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CO, capture principles (1)

The concept is based on cooling the flue gases from their initial
temperature (~ 60°C) to the CO, frosting temperature (~ -120°C).

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

The CO, triple point is at 520 kPa, -56.6°C

P (kPa) CO: Partial pressure versus temperature
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\ Concentration(% v/v 100 10 1 0,1
- Frogtingtemperature (°C) -78.5 -103.1 -121.9 -136.7
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CO, capture principles (2)
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AA” Cooling and water capture A’'B: Cooling untill the CO, frosting temperature

BC: CO, frosting and capture CD: Energy recovery from the CO,, defrosting 4
D\:\ recovery of the CO, melting




CO, Anti-sublimation
evaporators (mode 1)

Refrigerant
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CO, Anti-sublimation
evaporators (mode 2)
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Integrated cascade for CO, capture

e Integrated cascades (C.l.)

e Single compression stage
e Blend of refrigerants with low GWP

e Self-adapting in the case of variable
loads




Operational scheme
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Experimental results

Volumetric CO2 concentration in the Flue Gases

——[CO2]inlet
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Evolutioh,of the.CO, concentration at
the evaﬁo tor outlet for a 13% v/v
initial CO,, COx; centration achieving
90% capture\efficiency.
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[CO2] (%)

Evolution of the CO, concentration at
the evaporator outlet for a 3% v/v
initial CO, concentration achieving
90% capture efficiency.
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CO, frosting and defrosting

CO, frosting on evaporator fins
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CO, defrosting at -56.6°C, 520 kPa

10




400 MW Boiler Case study

N> CO; O, H,0O
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

o Qgiler flue gases at 60°C, 120 kPa.
e “Ambient conditions at 15°C temperature, 60% relative

\hxisit ~101.3 kPa pressure,
e Whi \give cooling water availability at the cooling tower
exit at\l °C

® [he CO, capture efficiency is considered at 90%.
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Cooling and electrical energies
needed for CO, frosting

The refrigerating systems can be evaluated by their COPSs, or cycle efficiency

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

Cooling ener gy Refrigerating Electrical energy Electrical
needed by the FG system COP (kJ/kg dFG) energy
(kJ/kg dFG) (kJ/kg COy)
CS1

from 50 to 23°C
CS2 HT High 19.7
from 23 t0 13.5°C ' Low 12.3
CS2LT High 9.9
from 13.5t0 3°C ' Low 6.2
Cooling High 2.8

to -40°C ' Low 1.75
Cooling High 0.91

to -120°C ' Low 0.57
High 0.91
Low 0.57

Defrosting

Auxiliaries

High
Low

Total

;~r~_ initiall concentration of 10%, the total energy consumption varies between
647.7 and 1248.6 kd/kg CO,

12




Energy consumption as a function of
the CO, concentration in the FG

Total Energy (kJ/kg CO2)
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= %@ of the curve is sharp at low CO, concentrations while it

smoothesat high CO, concentrations.

The anti&ﬁ}mat%n process can be used either at low or high CO,
@neentrationdaut, the energy penalty is significantly lower for
selcEnirations above 10%.




CO, / SO, co-capture

e The SO, triple point is at -75.5°C temperature, 1.67 kPa pressure

RS :
o_The ?GQ:ve the CO, capture evaporators at about -120°C in the

boilerca
o 'brhil;%ivx

o
ie‘x\sgz saturation pressure of about 0.006 kPa equivalent to
ent o

a SO, co

\about 170 mg/Nm? < 200 mg/Nm? required by the EU
regulation\

"




SO, capture energy

e The energy required for the SO, capture Is around 760 kJ/kg SO, If
a 65% efficiency is considered for the refrigeration systems.

e An initial SO, concentration of 0.37% Vv/v, gives a SO, capture
energy of 6.3 kJ/kg dFG while the CO,, capture energy Is around
146.6 kJ/kg dFG.

e The SO, capture energy represents about 4% of the total energy in the
case of the CO,/SO,, co-capture

RS
o Nl’ﬁonal specific investment cost for the SO, capture system
about 4% of the specific investment cost of the CO,
% thus equivalent to an additional 23 €/kWe if a 580
€/kWe Is S|d§w"ed for the CO, capture system

captur




CO, capture energy consumption
(400 MW Boiler case)

e Fora 33%, 400 MW boiler the CO, capture energy penalty would
reduce the conversion efficiency from 29.2% to 25.7%

Base case CO, capture
Boiler 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

CO, emissions (kg/s) 7.3

Specific CO, emissions (g/kWh) 71.42 81.08
Avoided CO, emissions (g/kWh) 561.31 551.65
Specific total CO, emissions (g/kwh) 714.03 810.67




CO, capture costs

e CO, capture system base costs
Boiler (Low COP) Boiler (High COP)

Equipment (k€) 91 000 100 500
Commodities (k€) 18 000 20 000
Others (KE) 73000 80 500
Total (k€) 182 000 201 000

The specific investment cost for the CO, capture would be respectively
582.4 and 567.7 €/kWe on the new power output basis

o COycapture system operating costs
N

Boiler (Low COP) Boiler (High COP)

Specific investment cost (€/kWe)
Capital investment cost (€/ton CO, avoided)
Incremental COE: Capital investment (€ cents/kWh)
Incremental COE: O&M (€ cents/kWh)
Incremental COE: Fuel (€ cents/kWh)
Total Incremental COE (€ cents/kWh)
Mitigation cost (€/ton CO, avoided)
‘V

[Eor a power plant lifetime of about 30 years with a 67% duty




Conclusions

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

Calculations and experimental results show that this low
temperature refrigerating system can compete with other CO,
capture processes and Is particularly well adapted for CO, capture
on coal-fired boilers

The reduction in electricity conversion efficiency is limited and is
comprised between 4.5 and 7.2%.

?ﬁ‘is ater condensation can be used for capturing other minor
spec%s \as NOx, and possibly heavy metals

One of the %@ design is to integrate the flue gas desulfurization
inithe CO, cap;ture process at low temperature




Perspectives

Operate a second mock-up version of the CO, capture process for
about 4000 h

Fine tune the blend choice for long runs and several ambient
temeratures

Operate the integrated cascade with expanders
CO,/SO, co-capture tests

.
T?rteg?.l{ion of the H,O, CO,, SO, captures in an efficient global

HESK(:\“&‘ given power plant
Demon ti>n\1{it




