖𝑛𝑔

𝑑𝐶𝐵,𝑏𝑎𝑡𝑐ℎ
𝑑𝑡

= −𝑟𝑐𝑙𝑒𝑎𝑛𝑖𝑛𝑔

Volume change
𝑑𝑉𝑏𝑎𝑡𝑐ℎ
𝑑𝑡

= 0

Switch when

𝐶𝐴,𝑏𝑎𝑡𝑐ℎ, 𝐶𝐵,𝑏𝑎𝑡𝑐ℎ ≤0

Concentration of B

𝐶𝐴0
𝐶𝐵0

time

Fill

Concentration of A

Tank volume

React Drain CIP

Medium is added
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Batch reactor in Simulink
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Stateflow
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Buffer tank dynamics

Simple continuous dynamics for a tank with perfect mixing:

Volume: 
𝑑𝑉𝑏𝑢𝑓

𝑑𝑡
= 𝐹𝑖𝑛,𝑏𝑢𝑓 − 𝐹𝑜𝑢𝑡,𝑏𝑢𝑓

Product concentration: 
𝑑𝐶𝐴,𝑏𝑢𝑓

𝑑𝑡
=

𝐹𝑖𝑛,𝑏𝑢𝑓

𝑉𝑏𝑢𝑓
⋅ (𝐶𝐴,𝑏𝑎𝑡𝑐ℎ,𝑑𝑟𝑎𝑖𝑛 − 𝐶𝐴,𝑏𝑢𝑓)

Solids concentration: 
𝑑𝐶𝐵,𝑏𝑢𝑓

𝑑𝑡
=

𝐹𝑖𝑛,𝑏𝑢𝑓

𝑉𝑏𝑢𝑓
⋅ (𝐶𝐵,𝑏𝑎𝑡𝑐ℎ,𝑑𝑟𝑎𝑖𝑛 − 𝐶𝐵,𝑏𝑢𝑓)

Control of volume: 𝐹𝑜𝑢𝑡,𝑏𝑢𝑓(𝑡 + Δ𝑡) = 𝐹𝑜𝑢𝑡,𝑏𝑢𝑓(𝑡) + 𝐾𝑏𝑢𝑓𝑓𝑒𝑟 ⋅ (𝑉𝑏𝑢𝑓(𝑡) − 𝑉𝑠𝑒𝑡 𝑝𝑜𝑖𝑛𝑡)

Nordic Process Control Workshop 718/8-2026

Proportional control
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Buffer tank in Simulink
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Volume

Concentration of A

Concentration of B
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Filtration unit dynamics
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time

Operation

Concentration of B

Pressure in filter

Cleaning Available

Concentration of A

Operation (mode=1)
𝑑𝑃𝑓𝑖𝑙𝑡

𝑑𝑡
= 𝑘𝑓𝑖𝑙𝑡𝐹𝑓𝑖𝑙𝑡,𝑖𝑛𝑃𝑓𝑖𝑙𝑡

𝐶𝐴,𝑓𝑖𝑙𝑡,𝑜𝑢𝑡 = 𝐶𝐴,𝑓𝑖𝑙𝑡,𝑖𝑛(1 − 𝜂𝐴)

𝐶𝐵,𝑓𝑖𝑙𝑡,𝑜𝑢𝑡 = 𝐶𝐵,𝑓𝑖𝑙𝑡,𝑖𝑛(1 − 𝜂𝐵)

𝐹𝑓𝑖𝑙𝑡,𝑜𝑢𝑡 = 𝐹𝑓𝑖𝑙𝑡,𝑖𝑛

Available (mode=-1)
𝑑𝑃𝑓𝑖𝑙𝑡

𝑑𝑡
= 0

𝐹𝑓𝑖𝑙𝑡,𝑜𝑢𝑡 = 0

𝐶𝐴,𝑓𝑖𝑙𝑡,𝑜𝑢𝑡 = 0

𝐶𝐵,𝑓𝑖𝑙𝑡,𝑜𝑢𝑡 = 0

Cleaning (mode=0)
𝑑𝑃𝑓𝑖𝑙𝑡

𝑑𝑡
= −𝑘𝑐

𝐹𝑓𝑖𝑙𝑡,𝑜𝑢𝑡 = 0

𝐶𝐴,𝑓𝑖𝑙𝑡,𝑜𝑢𝑡 = 0

𝐶𝐵,𝑓𝑖𝑙𝑡,𝑜𝑢𝑡 = 0

𝑃𝑓𝑖𝑙𝑡 ≥ 𝑃𝑢𝑝𝑝𝑒𝑟,𝑙𝑖𝑚𝑖𝑡

𝑃𝑓𝑖𝑙𝑡 ≤ 𝑃𝑙𝑜𝑤𝑒𝑟,𝑙𝑖𝑚𝑖𝑡

𝐹𝑖𝑛,𝑓𝑖𝑙𝑡 > 0
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Filtration unit in Simulink
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Supervisor state controlling the active filters

Assumption: Two filters operate simultaneously while one cleans
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Filter 1

