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dioxide rich flue gas; and a closed loop (80) connected to the drier(s) (75, 78) for regeneration of desiccants of the drier(s) wherein
the NOx gases are removed substantially separately from the water vapour. The invention pertains also to a method for removing the
NOx gases substantially separately from the water vapour.



WO 2012/120360 PCT/IB2012/000420

SYSTEM AND METHOD FOR LOW NOX EMITTING REGENERATION OF
DESICCANTS

FIELD OF INVENTION

[0001] The present invention relates generelly to the reduction of nitrogen
oxides from flue gas. Particularly, the present invention relates to a system for low
NOx emitting regeneration of desiccants. The present invention further relates to a
method of regeneration of desiccants with low NOx emitting.

BACKGROUND OF THE INVENTION

[0002] In the combustion of a fuel, such as coal, oil, peat, waste, etc., in a
combustion plant, such as a power plant, a hot process gas is generated, such
process gas containing, among other components, carbon dioxide CO5.
With increasing environmental demands various processes for removing carbon
dioxide from the process gas have been developed. One example of such a process
is the so called oxy-fuel process. In an oxy-fuel process a fuel, such as one of the
fuels mentioned above, is combusted in the presence of a nitrogen-lean gas. In the
oxy-fuel combustion process a carbon dioxide rich flue gas is produced, which can
be disposed of in order to reduce the emission of carbon dioxide. The carbon dioxide
rich flue gases may also comprise contaminating gases, for example NOx gases.
These contaminants shall also be removed. There are different methods available for
removal of the nitrogen oxides from a gas flow, for example the NOx gases can be
removed by using GPU offgas or by using a so called DeNOx unit, acting by catalytic
reduction.

[0003] US 6 146 605 describes methods like selective catalytic reduction
(SCR) and selective non-catalytic reduction (SNCR), and combinations thereof, for
reduction of NOx in flue gases. The NOx gases are herein removed by using
ammonia (NH3) as a reducing agent. This system is not connected to a system for
regeneration of dessicants.

[0004] In US 4 533 365 the gas containing NOx gases is separated by a
molecular sieve and recycled into the system.

[0005] In previous used systems for regeneration of drying desiccants
contaminants, like NOx gases, are coadsorbed. When the desiccants then were
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regenerated the NOx gases were also released, which resulted in disadvantageous
concentration peaks of NOx in the regeneration offgas.

[0006] Therefore there is a need to solve the problem to avoid emitting or
substantially avoid emitting NOx when regeneration of desiccants.

SUMMARY OF THE INVENTION

[0007] An object of the present invention is to provide a system for purification
of a carbon dioxide rich flue gas generated in a boiler combusting a fuel in the
presence of a gas containing oxygen, and being contaminated by NOx gases.

[0008] An embodiment of the invention is a system for purification of a carbon
dioxide rich flue gas generated in a boiler combusting a fuel in the presence of a gas
containing oxygen, and being contaminated by NOx gases, wherein the system
comprising

one or more gas drier(s) comprising desiccants for removal of at least a
portion of water content of the further compressed carbon dioxide rich flue gas;

a closed loop connected to the drier(s) for regeneration of desiccants of the
drier(s) wherein the NOx gases are removed substantially separately from the water
vapour.

[0009] The system according to the invention generates only a low
regeneration offgas stream which is an environmental advantage. Further, also the
NOx emissions are reduced in comparison with known methods and also the peak
emissions of NOx gases are avoided by the system.

[0010] Another advantage of the system is that the losses of CO; are reduced,
less than 0.2 % by volume are lost in the system according to the invention.

[0011] An embodiment of the invention is a system for purification of flue gas
as above wherein the closed loop comprises a gas scrubber operating with a
washing medium able to absorb the NOx gases removed from the drier during
regeneration.

[0012] An embodiment of the invention is a system for purification of carbon
dioxide rich flue gas as above wherein the water desorbed from the drier will be

condensed in the scrubber.
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[0013] In the system for purification of carbon dioxide rich flue gas according
to the invention wherein the pH of the washing medium may be suitable adjusted to
maximise washing of the gas.

[0014] An embodiment of the invention is a system for purification of carbon
dioxide rich flue gas wherein the pH is suitably adjusted by adding a base selected
from the group of ammonia (NH3) and alkali hydroxide, like sodium hydroxide
(NaOH).

