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(57) ABSTRACT

An oxyluel boiler system, comprising: an oxygen generator
to separate oxygen from air; a coal supply unit to dry and
pulverize coal; a burner having a fuel feed path for feeding
pulverized coal supplied from the coal supply unit and an
oxidizer feed path for feeding oxidizer; a boiler provided with
the burner; an exhaust gas discharge line to discharge exhaust
gas generated 1n the boiler into environment; an exhaust gas
treatment apparatus provided in the exhaust gas discharge
line, a CO, separator provided downstream of the exhaust gas
treatment apparatus 1n the exhaust gas discharge line to sepa-
rate CO,, from the exhaust gas; an exhaust gas recirculation
line including an exhaust gas tapping port provided in the
exhaust gas discharge line to extract a part of the exhaust gas;
and

an oxygen supply line to supply the oxygen generated at the
oxygen generator to the exhaust gas flowing through the
exhaust gas recirculation line,

wherein the exhaust gas treatment apparatus 1s provided with
at least an SO, removing unit and a moisture removing unit;
and the exhaust gas tapping port of the exhaust gas recircu-
lation line 1s disposed downstream of the exhaust gas treat-
ment apparatus and upstream of the CO, separator for recir-
culating a part of the gas extracted from the port to the coal
supply unit and/or the boiler.

OFF-
GAS
N

7 22 co,




Patent Application Publication  Nov. 12, 2009 Sheet 1 of 4 US 2009/0277363 Al

FIG. 1

10
15 0
N
s
'O
16\’_\_____, yi
: 14 21
11 . | |
& oFF-

GAS
g Il L

o
N
o
-
~J
A
NS
Q
O
o

19
12 ' 2

FIG. 2

10
15

N - 9
AIR - 2 _

16\-’3’--7---'102 14a

l
!
: |
I
. L
@

22a

11

- wmhr - A O bk e e S bk sas e aas B b e T —

20
18 12 2



Patent Application Publication  Nov. 12, 2009 Sheet 2 of 4 US 2009/0277363 Al

FIG. 3

19

11

19
20

10

N 5 9
AIR L

OFF-
GAS




Patent Application Publication  Nov. 12, 2009 Sheet 3 of 4 US 2009/0277363 Al

FIG. 5

200
G P (B)
=
Z
© 160
=
0
..g 140 (A)
{ -%00/0
2 «RPS\O\\\' O
D 120 Ny AQY>
—d 00 6010
2| W
0/0
\
100
(C)
80
0.1 1 10 100 1000

SO; CONCENTRATION (ppm)



Patent Application Publication  Nov. 12, 2009 Sheet 4 of 4 US 2009/0277363 Al

114 111

Q)
Q
A p
—

19

| OFF-
GAS
SN

20 2
2



US 2009/0277363 Al

OXYFUEL BOILER SYSTEM AND METHOD
OF RETROFKIT OF AIR FIRED BOILER TO
OXYFUEL BOILER

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese patent application serial No. 2008-1208635, filed on May
7, 2008, the content of which 1s hereby incorporated by ret-
erence 1nto this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an oxyfuel boiler
system, a method for retrofitting a pulverized coal firing
boiler, a control apparatus of an oxyfuel boiler system and a
method for controlling an oxytuel boiler system.

[0004] 2. Description of Related Art

[0005] Coal finng power generation system configured
with a pulverized coal firing boiler and a steam turbine elec-
tric generator 1s considered to play a significant role 1n future
energy supply, given the recent years’” energy price 1creases
resulting from o1l supply shortages and an increasing reliance
on natural gas. However, coal firing system has their own
serious problem with a high CO, production rate compared to
o1l or natural gas firing system. In order for the future energy
supply to depend on coal to an increasingly larger extent, such
aproblem as high CO, production must be definitely solved in
view of the suppression of the advancement of global warm-
ng.

[0006] Inlight of the foregoing, several methods have been
proposed to greatly reduce CO, emissions from coal firing
generation system. Among these, an oxyiuel boiler system 1s
being developed worldwide as one of the most promising,
solutions.

[0007] The basic operation of oxyiuel boiler system 1s
described below. Typical coal firing boiler uses air as the
oxidizer. In the oxyluel boiler, a large part of the exhaust gas
1s extracted from the exhaust gas discharge line, then mixed
with high purity oxygen produced at the oxygen generator to
provide a desired oxygen concentration, and supplied to the
boiler as the oxidizer. As aresult, the off-gas to be discharged
into the environment from oxyiuel boiler plant can be reduced
to about Y4th of those of conventional plants. Also, the CO,
concentration in the exhaust gas i1s greatly increased, and
therefore CO, can be readily separated and collected from the
exhaust gas.

[0008] The patent document 1 discloses an oxyfuel boiler
system 1n which the exhaust gas 1s extracted from the boiler,
mixed with oxygen produced at an oxygen separator, and
supplied the mixture gas to the boiler as the oxidizer.

[0009] [Patent Document 1] Japanese Application Patent
He1 5 (1993)-231609

SUMMARY OF THE INVENTION

[0010] Inthe technology of the above patent document, the
exhaust gas extracted from the boiler i1s cooled and liquefied
in a cooler, thereby separating the liquefied CO, from the
exhaust gas. Then, the liquefied CO, 1s revaporized, mixed
with oxygen and recirculated to the boiler. A problem here 1s
that such liquefaction and revaporization imposes an undes-
ired energy loss penalty.

Nov. 12, 2009

[0011] Another problem 1s that, when the exhaust gas
extracted from the boiler i1s recirculated without any treat-
ments, sulturic acid dew point corrosion occurs 1n the recir-
culation pipes.

[0012] An object of the present invention 1s to provide a
simple system that can suppress sulfuric acid dew point cor-
rosion 1n the piping of oxytuel boiler system.

