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FEEDWATER STORAGE AND RECIRCULATION SYSTEM AND
METHOD

The invention relates to a feedwater storage and recirculation system and
method adapted for use in and to facilitate improved operation of a steam
turbine power plant that is provided with a post combustion carbon capture
system and to a steam turbine power plant having a post combustion
carbon capture system that incorporates such a recirculation system and

method.

Most of the energy used in the world today is derived from the combustion
of fossil fuels, such as coal, oil, and natural gas. Post-combustion carbon
capture (PCC) is a means of mitigating the effects of fossil fuel combustion
emissions by capturing CO, from large sources of emission such as
thermal power plants which use fossil fuel combustion as the power
source. The COzis not vented to atmosphere but is removed from flue
gases by a suitable absorber and stored away from the atmosphere. Other
industrial processes where similar principles might be applicable to
capture post-process CO, might include removal of CO2 generated in a
process cycle, for example removal of CO, from the process flow during

production of ammonia, removal of CO2 from a natural gas supply etc.

It is known that CO, can be separated from a gas phase, for example
being the flue gas of a thermal power plant, by means of absorption by
suitable absorption medium, for example absorbent in liquid phase,
typically in aqueous solution. Gas is passed through the absorption
medium under conditions of pressure and temperature optimised for
removal of substantially all the carbon dioxide. The purified gas is then
directed for further processing as necessary. The absorption medium rich
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in CO2is subjected to a stripping process to remove the COz2and

regenerate the absorption medium.

Typically this process involves regenerative heating of the medium. The
COgrich medium is maintained at high temperature, which may be at or
near boiling point of an absorbent liquid phase under pressure. The heat
necessary is typically obtained when the system is used in association
with a thermal power plant by supplying steam from the LP turbine system.
At higher temperatures the medium will release the absorbed CO..
Regenerated medium may be drawn off for reuse. The released CO2 may
then be collected for example for sequestration. The condensate product
of the steam used to supply regenerative heat is returned to the steam

generation system.

The feed water storage tank in a regenerative feed heating cycle of a
thermal power plant maintains thermal equilibrium between water and
steam. It operates in conjunction with a deaerator which may be integral or
fluidly in series and under the same fluid conditions. With a conventional
feed water storage tank/ deaerator this function cannot be performed for
condensate returning from post combustion carbon capture plant or the
low pressure heaters since saturation pressure corresponding to lowered
temperature compared to downstream of low pressure feed water heaters

is lower than steam extraction pressure to deaerator.

It is desirable to develop a system and operational method by which
condensate returning from post combustion carbon capture plant can be
provided back into the regenerative feed heating cycle in such way that
heat generated in the carbon capture process can be utilized in the whole

cycle.
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In accordance with the invention there is provided a feed water storage
and recirculation system for a steam turbine power plant having a post-
combustion carbon capture plant which uses steam from the power plant
as a heat source for regeneration of absorbent and returns condensate
from the post-combustion carbon capture plant to the steam turbine power
plant.

The feed water storage and recirculation system comprises:

a feed water storage tank;

a deaerator integral to or fluidly in series with the feed water storage tank;
a steam extraction conduit to convey water/ steam to the feed water
storage tank and deaerator after extraction from a turbine of a steam
turbine power plant;

a feed water supply conduit to supply feed water from the feed water
storage tank to a boiler of a steam turbine power plant;

a low pressure condensate conduit comprising at least a PCC condensate
conduit to return condensate from an associated post-combustion carbon
capture plant to a location upstream of the deaerator, together with the
condensate returning through the low pressure feed water heaters from
the condenser;

a flow restrictor provided in the steam extraction conduit between the
turbine and the feed water storage tank and deaerator to achieve the
required pressure differential to enable the return of the condensate from
the PCC plant together with the condensate returning through the low

pressure feed water heaters from the condenser.

The general principles of the regenerate feed heating cycle which are
subject to modification in accordance with the invention will be familiar.
The steam extracted from the turbine is passed to a feed water storage

tank and deaerator, for example integral with the storage tank. The
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storage tank may include a suitable level control. The feed water storage
tank in the regenerative feed heating cycle maintains thermal equilibrium
between water and steam.

