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> Absorption is the most widely spread technological approach for CO, capture

» Advantages of chemical absorption include
U Reliance on established technologies
U Capacity to be retrofitted to existing power plants/industrial plants with minimal modifications

O Carbon Capture processes based on chemical absorption (with conventional amine solvents)
are currently at a Technology Readiness Level (TRL) of 6-8

» Types of absorption applied are:
U Chemical adsorption
v Use of amine-based solvents
v' Use of inorganic solvents (Caustic Soda, Potassium Carbonate, etc.)
v Ammonia-based processes (Chilled Ammonia Process)

U Physical absorption
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Diagram of employed technologies as a function of CO, inlet and outlet partial pressures
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Cyclic absorption and desorption (stripping) of CO, usually by temperature swing

> High CO, absorption capacities between 90-95% have been reported in the literature and have been

demonstrated during various plant campaigns

»  The high absorption rate comes with a cost which is the high energy, usually in the form of supplied heat, that

is required for the stripping of the CO, and regeneration of the amine solvent

» Various types of amines or amine blends, as well as process modifications, have been employed in order to

minimize the energy penalty associated with the amine regeneration

» The use of Monoethanolamine (MEA) is considered the baseline standard for post combustion carbon capture
CO, + 2RNH, & RNH,* + RNHCOO- (fast)

CO, + RNH, + H,0 & RNH,* + HCO, (slow)
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Absorption with Amine-based Solvents

Typical flow diagram of an amine-based CO, capture plant
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» A packed tower that is used to perform the following functions:

v' Cool down the exhaust gas to temperatures between 30-50 °C

Cooled

v" Remove almost completely the SOx contained in the exhaust gas exhaust
gas

v Remove a large portion of particulate matter

DCC

>  Direct analog to a marine SOx scrubber:

v Seawater solution, or w

|
v Mild NaOH solution HoESKiansg NaOH

gas fan

Cooling water
bleed off
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A marine vessel may have a pre-installed SOx scrubber

» In this case both SOx removal and temperature reduction may be

achieved without the implementation of a DCC Cooled
exhaust
» However, exact temperature control of the exhaust gas entering the gas

absorber is required to maintain the water balance without

compromising the CO, absorption capacity of the amine DCC

»  Thus, interaction between the two systems (SOx scrubber & CCS)

is required for the later to operate effectively 4{))‘0@_“

Hot exhaust '
gas fan NaOH

Cooling water
bleed off
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> Itis the location where the amine comes in direct contact with the cooled CO:z depleted exhaust gas

exhaust gas and CO, is absorbed 1

» Lean amine (low CO, content) flows from the top side of a countercurrent ‘ |
column and is brought to intimate contact with the exhaust gas coming e
from the bottom Water F—= & —
washes - :
»  Either a packed bed or a tray tower are employed to provide a large — |
i - . . — ¥/ 2
surface area which facilitates the absorption of CO, from the amine =2
solution === 5
Absorber £ Cold
> Rich amine (high CO, content) accumulates at the bottom side of the — lea-n
~== amine
absorber and CO, depleted exhaust gas exits from the top of the absorber " e
Cooled
exhaust

gas
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> Itis typical for an absorber employed in CO, capture to have one (1) or CO:z depleted exhaust gas

two (2) water wash sections at its top - side prior to the treated exhaust 1

gas outlet E;I
»  The role of these water wash sections is the following: - A
o - . Water [=— ~—>
v" Maintain the water balance within the absorber by cooling down the D,
washes - :
exhaust gas e !
V;‘} o
v Eliminate amine and other types of emissions -
Absorber < Cold
=== lean
‘ -
N amime
Cooled
exhaust

gas
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A packed tower where the rich in CO, amine solution is brought to

direct contact with steam generated from boiling the amine solution

» As aresult, CO, is released from the amine and flows to the top. W T—

Regenerated, lean in CO, amine solution, is accumulated at the

Cooler 48
@ ? Overhead
bottom Hotich Stripper/J\ condenser
amine R 2
> i . from el \@
It consists of two parts Py W 9]
v The bott ti tion ( lor) which - o st
e bottom regenerating section (orange color) whic
g g g N~ Reboiler
facilitates the release of captured CO, and regeneration of Hot lean .+ Condensate
amine
the amine solution to
Lean - Rich