[0013] The present invention provides an oxyiuel boiler
system, comprising: an oxXygen generator to separate oxygen
from air; a coal supply unit to dry and pulverize coal; a burner
having a fuel feed path for feeding pulverized coal supplied
from the coal supply unit and an oxidizer feed path for feeding
oxidizer; a boiler provided with the burner; an exhaust gas
discharge line to discharge exhaust gas generated in the boiler
into environment; an exhaust gas treatment apparatus pro-
vided 1n the exhaust gas discharge line, a CO, separator pro-
vided 1n the exhaust gas discharge line downstream of the
exhaust gas treatment apparatus to separate CO, from the
exhaust gas; an exhaust gas recirculation line including an
exhaust gas tapping port provided in the exhaust gas dis-
charge line to extract a part of the exhaust gas; and an oxygen
supply line to supply the oxygen generated at the oxygen
generator to the exhaust gas tlowing through the exhaust gas
recirculation line,

[0014] wherein the exhaust gas treatment apparatus 1s pro-
vided with at least an SO; removing unit and a moisture
removing unit; and the exhaust gas tapping port of the exhaust
gas recirculation line 1s disposed downstream of the exhaust
gas treatment apparatus and upstream of the CO, separator
for recirculating a part of the gas extracted from the port to the
coal supply unit and/or the boiler.

[0015] According to the present invention, there 1s provided
a simple system that can suppress sulfuric acid dew point
corrosion 1n the piping of oxytuel boiler system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 illustrates an oxyfuel boiler system accord-
ing to one of the embodiment of the present invention.
[0017] FIG. 2 illustrates an oxyfuel boiler system accord-
ing to one of the embodiment of the present invention.

[0018] FIG. 3 illustrates an oxyfuel boiler system accord-
ing to one of the embodiment of the present invention.

[0019] FIG. 4 illustrates an oxyfuel boiler system accord-
ing to one of the embodiment of the present invention.
[0020] FIG. 5 1s a graph illustrating the relationship
between the recirculated exhaust gas composition and sulfu-
ric acid dew point.

[0021] FIG. 6 illustrates a control apparatus for use 1n an
oxytuel boiler system according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0022] For CO, emission-free coal-firing oxyfuel boiler
system, the main technical objectives are summarized as fol-
lows:

[0023] (1) To suppress reduction in power generation eifi-
ciency resulting from energy consumption in the oxygen gen-
erator and CQO, separator.

[0024] (2)To establish a plant control method by which the
plant can stably respond to various conditions such as start-
ing, stopping and changing loads, by cooperation with
peripheral facilities (such as an oxygen generator and a CO,
separator).
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[0025] (3) To achieve stable burning performance and sup-
press the formation of harmiul products to minimal levels
when burming coal with an oxidizer mixture of recirculated
exhaust gas and oxygen.

[0026] (4) To prevent various problems arising from
increased concentrations of problematic components con-
tained in the recirculated exhaust gas resulting from introduc-
tion of a configuration 1n which a large amount of the exhaust
gas 1s recirculated.

[0027] The present mvention 1s particularly intended to
solve the problem (4).

[0028] If removing CO, from the exhaust gas of a boiler
system 1s the only purpose, burning coal exclusively with
oxygen 1s an elfective way. When coal 1s burned exclusively
with oxygen, the major components of the exhaust gas are
CO, and H,O. Therefore, by separating and removing the
H,O, for example, by cooling the exhaust gas, a high concen-
tration of CO, can be readily collected. However, when coal
1s burned with oxygen only, the temperature of the burning
flame 1s more than 500° C. higher than those 1n air fired boiler
system. Therefore, when oxygen firing 1s employed 1n a coal
firing plant, expensive heat resistant steels need to be used for
the matenals of the boiler. Another problem 1s that the oxi-
dizer jet velocity 1n the burner 1s relatively low, thus making
it difficult to form a stable flame. Also, the amount of the
exhaust gas generated 1n the boiler 1s less than V4th of those 1n
air fired boilers, and therefore the velocity of the exhaust gas
flowing through the heat transfer tube of the boiler 1s slower.
This poses yet another problem because such slow velocity of
exhaust gas degrades the thermal transfer efficiency and
therefore the thermal recovery etfficiency.

[0029] To overcome the above problems, conventional
oxvyiuel boiler system employ a configuration in which a large
amount of the exhaust gas 1s recirculated, mixed with oxygen,
and then supplied to the boiler. Specifically, such conven-
tional oxyiuel boiler system 1s designed so that the flow rate
of the mixture gas (of the oxidizer supplied to the burner and
the exhaust gas supplied to the boiler) 1s more than 70% of the
flow rate of air in conventional air fired boiler. In this manner,
high efficiency thermal recovery and electric power genera-
tion can be stably achieved without greatly moditying a con-
ventional air fired boiler system.

[0030] It has been found, however, that such system that
recirculates a large amount of exhaust gas still have the fol-
lowing problems.

[0031] The first problem concerns sultfuric acid dew point
corrosion. To prevent sulfuric acid dew point corrosion
caused by SO, contained 1n the exhaust gas, the conventional
air fired boiler system 1s designed so that the internal tem-
peratures of the system components located upstream of the
desulfurization device never fall below the sulfuric acid dew
point of the exhaust gas. In the oxytuel boiler system, too, an
exhaust gas containing SO, passes through the system com-
ponents such as the recirculation pipes, recirculation fan, heat
exchanger, coal supply unit and burner. Therefore, appar-
ently, the oxyfuel boiler system also requires measures to
prevent sulfuric acid dew point corrosion occurring at the
system components and piping which are exposed to SO,.
Here, the oxyluel boiler system has their own specific prob-
lem. That 1s, the SO, and H,O concentrations 1n the recircu-
lated exhaust gas of the oxytuel boiler system are about four
times as high as those 1n the exhaust gas of air fired boiler
system, and as a result the sulfuric acid dew point of the
recirculated exhaust gas of oxytuel boiler system 1s about 40°
C. higher than that of the exhaust gas of air fired boiler system.
This seriously increases the risk of sulfuric acid dew point
corrosion in the oxytuel boiler system; therefore some novel
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countermeasures need to be taken to address this problem.
Particularly important 1s anti-corrosion protection for the coal
supply unit of a system and the piping extending downstream
therefrom to the burner, because the temperature of the recir-
culated exhaust gas 1s most likely dropping during passage
through those system components.

