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(54) BIOMASS-ONLY COMBUSTION BURNER, BIOMASS-MIXED COMBUSTION BOILER, AND 
BIOMASS FUEL COMBUSTION METHOD

(57) The present invention provides a biomass com-
bustion burner applied to a pulverized coal-fired boiler to
burn biomass fuel, a biomass-mixed fired boiler that re-
duces an amount of CO2 derived from fossil fuels, and
a method for burning biomass fuel using the foregoing.
The biomass combustion burner includes a biomass fuel
jet nozzle (10) having a fuel jet port (19) that jets biomass
fuel conveyed by primary air; a secondary air nozzle (20)
having a secondary air jet port (23) that surrounds the
fuel jet port; and a tertiary air nozzle (25) having a tertiary

air jet port (27) that surrounds the secondary air jet port.
The biomass fuel jet nozzle includes a fuel concentration
adjusting section (15) that changes a biomass fuel
stream into a swirl flow to thereby make a fuel concen-
tration higher on an outer circumferential portion side;
and a degree-of-swirl adjusting plate (17) that reduces a
degree of swirl of a jetting fuel stream. An amount of the
secondary air is reduced and a buffer stream is formed
between the fuel stream and a tertiary air stream to there-
by improve ignitability and flame holding performance.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a biomass com-
bustion burner used in a coal-fired boiler that uses bio-
mass fuel as auxiliary fuel, a biomass-mixed fired boiler
including the biomass combustion burner, and a method
for burning biomass fuel.

BACKGROUND ART

[0002] Recently, a need exists to promote planned per-
formance of steps against global warming. Of the total
greenhouse effect gases discharged in Japan, energy-
derived CO2 emissions account for about 90% in recent
years. Moreover, of the total power generated, coal-fired
power generation discharges 50% CO2. Thus, coal-fired
power generating facilities are required to promote the
use of new types of energy having low environmental
impact.
[0003] Against this background, the "Special Meas-
ures Law Concerning the Use of New Energy by Electric
Utilities" (hereinafter, the "RPS (Renewables Portfolio
Standard) Law") was enacted in Japan. The RPS Law is
intended to promote the use of new energy by annually
imposing an obligation on electricity retailers to use a
predetermined amount or more of electricity derived from
new energy or the like, according to the amount of elec-
tricity the retailers sell.
[0004] The RPS Law permits the electricity retailers to
build a new coal-fired power generating facility only if the
coal-fired power generating facility is a biomass-mixed
system that burns biomass as auxiliary fuel. Existing fa-
cilities are also required to introduce the biomass-mixed
combustion system.
[0005] Organic substances repeat a cycle of decom-
position, absorption, and release on Earth. Equilibrium
can thus be achieved for the amount of CO2 discharged
by biomass energy by having a source of absorbing the
equal amount of CO2. Biomass power generation that
uses woody biomass fuel as a circulative resource there-
fore does not practically increase CO2 load in the atmos-
phere and thus carries the weight of expectations as new
energy. Easily collectable woody biomass includes wood
pellets and wood chips.
[0006] Additionally, use of the biomass fuel as auxiliary
fuel in the coal-fired boiler not only saves fossil fuels and
reduces the amount of CO2 emissions, but also achieves
reduction in NOx contained in combustion exhaust gases
because the biomass fuel contains low nitrogen content.
[0007] As a combination type coal-fired boiler that has
hitherto been used, a known biomass-mixed fired boiler
includes a conventional pulverized coal burner or a bio-
mass-mixed combustion burner that supplies coal and
biomass fuel simultaneously to thereby burn pulverized
fuel that is a mixture of pulverized coal and biomass fuel.
A typical system uses a conventional pulverized coal-

