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(57) ABSTRACT 

In a method for operating and controlling/regulating a power 
station comprising a coal-fired steam generator (11), the 
steam generator (11) of which is rated for the steam param 
eters achievable by the heat transfer onto the steam mass flow 
upon coal firing in the steam generator (11) carried out using 
combustion air, a solution is to be created, which enables the 
operation of coal-fired power stations rated for air operation 
utilizing a firing of the fuel carried out according to the 
oxy-fuel process in the firing chamber of the steam generator 
of the coal-fired power station. This is achieved in that a firing 
of the fuel containing coal is carried out in the steam generator 
(11) according to the oxy-fuel process utilizing approxi 
mately pure oxygen containing more than 95% by Volume, 
and recirculated flue gas containing a high amount of CO, 
such that the mass flows of all fuel flows supplied to the 
coal-fired burners (10) and to the steam generator (11), and 
the combustion gas, carrier gas, and process gas flows from 
the combustion oxygen and/or recirculated flue gas are con 
figured and adjusted to each other with respect to the respec 
tive composition ratio thereof of oxygen and/or flue gas such 
that the heat transfer occurring in the steam generator by 
means of flame radiation, gas radiation, and convection onto 
the steam mass flow is maintained equal overall in the steam/ 
water cycle as compared to air combustion, in particular, that 
the same Steam parameters are obtained. 
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COAL-FIRED POWER STATION AND 
METHOD FOR OPERATING THE 
COAL-FIRED POWER STATION 

