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(57) Abréegée/Abstract:

The present disclosure relates to a method of miling a fuel for an oxy-fuel combustion burner (9), the method comprising:
separating air into a hot nitrogen gas stream, having a temperature of at least 150°C and a purity of at least 98 mol-% nitrogen, and
an oxygen gas stream; leading at least a part of the nitrogen gas stream to a fuel mill (2); milling the fuel by means of the fuel mill (2)
IN a nitrogen rich atmosphere formed by means of the nitrogen gas stream; leading the at least a part of the nitrogen gas stream
away from the milled fuel; leading the oxygen gas stream to the oxy-fuel combustion burner (9); conveying the milled fuel to the oxy-
fuel combustion burner (9); and burning the fuel, by means of the oxy-fuel combustion burner (9), In an oxygen rich atmosphere
formed by means of the oxygen gas stream. The present disclosure further relates to a system for milling a fuel for an oxy-fuel
combustion burner as well as to a power plant comprising such a system.
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(57) Abstract: The present disclosure relates to a method of milling a fuel for an oxy-fuel combustion burner (9), the method com -
prising: separating air into a hot nitrogen gas stream, having a temperature of at least 150°C and a purity of at least 98 mol-% nitro -
gen, and an oxygen gas stream; leading at least a part of the nitrogen gas stream to a fuel mill (2); milling the fuel by means of the
fuel mill (2) mn a nitrogen rich atmosphere formed by means of the nitrogen gas stream; leading the at least a part of the nitrogen gas
stream away from the milled fuel; leading the oxygen gas stream to the oxy-tuel combustion burner (9); conveying the milled fuel to

the oxy-fuel combustion burner (9); and bu

ning the fuel, by means of the oxy-fuel combustion burner (9), in an oxygen rich atmo -

sphere formed by means of the oxygen gas stream. The present disclosure further relates to a system for milling a fuel for an oxy-fuel

combustion bui

et as well as to a power plant comprising such a system.
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METHOD AND SYSTEM FOR MILLING A FUEL FOR AN OXY-FUEL
COMBUSTION BURNER

TECHNICAL FIELD
[0001] The present disclosure relates to a method and a system for milling a

fuel for an oxy-fuel combustion burner. The present disclosure also relates to an oxy-

fuel combustion power plant comprising such a system.

BACKGROUND

[0002] Most of the energy used in the world today is derived from the
combustion of carbon and hydrogen containing fuels such as coal, oil and natural
gas, as well as other organic' fuels. Such combustion generates flue gases
containi-ng high levels of carbon dioxide. Due to the concerns about global warming,
there is an increasing demand for the reduction of emissions of carbon dioxide to the
atmosphere, why methods have been developed to remove the carbon dioxide from
flue gases before the gas is released to the atmosphere.

[0003] In order to reduce the amount of flue gas, and thus the dimensions of a
power plant and its gas cleaning arrangements, as well as to facilitate the purification
and removal of carbon dioxide, oxygen may be used instead of air in a combustion
furnace, so called oxy-fuel combustion, generating a flue gas with a high carbon
dioxide concentration and a low nitrogen concentration. The oxygen may be
obtained from separating air into an oxygen stream and a nitrogen‘ stream by means
of an air separation unit (ASU).

[0004] The fuel for oxy-fuel combustion, such as coal, may be milled to a
powder prior to entry into the furnace in order to improve the combustion.

[0005] JP 59-024115 A2 discloses separation of air into nitrogen enriched air
and oxygen énriched air by means of an oxygen permeable membrane, after which

coal is pulverised under the nitrogen enriched air and the pulverised coal is burned

with the oxygen enriched air.

SUMMARY
[0006] According to an aspect of the present disclosure, there is provided a

method of milling a fuel for an oxy-fuel combustion burner, the method comprising:

1
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separating air into a hot nitrogen gas stream, having a temperature of at least 150°C
and a purity of at least 98 mol-% nitrogeh, and an oxygen gas stream; leading at
least a part of the nitrogen gas stream to a fuel mill; milling the fuel by means of the
fuel mill in a nitrogen rich atmosphere formed by means of the nitrogen gas stream;
leading the at'least a part of the nitrogen gas stream away from the milled fuel;
leading the oxygen gas stream to the oxy-fuel combustion burner; conveying the
milled fuel to the oxy-fuel combustion burner; and burning the fuel, by means of the
oxy-fuel combustion burner, in an oxygen rich atmosphere formed by means of the
oxygen gas stream.