fired boiler and manufactures a mixed fuel of pulverized
coal and biomass by, for example, adding a woody bio-
mass material to a roller or other type of mill that crushes
coal into fine powder. The system then conveys the mixed
fuel on conveyance air and burns the mixed fuel using
the pulverized coal burner.
[0008] The roller mill pulverizes coal into fine particles
of commonly 200 mm or less, preferably about 70 mm, in
order to improve combustion efficiency of the burner. At
this time, the biomass fuel is also pulverized into fine
particles. If, in contrast, the coal and the woody biomass
are loaded and processed simultaneously in the roller
mill, an aggravated product grain size results with a re-
sultant increase in the amount of coarse components of
100 mm or more. Fig. 7 compares a pulverized grain size
distribution when 5% woody biomass is mixedly proc-
essed in the roller mill with that when only coal is proc-
essed. In the graph showing grain sizes of product fuels
in Fig. 7, the abscissa represents sieve mesh in a loga-
rithmic scale and the ordinate represents weight percent-
age of fuel that has passed through the sieve mesh. The
graph reveals that mixing the woody biomass expands
the grain size distribution of the product fuel both in
coarse and fine directions.
[0009] In addition, the woody biomass fuel and the pul-
verized coal have combustion characteristics different
from each other. For example, the woody biomass has
a volatile content twice as high as that of coal. The wood
pellet has a calorific value of 2/3 of that of coal and the
wood chip has a calorific value of 1/2 of that of coal. The
wood pellet and the wood chip have an ash content of
1/10 or less of that of coal. Thus, the mixing ratio is limited
in co-firing the biomass fuel with coal in a burner designed
as a pulverized coal burner.
[0010] The biomass fuel mixing ratio in the pulverized
coal fired boiler is 3% in terms of actual industrial appli-
cations and the limit is estimated to be about 5%.
[0011] With future trends taken into consideration, if a
mixed fuel burning ratio of about 30% by weight can be
achieved in the biomass-mixed fired boiler that co-fires
pulverized coal to which the woody biomass fuel is added
as auxiliary fuel, possibility of utilization of the biomass-
mixed fired boiler is expected to greatly increase. A high
mixed fuel burning ratio of the biomass fuel cannot be
obtained from using the pulverized coal burner and thus
conceived is the introduction of a biomass combustion
burner.
[0012] The finer the woody biomass is pulverized, the
more the power is required in pulverization, which in-
creases the unit requirement. On the other hand, the
woody biomass fuel is easier to burn than coal if particle
diameters are the same, which eliminates the need for
making small the pulverized grain size. The woody bio-
mass fuel and the pulverized coal have combustion char-
acteristics different from each other. Thus, to burn the
woody biomass fuel efficiently, ideally, the biomass com-
bustion burner specifically designed for use with the
woody biomass fuel is used.
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[0013] To use a biomass combustion burner, a pulver-
izing mill is operated under conditions suitable for the
woody biomass fuel independently of the pulverized coal.
The biomass-mixed fired boiler can be operated with a
suitable mixed fuel burning ratio selected as against the
coal used in the pulverized coal burner.
[0014] The mixed fuel burning ratio for the boiler is de-
termined according to the numbers of pulverized coal-
fired burners and biomass combustion burners and the
combustion efficiency.
[0015] Patent Document 1 discloses a biomass com-
bustion burner that is applied to a biomass-mixed fired
boiler that loads pulverized coal and woody biomass fuel
through respective lines into a furnace for combustion.
The disclosed biomass combustion burner includes a bi-
omass fuel jet nozzle. The biomass fuel jet nozzle in-
cludes a disperser at a center thereof, the disperser pre-
venting uneven flow of the biomass fuel, and a venturi
disposed upstream inside the nozzle, the venturi increas-
ing flow velocity of the fuel to thereby cause biomass fuel
particles to collide with the disperser. The biomass fuel
jet nozzle further includes a flame stabilizer disposed at
a leading end thereof, the flame stabilizer having a
stepped enlarging structure for sharply expanding the
biomass fuel stream. The biomass combustion burner
further includes a combustion air nozzle on the outside
of the biomass fuel jet nozzle, the combustion air nozzle
supplying a secondary air swirl flow.
[0016] The biomass combustion burner is optimized
for burning a predetermined amount of biomass fuel. The
number of biomass combustion burners to be installed
may be determined according to the amount of biomass
fuel to be processed required in the furnace to which the
burners are applied. The arrangement disclosed in patent
document 1 has a mixed fuel burning ratio of 15%.
[0017] It is noted that, preferably, the biomass com-
bustion burner is disposed between a pulverized coal
combustion burner and a two-stage combustion air jetting
port.
[0018] Patent Document 2 discloses a boiler that in-
cludes a biomass-mixed combustion burner burning pul-
verized coal and biomass fuel and a boiler that includes
a starting or auxiliary burner that functions also as a bi-
omass fuel burning burner that burns biomass fuel sup-
plied intermittently thereto. Patent Document 2 does not,
however, describe any specific configuration of the bio-
mass combustion burner, problems encountered during
its use, solving means, and the like.
[0019] Patent Document 3 discloses a pulverized coal
combustion burner. The disclosed burner is adapted to
pulverized coal that has a greater calorific value, a greater
amount of air required for combustion, and greater spe-
cific gravity than those of the biomass fuel and thus has
a small optimum grain size. To burn the woody biomass
fuel with high efficiency, therefore, the burner is required
to be optimized to suit the woody biomass fuel.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0020]