0001. The invention relates to a method for operating and 
for controlling a power station which comprises a coal-fired 
steam generator, whose steam generatoris designed for steam 
parameters which can be achieved for coal combustion, 
which is carried out with combustion air, in the steam gen 
erator by heat transfer to the steam mass flow. 
0002. The invention furthermore relates to a coal-fired 
power station having a coal-fired steam generator whose 
steam generator is designed for steam parameters which can 
be achieved for coal combustion, which is carried out with 
combustion air, in the Steam generator by heat transfer to the 
steam mass flow. 
0003. In order to make it possible to greatly reduce the 
CO emissions when electricity is generated from fossil fuels 
in the future, the two concepts described in the following text 
are currently being developed, which can be used in conven 
tionally designed coal-dust-fired power stations (hard coal or 
brown coal) with large steam generators, and which are 
intended to be commercially available for future power sta 
tion generations. 
0004) 1. Post-combustion CO, capture by downstream 
CO flue gas washing. 
0005. In this case, the CO which is present in a small 
concentration (~13% by volume) in the flue gas is absorbed 
with washing Solutions in a packed column with energy being 
released, and is desorbed in a second column, with energy 
being Supplied. The additional energy Supply which is 
required for desorption (generally in the form of energy Sup 
plied from steam tapped off from the medium-pressure tur 
bine) leads to decreases in efficiency of 10-12 percentage 
points in comparison to power stations without such CO 
capture. This technology has the advantage, interalia, that the 
method is carried out after the combustion process and has no 
reactions on the Steam generator, thus allowing existing 
power stations to be retrofitted. The disadvantages include the 
large amount of space required for the flue gas washer and the 
high energy consumption which in the case of possible 
retrofitting—results in a large amount of modification effort 
in the area of the steam circuit and of the turbine. 
0006 2. Oxyfuel combustion with direct CO compres 
sion 
0007. In the oxyfuel process, the CO concentration in the 
flue gas is greatly increased by using a mixture of fed-back 
flue gas and virtually pure oxygen instead of air for combus 
tion of the coal. In this case, in particular, the sealing of the 
power station installation which for safety reasons is still 
operated at a slightly reduced pressure—with all its compo 
nents, the purity of the oxygen taken from an air separation 
unit (ASU), the quality of the flue gas cleaning installations 
(denitrification (DeNOx), desulfurization (DeSOx), dust 
removal) and the process control particularly the location of 
the flue gas feedback (for example the points/locations 1-6 in 
FIG. 1)—are the critical factors for the purity of the CO, 
which leaves the process after flue gas drying (condensation 
of the water by cooling). In this case, the CO concentration 
should in any case be sufficiently high, and the hazardous 
Substance load so low, that the CO can be compressed 
directly and be supplied for storage. The advantage of this 
concept is that both the steam generator as well as the steam 
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circuit and the turbine design, which are designed for a con 
ventional air mode, do not fundamentally differ from those 
which are designed for the oxyfuel mode. In addition, the 
efficiency reductions in this process are 8-10 percentage 
points lower than in the case of downstream CO flue gas 
washing, in comparison to power stations without CO cap 
ture. These reductions are contributed to significantly by the 
electrical energy required for the air separation unit that has to 
be installed itself (>60% of the reductions) as well as the 
additional flue gas compression (>25% of the reductions). 
The proportion of the other units required in comparison to 
conventional coal-fired power stations in the additional 
energy requirement is <15%. 
0008. In order now to provide the value stability of invest 
ments that have already been made in newly built coal-fired 
power stations with the greatest possible flexibility interms of 
future developments related to CO capture which may still 
have to be retrofitted, it is necessary for present newly built 
power stations to be able to (continue to) operate in the future 
by conversion to the oxyfuel mode, and as low-CO power 
stations. However, it is also desirable for older, already exist 
ing coal-fired power stations to be equipped with CO capture 
cost-effectively, that is to say with as little investment cost as 
possible and with as little loss of efficiency as possible, and to 
allow them to be converted to oxyfuel operation with CO 
capture. 
0009. The invention is therefore based on the object of 
providing a solution which allows coal-fired power stations 
designed for air operation to be operated with combustion of 
the fuel based on the oxyfuel process in the furnace area of the 
steam generator of the coal-fired power station. 
0010. In one method of the type mentioned initially, this 
object is achieved according to the invention in that combus 
tion of the fuel, which contains carbon, is carried out in the 
steam generator on the basis of the Oxyfuel process with 
approximately pure oxygen, which contains more than 95% 
by volume of O, and recirculated flue gas with a high CO 
content, such that the mass flows of all the fuel flows as well 
as combustion gas flows, feed gas flows and process gas flows 
which are Supplied to the coal-burners and to the Steam gen 
erator are formed from combustion oxygen and/or recircu 
lated flue gas in their respective composition ratio of oxygen 
and/or flue gas, and are matched to one another, Such that the 
heat transfer which takes place in the steam generator by 
flame radiation, gas radiation and convection to the steam 
mass flow in the steam/water circuit of the steam generator is 
kept the same overall in comparison to the air combustion, in 
particular with the same steam parameters being maintained. 
0011. In a power station of the type referred to in more 
detail initially, the above-mentioned object is achieved 
according to the invention in an analogous manner in that 
combustion of the fuel, which contains carbon, is carried out 
in the Steam generator on the basis of the oxyfuel process with 
approximately pure oxygen, which contains more than 95% 
by volume of O, and recirculated flue gas with a high CO 
content, such that the mass flows of all the fuel flows as well 
as combustion gas flows, feed gas flows and process gas flows 
which are Supplied to the coal-burners and to the Steam gen 
erator are formed from combustion oxygen and/or recircu 
lated flue gas in their respective composition ratio of oxygen 
and/or flue gas, and are matched to one another, Such that the 
heat transfer which takes place in the steam generator by 
flame radiation, gas radiation and convection to the steam 
mass flow in the steam/water circuit of the steam generator 
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remains the same overall in comparison to the air combustion, 
in particular with the resultant steam parameters being the 
SaC. 

0012 Advantageous developments and expedient refine 
ments of the invention are specified in the respective depen 
dent claims. 

