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COCO22 capture capture principlesprinciples (1)(1)

 CO2  Partial pressure versus temperature
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The concept is based on cooling the flue gases from their initiaThe concept is based on cooling the flue gases from their initial l 
temperature (~ 60°C) to the COtemperature (~ 60°C) to the CO22 frosting temperature (~ frosting temperature (~ --120°C).120°C).

The saturating or sublimating temperature of a substance dependsThe saturating or sublimating temperature of a substance depends on on 
the partial pressure of this substance.the partial pressure of this substance.

The COThe CO22 triple point is at 520 kPa, triple point is at 520 kPa, --56.6°C56.6°C
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AA’: AA’: CoolingCooling andand waterwater capturecapture A’B: A’B: CoolingCooling untilluntill thethe COCO22 frostingfrosting temperaturetemperature
BC: COBC: CO22 frostingfrosting andand capturecapture CD: CD: EnergyEnergy recoveryrecovery fromfrom thethe COCO22 defrostingdefrosting
DE: DE: EnergyEnergy recoveryrecovery of of thethe COCO22 meltingmelting
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COCO22 AntiAnti--sublimation sublimation 
evaporatorsevaporators (mode 1)(mode 1)
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COCO22 AntiAnti--sublimation sublimation 
evaporatorsevaporators (mode 2)(mode 2)
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IntegratedIntegrated cascade for COcascade for CO22 capturecapture

IntegratedIntegrated cascades (C.I.)cascades (C.I.)
Single compression stageSingle compression stage
BlendBlend of of refrigerantsrefrigerants withwith lowlow GWPGWP
SelfSelf--adaptingadapting in in thethe case of variable case of variable 
loadsloads
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ExperimentalExperimental resultsresults

Evolution of the COEvolution of the CO22 concentration at concentration at 
the evaporator outlet for a 3% v/v the evaporator outlet for a 3% v/v 
initial COinitial CO22 concentration achieving concentration achieving 
90% capture efficiency.90% capture efficiency.

Volumetric CO2 concentration in the Flue Gases
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Evolution of the COEvolution of the CO22 concentration at concentration at 
the evaporator outlet for a 13% the evaporator outlet for a 13% v/vv/v
initial COinitial CO22 concentration achieving concentration achieving 
90% capture efficiency.90% capture efficiency.
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COCO22 frostingfrosting andand defrostingdefrosting

COCO22 frostingfrosting on on evaporatorevaporator finsfins

COCO22 defrostingdefrosting atat --56.6°C, 520 56.6°C, 520 kPakPa
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400 MW 400 MW BoilerBoiler Case Case studystudy

Boiler flue gases at 60°C, 120 kPa.Boiler flue gases at 60°C, 120 kPa.
Ambient conditions at 15°C temperature, Ambient conditions at 15°C temperature, 60% relative 60% relative 
humidity,humidity, 101.3 kPa pressure,101.3 kPa pressure,
which give a cooling water availability at the cooling tower which give a cooling water availability at the cooling tower 
exit at 15°Cexit at 15°C
The COThe CO22 capture efficiency is considered at 90%.capture efficiency is considered at 90%.

N2  CO2 O2 H2O 
B initial composition 

%mass 68.92 15.47 6.75 8.86 
% vol 70 10 6 14 
B composition after water removal 

%mass 75.62 16.97 7.41 0 
% vol 81.39 11.63 6.98 0 
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Cooling and electrical energies Cooling and electrical energies 
needed for COneeded for CO22 frostingfrosting

The refrigerating systems can be evaluated by their COPs, or cycThe refrigerating systems can be evaluated by their COPs, or cycle efficiency le efficiency 

 Cooling energy 
needed by the FG 

(kJ/kg dFG) 

Refrigerating 
system COP 

Electrical energy
(kJ/kg dFG) 

Electrical 
energy 

(kJ/kg CO2) 
CS1 

from 50 to 23°C 256.76  5.13 30.3 

High 19.7 1.3 7.6 CS2 HT 
from 23 to 13.5°C 25.58 

Low 12.3 2.1 12.3 
High 9.9 2.1 12.6 CS2 LT 

from 13.5 to 3°C 21.14 Low 6.2 3.4 20.1 
High 2.8 7.9 46.4 Cooling  

 to -40°C 21.26 Low 1.75 12.5 73.7 
High 0.91 132.6 781.6 Cooling 

 to -120°C 120.7 Low 0.57 211.7 1247.8 
High 0.91  - 254.8 Defrosting  Low 0.57  - 159.6 

Auxiliaries   4.1 24.0 
High   647.7 Total  Low  1248.6 

 

The high and low COP values correspond to cycle efficiencies of The high and low COP values correspond to cycle efficiencies of 50% for the low one 50% for the low one 
and of 80% for the high one. and of 80% for the high one. 

For an initial concentration of 10%, the total energy consumptioFor an initial concentration of 10%, the total energy consumption varies between n varies between 
647.7647.7 and and 1248.61248.6 kJ/kg COkJ/kg CO22
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Energy consumption as a function of Energy consumption as a function of 
the COthe CO22 concentration in the FGconcentration in the FG

The slope of the curve is sharp at low COThe slope of the curve is sharp at low CO22 concentrations while it concentrations while it 
smoothes at high COsmoothes at high CO22 concentrations.concentrations.
The antisublimation process can be used either at low or high COThe antisublimation process can be used either at low or high CO22
concentration but, the energy penalty is significantly lower forconcentration but, the energy penalty is significantly lower for
concentrations above 10%.concentrations above 10%.
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COCO22 / SO/ SO22 coco--capturecapture

The SOThe SO22 triple point is at triple point is at --75.5°C temperature, 1.67 kPa pressure75.5°C temperature, 1.67 kPa pressure

