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(57) Abstract: Method for operating an oxycombustion boiler comprising a combustion chamber (1) and at least one burner (7),
said method comprising the following steps: feeding at least one fuel stream and at least one oxidant stream essentially devoid of
nitrogen to said burner, said fuel being combusted in said combustion chamber to produce at least one tflame (2) and flue gas; and
passing into said combustion chamber a plurality of gas streams (5) wherein at least one of said gas streams is not fed to said burn-
er and has a switl rate between 0.05 and 5, preterably between 0.26 and 1.73.
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Method for Injecting Ballast into an Oxycombustion Boiler

The present invention relates to a method for injecting fuel, oxidant and ballast into an

oxycombustion boiler.

In an oxycombustion boiler, in which fuel, oxidant and ballast are injected, it is
possible to separate a portion of the ballast in order to introduce it into the boiler at different
locations from the burner, or combustion chamber jet. By using a suitable injection
arrangement of this type, a number of beneficial effects may be achieved. The profile of the
heat transfer flux to the walls of the boiler is smoother and a "gas curtain” is created around
the flame so as to spread the heat release along the combustion chamber. This ‘gas curtain’
is not to be confused with ‘sweep gas’ which is typically used for protecting flame
detectors, out of service injectors, probes, etc. The ‘gas curtain’ protects the furnace tubes
from direct contact with the flame. Greater physical separation of the fuel and oxidant
injection compared with the ballast is obtained, thus allowing more direct contact between
fuel and oxidant for better combustion of difficult fuels. The ballast may consist of
recycled flue gases (whether cold or not), with the advantage of having flame radiation
absorption properties with respect to the predominant gases CO, and H,O, or other gases or

gas mixtures.

There are existing schemes that recycle ballast into various locations within a boiler.
There exist systems using recycle injection into the burner or windbox; recycle injection
into furnaces; recycle injection into the burner; and recycle, recreating a synthetic air
(mixture of oxygen and recycle flue gases). This flue gas recycle is usually performed by
separating one part of the main flue gas stream exiting a boiler, and redirecting it towards
the boiler through appropriate ducts and impelled generally with a fan or a suction device,
known to the skilled in the art.

There are also existing schemes in which nitrogen is injected in a boiler separately
from oxygen (as such described in EP 1 517 085 A2), so as to create either nitrogen-poor or
nitrogen rich atmospheres for the purpose of controlling NOy emissions. The shielding gas
is meant to be essentially devoid of nitrogen, as this invention is directed toward oxy-
combustion in boilers. The goal of this oxy-combustion in boilers is to produce an exhaust
stream enriched in CO,, and thereby facilitating CO, capture. Typical examples of
shielding gas envisaged in the present invention are therefore flue gas recycle from oxy-
combustion (composed mainly of CO; and H,0), dried flue gas recycle from oxy-

combustion (composed mainly of CO,, after condensation of moisture) or steam.
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There are other boiler schemes in which Over Fire Air (OFA) is injected separately
from the burners to reduce NOx emissions. This should divide the incorporation of oxidant
into the boiler so as to create at the burners a fuel-rich primary zone, while the rest of the
oxidant is added at this OFA ports for achieving a complete combustion at a so-called
burnout zone. An example is shown in the patent US 5626085 A. Thermal gas shielding of
regions within the boiler is at issue, and not injections for affecting chemically the flame

and the combustion phenomena.

Document W02006/054990 discloses a method for injecting recycled flue gas into an
oxy-boiler to temper the combustion temperature or to provide adequate dispersion of gases.
Recycled flue gas is injected through the burners used as nozzles or at the fuel source. With
this method the protection of the combustion chamber walls against high heat fluxes is not

very efficient.

Document US-B-6422160 discloses an apparatus for the combustion of vanadium
containing fuels. In order to prevent deposition of slag on the boundary walls of the waste
heat boiler, recirculated flue gas is blown through nozzles which are formed concentrically
around the exit opening of the boiler. The method provides a solution to limit slag deposit in
some areas of the boiler but does not allow an efficient thermal protection of its combustion

chamber walls.