0013 The invention means that a coal-fired power station 
designed for combustion with air can also be operated without 
any problems as a CO-free or low-CO2 power station oper 
ating on the basis of the oxyfuel process with recirculated flue 
gas, and can be converted to or retrofitted with the oxyfuel 
process or oxyfuel mode. In a power station Such as this, the 
burners are then operated with a Supply of pure oxygen of 
with >95% by volume of O, or a mixture of pure oxygen and 
recirculated flue gas with a high CO content. 
0014. In order to allow a conventional power station, 
designed for the air mode, to be operated in the oxyfuel mode, 
flue gas which is created during the combustion process is fed 
back, that is to say recirculated, into the burner and the burner 
or furnace area. In order to achieve the same Steam parameters 
as during the air mode in the oxyfuel mode, it is possible, 
according to one refinement of the invention, for treated and/ 
or untreated flue gas to be fed back in a recirculating manner 
to the steam generator. “Untreated flue gas means flue gas 
which is tapped off in the flue gas path after the Steam gen 
erator for recirculation before any flue gastreatment is carried 
out in the flue gas path, for example by an electrical filter, a 
flue gas desulfurization installation or a flue gas drier. The 
process of passing through heat displacement systems or 
elements by means of which energy is simply extracted from 
the flue gas does not mean that the flue gas can then be 
regarded as having been treated. The exemplary embodiment 
illustrated in FIG. 1 shows possible points and locations for 
tapping off untreated flue gas, provided with the reference 
symbols 1, 2 and 3. The term “treated flue gas means a 
treatment which changes the flue gas composition. Possible 
points or locations for tapping off treated flue gas for recir 
culation are identified by the reference symbols 4, 5 and 6 in 
FIG 1. 

0015 Since modern power stations in particular are expe 
diently intended to be capable of subsequent conversion to the 
oxyfuel mode, the invention furthermore provides that an 
existing power station, in particular a so-called 600° C. power 
station, is retrofitted with the method as claimed in claim 1 or 
2 

0016. In order to achieve the same steam parameters in the 
oxyfuel mode as in the air mode, it is expedient according to 
a further refinement of the invention that the recirculation rate 
of the flue gas is 65% to 80%, in particular 74% to 78%. 
0017. A power station designed for the air mode can be 
operated in the oxyfuel mode with particularly minor conver 
sion or modification effort if the flue gas is tapped off after 
desulfurization (DeSOx) or after a flue gas desulfurization 
(DeSOx) installation or a flue gas cooler, which is installed in 
particular additionally and/or Subsequently, for recirculation, 
as the invention likewise provides. 
0018. According to one refinement of the invention, it is 
also a major advantage for the flue gas to be tapped off after a 
flue gas condensation drier in the flow direction. 
0019. Because of the high proportion of CO in the flue 
gas, it is also expedient in the Oxyfuel mode for quicklime 
(CaO) to be used as absorbent in the flue gas DeSOX instal 
lation. 
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0020. In one refinement of the power station according to 
the invention, the invention provides that a heat displacement 
system is installed between a suction draft and desulfuriza 
tion or a desulfurization installation. This makes it possible to 
influence the thermal balance of the recirculating flue gas 
flow, as well as the temperature of the recirculated flue gas, 
via energy removal. 
0021. In order to allow the temperature of the flue gas or 
else that of the oxygen which is Supplied to the steam gen 
erator after air separation in an air separation unit to be influ 
enced in an advantageous manner, the power station accord 
ing to the invention is, finally, distinguished in that the flue gas 
channel has a bypass line, which is routed in particular par 
allel to an air preheater (LUVO) and has a gas/gas heat 
exchanger arranged therein, after a denitrification (DeNOx) 
device in the flow direction. 
0022. It is self-evident that the features mentioned above 
and those which are still to be explained in the following text 
can be used not only in the respectively stated combination 
but also in other combinations. The scope of the invention is 
defined only by the claims. 
0023 The invention will be explained in more detail in the 
following text with reference to a drawing, in which: 
0024 FIG. 1 shows a schematic illustration of a method 
and installation layout for the gas and combustion side of a 
Steam generator, 
0025 FIG. 2 shows a schematic outline illustration of a 
method layout for the gas and combustion side of a steam 
generator, 
0026 FIG. 3 shows a schematic outline illustration of a 
further embodiment of a method layout on the gas and com 
bustion side of a steam generator, 
0027 FIG. 4 shows a schematic outline and section illus 
tration of the design of a steam generator, 
0028 FIG. 5 shows a comparison of the temperature pro 