Process steam is drawn off to supply an associated post combustion
carbon capture plant with a source of motive power and/ or latent heat. In
particular, process steam is drawn off to regenerate lean absorbent in a
post-combustion carbon capture apparatus using absorbent medium such
as absorbent solution, for example to supply latent heat to a re-boiler for
lean solvent regeneration. Other supplies of auxiliary process steam may
be made available for example to the steam turbine auxiliary drive, and to

the reclaimer for maintaining solvent properties.

The condensate product of this process steam returned from the post-
combustion carbon capture plant is at a temperature which is lower than
the saturation temperature corresponding to the pressure in the feed water
storage tank which maintains thermodynamic equilibrium between water
and steam after being extracted from the steam turbine. Hence, the effect
of returning condensate at a point upstream of the deaerator would be to
lower the saturation pressure in the feed water storage tank from the

steam extraction pressure at the deaerator.

The same effect is encountered even if the return condensate from the
PCC Plant is made to transfer heat by means of an indirect contact heat
exchanger with a fluid stream taken as a tap-off from the main condensate
train (originating from the condenser hot well and flowing through the low
pressure heaters into the feed water storage tank/deaerator) and
subsequently returned to the main condensate train upstream of the
deaerator.
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A purpose of this invention is to address the problem of lowering the
saturation pressure in the feed-water storage tank as a result of the effect
of heat addition of the condensate returning from the post combustion
carbon capture plant, whether by direct mixing with the main condensate

train or by indirect contact heat exchange with the main condensate train.

In accordance with the invention a pressure differential has to be
maintained between the steam extraction pressure prevalent in the steam
turbine and the reduced saturated pressure necessary to maintain
equilibrium in the feed water storage tank corresponding to the reduced
temperature of the condensate returning from the post combustion carbon
capture plant, and optionally additionally other LP sources such as the low

pressure heaters.

The introduction of a flow restrictor in the extraction line to the deaerator
achieves the necessary pressure drop between the steam extraction
pressure prevalent in the steam turbine and the reduced saturated
pressure necessary to maintain equilibrium in the feed water storage tank
corresponding to the reduced temperature of the mixed condensate
returning from the low pressure heaters and post combustion carbon
capture plant. It thereby maintains the required level of liquid level in the
feed water storage tank for all regimes of operation due to varying
pressures of steam extraction as a function of load and variation of
temperature of the condensate returning from post combustion carbon

capture plant.

It is considered that introduction of the flow restricting device is necessary
for the operation of the regenerative feed heating cycle because the failure
to incorporate this device would drastically reduce the pressure in the

deaerator corresponding to a point much farther downstream in the steam
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turbine expansion line (towards the final stages of the low pressure steam
turbine). This prevents the expansion of steam for meaningful power
generation and results in exceeding the conventional design limits of
components for power generation thereby jeopardising the functional

integrity of power plant operation.

Any suitable flow restrictor can be incorporated into the steam extraction
conduit upstream of the feed water storage tank, provided that it can be
modulated to maintain the necessary pressure drop and thereby maintain
the required level of liquid in the feed water storage tank for all regimes of
operation. The flow restrictor is for example a valve. The flow restrictor
may for example be either a control valve, or a globe valve with a suitably
shaped and actuated plug, or a butterfly valve with a suitably shaped and
actuated disk, or a non-return valve with a suitably shaped and actuated

restriction.

By provision of such a flow restrictor, it becomes possible to recirculate the
condensate from the post-combustion carbon capture plant to a location
upstream of the deaerator in a manner which increases the heat rate
benefit and ensures that heat generated in the carbon capture process is

more effectively used in the whole cycle.

Advantageously, additional sources of low pressure condensate may
additional be supplied to a return point upstream of the deaerator, for
example as a mixture with condensate from the carbon capture plant via a
common low pressure condensate conduit or separately. Again, the
provision of the flow restrictor in the steam extraction conduit maintains
the required pressure differential to allow this. Suitable additional sources
of low pressure condensate might be condensate from the LP heaters,

condensate from a condenser extraction pump etc.
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At its broadest, the invention relates to a modified feed water storage and
recirculation system for use in the regenerative heating cycle of a steam
power plant which is modified by provision of a flow restrictor in the steam
extraction conduit. This enables the additional modification to supply low
pressure condensate, comprising at least condensate from the process
steam supplied to post-combustion carbon capture plant for example to be
used at least as a source of regenerative heat to the, to a location
upstream of the deaerator and for example to a feed water storage tank
with integral deaerator. The invention is not specifically limited to any
particular configurations of such an arrangement, which will be familiar to
those skilled in the art. In particular, the provision of additional features
known in prior art regenerative heating systems, an additional means to
combine the system of the invention into a thermal power plant, can be
envisaged within the scope of the invention.