Patent Document 1: JP-A-2005-291534
Patent Document 2: JP-A-2005-291524
Patent Document 3: JP-A-H09-26112

DISCLOSURE OF THE INVENTION

[0021] An object is to provide a biomass combustion
burner that co-fires biomass fuel in a pulverized coal-fired
boiler to thereby enable combustion of a large amount
of woody biomass, a biomass-mixed fired boiler capable
of reducing an amount of CO2 derived from fossil fuels,
and a method for burning biomass fuel using a biomass
combustion burner.
[0022] To achieve the foregoing object, an aspect of
the present invention provides a biomass combustion
burner comprising a biomass fuel jet nozzle having a bent
section and a fuel jet port that jets biomass fuel conveyed
by primary air; a secondary air nozzle having a secondary
air jet port that surrounds an opening in the fuel jet port,
the secondary air nozzle jetting secondary air; and a ter-
tiary air nozzle having a tertiary air jet port that surrounds
an opening in the secondary air nozzle jet port, the tertiary
air nozzle jetting a swirl flow of tertiary air.
[0023] In the biomass burning burner according to the
aspect of the present invention, the biomass combustion
burner includes a swirler disposed at a center inside the
biomass fuel jet nozzle, the swirler changing a biomass
fuel stream drifted by the bent section into an axially whirl-
ing swirl flow to thereby make a fuel concentration lower
on a pipe axis side and higher on an outer circumferential
portion side, and includes a degree-of-swirl adjusting
plate disposed on a pipe inner wall immediately upstream
of the fuel jet port, the degree-of-swirl adjusting plate re-
ducing a degree of swirl of the fuel stream that jets from
the fuel jet port, thereby optimizing a fuel concentration
distribution, and an opening in the secondary air jet port
and an opening in the tertiary air jet port are adjusted to
reduce an amount of the secondary air and a buffer
stream is thereby formed between the fuel stream and a
tertiary air stream.
[0024] Preferably, the biomass combustion burner of
the aspect of the present invention may include an oil
supply pipe disposed in a straight pipe section down-
stream of the bent section of the biomass fuel jet nozzle,
the oil supply pipe passing through a pipe axis to supply
liquid fuel.
[0025] Independently of a pulverizing mill for pulver-
ized coal, a secondary pulverizing mill, such as an impact
type crusher (e.g. TSX Type Shredder manufactured by
EarthTechnica Co., Ltd.), may be used to pulverize
woody biomass material into biomass fuel having a par-
ticle diameter of 2 mm or under. The biomass fuel is con-
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veyed by the primary air to serve as a fuel stream that is
supplied to the biomass combustion burner of the aspect
of the present invention, and burned in the furnace.
[0026] To reduce NOx emissions from the combustion
gas in the furnace in which the biomass combustion burn-
er is installed, preferably, the biomass fuel is burned in
a reducing atmosphere.
[0027] The biomass combustion burner of the aspect
of the present invention requires a flow velocity of about
15 to 25 m/s for conveyance of the biomass fuel, so that
predetermined restrictions are imposed on the amount
of primary air. Moreover, to efficiently burn the biomass
fuel in the reducing atmosphere, preferably, the biomass
combustion burner is operated such that the amount of
primary air is 0.8 or more and 2.5 or less in terms of an
A/C value (Nm3/kg) relative to weight of the biomass fuel.
[0028] The biomass combustion burner of the aspect
of the present invention can be operated at an A/C value
of 2.5 or less with a rated fuel flow rate and an A/C value
of 1.5 or less with a condition of load of 60% of the rating.
[0029] With a quantity of fuel of 60% or more of the
rating, the biomass combustion burner can be operated
such that a value of A/C is not greater than the propor-
tional distribution between A/C 2.5 in a quantity of fuel of
burner rating and A/C 1.5 in a quantity of fuel of 60% of
the burner rating.
[0030] In the biomass combustion burner of the aspect
of the present invention, a secondary air stream smaller
than a tertiary air stream whirls the biomass fuel dis-
charged into the furnace back in a nozzle axial direction
to thereby create a vortex around the jet port. Flame hold-
ing performance is thereby improved and combustion in
the reducing atmosphere is made to continue even a
longer time, so that a NOx reduction effect can be en-
hanced.
[0031] A biomass-mixed fired boiler according to an
aspect of the present invention comprises a pulverized
coal-fired boiler including the biomass combustion burn-
er of the aspect of the present invention, wherein biomass
fuel processed by a pulverizing mill different from a pul-
verizing mill that processes pulverized coal is supplied
to the biomass combustion burner.
[0032] The biomass combustion burner is disposed
behind a furnace of the pulverized coal-fired boiler and
on a level equal to, or even higher than, a pulverized coal
burner disposed at a higher position. The biomass com-
bustion burner may be disposed in front of the furnace
of the pulverized coal fired boiler.
[0033] The biomass-mixed fired boiler according to the
aspect of the present invention burns a large volume of
biomass fuel to thereby save coal consumption and re-
duce the amount of CO2 emissions and NOx emissions.
[0034] A method for burning biomass fuel according to
an aspect of the present invention burns biomass fuel by
supplying the biomass combustion burner of the aspect
of the present invention with a fuel stream that contains
woody biomass fuel exhibiting a grain size distribution of
2 mm or under, the woody biomass fuel being conveyed