file over the furnace height in the radiation part of a steam 
generator in comparison between the air mode and the oxy 
fuel mode, 
0029 FIG. 6 shows a comparison of the temperature pro 

file in the convective part of a steam generator in comparison 
between the air mode and the oxyfuel mode, 
0030 FIG. 7 shows the temperature profile of the water/ 
steam system in the convective part of a steam generator in 
comparison between the air mode and the Oxyfuel mode, 
0031 FIG. 8 shows an illustration in the form of a table of 
the difference between various characteristic values in com 
parison between the oxyfuel mode and the air mode, on the 
one hand using metric units and on the other hand percent 
ageS, 
0032 FIG.9 shows an illustration in the form of a table of 
the difference in the flue gas composition after the electrical 
filter in comparison between the air mode and the oxyfuel 
process, 
0033 FIG. 10 shows a table of a comparison between the 
air mode and the oxyfuel mode in respect of different physical 
characteristics and 
0034 FIG. 11 shows an illustration, corresponding to 
0035 FIG. 2, with additional details of the gas tempera 
tures in C. and of the mass flows in kg/s. 
0036. The installation additions and modifications will be 
described in the following text, with reference to FIGS. 1-3, 
which allow a conventional coal-fired power station to be 
converted to the oxyfuel mode. A method is also described, on 
the basis of which the oxyfuel mode can then be carried out in 



US 2011/001.4578 A1 

an optimum manner. A special feature of the conversion and 
of the method is that normal air operation is also still possible 
after conversion. For example, the installation can be safely 
started in the air mode before switching to the oxyfuel mode, 
and with Switching once again taking place to the air mode, 
which can be coped with more easily (with high efficiency) 
and with CO emission, before shutdown, in the event of 
disturbances in operation, or in the event of an interruption in 
the CO storage capability downstream from the power sta 
tion. 
0037 FIG. 2 shows a method layout on the gas side of a 
coal-fired power station, on the basis and by means of which 
the coal-fired power station can be operated both in the air 
mode and in the oxyfuel mode on the burner side. In this case, 
when the installation is in the air mode, the combustion air is 
preheated after induction by the fresh-air fan 7 in a heat 
displacement system (WVS) 35 (WU3) which may be pro 
vided. However, this is not provided in all power stations 
nowadays. After further heating in the air preheater (LUVO) 
8, the air is split into carrier air, other burner air, and —if 
present into a mill circuit flow. The carrier air is supplied 
upstream of the mill to a further fan (primary fan) 9, whose 
pressure increase ensures that the coal is removed to the 
burners 10. 
0038. The mill circuit flow is used for heat displacement 
(WU1 and WU2) from the off-gas to the feed waterpreheat 
ing path. This has a positive effect on the overall efficiency of 
the installation, because a greater heat flow of the off-gas is 
used, thus reducing the off-gas losses. Furthermore, it is pos 
sible to save tapped-off steam for feed water preheating. 
0039. After combustion in the steam generator 11, in addi 
tion to exchanging heat with the combustion air (LUVO), the 
flue gas is also subjected to catalytic denitrification 12 in 
order to reduce the NOx emissions, dust removal 13 and 
desulfurization 14, in order to comply with the respective 
emission limit values. 