[0015] Preferably one or more driers are connected in series, which open up
for batch-wise regeneration of the driers. The closed loop for regeneration may
continuously be connected to a gas drier ready for regeneration of its desiccants.

[0016] An embodiment of the invention is a system for purification of carbon
dioxide rich flue gas as above wherein the system is working batch-wise.

[0017] An advantage of operating batch-wise is that the system may be
optimised and that the overall heat input into the system is reduced due to optimised
process sequence.

[0018] An object of the invention is to provide a method for purification of
carbon dioxide rich flue gas generated in a boiler combusting a fuel in the presence
of a gas containing oxygen, from contaminants, comprising the sequence of steps:

a) drying a carbon dioxide rich flue gas by adsorption of water to the drier bed
under coadsorption of NOx;

b) isolating the drier from the overall process;

c) pressure equalising of the regeneration loop by connecting the drier to the
closed loop whereby a substantially amount of the NOx gases is desorbed from the
desiccant;

d) elevating the temperature of the drier whereby water vapour is desorbed
from the dessicant,

e) washing the regeneration gas loaded with water and NOx in a gas scrubber
comprising a washing medium, whereby the NOx gases are removed and water
vapour is condensed into the washing medium;

f) cooling the regenerated drier and venting the humid regeneration gas by
refilling the system with CO; rich gas from the dried process stream;

g) isolating the drier from the closed loop when the cooling step is finished;
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h) repressurization the drier to the process pressure using the dried process
gas; and optionally

i) bringing the regenerated drier on-stream when the other drier bed is loaded.

[0019] The step i) is performed when two or more driers are connected in
serie or in parallel (as shown in Fig 3).

[0020] In step m) the pressure of the drier is prefereably about 30-40 bar.

[0021] An embodiment of the invention is the method described hereinabove
wherein the washing step e) includes the following sequence of steps:

ei) venting the surplus of gases to keep the pressure in the heated system;

eii) increasing the pressure of the regeneration gases using a blower or
compressor to compensate pressure losses in the system,

eiii) reheating the regeneration gases after water and NOx removal.

eiv) reintroduction of the flue gas, substantially free from water vapour and the
contaminating NOx gases, to the drier; and

ev) isolating the scrubber when the desorption step is finished.

[0022] In an embodiment of the invention a method as above is provided
wherein the pressure is kept by venting the surplus of gases to keep the pressure in
the heated system at a suitable level.

[0023] In an embodiment of the present method the pressure of the
regeneration gases may be increased. The pressure may be increased by using
suitable means to compensate the pressure losses of the system. Suitable means
may be, for example, a blower or compressor.

[0024] According to one embodiment of the method the regeneration gases
are heated after the removal of water and NOx.

[0025] Then the flue gas, substantially free from water vapour and the
contaminating NOx gases, is reintroduced to the drier.

[0026] After finalised desorption step, the gas scrubber is isolated from the
drier included in the closed loop.

[0027] An embodiment of the invention is a method wherein the closed loop is
keep at a pressure of about 15-25 bar before pressure equalising in step c).

[0028] The washing medium as is circulated in the gas scrubber is water,
optionally having an adjusted pH of about 5. The pH may be adjusted by adding a
base, typically a base selected from ammonia (NH3), or sodium hydroxide (NaOH).

4
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[0029] An embodiment of the invention is a method wherein the desorbed
water condenses in the gas scrubber, into the washing medium.

[0030] In an embodiment of the method of the invention wherein the pressure
is kept above around 2 bar, preferably above around 10 bar.

[0031] An advantage of the method is that degradation of the desiccant
caused by low temperature during depressurisation may be minimised.

[0032] The step c) of the method described above may also comprise a step
of heating the regeneration flue gas, preferably to a temperature of 160 to 230 °C.

[0033] In addition, the method may comprise a step wherein the temperature
of the flue gas in step d) may be additionally raised in order to remove the water from
the drier. However, the temperature shall be kept within the intervall of 160 to 230
°C.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The invention will now be described in more detail with reference to the
appended drawings in which:

[0035] Fig.1 is a schematic side view of a boiler system.