by the primary air, the fuel stream having a flow velocity
of from 15 m/s to 25 m/s, and by supplying the secondary
air and the tertiary air such that combustion air has a
value of A/C of 0.8 or greater and a value of A/C not
greater than proportional distribution between A/C 2.5 in
a quantity of fuel of burner rating and A/C 1.5 in a quantity
of fuel of 60% of the burner rating.
[0035] The method for burning biomass fuel according
to the aspect of the present invention enables a large
volume of biomass fuel to be burned effectively by ap-
propriately operating the biomass combustion burner ac-
cording to the aspect of the present invention.
[0036] The biomass combustion burner according to
the aspect of the present invention is capable of burning
a large volume of biomass fuel independently of the pul-
verized coal.
[0037] An adequate number of biomass combustion
burners may be installed relative to a new or existing
pulverized coal-fired boiler to form a biomass-mixed fired
boiler. The biomass-mixed fired boiler is adapted to burn
the biomass fuel, which achieves a significant effect of
reducing the amount of coal burned, the amount of NOx
emissions from exhaust gases, and the amount of CO2
emissions derived from fossil fuels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038]

Fig. 1 is a schematic cross-sectional view showing
a biomass combustion burner according to an em-
bodiment of the present invention.
Figs. 2A and 2B are illustrations showing exemplary
swirlers included in the biomass combustion burner
according to the embodiment.
Fig. 3 is a plant system diagram illustrating a biomass
burning process according to the embodiment.
Fig. 4 is a conceptual diagram showing an exemplary
disposition of the biomass combustion burner ac-
cording to the embodiment in a boiler.
Fig. 5 is a grain size distribution diagram of biomass
fuel supplied to the biomass combustion burner ac-
cording to the embodiment.
Fig. 6 is a diagram showing a relation between burner
load and A/C representing an operating range of the
biomass combustion burner according to the embod-
iment.
Fig. 7 is a grain size distribution diagram of a fuel
mixture of coal and biomass burned in a conventional
pulverized coal burner.

MODES FOR CARRYING OUT THE INVENTION

[0039] An embodiment of the present invention will be
described below with reference to the accompanying
drawings.
[0040] Fig. 1 is a schematic cross-sectional view show-
ing a biomass combustion burner according to an em-
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bodiment of the present invention. Figs. 2A and 2B are
illustrations showing exemplary swirlers included in the
biomass combustion burner, Fig. 2A being a front eleva-
tional view showing the swirlers as viewed from a pipe
axis direction and Fig. 2B being a side elevational view
showing the swirlers as viewed from a direction perpen-
dicular to the pipe axis.
[0041] As shown in Fig. 1, this biomass combustion
burner 100 according to the embodiment includes a bi-
omass fuel jet nozzle 10, a secondary air nozzle 20, and
a tertiary air nozzle 25. An auxiliary fuel supply pipe 31
may be disposed on the pipe axis of the biomass fuel jet
nozzle 10.
[0042] The biomass fuel jet nozzle 10 supplies bio-
mass fuel conveyed by primary air into a furnace. The
primary air used here is supplied in such a quantity as to
result in a wind velocity of about 15 to 25 m/s at which
the biomass fuel does not stagnate in the pipe. In the
biomass fuel jet nozzle 10, an introduction pipe 12 is
made to meet a biomass fuel supply pipe 11 substantially
perpendicularly at a position of a bent section 14. The
biomass fuel supply pipe 11 is disposed to extend in a
horizontal direction. The biomass fuel jet nozzle 10 caus-
es a fuel stream that flows therein from the introduction
pipe 12 to collide with a reversal plate 13 disposed at the
bent section 14 and to thereby be bent substantially at
90°. When the fuel stream is smoothly bent by a bent
pipe at the bent section 14, a centrifugal force causes
fuel particles to unevenly reside on an outer circumfer-
ential side of the bent pipe, so that a fuel distribution
inside the pipe becomes uneven circumferentially at an
outlet of the bent pipe. Thus, the nozzle according to the
embodiment of the present invention causes the fuel
stream to collide with the flat reversal plate 13 to thereby
disturb the stream, thereby making the fuel distribution
inside the pipe uniform in the circumferential direction.
[0043] The biomass fuel stream conveyed by the pri-
mary air flows past the bent section 14. This causes con-
centration distribution of the biomass fuel to become un-
even at a flow cross section. A fuel concentration adjust-
ing section 15 is thus disposed downstream of the bent
section 14 at a center inside the biomass fuel jet nozzle
11. The fuel concentration adjusting section 15 adjusts
fuel concentration in the biomass fuel stream.
[0044] As shown in Figs. 2A and 2B, the fuel concen-
tration adjusting section 15 is configured to include a plu-
rality of swirlers 16 disposed in a flow path of the biomass
fuel jet nozzle 11. The swirlers 16 are each tilted relative
to the pipe axis. The swirlers 16 change the biomass fuel
stream into a swirl flow that whirls around the axis, there-
by making the fuel concentration lower at the center and
higher on the outer circumferential portion and making
the concentration distribution substantially uniform in the
circumferential direction.
[0045] At least one degree-of-swirl adjusting plate 17
is disposed on a pipe inner wall immediately upstream
of a fuel jet port 19 that jets fuel into the furnace. This
reduces a swirl force of the fuel stream given by the swirl-