[0032] The second problem relates to degradation in the
coal drying capability. In the conventional air fired boiler,
heated high temperature air 1s supplied to pulverized coal in
the coal supply unit, thereby drying, before burning, a large
amount of water adsorbed to the pulverized coal. If the drying
1s insuilicient, the adhered water removes a large quantity of
latent heat during vaporization when the coal 1s 1gnited by the
burner, thereby degrading the i1gnition performance and
resulting 1n firing 1nstability. This problem 1s worse for the
oxyluel boiler system because the H,O concentration in the
recirculated exhaust gas in the air fired boiler system 1s as
high as about 30%. Therefore, 1n the oxyfuel boiler system, in
order to achieve coal drying capability with the recirculated
exhaust gas comparable to that of high temperature air 1n the
air fired boiler system, some extra measure 1s needed such as
heating the recirculated exhaust gas to a higher temperature.
However, heating the exhaust gas to a higher temperature will
be accompanied by many problems because it increases the
risk of fire hazards or 1t requires careful choice of system
components that are resistant to such high temperatures.
[0033] The third problem relates to increased NO_ produc-
tion. It 1s generally known that, in the oxyfuel boiler system,
the N, concentration in the exhaust gas 15 very low; therefore
the thermal NO_ generation (and therefore the NO genera-
tion per unit heat generation) 1s very low compared to those 1n
the conventional boiler. So, 1n order to further reduce the NO _
conversion ratio 1n the oxyluel boiler system, some method 1s
needed that can suppress the amount of fuel NO_formed by
the oxidization of nitrogen in the fuel. However, the following
fact has been found: As pointed out 1n the descriptions of the
first and second problems, the H,O concentration in the recir-
culated exhaust gas in the oxytuel boiler system 1s as high as
about 30%. As aresult, the oxidization of nitrogen 1n the firing
flame 1s accelerated, thus increasing the fuel NO, formation
ratio.

[0034] Embodiments of oxyluel boiler system according to
the present invention will be described below with reference
to the accompanying drawings. However, the present inven-
tion 1s not limited to those embodiments described below.

First Embodiment

[0035] FIG. 1 illustrates an oxyfuel boiler system accord-
ing to an embodiment of the present invention. Fuel coal 1s
transported, via a coal transfer device (not shown), to a coal
mill 11 (serving as a coal supply unit) and 1s pulverized to a
particle size suitable for pulverized coal firing. The pulver-
1zed coal 1s carried by recirculated gas that 1s also supplied to
the coal mill 11, and 1s sent to a fuel feed path for a burner 12
through a coal supply pipe 19. The burner 12 1s provided with
the fuel feed path for feeding fuel to a boiler furnace and an
oxidizer feed path for feeding an oxidizer. An oxygen supply
pipe 16 1s connected to a location along the coal supply pipe
19, where oxygen 1s mixed as needed. Mixing of a proper
amount of oxygen with the recirculated gas 1n the coal supply
pipe 19 has the elfect of enhancing the 1gnition performance
of the coal 1n the burner 12. One end of the oxygen supply
pipe 16 1s connected to an oxygen generator 10, and the other
end branches out to be connected to an exhaust gas recircu-
lation pipe 14 and the coal supply pipe 19.

[0036] Oxygen is separated from air at the oxygen genera-
tor 10, and 1s then supplied to the oxygen supply pipe 16. Gas
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containing a large proportion of nitrogen generated 1n the
oxygen generator 10 1s exhausted through a nitrogen gas
exhaust pipe 15 and a discharge stack 9.

[0037] The oxyiuel boiler system in FIG. 1 has an exhaust
gas recirculation line including: an exhaust gas tapping port
22 provided 1n the exhaust gas discharge line; and the exhaust
gas recirculation pipe 14 extracting a part of the exhaust gas.
The recirculation pipe 14 splits into two branches, one of
which 1s connected to the coal mill 11.

[0038] The other branch of the recirculation pipe 14 1is
connected to the oxidizer feed path of the burner 12, from
which a mixture gas of the recirculated exhaust gas and the
oxygen supplied through the oxygen supply pipe 16 1s fed into
the burner. The mixture gas and the coal supplied through the
coal supply pipe 19 are fed into the burner 12 and then into a
boiler 1 where a flame 1s formed.

[0039] The recirculation pipe 14 1s connected to an after-
gas port 13 which 1s located in the boiler downstream of the
burner 12, and the mixture gas 1s also fed into the boiler 1
independently of the oxidizer feed path of the burner 12. The
alter-gas port 13 has a function similar to that of the after-air
port of air fired boiler. That 1s, by properly regulating the
amounts of the mixture gases supplied to the burner 12 and
the after-gas port 13, a reductive atmosphere region 1s formed
in the boiler 1, thus preventing nitrogen 1n the fuel coal from
being converted into NO_. Also, the mixture gas jet exiting
from the after-gas port 13 can promote gas mixing in the
boiler 1 and reduce unburned coal.

[0040] The tlow rates of the recirculated exhaust gases sup-
plied to the coal mill 11, burner 12 and after-gas port 13 are
cach regulated by a flow rate regulator (not shown). The
oxygen tlow rate through each branch of the oxygen supply
pipe 16 1s also regulated by a flow rate regulator (not shown).
In addition, the oxygen concentration of the mixture gas
supplied from each of the burner 12 and after-gas port 13 to
the boiler 1 may be independently controlled. That 1s, the
oxygen supply pipe 16 1s further split into two branches
respectively to the burner 12 and the after-gas port 13, and the
flow rate through each branch i1s independently regulated.
And, the two branches of the oxygen supply pipe 16 are
respectively connected to the two branches of the recircula-
tion pipe 14 (one for the burner 12 and the other for the
alter-gas port 13). Such independent regulation of the flow
rate and oxygen concentration of the mixture gas supplied to
cach of the burner 12 and the after-gas port 13 1s advantageous
because the formation of the reductive atmosphere region in
the boiler 1 and the amount of unburned coal can be more
accurately controlled.