In a second aspect, the invention may comprise a method of modification
of a feed water storage and recirculation system for the regenerative feed
heating cycle of a steam turbine power plant, comprising the steps of
incorporating a flow restrictor into the steam extraction conduit and
providing a conduit to return low pressure condensate at least comprising
condensate from an associated PCC system to a location upstream of the
deaerator feed associated with a feed water storage tank of the said feed
water storage and recirculation system (and for example to a feed water
storage tank with integral deaerator) to produce a system as above

described.

The invention is suitable for both green field projects and retro-fitting on a
brown field project. Substantial parts of existing plants can be left

untouched with no necessity for modification. In consequence in the
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preferred case the second aspect of the invention comprises a method of
after-market modification of existing plant in situ.

In accordance with a more complete third aspect of the invention there is
provided a steam turbine power plant having a post-combustion carbon
capture system which uses steam from the power plant for auxiliary
purposes and for example as a latent heat source for regeneration of
absorbent, the steam turbine power plant incorporating as part of its
regenerative feed heating cycle a feed water storage and recirculated
system in accordance with the foregoing.

Again, the person skilled in the art will be familiar with suitable power plant
and PCC plant systems. The invention is not particularly limited to any
such system, save that it requires that the absorbent medium used in the
PCC system is thermally regenerated and the source of heat for such
regeneration is steam from the turbine, the condensate product of which is
then recirculated in accordance with the principles of the first aspect of the

invention.

The post-combustion carbon capture system may for example comprise
an absorber column where COz is separated from the flue gas by means
of absorption by passing the gas through a column where the gas flows in
an opposite direction to an absorbent in liquid phase, typically in aqueous

solution.

The post-combustion carbon capture system may for example further
comprise a regeneration column where COzis removed from absorbent by
regenerative heating, for example to at or near boiling point of an
absorbent liquid phase under pressure. A suitable heating means is for

example a condenser reboiler as is familiar. Again, as is familiar, this
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condenser reboiler is disposed to receive solution that has passed through
a process volume, for example via an outlet towards the bottom of a

column, and reboil the solution to regenerate lean absorbent.

Conveniently, LP steam is used to supply latent thermal energy for the
above processes. It is a particular advantage of the invention that the
thermal energy of the resultant condensate can be more effectively

recovered.

The invention will now be described by way of example only with reference
to Figure 1 of the accompanying drawings, which is a schematic of an
embodiment of feed water system in accordance with the invention.

The figure is general schematic of the feed water storage tank and
associated water/steam feeds from various sources within and

conventional external to the regenerative feed heating cycle.

In the illustrated embodiment, a feed water storage tank 10 is provided
with an integral deaerator. The invention is not limited to such a
deaerator. The invention is not limited to such deaerator, which may be
provided in separate form, but downstream of the flow restrictor valve.
The feed water storage tank includes a level control to maintain the

water/steam contents at an equilibrium level 12.

The steam extracted from the turbines is drawn in conventional manner in
a regenerative cycle through the feed water storage tank, and constitutes

a feed water supply via the boiler feed pump suction 16.

The invention differs from prior art systems in two respects. First,

condensate from the carbon capture plant CC is returned to the system at
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a location which is upstream of the deaerator (and therefore downstream
of the LP heaters). In the illustrated embodiment, other low pressure
condensate C, which might for example be condensate from the LP
heaters and/or condensate from condenser extraction pump is also
returned via this route. Although in the illustrated embodiment a conduit is
shown opened directly into the feed water storage tank, the essence of the
invention is the return of the post combustion carbon capture condensate
(and other LP condensate) to any location which is upstream of the

deaerator.

Such a returning condensate is at a temperature which is lower than the
saturation temperature corresponding to the pressure in the feed water
storage tank which would be necessary to maintain thermodynamic
equilibrium between water and steam. The required additional pressure
differential is provided by installation of a valve in the steam extraction
conduit to the deaerator. The valve 18 can be modulated to achieve the

necessary pressure to maintain stable operation.