ers 16, thereby preventing the fuel stream from spreading
after jetting. The at least one degree-of-swirl adjusting
plate 17 comprises a plurality of flat plates disposed in
the circumferential direction, each flat plate extending
substantially in parallel with the pipe axis. A size and an
orientation of the degree-of-swirl adjusting plates 17 may
be appropriately determined according to the swirl force
of the fuel stream and an angle of spread after jetting.
[0046] The secondary air nozzle 20 is disposed so as
to surround the biomass fuel jet nozzle 10 and the tertiary
air nozzle 25 is disposed so as to surround the secondary
air nozzle 20.
[0047] The secondary air nozzle 20 draws secondary
air in via a swirl vane 21 from a wind box and supplies
the secondary air into the furnace from a secondary air
jet port 23 formed to surround the fuel jet port 19. Simi-
larly, the tertiary air nozzle 25 draws tertiary air in via a
swirl vane 26 from a wind box and supplies the tertiary
air into the furnace from a tertiary air jet port 27 formed
to surround the secondary air jet port 23.
[0048] The secondary air and the tertiary air are mixed
as part of combustion air with the biomass fuel stream
spreading over the inside of the furnace from the fuel jet
port 19 to thereby burn the biomass fuel.
[0049] The secondary air is present inside the tertiary
air and contacts first the biomass fuel stream to bend the
fuel stream inwardly. The secondary air thereby retards
meeting of the fuel stream with the tertiary air and main-
tains a condition of a high fuel concentration. The sec-
ondary air thus achieves an action of ensuring steady
ignition performance and improving flame holding per-
formance. Additionally, combustion time with low oxygen
is ensured, so that NOx emissions can be effectively re-
duced.
[0050] In the biomass combustion burner 100 shown
in Fig. 1, the swirl vane 21 and the swirl vane 26 are
disposed near respective intake ports from the wind box
in order to form a combustion air swirl flow that whirls
around the fuel jet port 19. The swirl vanes 21, 26 may
still be disposed immediately upstream of the secondary
air jet port 23 and the tertiary air jet port 27, respectively.
It is noted that the secondary air has a weak action when
the swirl is intensified and the arrangement may not in-
clude the swirl vane 21 for the secondary air.
[0051] The auxiliary fuel supply pipe 31 supplies liquid
fuel or gas fuel for an auxiliary or starting use, used al-
ternatively when, for example, there is a short supply of
biomass fuel. Though effective for steady operation, the
auxiliary fuel supply pipe 31 is not absolutely required.
[0052] Although not shown, a pilot burner and a flame
detector are provided for the biomass combustion burner
100 according to the embodiment.
[0053] Fig. 3 is a plant system diagram illustrating an
exemplary biomass fuel supply system in a pulverized
coal fired boiler to which the biomass combustion burner
100 according to the embodiment is applied.
[0054] The biomass combustion burner 100 is dis-
posed on a side wall of a conventional pulverized coal