[0041] Heat generated 1n the boiler 1 1s used to produce
high-temperature, high-pressure steam, which is then sup-
plied to a steam turbine electric generator (not shown) to
generate electricity.

[0042] Exhaust gas generated 1n the boiler 1 1s discharged

through an exhaust gas discharge line 20 and enters a NO_
removing unit 2 1n order to reduce the NO_ content 1n the
exhaust gas. The NO_removing unit 2 may be omitted when
NO, generation 1n the boiler 1 can be sufficiently reduced by
an improved combustion method or other methods.

[0043] Exhaust gas exiting the NO_removing unit 2 then
enters a heat exchanger 3 and the temperature of the exhaust
gas 1s reduced. Heat extracted from the exhaust gas 1n the heat
exchanger 3 is returned to the recirculated exhaust gas also
passing through the heat exchanger 3, then heated recircu-
lated exhaust gas 1s supplied to the boiler 1, thus suppressing
the thermal efficiency degradation of the plant.

[0044] The exhaust gas exiting the NO_ removing unit 2
then enters a dry dust removing unit 4 where more than 95%
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of the dust 1s removed, and then enters a wet desulfurization
unit 5 where more than 95% of the SO, 1s removed. The
exhaust gas, then enters a wet dust removing unit 6 (serving as
an SO, removing apparatus) where more than 98% of the SO,
1s removed, and then enters a moisture removing cooler 7
(serving as a moisture removing apparatus) where the water
content 1n the exhaust gas 1s reduced. Then, a part of the
exhaust gas 1s extracted from the exhaust gas tapping port 22
provided 1n the exhaust gas discharge line 20 downstream of
the moisture removing cooler 7, introduced into the recircu-
lation pipe 14 by a recirculation fan 21, heated 1n the heat
exchanger 3, and, as already described above, distributed to
the coal mill 11, burner 12 and after-gas port 13.

[0045] As described above, in the embodiment of an
exhaust gas treatment apparatus having the SO, removing
apparatus and the moisture removing apparatus, an exhaust
gas tapping port 1s provided downstream o the SO, removing
apparatus and the moisture removing apparatus, thereby
removing SO, and moisture from the exhaust gas and recir-
culating them. As a result, 1n the embodiment, the recirculated
exhaust gas contains only as low as less than 1 ppm o SO, and
as low as less than 1% of moisture; theretfore the sulturic acid
dew point can be substantially reduced compared to system
without such SO, removing apparatus and moisture removing
apparatus to the recirculated exhaust gas. Therefore, there 1s
no need for costly anti-corrosion measures, such as the use of
expensive corrosion resistant materials for the system com-
ponents and piping, tight thermal insulation and the use of
heaters. In addition, the oxyiuel boiler system of the embodi-
ment can be readily configured by reusing wet dust removing
unit and moisture removing cooler normally employed 1n the
existing coal firnng boiler system 1n stead of providing new
SO, removing apparatus and moisture removing apparatus.
Thus, possible corrosion at various system units (such as the
recirculation pipe 14, recirculation fan 21, heat exchanger 3,
coal mill 11 and coal supply pipe 19) can be remarkably
prevented with a simple system configuration employing
ex1isting apparatuses.

[0046] The SO, removing apparatus used 1n the embodi-
ment 1s preferably a wet dust removing apparatus. This 1s
because 1t 1s difficult for wet desulfurization apparatuses to
remove SO, mist particles bonding to water molecules, while
wet dust removing apparatuses are suitable for removal of
such SO, mist.

[0047] The above-mentioned change in the sulfuric acid
dew point 1s described below 1n detail. FIG. 5 1s a well known
graph 1illustrating the change 1n sultfuric acid dew point as a
tunction of SO, and water concentrations 1n exhaust gas. The
point labeled “A” 1n the figure represents the sulfuric acid dew
point of an exhaust gas composition of a conventional air fired
boiler. The point labeled “B” represents the sulfuric acid dew
point of a recirculated exhaust gas composition of an oxyfuel
boiler system without treatments by SO, and moisture remov-
ing apparatuses. In oxyfuel boiler systems, the exhaust gas
amount 1s about 30% less than those of air fired boiler sys-
tems. In addition, recirculation of the exhaust gas causes the
SO, and water concentrations to increase by a factor of 3 to 4
times. As a result, the sulfuric acid dew point 1s about 40° C.
higher those of exhaust gases in conventional air fired boiler
system, thus seriously increasing the risk of sulfuric acid dew
point corrosion. The point labeled “C” represents the sulfuric
acid dew point of the recirculated exhaust gas composition
according to the present embodiment. As can be seen, the
sulfuric acid dew point of the point “C” 1s about 90° C. lower
than that of the point “B”, and 1n addition, the SO, concen-
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tration can be suppressed to as low as about 1 ppm. Therelore,
sulfuric acid dew point corrosion can be effectively pre-
vented.

[0048] Moreover, 1n the present embodiment, the exhaust
gas 15 extracted, for recirculation, from the exhaust gas tap-
ping port provided downstream of the moisture removing,
apparatus, and the thus extracted exhaust gas 1s also supplied
to the coal supply umit. Thus, the moisture concentration in
the recirculation exhaust gas supplied to the coal supply unit
can be reduced to levels comparable to the concentration
levels of moisture 1n air supplied to the coal mill of conven-
tional air fired boiler. Therefore, degradation in coal drying
capability, which 1s a problem with conventional oxyiuel
boiler system, can be suppressed without the need for addi-
tional devices or any special design. Also, the reduction in
moisture concentration in the recirculated exhaust gas made
according to the present embodiment has the effect of limiting
formation of fuel NO_ in the burning flame, which 1s advan-

tageous 1n view of reducing harmiul products in the off-gas to
be discharged into the environment.