Filter 2

Filter 3

𝐹𝑜𝑢𝑡,𝑏𝑢𝑓

𝐹𝑖𝑛,𝑓𝑖𝑙𝑡1 = 𝑢𝑠𝑒𝑓𝑖𝑙𝑡𝑒𝑟1 ⋅ 𝐹𝑜𝑢𝑡,𝑏𝑢𝑓

𝐹𝑖𝑛,𝑓𝑖𝑙𝑡2 = 𝑢𝑠𝑒𝑓𝑖𝑙𝑡𝑒𝑟2 ⋅ 𝐹𝑜𝑢𝑡,𝑏𝑢𝑓

𝐹𝑖𝑛,𝑓𝑖𝑙𝑡3 = 𝑢𝑠𝑒𝑓𝑖𝑙𝑡𝑒𝑟3 ⋅ 𝐹𝑜𝑢𝑡,𝑏𝑢𝑓

Cleaning filter 2

𝑢𝑠𝑒𝑓𝑖𝑙𝑡𝑒𝑟1 = 𝑎

𝑢𝑠𝑒𝑓𝑖𝑙𝑡𝑒𝑟2 = 0

𝑢𝑠𝑒𝑓𝑖𝑙𝑡𝑒𝑟3 = 1 − 𝑎

Cleaning filter 1

𝑢𝑠𝑒𝑓𝑖𝑙𝑡𝑒𝑟1 = 0

𝑢𝑠𝑒𝑓𝑖𝑙𝑡𝑒𝑟2 = 𝑎

𝑢𝑠𝑒𝑓𝑖𝑙𝑡𝑒𝑟3 = 1 − 𝑎

Cleaning filter 3

𝑢𝑠𝑒𝑓𝑖𝑙𝑡𝑒𝑟1 = 𝑎

𝑢𝑠𝑒𝑓𝑖𝑙𝑡𝑒𝑟2 = 1 − a

𝑢𝑠𝑒𝑓𝑖𝑙𝑡𝑒𝑟3 = 0

Makes sure 100% of 

𝐹𝑜𝑢𝑡,𝑏𝑢𝑓 is divided between 

the operating filters
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Full flowsheet
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Simulation results
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BR=Batch reactor

F=Filter
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Conclusions
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• Full flowsheet implemented in a single simulation environment

• Continuous and discrete process behavior successfully integrated
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Outlook
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• More realistic dynamics

– Parameter values

– Feed concentration effects

– Constant flow through filters

Edited from Bähner et al., Optimal operation of parallel dead-end filters in a continuous bio-based process, 2019.

Thank you for you 

attention!

Pressure on filters
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   C  A , o u t  


   C  B , o u t


   C A  


   C B


    d  C  A , b a t c h  d t = 0


    d  C  B , b a t c h  d t = 0


    d  V  b a t c h  d t =  r  f i l l


    d  C  A , b a t c h  d t =  k  A , r e a c t ⋅  C  A , b a t c h


    d  C  B , b a t c h  d t =  k  B , r e a c t ⋅  C  B , b a t c h


    d  V  b a t c h  d t = 0


    d  C  A , b a t c h  d t = 0


    d  C  B , b a t c h  d t = 0


    d  V  b a t c h  d t =   − r  d r a i n


   V  b a t c h ≥  V  b a t c h , l i m


   C  A , b a t c h ≥  C  A , b a t c h , l i m i t


   V  b a t c h ≤ 0


    d  C  A , b a t c h  d t =   − r  c l e a n i n g


    d  C  B , b a t c h  d t =   − r  c l e a n i n g


    d  V  b a t c h  d t = 0


   C  A , b a t c h ,  C  B , b a t c h ≤


   C  A 0


   C  B 0


    d  V  b u f  d t =  F  i n , b u f −  F  o u t , b u f


    d  C  A , b u f  d t =    F  i n , b u f   V  b u f ⋅ (  C  A , b a t c h , d r a i n −  C  A , b u f )


    d  C  B , b u f  d t =    F  i n , b u f   V  b u f ⋅ (  C  B , b a t c h , d r a i n −  C  B , b u f )


   F  o u t , b u f ( t + Δ t ) =  F  o u t , b u f ( t ) +  K  b u f f e r ⋅ (  V  b u f ( t ) −  V  s e t   p o i n t )


    d  P  f i l t  d t =  k  f i l t  F  f i l t , i n  P  f i l t


   C  A , f i l t , o u t =  C  A , f i l t , i n ( 1 −  𝜂 A )


   C  B , f i l t , o u t =  C  B , f i l t , i n ( 1 −  𝜂 B )


   F  f i l t , o u t =  F  f i l t , i n


    d  P  f i l t  d t = 0  


   F  f i l t , o u t = 0


   C  A , f i l t , o u t = 0


   C  B , f i l t , o u t = 0


    d  P  f i l t  d t = −  k c


   F  f i l t , o u t = 0


   C  A , f i l t , o u t = 0


   C  B , f i l t , o u t = 0


   P  f i l t ≥  P  u p p e r , l i m i t


   P  f i l t ≤  P  l o w e r , l i m i t


   F  i n , f i l t > 0


   F  o u t , b u f  


   F  i n , f i l t 1 =   u s e f i l t e r 1 ⋅ F  o u t , b u f


   F  i n , f i l t 2 = u s e f i l t e r 2 ⋅  F  o u t , b u f


   F  i n , f i l t 3 = u s e f i l t e r 3 ⋅  F  o u t , b u f


  u s e f i l t e r 1 = a


  u s e f i l t e r 2 = 0


  u s e f i l t e r 3 = 1 − a


  u s e f i l t e r 1 = 0


  u s e f i l t e r 2 = a


  u s e f i l t e r 3 = 1 − a


  u s e f i l t e r 1 = a


  u s e f i l t e r 2 = 1 − a


  u s e f i l t e r 3 = 0


   F  o u t , b u f  