There is a need for a method to efficiently protect the walls of a boiler combustion
chamber where oxy-combustion is performed, since the combustion temperature and heat

fluxes towards the walls and the heat exchangers of the boiler can be very high.

To that end, the invention provides a Method for operating an oxycombustion boiler
comprising a combustion chamber and at least one burner, said method comprising the
following steps:

- feeding at least one fuel stream and at least one oxidant stream essentially devoid of
nitrogen to said burner, said fuel being combusted in said combustion chamber to
produce at least one flame and flue gas; and

- passing into said combustion chamber a plurality of gas streams wherein at least one
of said gas streams is not fed to said burner and has a swirl rate between 0.05 and 5,
preferably between 0.26 and 1.73.

Said gas streams are also referred to as “shielding gas streams” or “ballast streams” in

the present application.
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An oxycombustion boiler generally uses an oxygen enriched gas as oxidizer. This gas
usually contains between 90% and 100% of oxygen in volume. In the context of the
invention, “combustion chamber” means the internal part of the boiler where hot gases
circulate, that is to say where combustion occurs as well as downstream of the combustion
zone, where heat exchangers are usually located. A burner is a device, usually including
tubes or nozzles, used to inject the fuel(s) and/or the oxidizer(s) into the combustion

chamber. Some ballast may also be injected via the burners.

The shielding gas streams are injected such that at least one of the shielding gas
streams has a swirl rate between 0.05 and 5, preferably between 0.26 and 1.73. This swirl
rate is defined as I; over I,, I; and I, being respectively tangential and axial impulsions of the
fluid rotated in the stream. The axial direction is relative to the ballast injection mean. For
example if the ballast injection shows an axis symmetry, the axial axis is the symmetry axis.
Impulsions are measured when the fluid enters the combustion chamber. The bigger the
swirl rate, the more intense the fluid rotation in the gas stream. The swirl can be obtained
using deflectors, fins or riffled tubes at the injection point of said gas streams, or any
method known to the skilled in the art. Also, at least one of said gas streams is not injected
in the combustion chamber via an active burner, that is to say at least one of said gas
streams is injected in the combustion chamber at a certain distance of any burner used to

inject fuels and/or oxidizers participating in the combustion.

When the present invention is to be used for combustion with air as oxidant, for
example at transient conditions for the oxy-boiler or at start-up of the oxy-boiler, a shielding
gas stream may also be composed of flue gas recycle, but in such a case this stream would
contain a non-negligible content of nitrogen (over 50% in volume). In other embodiment for
this usage of air as oxidant, a shielding gas stream may even be air, which for efficiency

reasons can be previously heated.

The present invention utilizes the separation of ballast injection into the furnace from
the oxygen injection into the burner. There may be an arrangement of the ballast injection
into the boiler according to the flux profile. There may be the creation of a gascous ballast
offset, to ensure separation between the flame and the walls of the boiler. There may be the
control of the burner ballast/boiler ballast injection ratio according to the various operating
parameters (fuel characteristics, boiler operating conditions, temperature levels in the
chamber, etc.). The flow of injected ballast (coming from the ratio of burner injection to
boiler chamber injection) and the distribution of these injections will be different,

depending on the desired effect.
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The method according to the invention may comprise one or several of the following

characteristics:

at least one of said gas streams enters said combustion chamber in a zone that is
separate from said burner by a distance of at least 0.25 meter, preferably at least 0.5
meter, and more preferably at least 1 meter. The injection zone of at least one of said
gas streams is a surface of which any point is at a minimum distance of any burner
used to inject fuels and/or oxidizers participating in the combustion. The minimum

distance is 0.25 meter, preferably 0.5 meter, and more preferably 1 meter.

at least one of said gas streams enters said combustion chamber in a zone where the
surface heat flux is greater than 100 kW/square meter, preferably greater than 300
kW/square meter. The surface heat flux is defined as the total heat flux received by a
surface unit of wall. In the combustion chamber, the heat flux is mostly due to
electromagnetic radiation near the flame and mostly due to convection in the

downstream area. Conduction may also contribute to the total flux.

said gas streams are injected in a direction vertically parallel with and substantially

adjacent to the walls of said combustion chamber.

said gas streams are injected in a direction substantially perpendicular to the

direction of said flame.

said gas streams are injected in a direction substantially parallel to the direction of

said flame.

said gas streams are injected in a direction substantially convergent to said flame.