[0049] The unrecirculated part of the exhaust gas exiting
the moisture removing cooler 7 enters a CO, liquetaction unit
8 (serving as a CO, separating apparatus), where CO, 1s
liquetied and separated from the exhaust gas. The separated
CO, may be returned to consumers 1n the form of a high
pressure gas without liquelying through a pipeline or the like.
The exhaust gas which remains unliquefied 1n the CO, lique-
faction unit 8 1s discharged as ofl-gas. The off-gas contains
nitrogen and oxygen as major components, and minor
amounts of other components such as NO_and CO,. The
off-gas and a large amount of nitrogen generated at the oxy-
gen generator 10 are mixed and discharged into the environ-
ment through the discharge stack 9.

[0050] Since the exhaust gas tapping port 1s provided
upstream of the CO, separating apparatus, the exhaust gas can
be directly recirculated without any treatment. That 1s, lique-
fied CO, need not be revaporized tor recirculation to the
boiler, thus eliminating energy loss accompanying such
revaporization.

[0051] In the present embodiment, the exhaust gas
extracted from the exhaust gas tapping port 1s also supplied to
the oxidizer feed path ol the burner 12 and to the after-gas port
13. As described, moisture 1s substantially removed from the
exhaust gas supplied to the oxidizer feed path of the burner 12
and the after-gas port 13, and hence NO, generation can be
reduced to a greater extent.

[0052] The oxytuel boiler system of the present embodi-
ment can also be effectively achieved by retrofitting an exist-
ing pulverized coal firing boiler. Typically, existing pulver-
1zed coal firing boiler includes: a coal supply unit that dries
and pulverizes coal; a burner having a fuel feed path for
teeding the coal supplied from the coal supply unit and an
oxidizer feed path for feeding oxidizer; a boiler having the
burner; an exhaust gas discharge line for discharging exhaust
gas generated in the boiler into the environment; and an
exhaust gas treatment apparatus provided 1n the exhaust gas
discharge line. The present embodiment 1s also effectively
adaptable to such existing pulverized coal firing boiler by
adding the exhaust gas recirculation line of the present
embodiment, an oxygen generator, and a CO,, separator.

[0053] In the present embodiment, the exhaust gas
extracted from the exhaust gas tapping port 22 is directly
recirculated to the boiler 1n a gaseous state rather than being,
once liquefied and then revaporized. Then, the exhaust gas
flowing through the recirculation pipe 14 1s heated in the heat
exchanger 3. Here, a heat exchanger normally employed 1n
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existing air fired boiler can be diverted to a heat exchanger
necessary for the oxyfuel boiler, and therefore reductions in
cost can be made.

[0054] Moreover, as described above, 1n the present
embodiment of an exhaust gas treatment apparatus having the
SO, removing apparatus and the moisture removing appara-
tus, an exhaust gas tapping port 1s provided downstream of the
SO, removing apparatus and the moisture removing appara-
tus, thereby removing SO, and moisture from the exhaust gas
and recirculating them. As a result, in the embodiment, the
recirculated exhaust gas contains only as low as less than 1
ppm of SO, and as low as less than 1% of moisture; therefore
the sulfuric acid dew point can be substantially reduced com-
pared to system without such SO; removing apparatus and
moisture removing apparatus to the recirculated exhaust gas.
Also, 1n the present embodiment, the recirculated exhaust gas
having a greatly lowered sulfuric acid dew point 1s heated by
passing through the heat exchanger. Therelore, along the
piping between the coal supply unit and the burner, the dif-
terence between the exhaust gas temperature and the sulfuric
acid dew point of the exhaust gas 1s increased, thereby sup-
pressing Corrosion.

Second Embodiment

[0055] FIG. 2 illustrates an oxyfuel coal-firing boiler sys-

tem according to an another embodiment of the present inven-
tion.

[0056] Many components of the present embodiment are
similar to their counterparts described in the first embodi-
ment, so only the differences from the first embodiment are
described below. Components not described below have the
same function and effect as the similar components of the first
embodiment.

[0057] The present embodiment differs from the first
embodiment 1n that two exhaust gas tapping ports are pro-
vided in the exhaust gas discharge line 20, and the exhaust gas
extracted from each port 1s recirculated to a different part of
the system through a different exhaust gas recirculation pipe.

[0058] The present embodiment has a second exhaust gas
tapping port 22a 1in addition to a first exhaust gas tapping port
22 similar to the tapping port 22 of the first embodiment. The
second exhaust gas tapping port 22a 1s provided upstream of
the heat exchanger 3, the dry dust removing unit 4, the wet
desulfurization umt 3, the wet dust removing unit 6 and the
moisture removing cooler 7 and downstream of the NO_
removing unit 2.

[0059] To the tapping port 224 1s connected to an exhaust
gas recirculation pipe 14a, through which a part of the exhaust
gas 1s recirculated to the after-gas port 13 by a recirculation
fan (not shown). The recirculation pipe 14a 1s provided with
a tlow rate regulator (not shown), thereby regulating the flow
rate of the recirculated exhaust gas. To the recirculation pipe
14a 1s connected a branch of the oxygen supply pipe 16,
through which oxygen i1s supplied to and mixed with the
recirculated exhaust gas. Here, the tlow rate of the oxygen 1s
also regulated by a flow rate regulator (not shown). Thus, the
flow rate and oxygen concentration of the mixture gas sup-
plied to the after-gas port 13 can be regulated independently.

[0060] The exhaust gas recirculation pipe 14, through
which part of the exhaust gas 1s recirculated to the coal mill 11
and the oxidizer teed path of the burner 12, 1s connected to the
first tapping port 22 provided downstream of the moisture
removing cooler 7 as similarly to the first embodiment, and
exhaust gas that has been subjected to all the exhaust gas
treatments 1s recirculated. However, unlike the first embodi-
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ment, the first exhaust gas recirculation pipe 14 extending
from the first tapping port 22 1s not connected to the after-gas
port 13.