0040. In the area of the steam generator 11, the coal is 
burnt in the combustion area and a portion of the heat transfer 
takes place to the working medium Steam/water in the wall 
heating Surfaces of the steam generator (mainly by radiation). 
A convective heat transfer takes place in the Subsequent con 
vective heating Surfaces to Superheater, intermediate Super 
heater and economizer heater Surfaces. 

0041. During operation of an installation such as this, on 
the basis of the oxyfuel process, it would now be problematic 
to use recirculation gas (flue gas) at a high temperature level 
and flue gas taken before completion of the flue gas cleaning 
at the points 1-4 shown in FIG. 1, for example, and fed back 
to the Steam generator 11, because of the high dust and/or 
SO/SO content. The increased temperature level in com 
parison to that when the installation is designed for the air 
mode, the higher dust and SO/SO content and the risk of 
erosion/corrosion resulting from this to flue gas channels, air 
channels. Suction draft fans, any millair fans that are present, 
mill air heat exchangers, mills, burner fittings and boiler 
materials would necessitate complete replacement of these 
items, because of the increased risk of wear. Furthermore, the 
heat technology/connection of the heat exchangers would 
also have to be completely revised as far as the burner, 
because of the change in the temperature levels. Although 
Such conversion is in principle possible, it would no longer be 
possible to Subsequently operate the installation (easily) in air 
mode without further modifications/additions. The provision 
of both operating modes and the creation/setting of all the 
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items required in this case as well as air channels and recir 
culation channels is, however, virtually precluded for retrofit 
purposes in modern power stations, because of the lack of 
available space, or is in any case associated with very high 
technical complexity and financial cost. The risk of increased 
SO formation in the flue gas with corresponding enrichment 
and repeated contact with catalytically active Surfaces in the 
DeNOx reactor (denitrification reactor) 12 and LUVO (air 
preheater) 8 would be impossible to avoid. 
0042. For the described reasons, in the case of the oxyfuel 
mode method according to the invention, described here, the 
flue gas which is enriched with oxygen as recirculation gas 
and is used as a substitute for the combustion air is therefore 
in one preferred embodiment tapped off after the desulfuriza 
tion 14, 15 at the point 5 or after a flue gas cooler 16, which 
has to be additionally installed, at the point 6, in which case, 
of course, mixtures offlue gas fed back at the points to 4 or 1 
to 5 or one of these points are also possible. The flue gas has 
a very high purity level at these points 5 and 6 (in respect of 
dust, SO/SO content) and is at a sufficiently low tempera 
ture. This ensures that, when changing over to the oxyfuel 
mode, all the existing items and air/flue gas channels can be 
still be used. All that is needed is to connect the flue gas return 
channel 22, 23 to the fresh-air induction 7 and to install a 
valve, which forms as good a seal as possible, for Switching 
between the oxyfuel mode and the air mode. In the oxyfuel 
mode, the steam parameters of air operation can then be 
achieved, as can be seen from FIGS.5 to 7. FIG. 5 shows that 
the temperature profile curve 43 for the oxyfuel mode 43 
provides a good match with the curve 44 for the air mode. In 
addition, in a comparison of the result illustrated in the left 
hand part of the figure for oxyfuel operation with the air mode 
as illustrated in the right-hand part of the figure, FIG. 6 
likewise shows that essentially the same temperatures can be 
created both on the combustion area side and on the steam 
side in the Oxyfuel mode as the respectively stated tempera 
ture values show over the height of a steam generator 11. It is 
therefore evident that the heat transfer which takes place in 
the steam generator 11 by flame radiation, gas radiation and 
convection to the Steam mass flow in the steam/water circuit 
of the steam generator remains at least essentially the same 
overall, in comparison to air combustion, in particular the 
same steam parameters being maintained. This is also evident 
from FIG. 7, which shows that the curve 45 for the air mode 
and the curve 46 for the oxyfuel mode, which each represent 
the heat transfer into the water/steam system over the height 