The method of any of the above claims, wherein said gas streams comprises gas

recycled from said flue gas.

said gas streams passed into said combustion chamber vibrate at least one frequency
and wherein said boiler vibrate with at least one natural frequency, the ratio between
the lowest frequency created by any of said gas streams and the lowest natural
frequency of said boiler being comprised between 0 and 0.95 or between 1.05 and

100, and preferably between 0 and 0.6 or between 1.3 and 5.
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- said gas streams injection is controlled by measuring the amplitude of vibrations at a
location of said boiler selected from the group consisting of burners, boiler walls,

heat exchangers, ducts, stack, or fans.

In one embodiment of the present invention the ballast streams are injected
vertically parallel with and substantially adjacent to the walls of the combustion chamber in
a substantially downward direction. In one embodiment of the present invention the ballast
streams are injected vertically parallel with and substantially adjacent to the walls of the
combustion chamber in a substantially upward direction. In one embodiment of the present
invention the ballast streams are injected horizontally parallel and substantially adjacent to
the floor of the combustion chamber. In one embodiment of the present invention the ballast
streams are injected horizontally parallel and substantially adjacent to the ceiling of the
combustion chamber. In one embodiment of the present invention system data is provided
to a control system, and the control system then controls the injection of the ballast streams.
The system data may be fuel type, fuel characteristics, boiler operating conditions, exiting
flue gas composition, or exiting flue gas temperature. Ballast injection streams rate and

distribution can vary as well with boiler load.

In one embodiment of the present invention sensors are mounted in the walls of the
combustion chamber. These sensors provide input to a control system. The control system
then controls the injection of the ballast streams. The sensors may measure wall
temperature, tube skin temperature, water wall fluid temperature, tube fluid temperature,
furnace gas temperature, heat flux into the furnace wall, heat flux into the tubes or heat flux

into the water walls.

The ballast injection regulation is designed within this context on the flow rate and as
a function of the flux measurements on the walls, but it may also take place as a function of
the tube skin temperatures, or overall parameters such as the incoming power or the boiler
combustion temperature outlet temperature, once the typical flux profile has been

established for a combustion chamber configuration and a burner design.

In another embodiment of the present invention, a gascous offset may also be
produced. This offset may be envisaged ecither for protecting the walls of the boiler from
direct contact of the end of the flame (impingement) or for protecting them from lateral
contact of the flame. Direct contact of the flame on the walls has devastating effects on the
integrity of the metal tubes that make up the walls of the chamber in usual boiler
configurations. The points of possible impingement can be predicted in advance, thereby
facilitating the arrangement of the injections into the boiler. As indicated in Figure 2, in
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order to avoid lateral contact of the flames on the tubes, the ballast gas may be injected in
parallel with the walls. This configuration may profit from the flux smoothing effect
described above. As indicated in Figure 3, in order to avoid direct contact of the flames,
which is more probable and at the same time the most damaging, which has the greatest
chance of occurring at the end of the flame, the ballast may be injected along the back wall

of the furnace.

The ratio of ballast injected in the burners over the ballast injected into the furnace,
may depend on a number of operational criteria. This ratio may depend on the fuel
characteristics. For example, with a difficult fuel (i.e. pitch difficult to atomize, wet fuels,
fuels with a high content of incombustibles, fuels of a dangerous nature, etc.): the ballast
injection ratio will be predominantly transferred towards the boiler, in order to allow and
oxidant-rich combustion close to the burner. For a fuel with a high nitrogen content: to
promote reaction mechanisms that reduce NOx formation, the ballast injection ratio will be
displaced towards the burners, so as to create fuel-rich conditions at the flame. This ratio
can also vary with boiler load, with a ratio displaced towards the boiler, in order to allow
oxygen-rich conditions close to the burner to improve flame stability at low boiler load.
Combined to this, the ratio may depend on operating conditions such as tube skin
temperature, maximum flux measurement, and other operational criteria known to the
skilled artisan.