HEX
v" The top rectifying section (blue color), where the major part

of the water vapor carried along with the CO, stream is

condensed and amine carryover is eliminated
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A reboiler is used to provide the sensible and latent heat required
to boil the amine solution that is accumulated at the bottom of the

stripper and supply the required stripping steam

» An overhead condenser exists at the stripper outlet to further

» Product CO2

reduce the water content of the product CO, and bring it as much Cooler  9©
. . e . ®© @ Overhead
as possible to the required product specifications gran Stﬁpper/'\ ﬁ] S
amine oY < =
from == < @ J
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Typically, a plate & frame heat exchanger used to exchange heat

between the hot lean in CO, amine coming from the stripper bottom

THE EXCELLENCE OF SIMPLICITY

and the cold rich in CO, amine coming from the absorber bottom Hot rich
Tri tog [ amine
» Itsrole is the following: nm Cooler to stripper
Cold lean
v Preheat as much as possible the rich in CO, amine, amine @ @‘ Lean - Rich
prior to its entry in the stripper to absorber HEX
v Cool down the lean amine prior to its entry in the absorber Coldrich _ ~~—* Hot lean
amine > amine
>  Atrim cooler is typically employed at the cold lean side to finetune from from
_ _ absorber stripper
the temperature of the lean amine entering the absorber
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It is a gas filter used only in cases where the exhaust gas has a significant

number of particulate matter

» Particulate matter is known to have a significant impact on amine
emissions, irrespective of the presence of water wash sections overhead

of the absorber, through water condensation and amine absorption
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It is a unit that can be used optionally in the CO, capture

process to eliminate Heat Stable Salts (HSS) that are
typically produced by the reaction of the amine with

components like SOx, NOx, Fe, O,, etc. Purified amine to
stripper sump

> These products accumulate over time in the solvent, they Lean amine slip - stream ——
cannot be eliminated within the stripper and they Water —Q_’—’
compromise the capacity of the amine to absorb CO2 Reclaimer

Steam

L

» The Thermal Reclaimer boils the amine solution at a high 4
temperature and the process is aided by the addition of NaOH—)  —€)
NaOH.

» The product of this operation is purified amine solvent as

well as a sludge that accumulates at the reboiler vessel
bottom and needs to be properly disposed
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»  Practical options for CO, storage include:

v Compression in gas form, or o -

l Superecritical (liquid)
} Dense phase

v Liquefaction 100 |

=]
S
L

»  Out of the above two options, liquefaction seems to be the most

practically feasible, because at typical liquefaction conditions CO,

Pressure (bar)
[=2)
o

Supercritical (gas)

H= = === == == == = = (Ctical point (73.77bar, 30.98°C)

state where CO, also has a possesses a relatively high density

Temperature (°C)
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density is significantly higher (similar to that of water) thus o [t
minimizing storage space requirements ’] Vapour
20 A ‘
>  Another option could be compression to the supercritical liquid ) /gﬁ;;om,mmm,c
-80 -60 -40 -20 0 20 40 60 80 100
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Typical flow diagram of a CO, liquefaction plant

System boundaries
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Typical storage conditions: 15-18 bar at temperatures between -25 & -30 °C

»  Typical power consumption: approximately 190-220 kW/ton CO, (half for compression and half for liquefaction)

»  Typically screw or piston compressors are employed and an ammonia-based refrigeration circuit

»  Oil-free compressors are also preferrable in order to avoid contamination of the CO, product with oil

> Removal of moisture down to 10ppm is imperative for trouble-free operation. Separated water is returned to the

CO, capture plant to maintain water balance.
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