[0036] Fig. 2 is a schematic side view of a gas compression and purification
unit.

[0037] Fig. 3 is a schematic side view of the gas drier unit with a closed loop.

[0038] Fig 4. is a schematic side view of a prior art regeneration unit.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0039] The gas for regeneration may comprise a mixture of inert gases as
contaminants, such as CO,, Nz, O, Ar etc. and flue gas and steam.

[0040] During the step of condensation of the steam into liquid it is important
to maintain the pressure of at least 10 bar. This is obtained by adding inert gas,
preferably by adding the inert gas before the regeneration gas blower.

[0041] Fig. 1 is a schematic representation of a boiler system 1, as seen from
the side thereof. The boiler system 1 comprises, as main components, a boiler 2,
being in this embodiment an oxy-fue!l boiler, a steam turbine electric power
generation system, schematically indicated as 4, and a gas cleaning system 6. The
gas cleaning system 6 comprises a particulate removal device, which may, for
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example, be a fabric filter or an electrostatic precipitator 8, and a sulphur dioxide
removal system, which may be a wet scrubber 10.

[0042] A fuel, such as coal, oil, or peat, is contained in a fuel storage 12, and
can be supplied to the boiler 2 via a supply pipe 14. An oxygen gas source 16 is
operative for providing oxygen gas in a manner which is known per se. The oxygen
gas source 16 may be an air separation plant operative for separating oxygen gas
from air, an oxygen separating membrane, a storage tank, or any other source for
providing oxygen gas to the boiler system 1. A supply duct 18 is operative for
forwarding the produced oxygen gas, comprising typically 90-99.9 vol.% oxygen, O,
to the boiler 2. A duct 20 is operative for forwarding re-circulated flue gas, which
contains carbon dioxide, to the boiler 2. As indicated in Fig. 1, the supply duct 18
joins the duct 20 upstream of the boiler 2, such that oxygen gas and re-circulated
flue gas, which contains carbon dioxide, may become mixed with each other to form
a gas mixture containing typically about 20-50 % by volume of oxygen gas, the
balance being mainly carbon dioxide and water vapour, upstream of the boiler 2.
Since almost no air enters the boiler 2 there is almost no nitrogen gas supplied to the
boiler 2. In practical operation, less than 3 % by volume of the gas volume supplied
to the boiler 2 is air, which mainly enters the boiler system 1 as a leakage of air via,
for example, the boiler 2 and the gas cleaning system 6. The boiler 2 is operative for
combusting the fuel, that is to be supplied via the supply pipe 14, in the presence of
the oxygen gas, mixed with the recirculated flue gas, which contains carbon dioxide,
that is to be supplied via the duct 20. A steam pipe 22 is operative for forwarding
steam, that will be produced in the boiler 2 as a result of the combustion, to the
steam turbine electric power generation system 4, which is operative for generating
power in the form of electric power.

[0043] A duct 24 is operative for forwarding carbon dioxide rich flue gas
generated in the boiler 2 to the dust removal device 8. By “carbon dioxide rich flue
gas” is meant that the flue gas leaving the boiler 2 via the duct 24 will contain at least
40 % by volume of carbon dioxide, CO,. Often more than 50% by volume of the flue
gas leaving the boiler 2 will be carbon dioxide. Typically, the flue gas leaving boiler 2
will contain 50-80 % by volume of carbon dioxide. The balance of the “carbon dioxide
rich flue gas” will be about 15-40% by volume of water vapour (H20), 2-7 % by
volume of oxygen (O.), since a slight oxygen excess is often preferred in the boiler 2,

6
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and totally about 0-10 % by volume of other gases, including mainly nitrogen (N2)
and argon (Ar), since some leakage of air can seldom be completely avoided.

[0044] The carbon dioxide rich flue gas generated in the boiler 2 may typically
comprise contaminants in the form of, for example, dust particles, hydrochloric acid,
HCI, sulphur oxides, SOx, and heavy metals, including mercury, Hg, that should be
removed, at least partly, from the carbon dioxide rich flue gas prior to disposing of
the carbon dioxide.