SO2 (%v/v) Sublimation temperature (°C)
0.37 -90 
0.005 -122 
0.004 -124 
0.001 -131 

The FG leave the COThe FG leave the CO22 capture evaporators at about capture evaporators at about --120°C in the 120°C in the 
boiler case;boiler case;
This gives a SOThis gives a SO22 saturation pressure of about 0.006 saturation pressure of about 0.006 kPakPa equivalent to equivalent to 
a SOa SO22 content of about 170 mg/Nmcontent of about 170 mg/Nm33 < 200 mg/Nm< 200 mg/Nm33 required by the EU required by the EU 
regulationregulation
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SOSO22 capture capture energyenergy

The energy required for the SOThe energy required for the SO22 capture is around capture is around 760 kJ/kg SO760 kJ/kg SO22 if if 
a 65% efficiency is considered for the refrigeration systems.a 65% efficiency is considered for the refrigeration systems.

An initial SOAn initial SO22 concentration of 0.37% v/v, gives a  SOconcentration of 0.37% v/v, gives a  SO22 capture capture 
energy of energy of 6.3 kJ/kg 6.3 kJ/kg dFGdFG while the COwhile the CO22 capture energy is around capture energy is around 
146.6 kJ/kg 146.6 kJ/kg dFGdFG..

The SOThe SO22 capture energy represents about capture energy represents about 4%4% of the total energy in the of the total energy in the 
case of the COcase of the CO22/SO/SO22 coco--capturecapture

The additional specific investment cost for the SOThe additional specific investment cost for the SO22 capture system capture system 
would be about 4% of the specific investment cost of the COwould be about 4% of the specific investment cost of the CO22
capture system, thus equivalent to an additional capture system, thus equivalent to an additional 23 €/23 €/kWekWe if a if a 580 580 
€/€/kWekWe is considered for the COis considered for the CO22 capture systemcapture system



1616

COCO22 capture capture energyenergy consumptionconsumption
(400 MW (400 MW BoilerBoiler case)case)

For a 33%, 400 MW boiler the COFor a 33%, 400 MW boiler the CO22 capture energy penalty would capture energy penalty would 
reduce the conversion efficiency from 29.2% to 25.7%reduce the conversion efficiency from 29.2% to 25.7%

 Base case 
Boiler 

CO2 capture 
Boiler* 

Net Power output (MW) 400 354.4 312.18 
Net plant efficiency (LHV) (%) 33 29.24 25.75 
Normalized efficiency relative to base case 1 0.8558 0.7805 
Energy penalty (%) - 11.39 21.95 
   
CO2 emissions (kg/s) 70.3 7.3 
Specific CO2 emissions (g/kWh) 632.73 71.42 81.08 
Avoided CO2 emissions (g/kWh) - 561.31 551.65 
Specific total CO2 emissions (g/kWh) 632.73 714.03 810.67 
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COCO22 capture capture costscosts

COCO22 capture system base capture system base costscosts
 Boiler (Low COP) Boiler (High COP) 
Equipment (k€) 91 000 100 500 
Commodities (k€) 18 000 20 000 
Others (k€) 73 000 80 500 
Total (k€) 182 000 201 000 

The specific investment cost for the COThe specific investment cost for the CO22 capture would be respectively capture would be respectively 
582.4582.4 and 567.7and 567.7 €/€/kWekWe on the new power output basison the new power output basis

 Boiler (Low COP) Boiler (High COP) 
Specific investment cost (€/kWe) 582.4 567.7 
Capital investment cost (€/ton CO2 avoided) 4.5 5 
Incremental COE: Capital investment (€ cents/kWh) 0.331 0.322 
Incremental COE: O&M (€ cents/kWh) 0.22 0.19 
Incremental COE: Fuel (€ cents/kWh) 0.49 0.22 
Total Incremental COE (€ cents/kWh) 1.043 0.742 
Mitigation cost (€/ton CO2 avoided) 18.89 13.21 

 

COCO22 capture capture systemsystem operatingoperating costscosts

For a power plant lifetime of about 30 years with a 67% dutyFor a power plant lifetime of about 30 years with a 67% duty
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ConclusionsConclusions

A new low temperature system has been designed and a mock up A new low temperature system has been designed and a mock up 
has been builthas been built

Calculations and experimental results show that this low Calculations and experimental results show that this low 
temperature refrigerating system can compete with other COtemperature refrigerating system can compete with other CO22
capture processes and is particularly well adapted for COcapture processes and is particularly well adapted for CO22 capture capture 
on coalon coal--fired boilersfired boilers

The reduction in electricity conversion efficiency is limited anThe reduction in electricity conversion efficiency is limited and is d is 
comprised between comprised between 4.54.5 and and 7.2%.7.2%.

This water condensation can be used for capturing other minor This water condensation can be used for capturing other minor 
species such as NOx, and possibly heavy metalsspecies such as NOx, and possibly heavy metals

One of the possible design is to integrate the flue gas desulfurOne of the possible design is to integrate the flue gas desulfurization ization 
in the COin the CO22 capture process at low temperaturecapture process at low temperature
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PerspectivesPerspectives

OperateOperate a second a second mockmock--upup version of version of thethe COCO22 capture capture processprocess for for 
about 4000 habout 4000 h

Fine tune Fine tune thethe blendblend choicechoice for long for long runsruns andand severalseveral ambientambient
temeraturestemeratures

OperateOperate thethe integratedintegrated cascade cascade withwith expandersexpanders

COCO22/SO/SO22 coco--capture testscapture tests

IntegrationIntegration of of thethe HH22O, COO, CO22, SO, SO22 captures in an efficient global captures in an efficient global 
design for a design for a givengiven power plantpower plant

DemonstrationDemonstration unitunit