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fired boiler 61. The biomass combustion burner 100 may
be installed in place of part of existing pulverized coal
burners or two-stage combustion air supply nozzles.
[0055] Biomass fuel is processed by a dedicated pul-
verizing mill different from that which produces pulverized
coal into granular particles having a grain size different
from that of the pulverized coal, and supplied to the bio-
mass combustion burner 100 by being conveyed by an
air stream independently of the pulverized coal.
[0056] The biomass fuel supply system includes a re-
ceiving hopper 51, a belt conveyor 52, a pulverizing mill
53, a blower fan 54, a cyclone 55, a bag filter 57, a me-
tering supplier 56, and a conveying fan 59. The receiving
hopper 51 receives woody biomass material. The belt
conveyor 52 unloads a predetermined amount of material
from a bottom of the receiving hopper 51. The pulverizing
mill 53 receives the material from the conveyor 52 and
pulverizes the material into particles having a predeter-
mined size. The blower fan 54 supplies air for conveying
biomass fuel from the pulverizing mill 53. The cyclone 55
removes particulates from the biomass particles. The bag
filter 57 removes fine powder from air discharged from
the cyclone 55 and releases clean air into the atmos-
phere. The metering supplier 56 meters a predetermined
amount of woody biomass fuel from a bottom of the cy-
clone 55. The conveying fan 59 supplies primary air for
conveying the biomass fuel supplied at a predetermined
flow rate.
[0057] The woody biomass material supplied to the re-
ceiving hopper 51 following primary pulverization under-
goes secondary pulverization by the pulverizing mill 53
until the material has a predetermined grain size distri-
bution. Blown by air to the cyclone 55 and with particu-
lates removed, the material accumulates on the bottom
of the cyclone 55 and is then metered by the metering
supplier 56, so that a predetermined amount of material
each is supplied to a biomass fuel supply pipe 63.
[0058] The biomass fuel supplied from the metering
supplier 56 to the biomass fuel supply pipe 63 is con-
veyed by primary air sent under pressure from the con-
veying fan 59 and supplied to the biomass combustion
burner 100 via a fuel conveying stream supply pipe 65.
[0059] A conveying air supply rate is determined so as
to have a flow velocity of from 15 m/s to 25 m/s such that
fuel particles do not stagnate or an excessively high
speed stream does not occur in the fuel conveying stream
supply pipe 65 or the biomass combustion burner 100.
[0060] Fig. 4 is a diagram showing an exemplary dis-
position of the biomass combustion burner according to
the embodiment in an existing pulverized coal-fired boil-
er.
[0061] In the exemplary disposition shown in Fig. 4,
four biomass combustion burners arranged in one row
are installed as adjuncts to the existing pulverized coal-
fired boiler that includes a total of 16 pulverized coal burn-
ers, four each arranged in four rows, at lower portions in
front of the furnace (upstream in a combustion gas
stream), and a total of eight TS ports, four each arranged