[0045] The dust removal device 8 removes most of the dust particles from the
carbon dioxide rich flue gas. A duct 26 is operative for forwarding the carbon dioxide
rich flue gas from the fabric filter 8 to the wet scrubber 10 of the gas cleaning system
6. The wet scrubber 10 comprises a circulation pump 28 which is operative for
circulating, in a slurry circulation pipe 30, an absorption liquid, comprising for
example lime stone, from the bottom of the wet scrubber 10 to a set of nozzles 32
arranged in the upper portion of the wet scrubber 10. The slurry nozzles 32 are
operative for finely distributing the absorption liquid in the wet scrubber 10 to achieve
good contact between the absorption liquid and the flue gas being forwarded to the
wet scrubber 10 via the duct 26 and flowing substantially vertically upwards inside
the wet scrubber 10 to effect efficient removal of sulphur dioxide, SO, and other acid
gases from the carbon dioxide rich flue gas.

[0046] An at least partly cleaned carbon dioxide rich flue gas leaves the wet
scrubber 10 via a duct 34 which forwards the flue gas to a gas splitting point 36,
where the at least partly cleaned carbon dioxide rich flue gas is divided into two
flows, namely a first flow, which via the duct 20 is re-circulated back to the boiler 2,
and a second flow, which via a duct 38 is forwarded to a gas purification system in
the form of a gas compression and purification unit (GPU) 40 of the boiler system 1.
In the GPU 40 the cleaned carbon dioxide rich flue gas is further cleaned and is
compressed for disposal. Compressed carbon dioxide hence leaves the GPU 40 via
a duct 41 and is transported away for disposal, which is sometimes referred to as
“CO, sequestration”. The first flow, which is re-circulated back to the boiler 2 via duct
20, typically comprises 50 - 75% by volume of the total flow of the partly cleaned
carbon dioxide rich flue gas leaving the wet scrubber 10. The second flow, typically
comprising 25 - 50% by volume of the total flow of the partly cleaned carbon dioxide
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rich flue gas leaving the wet scrubber 10, is, hence, forwarded, via the duct 38, to the
GPU 40, which will be described in more detail hereinafter.

[0047] Fig. 2 illustrates the GPU 40 in more detail. It will be appreciated that
the illustration of Fig. 2 is schematic, and that a GPU may comprise further devices
for gas purification etc.

[0048] The GPU 40 comprises at least one compressor having at least one,
and typically two to ten compression stages for compressing the cleaned carbon
dioxide rich flue gas. Each compression stage could be arranged as a separate unit.
As alternative, and as illustrated in Fig. 2, several compression stages could be
operated by a common drive. The GPU 40 of Fig. 2 comprises a compressor 40’
having a first compression stage 42, a second compression stage 44, and a third
compression stage 46. The first to third compression stages 42, 44, 46 form together
a low pressure compression unit 48 of the GPU 40. The compression stages 42, 44,
46 are connected to a common drive shaft 50 which is driven by a motor 52 of the
compressor 40'.

[0049] The GPU 40 may comprise at least one gas purification system inter-
cooling. The GPU 40 may also comprise a mercury adsorption unit 54 which is
arranged downstream of one of the compression stages 42, 44, 46. In the
embodiment of Fig. 2, the mercury adsorption unit 54 is arranged downstream of the
third compression stage 46, i.e., downstream of the low pressure compression unit
48. It will be appreciated that the mercury adsorption unit 54 could also have been
arranged downstream of the first compression stage 42, or downstream of the
second compression stage 44. It is also possible to arrange more than one mercury
adsorption unit 54 in the GPU, for example a mercury adsorption unit downstream of
the second compression stage 44, and a mercury adsorption unit 54 downstream of
the third compression stage 46. Still further, it is also possible to arrange an
intercooling unit 56, having the intercooling functionality of the inter-cooling and
mercury adsorption unit 54 but lacking the mercury adsorption functionality thereof,
downstream of some, or all, of those compression stages that have no inter-cooling
and mercury adsorption unit 54 arranged downstream thereof. Hence, intercooling
units 56 may be arranged downstream of the first, and second compression stages
42, and 44 of the GPU 40 of Fig. 2. One such optional intercooling unit 56 is
illustrated downstream of the first compression stage 42.