[0061] In the present embodiment, the exhaust gas tapping
port 22a may be provided between the boiler 1 and the NO_
removing unit 2 in the exhaust gas discharge line 20.

[0062] As described, the exhaust gas tapping port for the
second exhaust gas recirculation line 1s provided between the
NO_removing umt and the heat exchanger, and thereby the
rate of the exhaust gas flowing through each unit from the heat
exchanger 3 to the moisture removing cooler 7 can be reduced
by about 15%. This 1s advantageous because the boiler system
can be downsized. In addition, a part of the high temperature
exhaust gas 1s almost directly recirculated to the boiler with-
out thermal loss by equipment, thus improving the thermal
elficiency of the plant. When the sulfuric acid dew point of the
exhaust gas 1n the recirculation pipe 14q 1s higher than that of
the recirculated exhaust gas in the first embodiment, however,

the high temperature exhaust gas higher than 350° C. can be
recirculation to the after-gas port 13 without suffering from
any serious temperature drop, thus minimizing the risk of
sulfuric acid dew point corrosion.

Third Embodiment

[0063] FIG. 3 illustrates an oxyfuel coal-firing boiler sys-
tem according to an other embodiment of the present inven-
tion.

[0064] Many components of the present embodiment are
similar to their counterparts described in the first and second
embodiments, so only the differences from the first and sec-
ond embodlments are described below. Components not
described below have the same function and effect as the
similar components of the first and second embodiments.
[0065] The present embodiment differs from the first and
second embodiments 1n that one of the two exhaust gas tap-
ping ports 1s provided between the dry dust removing unit 4
and the heat exchanger 3, and a part of the exhaust gas
extracted from the tapping port 225 is recirculated to the
oxidizer feed path of the burner 12 and the after-gas port 13.
[0066] In addition to a first exhaust gas tapping port 22
similar to the tapping port 22 of the first embodiment, the
present embodiment provides a second exhaust gas tapping,
port 225 1n the exhaust gas discharge line 20 upstream of the
heat exchanger 3, the wet desulfurization unit 3, the wet dust
removing unit 6 and the moisture removing cooler 7 and
downstream of the dry dustremoving umit4. However, the dry
dust removing unit 4 1n the present embodiment 1s provided
upstream of the heat exchanger 3, so the dry dust removing
unit needs to be able to treat higher temperature exhaust gas.
Desirably, the dry dust removing unit can treat exhaust gas
higher than 350° C.

[0067] To the tapping port 225 1s connected an exhaust gas
recirculation pipe 14b, through which a part of the exhaust gas
1s recirculated to the after-gas port 13 and the oxidizer feed
path of the burner 12 by a recirculation fan (not shown). The
recirculation pipe 14b 1s provided with a flow rate regulator
(not shown), thereby independently regulating the tlow rate of
the exhaust gas recirculated to the after-gas port 13 and the
burner 12. To the recirculation pipe 145 1s connected a branch
of the oxygen supply pipe 16, through which oxygen 1s sup-
plied to and mixed with the recirculated exhaust gas. Here, the
flow rate of the oxygen 1s also regulated by a flow rate regu-
lator (not shown). Similarly to the first embodiment, there
may be employed a regulation device that can independently
regulate the tflow rate and oxygen concentration of the mix-
ture gas supplied to each of the after-gas port 13 and the
oxidizer feed path of the burner 12. To provide the such
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regulation device 1s advantageous because the formation of
the reductive atmosphere region in the boiler 1 and the
amount of unburned coal can be more accurately controlled.
[0068] The exhaust gas recirculation pipe 14 1s connected
to the first tapping port 22 provided downstream of the mois-
ture removing cooler 7, and a part of the exhaust gas that has
been subjected to all the exhaust gas treatments 1s recirculated
to the coal mill 11. However, unlike the first and second
embodiments, the exhaust gas recirculation pipe 1s not con-
nected to the after-gas port 13 or the oxidizer feed path of the
burner 12.

[0069] As described, the exhaust gas tapping port for the
second exhaust gas recirculation line 1s provided between the
dry dust removing umt and the heat exchanger, and thereby
the rate of the exhaust gas flowing through each of the heat
exchanger 3, the wet desulfurization unit 5, the wet dust
removing unit 6 and the moisture removing cooler 7 can be
reduced by about 50% compared to the first embodiment.
This 1s advantageous because the boiler system can be down-
s1zed to a greater extent than that of the second embodiment.
In addition, an even larger part of the high temperature
exhaust gas 1s almost directly recirculated to the boiler with-
out thermal loss by equipment than that of the second embodi-
ment, thus more greatly improving the thermal efficiency of
the boiler system. When the sulfuric acid dew point of the
exhaust gas 1n the recirculation pipe 145 1s higher than that of
the second embodiment, however, the high temperature gas
higher than 350° C. can be recirculated to the after-gas port 13
and the burner 12 without suffering from any serious tem-
perature drop, thus minimizing the risk of sulturic acid dew
point corrosion.

[0070] In addition, the second exhaust gas tapping port for
the second exhaust gas recirculation line 1s provided down-
stream of the dry dust removing unit, and thus exhaust gas that
has been subjected to a dust removing treatment can be sup-
plied to the after-gas port and the oxidizer feed path of the
burner. This can prevent dust contained in the exhaust gas
from clogging the exhaust gas recirculation line, the after-gas
port and the oxidizer feed path of the burner as exhaust-gas jet
outlets to the boiler.

Fourth Embodiment

[0071] FIG. 4 illustrates an oxyiuel coal firing boiler sys-
tem according to an other embodiment of the present inven-
tion.

[0072] Many components of the present embodiment are
similar to their counterparts described in the first embodi-
ment, so only the differences from the first embodiment are
described below. Components not described below have the
same function and effect as the similar components of the first
embodiment.