in two rows, at upper portions in front of the furnace
(downstream in the combustion gas stream). The four
biomass combustion burners are disposed at backside
of the coal-fired boiler (behind the furnace) on a level
substantially corresponding to a level of the pulverized
coal burners on the uppermost row. The number of bio-
mass combustion burners can be determined according
to the capacity of the biomass combustion burner and
the amount of biomass fuel to be processed by the boiler.
[0062] It is thus preferable that the pulverized coal
burner is disposed under the biomass combustion burn-
er, so that heavy fuel particles with large particle diame-
ters contained in the biomass fuel are kept in suspension
for combustion for an appropriate period of time by an
updraft of the combustion gas. This prevents the heavy
fuel particles with large particle diameters contained in
the biomass fuel and in an unburned state from falling
down onto the bottom of the furnace.
[0063] When an existing boiler is to be modified, un-
derstandably, any appropriate part of the existing pulver-
ized coal burners or TS ports may be replaced with the
biomass combustion burners.
[0064] The conventional pulverized coal burner gen-
erally requires that coal should be pulverized in order to
enhance combustion efficiency, the coal being typically
pulverized into fine particles of commonly 200 mm or less,
preferably about 70 mm, for use with the conventional
pulverized coal burner. The pulverized coal burner ac-
cording to the embodiment uses pulverized coal fuel that
has been processed such that fuel particle diameters of
74 mm or less account for 80%. By adjusting A/C (a ratio
of fuel conveying air flow rate (Nm3/h) to fuel (kg/h)) to
fall within a range of 0.8 to 3.0, the pulverized coal can
be burned such that a load factor to a rated value falls
within a range of 35% to 100%.
[0065] However, when the material for the woody bio-
mass fuel is pulverized, electric power for pulverization
increases sharply at smaller grain sizes involved in pul-
verizing the material, thereby aggravating the economy.
In addition, the woody biomass fuel is easier to burn than
the coal for the same particle diameter, which allows the
pulverized grain size to be made larger. As a result, pref-
erably, the woody biomass fuel is pulverized to a grain
size distribution of substantially 2 mm or under.
[0066] Because of the different optimum combustion
conditions as described above, the embodiment uses the
biomass combustion burner 100, rather than the pulver-
ized coal burner, to burn the biomass fuel under condi-
tions different from those for the pulverized coal. Thus,
the embodiment uses the pulverizing mill 53 of a type
selected independently of the pulverizing mill for the pul-
verized coal, for example, TSX Type Shredder manufac-
tured by EarthTechnica Co., Ltd., to subject the woody
biomass material supplied as primarily pulverized to the
secondary pulverization to thereby form particles having
a size most suitable for biomass combustion. For the
primary air for conveyance, too, preferably, the independ-
ent conveying fan 59 is used to provide an air flow rate
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and air pressure suitable for the biomass combustion
burner 100.
[0067] Fig. 5 is a graph showing grain size distributions
of woody biomass materials of wood pellets and wood
chips before and after the processing performed by the
pulverizing mill. For example, the wood pellets pulverized
to 2 mm or under by the pulverizing mill 53 exhibit a grain
size distribution with 700 mm or less accounting for 80%
and can be reductively burned easily by the biomass
combustion burner 100 according to the embodiment.
[0068] In addition, a thermohydraulic analysis of the
woody biomass applied to an actual boiler has been per-
formed to testify that the biomass fuel exhibiting the
above-described grain size distribution undergoes com-
bustion with its all particles being conveyed in suspension
by a combustion gas updraft in the furnace when released
thereinto from the fuel jet port 19 in the biomass fuel jet
nozzle 10, leaving no unburned components subsiding
at the bottom of the furnace.
[0069] Fig. 6 is a diagram showing a relation between
burner load and A/C of the biomass combustion burner
100 according to the embodiment. On the figure, the ab-
scissa represents quantity of fuel in percentage (%) rel-
ative to rating and the ordinate represents A/C (Nm3/h).
The shaded area in the figure is a recommended zone
for operation.
[0070] As shown in Fig. 6, the biomass combustion
burner 100 according to the embodiment is industrially
applicable in the range of A/C between 0.8 and 2.5 at a
load factor of 100% and the range of A/C between 0.8
and 1.5 at a load factor of 60%.
[0071] While being usable up to a high A/C at a load
factor of 100%, the biomass combustion burner 100 be-
comes disabled with smaller A/C at a load factor of 60%.
This is considered to be attributable to the following rea-
sons. Specifically, ignitability and flame holding perform-
ance are degraded due to decrease in fuel components
in the fuel stream and the amount of primary air required
for conveyance of the fuel does not change very much
despite reduction in the amount of air for combustion as
a result of reduced fuel. The resultant short supply of the
secondary air and tertiary air decreases the flame holding
action unique to the present burner mechanism.
[0072] At a load factor of 60% or less, the ratio of the
fuel component in the biomass fuel stream is too small,
making it difficult to achieve good ignition and flame sta-
bility. Thus, such a load factor is not recommended.
[0073] Fig. 6 shows results of an operable range
checked using a biomass combustion burner capable of
burning fuel with a rating of 300 kg/h. In the figure, the
black dots denote cases with a steady flame exhibiting
favorable ignitability and flame holding performance,
while the x marks denote cases of inferior combustion
exhibiting poor flame holding performance and the like.
The figure testifies operability in the recommended op-
eration zone.
[0074] The biomass-mixed fired boiler to which the bi-
omass combustion burner of the embodiment is applied