8
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[0050] The cleaned carbon dioxide rich flue gas enters the GPU 40 via the
duct 38 and is introduced into the first compression stage 42. A duct 58 forwards,
optionally via the intercooling unit 56, the compressed gas from the first compression
stage 42 to the second compression stage 44. A duct 60 forwards, optionally via a
not shown intercooling unit, the compressed gas from the second compression stage
44 to the third compression stage 46. A duct 62 forwards the compressed gas from
the third compression stage 46 to the inter-cooling and mercury adsorption unit 54.

[0051] The main parts of the mercury adsorption unit 54 are, a mercury
adsorber 66, and a gas drier unit 70. The mercury adsorber operates for removing at
least a portion of the mercury content of the compressed gas.

[0052] The gas drier unit 70 serves to remove at least a portion of the content
of water vapour of the compressed CO; rich flue gas. The parts of the gas drier unit
will be described in more detail hereinafter with reference to Fig. 3.

[0053] The gas drier unit 70 comprises one or more gas driers, connected in

[0054] serie or in parallel (as shown in Fig 3).No matter which system, each of
them shows the feature that at least one drier can be taken out of operation (in Fig 3
is drier 75 taken out of operation) while at least one drier of the other driers (drier 78
in Fig 3) is on-line in order to ensure continuous operation.

[0055] The driers contain a suitable desiccant for absorbing the water from

[0056] the carbon dioxide rich flue gas. Any desiccant is suitable for the
system and method of the invention, preferred desiccants may be selected from
molecular sieve, silica gel, zeolite and equivalents to those.

[0057] To the gas drier(s) is a closed loop 80 for regeneration of desiccants
connected.

[0058] The cleaned carbon dioxide rich flue gas comprising water vapour, the
wet flue gas, and traces of contaminants enters the GPU 40 via the duct 67. The flue
gas is forwarded through the drier.

[0059] The duct 67 forwards the flue gas to a splitting point

[0060] The duct 82 forwards the flue gas comprising water vapour and NOx

[0061] gases to the gas scrubber 84 wherein the gas meets a washing
medium back-stream. The washing medium, for example water with adjusted pH, is
fed to the top of the gas scrubber via suitable means 92, such as a pump.
Adjustment of temperature is made via a recycle cooler 94. The washing medium

9
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may also be forwarded from the washing loop to waste water treatment via a duct
91. The regeneration of the water loaded driers follows the following sequence of
steps:

a) drying a carbon dioxide rich flue gas by adsorption of water to the drier bed,;
the drier 75 is loaded to the adsorption limit with water, which also will be the starting
point of the regeneration procedure, at this point the drier is also loaded with NOx
due to the coadsorption;

b) the drier is isolated from the process described in Fig 2, by closing the
valve 69;

¢) pressure equalising of the regeneration loop by connecting the drier to the
closed loop by opening a not shown valve, whereby the NOx gases partly desorb
from the desiccant; the NOx gases are forwarded to the gas scrubber 84 via the duct
82,

d) elevating the temperature of the drier 75 whereby the water vapour is
desorbed from the desiccant; the flue gas comprising the desorbed water vapour is
forwarded to the gas scrubber 84 via the duct 82;

e) the water and NOx loaded regeneration gases is washed in the gas
scrubber 84 comprising a washing medium, whereby the NOx gases are removed
and water vapour is condensed into the washing medium;

ei) venting the surplus of gases to keep the pressure in the heated system;

eii) increasing the pressure of the recirculating portion of the regeneration
gases using a blower or compressor to compensate pressure losses in the system;

eiii) reheating the regeneration gases in the regeneration heater 86, after
water and NOx removal;

eiv) reintroduction the flue gas, substantially free from water vapour and the
contaminating NOx gases, to the drier, forwarded in the duct 87,

ev) isolating the gas scrubber when the desorption step is finished by closing
valves;

f) cooling the regenerated drier 75 and vent the humid regeneration gas by
refilling the system with CO; rich gas from the dried process stream and forwarded
via duct 87,

g) isolating the drier when the cooling step is finished by closing valves (not

shown);

10
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h) the drier 75 is again pressurised to the pressure of the overall process,
preferably to a pressure of 30-40 bar, using the dried process gas;

i) the regenerated drier is brought on-stream when the other drier bed is loaded.

[0062] The pH of the washing medium is adjusted by adding a base, typically
selected from ammonia (NH3), caustic soda (NaOH), but the list is not exhaustive to
these.