In one embodiment of the present invention a large amount of ballast gas may be
injected with two operating positions (e.g. on/off), with the advantage of a simplified
process and a simplified control scheme, and with the disadvantage of increased
implementation complexity, potential flexibility issues, and the associated pressure drop
through the system. In another embodiment of the present invention, a lesser amount of
ballast gas injection may incorporate a flow rate regulation in order to end up with the
desired flux smoothing performance, with the advantage of greater control and more
predictable results, and the disadvantage of a more complex process and a more complex

control scheme.

The region where gas streams are passed into is selected from the group consisting of:

e the combustion chamber,

¢ azone within the combustion chamber of predominantly radiant heat transfer,

® 3 zone within the combustion chamber of maximum heat flux,

¢ a zone within the combustion chamber where the heat flux exceeds a predetermined

value,
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e a zone within the combustion chamber where the flue gas temperature is at a
maximum, and
¢ a zone within the combustion chamber where the flue gas temperature exceeds a

predetermined value.

Elements to be protected can be selected from the group consisting of:

e the walls of the combustion chamber,

¢ the sides of the combustion chamber,

® heat transfer elements positioned within the combustion chamber,

e heat transfer elements positioned within a zone of predominantly radiant heat
transfer within the combustion chamber, and

¢ the boiler elements in contact with the flue gas.

The shielding gas streams may be located, oriented, and controlled such that the
shielding gas is injected vertically parallel with and substantially adjacent to the walls of the
combustion chamber. The shielding gas streams may be located, oriented, and controlled
such that the shielding gas is injected vertically parallel with and substantially adjacent to
the heat transfer elements positioned within the combustion chamber. In the present
invention the ballast streams may be located, oriented, and controlled such that the shielding
gas is injected horizontally parallel and substantially adjacent to the heat transfer elements
positioned within the combustion chamber. The ballast streams may be located, oriented,
and controlled such that the shielding gas is injected horizontally parallel and substantially

adjacent to the heat transfer elements positioned within the combustion chamber.

The shielding gas streams may be located, oriented, and controlled such that the
shielding gas is injected vertically parallel with and substantially adjacent to one or more
zones within the combustion chamber where the heat flux exceeds a predetermined value.
The shielding gas streams may be located, oriented, and controlled such that the shielding
gas is injected in a direction substantially parallel to the direction of the combustion

chamber jet.

The shielding gas streams may be located, oriented, and controlled such that the
shielding gas is injected in a direction substantially perpendicular to the direction of the
combustion chamber jet. The shielding gas streams may be located, oriented, and
controlled such that the shielding gas is injected in a direction substantially convergent to
the direction of the combustion chamber jet. The feeding ports for the shielding gas streams

into the combustion chamber may be located more than 1 meter away from the burner jet.
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The invention may further comprise:
e providing system data into a control system,

e controlling the injection of the shielding gas streams with this control system.

The system data may be selected from the group consisting of:
e fuel type,

e fuel characteristics,

o fyel flows,

e oxidant characteristics,

e oxidant flows,

e Dballast gas characteristics to the burners,

e Dballast gas flows to the burners,

¢ Dboiler operating conditions,

e cxiting flue gas composition, and

e cxiting flue gas temperature.

The present invention may further comprise:
¢ mounting sensors in or on the elements of the combustion chamber,
¢ inputting the output of the sensors into a control system,

e controlling the injection of the shielding gas streams with this control system.

The sensors may measure a variable selected from the group consisting of wall
temperature, tube skin temperature, water wall fluid temperature, tube fluid temperature,
furnace gas temperature, and heat flux. The shiclding gas may comprise recycled flue gas.
The totality of injection of recycled flue gas into the boiler may be in the form of shielding

gas.

The total injection of recycled flue gas into the boiler may be shared among ballast gas
injected at the burners level and in the form of shielding gas. The ballast gas injected at the
burners level may be injected separately to an oxidant stream. The ballast gas injected at

the burners level may be injected after being mixed with an oxidant stream.

