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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

• Our employees are experts in 
advanced control and process 
modelling with strong engineering 
backgrounds
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Application areas

ENERGY
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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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Numerically efficient plant model
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Model-based State Estimation
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Model-based Predictions
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Model-based Predictive Control
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Advantages
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• Handles process interactions (the fact that each MV 
influences each CV)

• Handles constraints (min- and max values) in both MVs 
and CVs

• Controls measured and unmeasured variables

• Performs explicit dynamic optimization

• Reduces operator intervention

• Flexibility!

• Gray / white -box

History Optimal Predicted Future

Manipulation by controller

Process inputs

Critical variable 

(Setpoint / Constraint)
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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

𝐶𝐶𝐶𝐶 =
𝑤̇𝑤CO2,𝑖𝑖𝑖𝑖–𝑤̇𝑤CO2,𝑎𝑎𝑎𝑎𝑎𝑎.𝑜𝑜𝑜𝑜𝑜𝑜

𝑤̇𝑤CO2,𝑖𝑖𝑖𝑖

CV2: Reboiler duty [kW] 
– Minimize

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

MV1: Solvent flow rate

𝐂𝐂𝐂𝐂𝐂𝐂 − setpt. 2 + 𝐂𝐂𝐂𝐂𝟐𝟐 − 0 2

Objective:

minimize:

subject to: 𝐂𝐂𝐂𝐂𝐂𝐂 > constr
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Absorber Stripper

Re-boiler

Concentrated CO2

Flue gas
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Steam

DV1: Flue gas flow rate

DV2: Flue gas composition

DV3: Solvent concentration 
/ degradation level

DV4: Energy 
availability / price



 

CENIT PCC 
model

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

(Plant-specific code)
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Capture rate, setpoint changes
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Energy efficiency (specific reboiler duty)

• 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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Hierarchical control and optimization

«Traditional» supervisory
CENIT NMPC

«Economic»
CENIT DRTO

(dynamic real-time optimization)
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DV1: Flue gas flow rate

DV2: Flue gas composition

DV3: Solvent concentration 
/ degradation level

DV4: Energy 
availability / price

«Economic»
CENIT DRTO

(dynamic real-time optimization)

«Traditional» supervisory
CENIT NMPC
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Absorber Stripper

Re-boiler

Concentrated CO2

Flue gas

Depleted flue gas

Rich solvent

Lean solvent

Steam

CV1: CO2 emissions times 
emission prize – Minimize

CV2: Energy 
consumption throughout 
a 48H period – Minimize

CV3: Average capture rate 
[%] – Constrain

MV1: Hour-to-hour capture rate setpoint

𝐂𝐂𝐂𝐂1 2 + 𝐂𝐂𝐂𝐂𝟐𝟐 2

Objective:

minimize:

subject to: 𝐂𝐂𝐂𝐂𝐂𝐂 > constr

«Economic»
CENIT DRTO

(dynamic real-time optimization)



 

Economic DRTO+NMPC

• Pulls day-ahead prices from web API 

• DRTO uses surface model of SRD as a 
function of MVs

• DRTO Captures CO2 when energy is cheap
(night)
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Adriaen Verheyleweghen – Cybernetica AS

Contact: adriaen.verheyleweghen@cybernetica.no
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