[0063] The duct comprises, before the drier, a valve with which the
regeneration gas drier unit 80 is connected or disconnected to the duct 67.

[0064] A gas splitting point is preferably placed before the drier 75.

[0065] The regeneration flue gas is forwarded to the gas scrubber unit via a
duct 82 from the gas drier 75.

[0066] In the gas scrubber 84 the regeneration flue gas is introduced in the
bottom of the adsorber (via duct 82) and forwarded back-stream the washing
medium which is introduced in the top of the gas drier.

[0067] The washing medium, for example water, is recycled in a loop with a
recycle pump 92. Temperature of the washing medium is adjusted via a recycle
cooling system 94. The washing medium passing the gas scrubber may be
forworded via a duct 91 to further waste water treatment.

[0068] The regeneration flue gas forwarded from the gas scrub back to the
drier contains some amounts of nitrogen oxide gases and water vapour and some
amounts of nitrogen oxide gases.

[0069] The regeneration flue gas from the gas scrubber is recycled to the
drier, optionally by a gas blower, compressor or other similar means.

[0070] The regeneration flue gas passing the drier unit 70 is then transported
to a CO;, liquefaction unit and/or further units of the GPU.

[0071] The gas drier unit 75, when connected to the process via duct 67 is
kept under a higher pressure than the closed loop for regeneration is operating at.
The pressure kept in the gas drier unit 75 and in the process is about 30 — 40 bar
before the closed regeneration loop 80 is connected to the gas drier.

[0072] The system comprising the gas drier 75 and the connected closed
regeneration loop 80 is kept at a pressure of 15 — 25 bar.

[0073] The nitrogen oxide gases are released in substantially amounts as the
first component forwarded to the regeneration loop.

11



WO 2012/120360 PCT/IB2012/000420

[0074] The regeneration gas forwarded from the driers in the gas drier unit
may be combined with the gas re-circulated from the gas scrubber.

[0075] A duct 72 forwards the compressed gas, from which at least a portion
of its mercury content, and at least the major part of the water vapour content has
been removed, from the dryer unit 70 to optional further units of the GPU 40 (shown
in Fig 2). Examples of such optional further units of the GPU 40 include a non-
condensable gas removal unit, for example a CO; liquefaction unit 73, in which the
gas is cooled in a heat-exchanger, often called a cold-box, to cause liquefaction of
the carbon dioxide such that the carbon dioxide can be separated from gases, such
as nitrogen, that are not liquefied at the same temperature as carbon dioxide.
Furthermore, the GPU 40 may comprise a high pressure compression unit 74
arranged downstream, as seen with respect to the transport direction of the carbon
dioxide, of the CO; liquefaction unit 73, and comprising one or more compression
stages for compressing the carbon dioxide to a suitable pressure for sequestration.
After compression of the gas in the high pressure compression unit 74, the
compressed carbon dioxide, which may be in a supercritical or liquid state, is
forwarded, via duct 41, to a CO. sequestration site 76.

[0076] Fig 4. Shows as a prior art system for NOx removal system comprising
two driers. When the gas drier 112 in this system will be regenerated it is
disconnected the process system via the valve. The regeneration flue gas flue gas is
separated from the water vapour. The water vapour is condensed and forwarded for
further treatment of waste water via duct 126.

[0077] The regeneration flue gas is forwarded from the drier 112 via duct 122
to the regeneration gas separator 124 via a duct to the unit 125 for separating the
NOx gases, a DeNOx unit. The NOx gases are herein transformed into nitrogen gas
by a process which can be catalytic. During the separation of the NOx gases, the
gas is released which leads to concentration peaks in the regeneration offgas.
When the drier 112 is treated, depressurized and flushed, after finalised
regeneration there is a loss of CO, of the treated stream. This loss can be up to 3 %
of CO,.