[0007] According to an other aspect of the present disclosure, there is
provided a system comprising: an air separation unit (ASU) arranged for separating
air into a hot nitrogen gas stream having a temperature of at least 150°C and a purity
of at least 98 mol-% nitrogen, and an oxygen gas stream; a fuel mill, arranged for
milling a fuel in a nitrogen rich atmosphere formed by means of the nitrogen gas
stream; and an oxy-fuel combustion burner, arranged for burning the milled fuel in an
oxygen rich atmosphere formed by means of the oxygen gas stream.

[0008] According to an other aspect of the present disclosure, there is
provided an oxy-fuel combustion power plant comprising the system of the above
aspect. ‘

[0009] Discussions above and below relating to any one of the respective

aspects of the present disclosure are also, in applicable parts, relevant to any of the

other aspects.
[0010] By obtaining a hot nitrogen gas stream having a high temperature and

leading it to the fuel mill, the fuel may be milled under an atmosphere of the hot
nitrogen gas stream. Thus, the hot gas stream may act to dry the fuel, while also
providing an inert environment which reduces the risk of dust explosions during
milling/pulverizing the fuel. It may be desirable to dry the fuel prior to burning it in
order to increase the energy efficiency of the burner and reduce the amount of water
vapour contaminating and increasing the volume of the flue gas. Before reaching the
mill, the nitrogen gas stream may have been expanded and its temperature may
have been reduced, but may still be high enough to at least partially dry the fuel in
the mill. By obtaining a nitrogen gas stream from the ASU with a high enough

temperature, it may not be necessary to heat the nitrogen gas stream by means of
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an additional heat exchanger, externally of the ASU, before said gas stream may be
used for drying the fuel.

[0011] At least a major part of the nitrogen gas stream is removed from the
fuel before the fuel reaches the burner, in order to reduce the amount of nitrogen in

the flue gas, thereby reducing the flue gas volume.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Currently preferred embodiments will below be discussed with
reference to the drawings, in which: '

[0013] Fig 1 Is a schematic diagram of an embodiment of a power plant
comprising a system in accordance with the present disclosure.

[0014] Fig 2 is a schematic diagram of an embodiment of an air separation
unit that may be comprised in a system in accordance with the present disclosure.

[0015] Fig 3 is a schematic process chart of an embodiment of a method in

accordance with the present disclosure.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0016] The system and power plant of the present disclosure comprises piping
that connects their different parts and is arranged to allow respective fluids and solid
materials to flow or be transported through the system/power plant as needed. The
piping may comprise conduits, valves, pumps, conveyors, compressors, fans,
expanders, nozzles, heat exchangers etc. as appropriate to control the
flow/transportation and properties of respective fluids and solids.

[0017] The hot nitrogen gas stream has a temperature of at least 100°C, such
as at least 150°C, at least 200°C, at least 220°C or at least 240°C, e.g. between
200°C and 300°C, between 220°C and 280°C or between 240°C and 260°C, or about
250°C. This high temperature may be obtained between the separation of the
nitrogen stream from the air and of said nitrogen stream entering the fuel mill, such
as when leaving the ASU after heat exchanging with compressed air within the ASU,
but the temperature might not be so high all the way to the fuel mill. The hot nitrogen
gas stream may e.g. have been cooled somewhat by expansion, e.g. in a turbine for
energy recovery, before reaching the fuel mill. Conveniently, the nitrogen gas stream

may still be of elevated temperature when reaching the fuel mill such that it may act

3



CA 02827227 2013-08-13

WO 2012/110869 PCT/1B2012/000232

to dry the fuel within the mill. Thus, the nitrogen gas stream, when entering the fuel
mill, may have a temperature of at least 100°C, at least 120°C or least 140°C, e.qg.
between 100°C and 200°C, between 120°C and 180°C or between 140°C and
160°C, or about 150°C.

[0018] The hot nitrogen gas stream has a high purity of at least 95 mol-%
nitrogen, such as at least 98 mol-%, at least 99 mol-% or at least 99.5 mol-%. This
high purity of the nitrogen gas stream increases its inertness and reduces the risk of
ignition or dust explosion, or the like, of the fuel during milling, drying and/or
transportation of the fuel before or after milling.

