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Electricity systems of the future
Future energy systems will require much more intermittent renewable power to meet our climate change targets. In response to an increase in intermittent energy, fossil fuel-fired
power plants will need to operate dynamically. Similarly, flexible operation of CO2 capture plants will be necessary to coordinate the balance between electricity demand and CO2
emissions reduction targets. This study will investigate the feasibility of flexible operation in CO2 capture plants of different scales. A combination of pilot plant work
and dynamic modelling will be employed to identify key factors that can limit the flexibility of a CO2 capture plant, taking into account the effects of plant scale.
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Power plant dispatch over the course of January for different decades from 2030 to 2050 as predicted by the Unit Commitment Capacity Optimisation (UCCO) model (Mac Dowell & Staffell, 2016)

Flexible operation of the TCM pilot plant

TCM CO2 capture facility (Mongstad Norway)
Flue gas CO2 concentration of ~ 3.5–4 mol%
Capture capacity of 80 tonnes CO2 per day
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Scenario 1: Effect of steam flow rate
• Reducing steam flow rate
• Increasing steam flow rate

CHP = Combined heat and power

Stripper Temperature profile

increased lean CO2 loading
reduced lean CO2 loading

Scenario 2: Time-varying solvent regeneration
• Peak electricity demand: accumulate CO2 in the amine
Reduce steam flow to reboiler
Increase in lean CO2 loading
DoC reduces
Power output increases, burning more fuel higher flue gas flow rates
• Off-peak electricity demand: solvent is regenerated
Increase steam flow to reboiler Decrease in lean CO2 loading
Increase in DoC
Power output is reduced (steam extracted from steam cycle) lower flue gas flow rates

Scenario 2: Variable ramp rates
•
•
•
•

Ramp rates of a combined cycle gas turbine (CCGT) typically vary between 2–8 %/min.
In current configuration, the TCM plant is able to achieve flue gas flow ramp rates of ~1.7 %/min.
Ramp the solvent flow rate and flue gas flow simultaneously to maintain the same CO2 performance
As the process parameters are ramped, the L/G is kept constant. Thus, lean and rich CO2 loading remains
relatively constant.

Flexible operation scenarios

UKCCSRC PACT CO2 capture pilot plant

Three dynamic operation scenarios were modelled.
1) Partial load stripping: decrease heat supply to reboiler (10m3/h to 5 m3/h).
2) Capture plant ramping: simultaneous decrease/increase of the flow rates
of flue gas, solvent and hot water (study the effect of load following through
ramping the plant.
3) Reboiler decoupling: heat supply to the reboiler is turned off, and after a
period of time, heat supply is restored.
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Flue gas CO2 concentration ~ 12–13 vol%
Capture capacity of ~1 tonne CO2 per day

Dynamic model development
Dynamic model
validation of the
absorber
temperature profile
shows good
agreement between
the gCCS model
and PACT pilot
plant data.
Average absolute
deviation between
the PACT data and
gCCS predictions
for absorber T
ranges between 2.0
and 3.3 K.
Model validates
well for the capture
plant ramping and
reboiler decoupling
scenarios.

Conclusion
• The time-varying solvent regeneration approach was tested at the TCM pilot plant (one of the largest test facilities), demonstrating that CO2 can be stored in the amine liquid.
• It is possible to maintain constant CO2 capture performance whilst implementing variable ramp rates in the CO2 capture plant – achieved by ramping the liquid and gas flow
rates simultaneously and at the same ramp rate.
• Dynamic model of the TCM and PACT pilot plants have been developed. Steady state and dynamic model validation has been successful.
• Further comparisons of the TCM results with the smaller PACT pilot plant will provide insights into the effect of plant scale on the dynamics of a CO2 capture process.
• Evaluated dynamic pilot plant operation at two very different scales, demonstrating flexible operation is definitely possible, the main constraint is process control structures.
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