[0073] The present embodiment differs from the first
embodiment in that the nitrogen gas exhaust pipe 15 through
which gas mainly containing nitrogen 1s discharged from the
oxygen generator 10 for separating oxygen from air has a
nitrogen gas bypass pipe 18. Also, the nitrogen gas bypass
pipe 18 1s connected with a heat transier pipe provided in the
moisture removing cooler 7 so that

[0074] the mitrogen gas in the nitrogen gas bypass pipe and
the exhaust gas in the exhaust gas discharge line 20 can be
heat exchanged with each other in the moisture removing
cooler 7. The nitrogen gas thus heat exchanged 1s returned to
the nitrogen gas exhaust pipe 15, mixed with the off-gas from
the CO,, liquetaction unit 8 and dlscharged into the environ-
ment through the discharge stack 9. In addition, each of the
nitrogen gas bypass pipe 18 and the nitrogen gas exhaust pipe
1s provided with a flow rate regulating valve and an on-off
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valve so that the flow rate of nitrogen gas flowing through the
nitrogen gas bypass pipe can be regulated.

[0075] Inthe present embodiment, use of nitrogen gas hav-
ing a temperature lower than the ambient temperature 1s more
elfective because 1t enhances the heat exchange elliciency
with the exhaust gas and therefore provides a high dehumaidi-
fication effect. Therefore, the oxygen generator 10 1s prefer-
ably of a cryogenic separation type.

[0076] In addition, a heat exchanger may be placed sepa-
rately downstream of the moisture removing cooler 7, instead
of providing in the cooler 7. Or, only a heat exchanger may be
constructed a moisture removing unit, mnstead of providing
the moisture removing cooler.

[0077] The configuration of the present embodiment can
make more eflicient use of the cold temperature of the
exhausted nitrogen gas and can remove moisture from the
recirculated exhaust gas more rehiably. Thus, the thermal
elficiency of the entire system can be enhanced, and also the
clfects of the invention provided by the removal of moisture
from the exhaust gas can be achieved more stably.

Fitth Embodiment

[0078] FIG. 61llustrates a control apparatus for controlling
the recirculated exhaust gas 1n the oxytuel boiler system in the
first embodiment. In the present mvention, the control appa-
ratus for controlling the recirculated exhaust gas 1s described
below.

[0079] A recirculation exhaust gas control apparatus 100
outputs: signals 112 and 113 that each control the tlow rate of
a corresponding recirculation gas stream based on a demand
signal 101; signals 110 and 111 that each control the tlow rate
of acorresponding O, gas supply stream; and a signal 114 that
controls the flow rate of coal.

[0080] The demand signal 101 essentially includes a load
demand and an output demand. The load demand 1s a demand
signal that determines the load of the boiler furnace. The
recirculation exhaust gas control apparatus 100 determines
the supply rate of coal based on the load demand, and then
determines, based on the thus determined coal supply rate, the
rate of each O, supply (1.e., the ratio of each O, supply rate/the
coal supply rate) as well as the tlow rate of each recirculation
gas stream (1.e., the O, concentration 1n each recirculation gas
stream). Each flow rate 1s controlled by using a flow rate
detector (not shown). Specifically, the supply rate of coal 1s
controlled by sending the signal 114 to the flow rate regulat-
ing valve provided in the coal supply pipe for supplying coal
to the coal mill 11. Likewise, the supply rates of O, are
controlled by sending the signals 110 and 111 to the respec-
tive flow rate regulating valves provided 1n the oxygen supply
pipe 16, and the flow rates of the recirculated gas are con-
trolled by sending the signals 112 and 113 to the respective
flow rate regulating valves provided 1n the exhaust gas recir-
culation pipe 14.

[0081] The output demand 1s a demand signal that 1s 1ssued
when the load demand signal remains unchanged, yet the heat
generation of the furnace deviates from the target value
demanded by the load demand signal. Usually, the heat gen-
eration of the furnace 1s fine-adjusted by changing the flow
rate of each recirculation gas stream (1.e., by changing the O,
concentration in each recirculation gas stream) rather than by
changing the rate of each O, supply.

[0082] by configuring a CO, emission-tree oxytuel boiler
system according to the present invention, various cost
increasing factors and technical barriers accompamed by a
large amount of exhaust gas recirculation, but such recircu-
lation 1s accompanied by various cost increasing factors and
technical barriers can be removed, thus promoting wide-

Nov. 12, 2009

spread adoption of the CO, emission-free power plant and
therefore retarding the pace of global warming.

What 1s claimed 1s:

1. An oxyiuel boiler system, comprising:

an oxygen generator to separate oxygen from air;

a coal supply unit to dry and pulverize coal;

a burner having a fuel feed path for feeding pulverized coal
supplied from the coal supply unit and an oxidizer feed
path for feeding oxidizer;

a boiler provided with the burner;

an exhaust gas discharge line to discharge exhaust gas
generated 1n the boiler into environment;

an exhaust gas treatment apparatus provided in the exhaust
gas discharge line,

a CO, separator provided downstream of the exhaust gas
treatment apparatus in the exhaust gas discharge line to
separate CO,, from the exhaust gas;

an exhaust gas recirculation line including an exhaust gas
tapping port provided in the exhaust gas discharge line to
extract a part of the exhaust gas; and

an oxygen supply line to supply the oxygen generated at the
oxygen generator to the exhaust gas flowing through the
exhaust gas recirculation line,

wherein

the exhaust gas treatment apparatus 1s provided with at
least an SO, removing unit and a moisture removing
unit; and

the exhaust gas tapping port of the exhaust gas recircula-
tion line 1s disposed downstream of the exhaust gas
treatment apparatus and upstream of the CO, separator
for recirculating a part of the gas extracted from the port
to the coal supply unit and/or the boiler.

2. The oxytuel boiler system according to claim 1, wherein

the exhaust gas extracted from the tapping port 1s supplied
to the oxidizer feed path of the burner and an after-gas
port provided 1n the boiler downstream of the burner.