[0078] While the invention has been described with reference to a number of
preferred embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof

12
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without departing from the scope of the invention. In addition, many modifications
may be made to adapt a particular situation or material to the teachings of the
invention without departing from the essential scope thereof. Therefore, it is intended
that the invention not be limited to the particular embodiments disclosed as the best
mode contemplated for carrying out this invention, but that the invention will include
all embodiments falling within the scope of the appended claims. Moreover, the use
of the terms first, second, etc. do not denote any order or importance, but rather the
terms first, second, etc. are used to distinguish one element from another

13



WO 2012/120360 PCT/IB2012/000420

CLAIMS

1. A system for purification of a carbon dioxide rich flue gas generated in
a boiler (2) combusting a fuel in the presence of a gas containing oxygen, and being
contaminated by NOx gases, wherein the system comprising

one or more gas drier(s) (75, 78) comprising desiccants for removal of at least
a portion of water content of the further compressed carbon dioxide rich flue gas;
and

a closed loop (80) connected to the drier(s) for regeneration of desiccants of
the drier(s) wherein the NOx gases are removed substantially separately from the
water vapour.

2. A system for purification of flue gas according to claim 1 wherein the
closed loop (80) comprises a gas scrubber (84) operating with a washing medium
able to absorb the NOx gases removed from the drier during regeneration.

3. A system for purification of carbon dioxide rich flue gas according to
any of claims 1 and 2 for wherein the water desorbed from the drier will be
condensed in the gas scrubber (84).

4. A system for purification of carbon dioxide rich flue gas according to
any of claims 1 to 3 wherein the pH of the washing medium is suitable adjusted to
maximise washing of the gas.

5. A system for purification of carbon dioxide rich flue gas according to
any of claims 1 to 4 wherein the pH is suitably adjusted by adding a base selected
from the group of ammonia (NH3) and alkali hydroxide, like sodium hydroxide
(NaOH).

6. A system for purification of carbon dioxide rich flue gas according to
any of claims 1 to 5 wherein the system is working batch-wise.

7. A method for purification of carbon dioxide rich flue gas generated in a
boiler (2) combusting a fuel in the presence of a gas containing oxygen, from
contaminants, comprising the sequence of steps:

a) drying a carbon dioxide rich flue gas by adsorption of water to the drier
bed under coadsorption of NOXx;

b) isolating the drier from the process;

14
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C) pressure equalising of the regeneration loop by connecting the drier to
the closed loop whereby a substantially amount of the NOx gases is desorbed from
the desiccant;

d) elevating the temperature of the drier whereby also water vapour is
desorbed from the dessicant;

e) washing the regeneration gas loaded with water and NOx in a gas
scrubber comprising a washing medium, whereby the NOx gases are removed and
water vapour is condensed into the washing medium; and

f) cooling the regenerated drier and valve the humid regeneration gas by
refilling the system with CO; rich gas from the dried process stream;

g) isolating the drier when the cooling step is finished,;

h) repressurization of the drier to the process pressure (most prefereably
30 -40 bar) using the dried process gas; and optionally

i) bringing the regenerated drier on-stream when the other drier bed is
loaded.

8. A method according to claim 7 wherein the washing step e) comprises
the following steps:

ei)  venting the surplus of gases to keep the pressure in the heated system;

eii)  increasing the pressure of the regeneration gases using a blower or
compressor to compensate pressure losses in the system;

eiii) reheating the regeneration gases after water and NOx removal.

eiv) reintroduction of the flue gas, substantially free from water vapour and
the contaminating NOx gases, to the drier; and

ev) isolating the scrubber when the desorption step is finished.

9. A method according to any of claims 7 and 8 wherein the closed loop is
at a pressure of about 15-25 bar before pressure equalising in step c).

10. A method according to any of claims 7 to 9 wherein the washing
medium is water, optionally having pH adjusted to about 5.

11. A method according to any of claims 7 to 10 wherein the pH is
adjusted by adding a base, typically a base selected from ammonia (NH3;), or sodium
hydroxide (NaOH).

12. A method according to any of claims 7 to 11 wherein the desorbed

water condenses in the gas scrubber.

15



WO 2012/120360 PCT/IB2012/000420

13. A method according to any of claims 7 to 12 wherein the pressure is
kept above around 2 bar, preferably above around 10 bar.

14. A method according to any of claims 7 to 13 wherein step ¢) also
comprising heating the regeneration flue gas, preferably to a temperature of 160 to

230 °C.
15. A method according to any of claims 7 to 14 wherein the temperature of

the flue gas in step d) may be additionally raised in order to remove the water from

the drier.
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