The shielding gas streams passing into the combustion chamber region may comprise at
least one frequency with an amplitude of vibration, and wherein the boiler system comprises
at least one natural frequency. The ratio between the lowest frequency created by at least
one of the shielding gas injections and the lowest natural frequency of the boiler system
may be comprised between 0 and 0.95 or between 1.05 and 100, and preferably between 0
and 0.6 or between 1.3 and 5.
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The flow of the different shielding gas injections may be controlled by the measure of
the amplitude of the vibration at a location of the oxy-boiler selected from the group
consisting of:

e Dburners,

e oxy-boiler walls,

¢ heat exchangers,

* ducts,
e stack,
e fans.

The shielding gas streams may have a controlled composition. The shielding gas
streams may have undergone a clean-up treatment before injection. The shielding gas
streams may have undergone a partial clean-up treatment before injection, aiming
specifically at reducing the concentration of certain components. The shielding gas streams
may have undergone a partial clean-up treatment before injection, aiming specifically at
reducing the concentration of corrosive components. The shielding gas streams may have

undergone a total or partial drying, so as to reduce the moisture content of these streams.

The shielding gas streams may be injected at temperatures between about -50°C to
about 1500°C, preferably between about 100°C and about 250°C. The shielding gas streams
may be injected at ambient temperature. The shielding gas streams may have undergone
thermal exchange against other fluids before injection. The shielding gas streams may have
undergone pre-heating before injection. The shielding gas streams may be injected at

different temperature levels at each injection point.

Other features and advantages of the invention will appear from a reading of the
description that follows. Embodiments of the invention are provided as non-limiting
examples.

Figure 1 a schematic representation of the variation in heat flux experienced within

the side walls of a furnace of a typical boiler as a function of flame profile.

Figure 2 is a schematic representation of the variation in heat flux within the side

walls of furnace of a typical boiler, as a function of flame profile, as modified by one

embodiment of the present invention.

Figure 3 is a schematic representation one aspect of the present invention.

Turning now to Figure 1, one aspect of the present invention results in the smoothing,
levelling or flattening of the flux profile 5 on the walls 3 of the combustion chamber. As

may be seen in the figure, the transfer profile 5 corresponding to an oxygen flame has a
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non-uniform shape. For an oxygen flame 2, the main component of this transfer is radiation,
owing to the high flame core temperature and above all the gases that predominantly make
up the oxycombustion flue gases, namely CO; and H,O, radiating at high temperature. The
non-homogenecous temperature distribution along the length of the flame 2 results in a non-
uniform heat flux 5 along the corresponding length of the furnace wall. This results in non-
linear heat transfer issues, potential concerns about furnace wall (or tube wall) temperatures

and other problems regarding localized excessive temperature concentrations.

As indicated in Figure 2, the proposed way of making this flux more uniform is to
inject the ballast 4 along the side of the flame 2, along the side of the walls 3 that would
ordinarily be absorbing this heat, so as to effectively create a gas curtain. This ballast gas
curtain may contain gases that are not transparent to the radiation (i.e. CO,, H,O, coming
for example from a flue gas recycle), and therefore absorb the radiation 5 of the flame 2 due
to the fact of being comparatively cooler. In one embodiment of the current invention, a
greater ballast 4 may be injected near the transfer peak to allow the height of the transfer

peak to be reduced.

In Figure 3, gas streams 4 are injected parallel to the wall opposite to the fuel and

oxidant streams injection, so as to protect heat exchangers of the boiler.

The advantages brought by the invention include:
- the creation of a gaseous ballast offset , to ensure efficient protection of the walls of
the boiler combustion chamber and internal elements ;
- the control of the burner ballast / boiler ballast injection ratio according to the
various operating parameters (fuel type, operating conditions, temperature levels in

the chamber, etc.).
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CLAIMS

1. Method for operating an oxycombustion boiler comprising a combustion chamber (1)
and at least one burner (7), said method comprising the following steps:
- feeding at least one fuel stream and at least one oxidant stream essentially devoid of
nitrogen to said burner (7), said fuel being combusted in said combustion chamber
(1) to produce at least one flame (2) and flue gas; and
- passing into said combustion chamber (1) a plurality of gas streams (4) wherein at
least one of said gas streams (4) is not fed to said burner (7) and has a swirl rate
between 0.05 and 5, preferably between 0.26 and 1.73.