3. An oxyiuel boiler system, comprising:

an oxygen generator to separate oxygen from air;

a coal supply unit to dry and pulverize coal;

a burner having a fuel feed path for feeding pulverized coal
supplied from the coal supply unit and an oxidizer feed
path for feeding oxidizer;

a boiler provided with the burner;

an exhaust gas discharge line to discharge an exhaust gas
generated in the boiler into environment;

an exhaust gas treatment apparatus provided in the exhaust
gas discharge line,

a CO, separator provided downstream of the exhaust gas
treatment apparatus 1n the exhaust gas discharge line to
separate CO,, from the exhaust gas;

a couple of exhaust gas recirculation lines including an
exhaust gas tapping port provided in the exhaust gas
discharge line to extract a part of the exhaust, respec-
tively; and

an oxygen supply line to supply the oxygen generated at the
oxygen generator to the exhaust gas flowing through the
exhaust gas recirculation line,

wherein

the exhaust gas treatment apparatus 1s provided with at
least an NO_ removing unit, a heat exchanger, an SO,
removing umt and a moisture removing unit; and

the exhaust gas tapping port of a first exhaust gas recircu-
lation line 1s disposed downstream of the SO, emoving
unit and the moisture removing umt and upstream of the
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CO, separator for recirculating the gas extracted from
the port to the coal supply umt, and
the exhaust gas tapping port of s second exhaust gas recir-
culation line 1s disposed downstream of the NO_remov-
ing unit and upstream of the heat exchanger for recircu-
lating a part of the gas extracted from the port to the
alter-gas port disposed downstream of the burner.

4. The oxyluel boiler system according to claim 3, wherein

the exhaust gas extracted from the tapping port of the
second exhaust gas recirculation line 1s supplied to the
oxidizer feed path of the burner and the after-gas port
provided in the boiler downstream of the burner.

5. A method for retrofitting a pulverized coal firing boiler

including;

a coal supply umit to dry and pulverize coal; aburner having
a fuel feed path for feeding pulverized coal supplied
from the coal supply unit and an oxidizer feed path for
teeding oxidizer; a boiler provided with the burner; an
exhaust gas discharge line to discharge exhaust gas gen-
erated 1n the boiler into environment; and an exhaust gas
treatment apparatus provided in the exhaust gas dis-
charge line,

the method comprising:

providing an oxygen generator to separate oxygen from
air;

providing a CO, separator downstream of the exhaust gas
treatment apparatus in the exhaust gas discharge line to
separate CO,, from the exhaust gas;

providing the exhaust gas treatment apparatus having an
SO, removing unit and a moisture removing unit, and

providing an exhaust gas tapping port of an exhaust gas
recirculation line disposed downstream of the SO,
removing unit and the moisture removing unit and
upstream of the CO, separator to mix a part of the
exhaust gas extracted from the tapping port with the
oxygen separated from the oxygen generator and supply
mixture gas to the coal supply unit.

6. A control apparatus of an oxyfuel boiler system, com-

prising:

an oxygen generator to separate oxygen from air;

a coal supply unit to dry and pulverize coal;

a burner having a fuel feed path for feeding pulverized coal
supplied from the coal supply unit and an oxidizer feed
path for feeding oxidizer;

a boiler provided with the burner;

an exhaust gas discharge line to discharge exhaust gas
generated 1n the boiler into environment;

an exhaust gas treatment apparatus provided in the exhaust
gas discharge line,

a CQO, separator provided downstream of the exhaust gas
treatment apparatus in the exhaust gas discharge line to
separate CO,, from the exhaust gas;

an exhaust gas recirculation line including an exhaust gas
tapping port provided in the exhaust gas discharge line to
extract a part of the exhaust gas, and
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an oxygen supply line to supply the oxygen generated at the
oxygen generator to the exhaust gas flowing through the

exhaust gas recirculation line,

wherein

the exhaust gas treatment apparatus 1s provided with at
least an SO, removing unit and a moisture removing
unit; and

the exhaust gas tapping port of the exhaust gas recircula-
tion line 1s disposed downstream of the exhaust gas
treatment apparatus and upstream of the CO,, separator

for recirculating a part of the gas extracted from the port
to the coal supply unit,

the control apparatus comprising:

a device to control a rate of coal supplied to the coal supply
unit, a flow rate of the recirculation exhaust gas and a
rate of the oxygen supplied by the oxygen supply line in
response to a demand signal indicating a load of the
boiler.

7. A method for controlling an oxyfuel boiler system

including:

an oxygen generator to separate oxygen from air;

a coal supply unit to dry and pulverize coal;

a burner having a fuel feed path for feeding pulverized coal
supplied from the coal supply unit and an oxidizer feed
path for feeding oxidizer;

a boiler provided with the burner;

an exhaust gas discharge line to discharge exhaust gas
generated 1n the boiler into environment;

an exhaust gas treatment apparatus provided in the exhaust
gas discharge line,

a CO, separator provided downstream of the exhaust gas
treatment apparatus 1n the exhaust gas discharge line to
separate CO,, from the exhaust gas;

an exhaust gas recirculation line including an exhaust gas
tapping port provided in the exhaust gas discharge line to
extract a part of the exhaust gas, and

an oxygen supply line to supply the oxygen generated at the
oxygen generator to the exhaust gas flowing through the
exhaust gas recirculation line,

wherein

the exhaust gas treatment apparatus 1s provided with at
least an SO, removing unit and a moisture removing
unit; and

the exhaust gas tapping port of the exhaust gas recircula-
tion line 1s disposed downstream of the exhaust gas
treatment apparatus and upstream of the CO,, separator
for recirculating a part of the gas extracted from the port
to the coal supply unit,

the method comprising;

controlling a rate of the coal supplied to the coal supply
unit, a flow rate of the recirculation exhaust gas and a
rate of the oxygen supplied by the oxygen supply line in
response to a demand signal indicating a load of the
boiler.
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