The figure thus shows the basic elements necessary for the maintenance
of Level Control in the Feed Water Storage Tank 10 as a result of
thermodynamic equilibrium achieved by reduction of Steam Extraction S
pressure to the deaerator by the modulating valve 18, together with
condensate returning from low pressure heaters C and post combustion
carbon capture plant CC and the drain from high pressure heaters D. The
suction to the boiler feed pump 16 is taken from the Feed Water Storage
Tank 10.

This method ensures the maintenance of thermal equilibrium in the feed
water storage tank when condensate from the post combustion carbon

capture plant is returned at any point upstream of the deaerator.
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This method provides the necessary .modulation of pressures to maintain
the required level of liquid level in the feed water storage tank for all
regimes of operation due to varying pressures of steam extraction as a
function of load and variation of temperature of the condensate returning

from post combustion carbon capture plant.

This method improves the Heat Rate of the thermal power station by
returning the condensate from the post combustion carbon capture plant

at the most optimum location in the regenerative feed heating cycle.
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CLAIMS

A feed water storage and recirculation system for a steam turbine
power plant having a post-combustion carbon capture plant which
uses steam from the power plant as a heat source for regeneration
of absorbent and returns condensate from the post-combustion
carbon capture plant to the steam turbine power plant comprising:
a feed water storage tank;

a deaerator integral to or fluidly in series with the feed water
storage tank;

a steam extraction conduit to convey water/ steam to the feed water
storage tank and deaerator after extraction from a turbine of a
steam turbine power plant;

a feed water supply conduit to supply feed water from the feed
water storage tank to a boiler of a steam turbine power plant;

a low pressure condensate conduit comprising at least a PCC
condensate conduit to return condensate from an associated post-
combustion carbon capture plant to a location upstream of the
deaerator, together with the condensate returning through the low
pressure feed water heaters from the condenser;

a flow restrictor provided in the steam extraction conduit between

the turbine and the feed water storage tank and deaerator.

A feed water storage and recirculation system in accordance with
claim 1 wherein the deaerator is integral with the feed water storage

tank.

A system in accordance with claim 1 or claim 2 wherein the storage

tank includes a suitable level control.
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A system in accordance with any preceding claim wherein the flow

restrictor is a valve.

A system in accordance with claim 4 wherein the flow restrictor is
selected from: a control valve, a globe valve with a suitably shaped
and actuated plug, a butterfly valve with a suitably shaped and
actuated disk, a non-return valve with a suitably shaped and
actuated restriction.

A system in accordance with any preceding claim wherein
additional sources of low pressure condensate are supplied to a
return point upstream of the deaerator.

A system in accordance with claim 6 wherein additional sources of
low pressure condensate are supplied as a mixture with
condensate from the carbon capture plant via a common low

pressure condensate conduit

A method of modification of a feed water storage and recirculation
system for the regenerative feed heating cycle of a steam turbine
power plant, comprising the steps of incorporating a flow restrictor
into the steam extraction conduit and providing a conduit to return
low pressure condensate at least comprising condensate from an
associated PCC system together with the condensate returning
through the low pressure feed water heaters from the condenser to
a location upstream of the deaerator feed associated with a feed
water storage tank of the said feed water storage and recirculation
system to produce a system in accordance with any preceding

claim.

PCT/GB2011/050541
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10.

11.

12.

13.

14

The method of claim 8 performed as a method of after-market
modification of existing plant in situ.

A steam turbine power plant having a post-combustion carbon
capture system which uses steam from the power plant for auxiliary
purposes and for example as a latent heat source for regeneration
of absorbent, the steam turbine power plant incorporating as part of
its regenerative feed heating cycle a feed water storage and

recirculation system in accordance with any one of claims 1 to 7.

A plant in accordance with claim 10 wherein the post-combustion
carbon capture system comprises an absorber column where CO>
is separated from the flue gas by means of absorption by passing
the gas through a column where the gas flows in an opposite
direction to an absorbent in liquid phase.

A plant in accordance with claim 10 or 11 wherein the post-
combustion carbon capture system further comprises a
regeneration column where CO.is removed from absorbent by

regenerative heating.

A plant in accordance with claim 12 comprising a condenser
reboiler is disposed to receive absorbent solution and reboil the
solution to regenerate lean absorbent.
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