[0019] It may also be convenient with a high purity of the oxygen gas stream
In order to Improve the energy efficiency of the oxy-fuel combustion burner and
reduce the flue gas volume. Thus, the oxygen gas stream may have a high purity of
at least 90 mol-% oxygen, such as at least 95 mol-%, at least 98 mol-%, at least 99
mol-% or at least 99.5 mol-%.

[0020] The separating of air into a hot nitrogen gas stream and an oxygen gas
stream may be performed in any suitable way, such as by comprising cryogenic
distillation of the air. Cryogenic distillation may be convenient for the disclosed
method since nitrogen and oxygen stream may be obtained with very'high purity,
such as of at least 95 mol-%, at least 98 mol-% or at least 99 mol-% nitrogen and
oxygen, respectively.

[0021] The separating of air into a hot nitrogen gas stream and an oxygen gas
stream may comprise compression of the air prior to separation. Conveniently, the
compression might be at least partly adiabatic to obtain compressed air of a high
temperature, such as of at least 150°C, at least 180°C, at least 200°C, at least 250°C
or at least 300°C, e.g. of between 250°C and 350°C, between 280°C and 320°C or
about 300°C. This hot compressed air may then be used to obtain the high
temperature of the hot nitrogen gas stream by heat exchange. Thus, the compressed
air may be chilled before separation, and the separated nitrogen stream may be
heated. Compression may be performed in a single compression step, or by
multistage compression.

[0022] Typically, multistage compression with intermittent cooling is used for
compressing the air in an ASU. In most cases the heat is then removed by using

cooling water. The removed heat may then leave the plant at about 40°C and wiill
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end up in the cooling tower, air cooler etc. In that case, the heat will be lost since it is
not further utilized in the system or power plant. An advantage of intercooled
compression is the lower required shaft power. It Is thus surprising that a lower
overall energy consumption may be obtained by using adiabatic compression,
allowing heating of the nitrogen gas stream to a temperature such that it may be
used for drying the fuel with less or no additional heating of the nitrogen gas stream
and less or no additional drying of the fuel. In addition, the oxygen required for fuel
combustion in the boiler may be preheated. This reduces the required demand of
heating media, such as hot flue gas from fuel combustion, steam from water-steam-
cycle, or hot boiler feed water from water-steam-cycle. Thus the overall energy
consumption (fuel consumption) may be reduced. Also, using adiabatic air
compression with waste heat utilization may save cooling water. In case of burning
hard coal or sub bituminous coal the reduction of fuel moisture allows for reduction of
the size of all flue gas ducts and may also reduce the amount of cooling water
required for condensing and removing the water vapour of the flue gas.

[0023] Thus the overall heat balance as well the water balance of an Oxy-
power plant is improved. .

[0024] It should be noted that intercooled compression, or a combination of
' adiabatic and intercooled compression, may also be used with the method and
system of the present disclosure as long as a nitrogen gas stream of sufficiently high
temperature may be obtained. The compression may be configured such that the
overall power consumption of the system or power plant is reduced or minimised.

[0025] All or only a part of the nitrogen gas stream produced by the ASU may
be led to the fuel mill. If only a part is led to the mill, a second part may be led to an
additional fuel dryer, complementing the drying performed in the fuel mill. Using an
additional dryer may be especially convenient in case of burning fuels with a high
moisture content (e.g. lignite). Devices and methods for drying fuels with high water
content such as lignite are well known for conventional power plants. The heat
demand of such conventional dryers as well the dimensions of the same may thus
be reduced by integrating the dryer with the ASU (waste) heat in accordance with the
present disclosure. The additional dryer may be arranged to dry the fuel before or
after it is milled, but it may be convenient to additionally dry the fuel after miiling

since milled fuel may have a larger contact surface with the hot nitrogen gas stream
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than non-milled fuel, facilitating drying. Thus, the method of the present disclosure
may also comprise: leading a second part of the hot nitrogen gas stream to a fuel
dryer; drying the fuel by means of the fuel dryer, before or after the milling of said
fuel; and leading the second part of the hot nitrogen gas stream away from the dried
fuel. Similarly, one or more additional dryers may be used consecutively as needed,
either using parts of the nitrogen gas stream or other drying medium for drying the
fuel.