2. The method of claim 1, wherein at least one of said gas streams (4) enters said
combustion chamber (1) in a zone that is separate from said burner (7) by a distance of at

least 0.25 meter, preferably at least 0.5 meter, and more preferably at least 1 meter.

3. The method of claims 1 or 2, wherein at least one of said gas streams (4) enters said
combustion chamber (1) in a zone where the surface heat flux is greater than 100 kW/square

meter, preferably greater than 300 kW/square meter.

4. The method of any of claims 1 or 3, wherein said gas streams (4) are injected in a
direction vertically parallel with and substantially adjacent to the walls (3) of said

combustion chamber.

5. The method of any of claims 1 to 3, wherein said gas streams (4) are injected in a

direction substantially perpendicular to the direction of said flame (2).

6. The method of any of claims 1 to 3, wherein said gas streams (4) are injected in a

direction substantially parallel to the direction of said flame (2).

7. The method of any of claims 1 to 3, wherein said gas streams (4) are injected in a

direction substantially convergent to said flame (2).

8. The method of any of the above claims, wherein said gas streams (4) comprises gas

recycled from said flue gas.

9. The method of any of the above claims, wherein said gas streams (4) passed into said
combustion chamber (1) vibrate at least one frequency and wherein said boiler vibrate with

at least one natural frequency, the ratio between the lowest frequency created by any of said
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gas streams (4) and the lowest natural frequency of said boiler being comprised between 0
and 0.95 or between 1.05 and 100, and preferably between 0 and 0.6 or between 1.3 and 5.

10. The method of claim 9, wherein said gas streams (4) injection is controlled by
measuring the amplitude of vibrations at a location of said boiler selected from the group

consisting of burners, boiler walls, heat exchangers, ducts, stack, or fans.
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AMENDED CLAIMS
received by the International Bureau on
21 December 2009 (21.12.2009)

CLAIMS

1. Method for operating an oxycombustion boiler comprising a combustion chamber (1)
and at least one burner (7), said method comprising the following steps:
- feeding at least one fuel stream and at least one oxidant stream essentially devoid of
nitrogen to said burner (7), said fuel being combusted in said combustion chamber
(1) to produce at least one flame (2) and flue gas; and
- passing into said combustion chamber (1) a plurality of gas streams (4) wherein at
least one of said gas streams (4) is not fed to said burner (7) and has a swirl rate
between 0.05 and 5, preferably between 0.26 and 1.73.

2. The method of claim 1, wherein at least one of said gas streams (4) enters said
combustion chamber (1) in a zone that is separate from said burner (7) by a distance of at
least 0.25 meter, preferably at least 0.5 meter, and more preferably at least 1 meter.

3. The method of claims 1 or 2, wherein at least one of said gas streams (4) enters said
combustion chamber (1) in a zone where the surface heat flux is greater than 100 kW/square
meter, preferably greater than 300 kW/square meter.

4. The method of any of claims 1 to 3, wherein said gas streams (4) are injected in a
direction vertically parallel with and substantially adjacent to the walls (3) of said
combustion chamber.

5. The method of any of claims 1 to 3, wherein said gas streams (4) are injected in a
direction substantially perpendicular to the direction of said flame (2).

6. The method of any of claims 1 to 3, wherein said gas streams (4) are injected in a
direction substantially parallel to the direction of said flame (2).

7. The method of any of claims 1 to 3, wherein said gas streams (4) are injected in a
direction substantially convergent to said flame (2).

8. The method of any of the above claims, wherein said gas streams (4) comprises gas
recycled from said flue gas.

9. The method of any of the above claims, wherein said gas streams (4) passed into said
combustion chamber (1) vibrate at least one frequency and wherein said boiler vibrate with
at least one natural frequency, the ratio between the lowest frequency created by any of said

AMENDED SHEET (ARTICLE 19)
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gas streams (4) and the lowest natural frequency of said boiler being comprised between 0
and 0.95 or between 1.05 and 100, and preferably between 0 and 0.6 or between 1.3 and 5.

10. The method of claim 9, wherein said gas streams (4) injection is controlled by

measuring the amplitude of vibrations at a location of said boiler selected from the group
consisting of burners, boiler walls, heat exchangers, ducts, stack, or fans.
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