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Cybernetica at a glance
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• Est. 2000, SINTEF spin-off

• Tailor-made model-based solutions

• Unique NMPC technology

• Industrially proven

• Increases profitability for our customers
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Application areas
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• Polymerization processes:

• Phenolic resins, amino resins

• PVC (S-PVC, Paste-PVC)

• Emulsion polymerization

• Polyolefins

• Metallurgical processes

• Aluminum electrolysis

• Silicon and ferrosilicon

• Ferromanganese refining

• Steel refining

• Extrusion

• Energy and CCUS

• Offshore production

• Onshore processing plants

• CO2 capture ENERGY



Blank side

4

Absorber Stripper

Re-boiler

Concentrated CO2

Flue gas

Depleted flue gas

Rich solvent

Lean solvent

Steam



Blank side

5

Absorber Stripper

Re-boiler

Concentrated CO2

Flue gas

Depleted flue gas

Rich solvent

Lean solvent

Steam

Sintef CO2 lab in Tiller

Technology Center Mongstad (TCM)
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• A solvent-based CO2 capture is a complex, 
nonlinear process with both fast and slow 
dynamics

• Optimal conditions change with 
• desired capture ratio
• solvent concentration and degree of 

degradation
• flue gas flow rate
• flue gas composition

Optimal point of operation
(minimum energy usage)
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Controlling the process 
optimally will be hard 
using traditional (PID) 
control! 
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Mathematical description

min
Δ𝐔

𝐽 =
1

2
𝐙 − 𝐙ref

T𝐐 𝐙 − 𝐙ref +
1

2
(Δ𝐔T𝐒Δ𝐔) + 𝐫1

T𝛆 +
1

2
𝛆Tdiag 𝐫2 𝛆

Subject to

𝐱𝑘+𝑗 = 𝐟(𝐱𝑘+𝑗−1, 𝐮𝑘+𝑗−1, 𝐯𝑘)

𝐳𝑘+𝑗 = 𝐡(𝐱𝑘+𝑗 , 𝐮𝑘+𝑗)

𝐙min − 𝛆 < 𝐙 < 𝐙max + 𝛆

𝟎 ≤ 𝛆 ≤ 𝛆max

𝐔min ≤ 𝐔 ≤ 𝐔max

Δ𝐔min ≤ Δ𝐔 ≤ Δ𝐔max

9



Helside mye tekst

NMPC – Simplified graphical description
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History Prediction horizon (future)

Past MVs

Optimal MV predictions (𝑈)

Optimal CV trajectory (𝑍)

Past CVs
𝑧𝑘 current CV

Reference (setpoint) (𝑍ref)

𝑢𝑘

𝑢𝑘+1

𝑧𝑘+1
𝑧𝑘+2

𝑢𝑘−1

Δ𝑢𝑘

Δ𝑢𝑘+1

Optimal MV change predictions (Δ𝑈)
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Augmented Extended Kalman Filter

Model prediction

ത𝐱𝑘 = 𝐟 ො𝐱𝑘−1, ෡𝛉𝑘−1, 𝐮𝑘−1, ത𝐯𝑘−1

ഥ𝛉𝑘 = ෡𝛉𝑘−1 + ഥ𝛖𝑘−1

ത𝐲𝑘 = 𝐠 ത𝐱𝑘 , ෡𝛉𝑘 , 𝐮𝑘−1 + ഥ𝐰𝑘

Measurement correction

ො𝐱𝑘
෡𝛉𝑘

=
ത𝐱𝑘
ഥ𝛉𝑘

+ 𝐊(𝑘)(𝐲M,𝑘 − ത𝐲𝑘)

• Augmented state vector

• Parameters modelled as integrated white 
noise

• Process noise covariance (𝐕𝑘−1) also defined 
for the parameters
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Absorber Stripper

Re-boiler

Concentrated CO2

Flue gas

Depleted flue gas

Rich solvent

Lean solvent

Steam

CV1: Absorber capture rate 
(CR) – Target

𝐶𝑅 =
ሶ𝑤CO2,𝑖𝑛– ሶ𝑤CO2,𝑎𝑏𝑠.𝑜𝑢𝑡

ሶ𝑤CO2,𝑖𝑛

CV2: Reboiler duty [kW] 
– Minimize

CV3: Lean solvent loading [%] 
– Constrain MV2: Steam pressure

MV1: Solvent flow rate

𝐂𝐕𝟏 − setpt. 2 + 𝐂𝐕𝟐 − 0 2

Objective:

minimize:

subject to: 𝐂𝐕𝟑 > constr
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Absorber Stripper
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DV1: Flue gas flow rate

DV2: Flue gas composition

DV3: Solvent concentration 
/ degradation level

DV4: Energy 
availability / price
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CENIT PCC 
model

(Solvent-specific code) (Common, generic code)

(Plant-specific code)
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Capture rate, setpoint changes

               

            

  

  

  

 
 
  
  
 
 
 

                    

               

            

 

 

 

 

 

 
  
 
  
 
  
  
 
 
  

  
 

                            

               

            

  

  

  

  

 
 
 
  
  
  
 
  
 
  
 
 

  
 
              

      

        

               

            

   

 

   

 
 
 
  
 
  
 
 
 

                                          

• Step in capture ratio setpoint

• Controller responds quickly

• Obeys capture rate setpoint

• Approaches the point of energy-
optimal operation
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Disturbance rejection

• Changing flue gas conditions

• Flue gas CO2 concentration

• Flue gas inlet flow rate

• Rapid controller response

• Stays at the prescribed capture 
rate, while minimizing reboiler 
duty
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Special control cases: Energy availability

• Reboiler duty constraint tests

• Lean loading constraint

• The controller will prioritize 
to maintain the loading 
rather than obeying the 
instantaneous capture rate 
setpoint 
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Special control cases: Economic optimization

• Day-to-day (24h) cost optimization, using DRTO

• Varying energy price

• Energy cost savings in the range of 12%1

• Flexible operation using storage tanks

• Energy cost savings in the range of 33%1

1 For a proposed price regime
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Implementation

- Close dialogue with end-user (production 
engineers & control room operators)

- Close cooperation with DCS supplier 

- FAT / SAT on “digital twin” (high fidelity 
simulator for operator training)

- Remote monitoring of application during 
commissioning phase 
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