[0026] The nitrogen rich atmosphere of the fuel mill, and/or of any additional
dryer, Is formed by means of the nitrogen rich gas stream. However, the nitrogen rich
gas stream might not only be formed by said nitrogen gas stream. It may be
convenient to recycle flue gas from downstream of the burner to the mill to help form
a suitable inert and drying atmosphere for the mill. By combining the nitrogen gas
stream with recycled flue gas to form the mill, and/or additional dryer, atmosphere,
heat from the burner and fuel combustion may be additionally used for drying the fuel
and less of the hot nitrogen gas stream may be needed.

[0027] Similarly, the oxygen rich atmosphere at the burner may be formed by
not only the oxygen gas stream from the ASU, but also by recycled flue gas.

[0028] Any suitable conduit, such as a pipe, possibly in cooperation with a fan,
a compressor, an expander such as a turbine and/or other unit as convenient, may
be used for leading the nitrogen gas stream from the ASU to the fuel mill, leading the
nitrogen gas stream away from the fuel, e.g. away from the fuel mill or away from a
conveyor transporting the fuel from the mill towards the burner, and leading the
oxygen gas stream from the ASU to the burner. If a second part of the nitrogen gas
stream is used for drying the fuel in an additional dryer, in addition to the mill, such a
suitable conduit may also be used for leading said second part of the nitrogen gas
stream from the ASU to the fuel dryer and for leading the second part of the nitrogen
gas stream away from the fuel, e.g. away from the fuel dryer or away from a
conveyor transporting the fuel from the dryer towards the burner.

[0029] Any suitable conveyor, such as a conveyor belt may be used to convey
or transport the unmilled fuel to the fuel mill and/or the milled fuel from the fuel mill to
the burner, possibly via an, or several, additional fuel dryer(s).

[0030] The system of the present disclosure may thus also comprise: a first

conduit arranged for leading at least a part of the nitrogen gas stream to the fuel mill;
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a second conduit arranged for leading the at least a part of the nitrogen gas stream
away from the milled fuel; a third conduit arranged for leading the oxygen gas
stream to the oxy-fuel combustion burner; and a conveyor arranged for conveying
the milled fuel to the oxy-fuel combustion burner.

[0031] The mill may be any suitable fuel mill for milling/pulverising the fuel and
allowing a nitrogen gas stream to pass through it.

[0032] The additional dryer, if used, may be any suitable fuel dryer for drying
the fuel and allowing a nitrogen gas stream to pass through it.

[0033] The burner may be any suitable oxy-fuel combustion burner.

[0034] In order to avoid fuel particles, e.g. milled fuel powder particles,
following the nitrogen gas stream away from the fuel bulk during milling and drying of
the fuel by means of the nitrogen gas stream, the conduit arranged to lead the
nitrogen gas stream away from the fuel may be arranged with, or otherwise in
cooperation with, a particle remover such as a an electrostatic precipitator, a
cyclone, a filter and/or a scrubber. If an additional dryer Is used, a particle remover
may be Iin cooperation with the conduit arranged to lead the nitrogen gas stream
away from the additionally dried fuel. Alternatively, a single particle remover may be
used for both the nitrogen gas stream from the mill and the nitrogen gas stream from
the additional dryer.

[0035] With reference to fig 1, a specific power plant 1 comprising a system In
accordance with the present disclosure will now be described.

[0036] The power plant 1, as well as the system, comprises a fuel mill 2
arranged for milling/pulverising the power plant fuel, such as coal. The mill 2 is
connected via a conduit or conveyer for entering fuel to be milled into the mill 2. The
mill 2 is also connected via a conduit 3 to the air separation unit (ASU) 4 for allowing
a nitrogen gas stream from the ASU 4 to enter the mill 2 via a gas inlet of the mill 2.
Further, the mill 2 1s arranged to receive recycled flue gas via a conduit and a gas
inlet of the mill 2, the flue gas being recycled by means of a fan, compressor or
turbine 5. A conduit 6 is arranged to connect the mill 2 and a particle remover in the
form of an electrostatic precipitator (ESP) 7 such that the nitrogen gas stream and/or
the recycled flue gas may exit the mill 2 via a gas outlet of the mill 2 and enter the
ESP 7 via a gas inlet of the ESP 7. The ESP 7 is arranged to remove and return any

fuel particles that has followed the nitrogen gas stream. A conveyor in the form of a
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conveyor belt 8 connects the mill 2 with an oxy-fuel combustion burner 9 such that
milled fuel may be transported by means of the conveyor 8 from the mill 2 to the
burner 9. The gas inlets and outlet of the mill 2 are arranged such that the nitrogen
and flue gas gas streams passes through the mill 2 transversely to the direction in
which the fuel is transported by means of the conveyor 8, thus reducing the amount
of flue gas and, especially, nitrogen gas that reaches the burner 9. Thus the mill 2
may mill the fuel in an inert nitrogen and flue gas atmosphere that reduces the risk of
fire or explosion in the mill 2, while the streaming hot gas also dries the fuel.