burns a large volume of woody biomass fuel to thereby
save coal consumption and reduce the amount of CO2
emissions derived from fossil fuels. The biomass com-
bustion burner burns the biomass fuel independently of
the pulverized coal. This allows the combustion volume
to be adjusted according to the number of installations.
Thus, by installing an appropriate number of burners
each having a predetermined capacity, a large volume
of biomass fuel can be steadily co-fired.
[0075] Additionally, because the biomass fuel contains
low nitrogen content, the biomass-mixed fired boiler can
achieve reduction in NOx in the combustion exhaust gas-
es.

INDUSTRIAL APPLICABILITY

[0076] A biomass-mixed fired boiler capable of com-
bustion at a high mixed fuel burning ratio of biomass can
be provided by applying the biomass combustion burner
according to the present invention to a new or existing
pulverized coal-fired boiler.

DESCRIPTION OF REFERENCE NUMERALS

[0077]

10: biomass fuel jet nozzle
11: biomass fuel supply pipe
12: introduction pipe
13: reversal plate
15: fuel concentration adjusting section
16: swirler
17: degree-of-swirl adjusting plate
19: fuel jet port
20: secondary air nozzle
21: swirl vane
23: secondary air jet port
25: tertiary air nozzle
26: swirl vane
27: tertiary air jet port
31: auxiliary fuel supply pipe
51: receiving hopper
52: belt conveyor
53: pulverizing mill
54: blower fan
55: cyclone
56: metering supplier
57: bag filter
59: conveying fan
61: pulverized coal fired boiler
63: biomass fuel supply pipe
65: fuel conveying stream supply pipe
100: biomass combustion burner

Claims

1. A biomass combustion burner comprising:
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a biomass fuel jet nozzle having a bent section
and a fuel jet port that jets biomass fuel con-
veyed by primary air;
a secondary air nozzle having a secondary air
jet port that surrounds an opening in the fuel jet
port, the secondary air nozzle jetting secondary
air; and
a tertiary air nozzle having a tertiary air jet port
that surrounds the secondary air jet port, the ter-
tiary air nozzle jetting a swirl flow of tertiary air,
wherein
the biomass combustion burner includes a swirl-
er disposed at a center inside the biomass fuel
jet nozzle, the swirler changing a biomass fuel
stream drifted by the bent section into an axially
whirling swirl flow to thereby make a fuel con-
centration lower on a pipe axis side and higher
on an outer circumferential portion side, and in-
cludes a degree-of-swirl adjusting plate dis-
posed on a pipe inner wall immediately up-
stream of the fuel jet port, the degree-of-swirl
adjusting plate reducing a degree of swirl of the
fuel stream that jets from the fuel jet port, thereby
optimizing a fuel concentration distribution, and
an opening in the secondary air jet port and an
opening in the tertiary air jet port are adjusted
to reduce an amount of the secondary air and a
buffer stream is thereby formed between the fuel
stream and a tertiary air stream.

2. The biomass combustion burner according to claim
1, wherein the primary air is supplied in such a quan-
tity as to result in a velocity of a fuel conveying stream
in the pipe of the biomass fuel jet nozzle falling within
a range of from 15 m/s to 25 m/s.

3. A biomass-mixed fired boiler comprising a pulver-
ized coal-fired boiler including the biomass combus-
tion burner according to claim 1, wherein biomass
fuel processed by a pulverizing mill different from a
pulverizing mill that processes pulverized coal is sup-
plied to the biomass combustion burner.

4. The biomass-mixed fired boiler according to claim
3, wherein the biomass combustion burner is dis-
posed behind a furnace of the pulverized coal-fired
boiler and on a level equal to, or even higher than,
a pulverized coal burner disposed at a higher posi-
tion.

5. The biomass-mixed fired boiler according to claim
3, wherein, in the biomass combustion burner, the
primary air is supplied in such a quantity as to result
in a velocity of a fuel conveying stream in the pipe
of the biomass fuel jet nozzle falling within a range
of from 15 m/s to 25 m/s.

6. The biomass-mixed fired boiler according to claim

5, wherein the biomass combustion burner is dis-
posed behind a furnace of the pulverized coal-fired
boiler and on a level equal to, or even higher than,
a pulverized coal burner disposed at a higher posi-
tion.

7. A method for burning biomass fuel, comprising:

burning biomass fuel using the biomass com-
bustion burner according to claim 1.

8. The method for burning biomass fuel according to
claim 7, wherein the primary air is supplied in such
a quantity as to result in a velocity of a fuel conveying
stream in the pipe of the biomass fuel jet nozzle fall-
ing within a range of from 15 m/s to 25 m/s.

9. The method for burning biomass fuel according to
claim 7, wherein the biomass fuel is burned by sup-
plying the biomass combustion burner with a fuel
stream that contains woody biomass fuel exhibiting
a grain size distribution of 2 mm or under, the woody
biomass fuel being conveyed by the primary air, the
fuel stream having a flow velocity of from 15 m/s to
25 m/s, and by supplying the secondary air and the
tertiary air such that:

combustion air including the primary air, the sec-
ondary air, and the tertiary air has an A/C value
that is
not less than 0.8, and
not greater than proportional distribution be-
tween A/C 2.5 in a quantity of fuel of burner rating
and A/C 1.5 in a quantity of fuel of 60% of the
burner rating.
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