[0037] An additional fuel dryer 10 may also be used. The dryer 10 Is similarly
connected to the ASU 4 via a conduit 11 and to the ESP 7 via a conduit 12, allowing
hot nitrogen gas to stream into the dryer 10 via a gas inlet, pass through the milled
fuel transported by the conveyor 8 while drying said fuel and in a direction
perpendicular of the transport direction of the fuel, and stream out of the dryer 10 via
a gas outlet and the conduit 12 towards the ESP 7.

[0038] Additionally or alternatively to the dryer 10, a fuel dryer 13 using a
drying medium other than the hot nitrogen gas stream may be used for drying the
fuel.

[0039] The mill 2, as well as the conveyor 8 and dryers 10 and 13 may be
operated at a pressure slightly above ambient in order to avoid in-leakage of air, and
thus nitrogen, which would lessen the advantages with oxy-fuel combustion.

[0040] The oxy-fuel combustion burner 9 Is arranged in or with the boller 14
and is arranged to receive the dried and milled fuel via the conveyor 8. The burner 9
is configured to combust the fuel in an oxygen rich atmosphere provided by means
of an oxygen rich gas stream from the ASU 4 arranged to enter the boller 14 via a
conduit connecting the boiler 14 with the ASU 4 and via a gas inlet of the boller 14,
possibly together with flue gas recycled by means of a fan, compressor or turbine 15.
By allowing the burner 9 to operate with oxygen instead of air, the amount of flue gas
IS reduced since the inert nitrogen has been previously removed. The burning may
be controlled by ratio of recycled flue gas to oxygen used. In the event of a failure of
the ASU or if oxygen can otherwise not be provided to the burner 9, combustion with

air may still be possible to ensure reliability of the plant 1.
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[0041] The boiler 14 is arranged to produce steam from the heat produced by
the burner 9, the steam being used for generation of electricity by means of turbines
(not shown).

[0042] The ASU 4 is, as mentioned above, connected to the mill 2, the
dryer 10 and the boiler 14 via gas conduits such that the hot nitrogen gas stream
produced by the ASU 4 may pass through the mill 2 by means of conduits 3 and 6
and through the dryer 10 via conduits 11 and 12, and the oxygen gas stream
produced by the ASU may enter the boiler 14 to be used for burning the fuel at the
burner 9. If desired, the hot nitrogen gas stream from the ASU may be additionally
heated by means of a heat exchanger 16 before entering the mill 2 and the dryer 10,
respectively. It may be convenient to pre-heat the oxygen gas stream by means of a
heat exchanger 17 before the stream enters the boiler 14.

[0043] A flue gas cleaning arrangement Is connected to the boller 14 to clean
the flue gas produced by the oxy-fuel combustion. The flue gas may thus
consecutively pass through several different cleaning units before any vent gas is
released to the atmosphere. In the specific power plant of fig 1, the flue gas passes
through a flue gas heat exchanger arranged to cool the flue gas exiting the boiler 14
and to heat the flue gas recycled to the mill 2 and the boiler 14 as discussed above,
an electrostatic precipitator 19 for removing particles from the flue gas, a flue gas
compressor 20, a flue gas cooler 21, a wet flue gas desulphurisation unit 22, a flue
gas condenser 23, and a gas processing unit 24 for removing carbon dioxide from
the flue gas.

[0044] With reference to fig 2, a specific embodiment of an ASU 4 will now be
described.

[0045] An adiabatic compressor 25 is configured to compress air of ambient
temperature and pressure to a temperature of between 200°C and 300°C, such as
200°C and 250°C and a pressure of between 2-20 bar, such as 3-6 bar, e.g. about 5
bar. The compressor is arranged such that incoming air via a conduit may enter the
compressor 25 via a gas inlet. The compressor 25 is connected to a heat exchanger
26 via a gas conduit such that compressed air may exit the compressor 25 via a gas
outlet of the compressor 25 and the conduit to enter the heat exchanger 26 via gas

inlet of the heat exchanger 26 to be chilled by said heat exchanger 26.
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[0046] A cryogenic distillation unit 27 is in fluid connection with the heat
exchanger 26 such that chilled compressed air, which may be at least partially
liquefied, may enter the distillation unit 27 via a fluid conduit and a fluid inlet of the
distillation unit 27. The distillation unit 27 may e.g. be a conventional distillation unit
used in conventional cryogenic ASUs. The distillation unit 27 is arranged to
cryogenically distil the compressed air such that the air i1s separated into at least one
nitrogen fluid stream, which may be gas or liquid or a mixture thereof, with a purity of
99.5 mol-% and at least one oxygen fluid stream, which may be gas or liquid or a
mixture ’thereof, and possibly an argon fluid stream and/or streams of other air
constituents. Further, the distillation unit 27 is in fluid connection with the heat
exchanger 26 such that the nitrogen and oxygen fluid streams may exit the
distillation unit 27 via respective fluid outlets and pass into the heat exchanger 26 via
respective conduits and fluid inlets of the heat exchanger 26.

[0047] An expander in the form of a turbine 28 is arranged to expand the at
least one nitrogen stream and possibly also other of the separation products, while
recovering energy from said expansion. The turbine 28 is in fluid connection with the
heat exchanger 26 via conduits for the nitrogen stream and optionally the oxygen
gas stream, respectively, such that the nitrogen and oxygen gas streams 'may exit
the heat exchanger 26 via respective gas outlets of the heat exchanger 26, pass via
respective conduits from the heat exchanger 26 to the turbine 28 and enter the
turbine 28 via respective gas inlets. Typically, the expander 28 comprises separate
turbines for the nitrogen and oxygen streams respectively. The expander 28 may be
arranged for multistage expansion The expander 28 is arranged to expand the hot
nitrogen gas stream from a temperature of about 250°C and a pressure of between
2-20 bar, such as 3-6 bar, e.g. about 5 bar, to a temperature of about 150°C and a
pressure which is only slightly above ambient. After expansion by means of the
expander 28, the oxygen gas stream may be directed to the boiler 14 and the
nitrogen gas stream may be directed to the mill 2 and possibly the dryer 10, as

discussed above in respect of fig 1.
[0048] As is shown in fig 2, at least a part of the nitrogen gas stream from the

distiller 27 may additionally or alternatively bypass the heat exchanger 26 and/the
expander 28, e.g. to be directly led to the mill 2 and/or the dryer 10, possibly via the

optional pre-heating heat exchanger 16 of fig 1.
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[0049] It may be convenient to also expand the oxygen stream in an
expander, e.g. expander 28, for instance to recover energy. The oxygen stream may
thereafter be directed to the boiler 14 and the burner 9. It may be convenient,
especially if the oxygen stream has been expanded, to pre-heat the oxygen stream
before entering the boiler 14, e.g. by means of heat exchange with steam. As is
shown in fig 2, the oxygen stream may either be expanded in the expander 28 or
bypass the expander 28, e.g. being led directly to the boller 14, or part of the oxygen
stream may pass through the expander 28 while another part bypasses expander
28.

[0050] Optionally, a heat exchanger 29 may be used to pre-heat the nitrogen
gas stream, and optionally the oxygen gas stream, prior to expansion by means of
the expander 28. The heat exchanger 29 may as heating medium e.g. use hot flue
gas from the boiler 14, steam from the water/steam cycle of the power plant 1 and/or
boiler feed water from the water/steam cycle of the power plant 1.

[0051] The heat exchanger 26 is In fluid connection with the compressor 25,
the distillation unit 27 and the expander 28, as discussed above. The heat exchanger
26 is arranged to cool the compressed air by means of heat exchanging with the
distillation products, i.e. the nitrogen and oxygen gas streams. An additional cooling
medium in addition to the nitrogen and oxygen gas streams may also be needed.
The heat exchanger 26 may thus be arranged to cool the compressed air from a
temperature of between 200°C-250°C and a pressure of between 2-20 bar, such as
3-6 bar, e.g. about 5 bar, to a temperature of between 50°C to 100°C and a
pressure of between 2-20 bar, such as 3-6 bar, e.g. about 5 bar, to heat the nitrogen
gas stream from a temperature of between 0°C to 30°C, such as about 10°C and a
pressure of between 2-20 bar, such as 3-6 bar, e.g. about 5 bar, to a temperature of
between 150°C-250°C and a pressure of between 2-20 bar, such as 3-6 bar, e.g.
about 5 bar, and to heat the oxygen gas stream from a temperature of between 0°C-
30°C, such as about 10°C, and a pressure of between 1-20 bar, such as 1-3 bar, e.q.
about 1.2 bar to a temperature of between 150°C-250°C and a pressure of between
1-3 bar, e.qg. about 1.2 bar.

[0052] With reference to fig 3, a specific embodiment 100 of a method in

accordance with the present disclosure will now be described.
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[0053] By means of the ASU 4, air is separated, step 101, into a hot nitrogen
gas stream and an oxygen gas stream. The hot nitrogen gas stream is led to the fuel
mill 2 and the oxygen gas stream is led to the oxy-fuel combustion burner 9.

[0054] In the fuel mill 2, fuel such as coal Is milled, step 102, under a nitrogen
rich atmosphere formed by means of the hot nitrogen gas stream from the ASU 4.
The nitrogen gas stream is allowed to flow through the mill 2 such that at least most
of the nitrogen gas is removed, step 103, from the fuel and does not follow the fuel to
the burner 9.

[0055] The milled fuel is transported by means of the conveyor 8 to the
burner 9 where it Is oxy-fuel combusted, step 104, under an oxygen rich atmosphere
formed by means of the oxygen gas stream from the ASU 4.

[0056] 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
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 pest
mode currently 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 or
chronology, but rather the terms first, second, etc. are used to distinguish one

element from another.
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CLAIMS

1. A method of milling a fuel for an oxy-fuel combustion burner (9), the
method comprising:

separating (101) air into a hot nitrogen gas stream, having a temperature of at
least 150°C and a purity of at least 98 mol-% nitrogen, and an oxygen gas stream;

leading at least a part of the nitrogen gas stream to a fuel mill (2);

milling (102) the fuel by means of the fuel mill (2) in a nitrogen rich
atmosphere formed by means of the nitrogen gas stream;

leading (103) the at least a part of the nitrogen gas stream away from the
milled fuel;

leading the oxygen gas stream to the oxy-fuel combustion burner (9);

conveying the milled fuel to the oxy-fuel combustion burner (9); and

burning (104) the fuel, by means of the oxy-fuel combustion burner (9), in an

oxygen rich atmosphere formed by means of the oxygen gas stream.

2. The method of claim 1, wherein the air separating comprises cryogenic
distillation. _
3. The method of claim 1 or 2, wherein the air separating comprises

adiabatic compression of air to form an air stream having a temperature of at least
150°C.

4. The method of any previous claim, wherein the leading away of the hot
nitrogen gas stream comprises removing any fuel particles from the hot nitrogen gas
stream by means of a particle remover (7), such as an electrostatic precipitator or a
cyclone.

5. The method of any previous claim, further comprising:

leading a second part of the hot nitrogen gas stream to a fuel dryer (10);

drying the fuel by means of the fuel dryer (10), before or after the milling (102)

of said fuel; and
leading the second part of the hot nitrogen gas stream away from the dried

fuel (10).

13
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6. A system comprising:
an air separation unit (4) arranged for separating (101) air into a hot nitrogen
gas stream having a temperature of at least 150°C and a purity of at least 98 mol-%

nitrogen, and an oxygen gas stream;
a fuel mill (2), arranged for milling (102) a fuel in a nitrogen rich atmosphere

formed by means of the nitrogen gas stream; and
an oxy-fuel combustion burner (9), arranged for burning (104) the milled fuel

In an oxygen rich atmosphere formed by means of the oxygen gas stream.

/. The system of claim 6, wherein the air separation unit (4) comprises a
cryogenic distillation unit (27).

8. The system of claim 6 or 7, wherein the air separation unit (4)
comprises an adiabatic compressor (25) arranged for compressing air to form an air

stream having a temperature of at least 150°C.

9. An oxy-fuel combustion power plant comprising the system of any claim

6-8.
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