of the vaporizer and therefore the heat transfer in the convec 
tion path, exhibit essentially the same temperature profile 
over the height of the steam generator 11. 
0043. It may be necessary to install a heat displacement 
system (WVS) 16, 35 between the suction draft 17 and the 
desulfurization 14, 15, if the installation does not already 
have this. Further changes relate to the area of the oxidation in 
the desulfurization installation 15 and in the denitrification 
12, oxygen preheating 19 and the mill barrier gas 40. 
0044) To avoid intervening to a greater extent in the heat 
technology of the power station, it is ensured that the heat 
transfer in the area of the combustion area 18 and in the area 
of the downstream convective heating Surfaces is ensured in 
the oxyfuel mode as well, in a corresponding manner to the 
design for combustion using air. In the method according to 
the invention, this is achieved in that the amount of flue gas 
which flows through the convective heating surfaces when the 
output temperature of the combustion area is the same is 
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governed Such that virtually the same amounts of heat are 
transferred to the Steam, as the working medium, despite the 
changed heat transfer conditions (density, flue gas tempera 
ture profile, flow rate and heat transfer coefficient) resulting 
from the combustion of O with flue gas containing CO 
being fed back. 
0045. The combustion side, that is to say the flue gas/gas 
side of the steam generator 11, is adapted because of the 
changed flue gas characteristics, both with respect to the heat 
content (density, heat capacity) and heat transfer (changed 
flow rates, heat transfer coefficients). The aim is that the 
water/steam circuit should remain at least Substantially 
unchanged. In the case of the oxyfuel mode (oxyfuel case), 
the magnitude of the total amount of recirculated flue gas, the 
split between the various combustion gas, feed gas and pro 
cess gas flows (burner “air, mill “air, over fire “air’, curtain 
'air') as well as the oxygen contents of these gas flows and the 
total amount of excess oxygen result in new degrees of free 
dom which are used for adaptation of the combustion. 
0046 First of all, the total amount of recirculated gas is 
determined such that the heat transfer in the convective heat 
ing Surfaces corresponds to the old design data. 
0047. As shown in FIG. 8, which figure lists average val 
ues of variables which characterize the heat transfer in the 
convective Surfaces, this is done in the oxyfuel case with an 
amount of recirculated gas which causes a flue gas density 
which is higher by 38.5% than the air mode, a higher heat 
transfer (alpha) by radiation (+23%) and convection (+6.8%), 
a flue gas mass flow increased by 7.8% and a reduction in the 
mean logarithmic temperature difference by 11.2% or pro 
duces these effects. In this case, the recirculation rate of the 
flue gas is 75.7%. However, this value is dependent on the 
precise fuel characteristics and the basic design of the power 
station, and can assume values between 65 and 80%. The 
recirculation rate means the proportion of the recirculated 
flue gas in the total amount of flue gas. 
0048. Nowadays, power stations are equipped with low 
NOX burners and combustion systems as a primary measure 
against nitrogen oxide emissions, which, in addition to the 
carrier “air' which transports the fuel, have at least one— 
generally twisted—secondary “air and, in the case of a twist 
stage burner, furthermore an outer tertiary “air and an inner 
core “air flow. By appropriate choice of the twist and 
impulses/impulse ratios of the individual flows, it is possible 
to optimally control the combustion of the coal and the NOx 
emission by control of the oxygen-rich and low-oxygen Zones 
in the flame. A burner such as this is therefore able to operate 
with different gas compositions and therefore offers the capa 
bility to adjust the combustion and temperature profile in a 
Suitable manner in the oxyfuel mode Such that analogous 
amounts of heat are transferred in the combustion chamber as 
in the air mode, combustion furthermore taking place with 
low levels of hazardous substances. 
0049 Furthermore, in the oxyfuel mode, because the flue 
gas is very largely free of nitrogen, virtually no thermal NOx 
is formed, thus resulting in lower NOx emission (in compari 
son to the air mode). 
0050. The proportion of the recirculated flue gas which is 
required for the burner in the oxyfuel mode is obtained to a 
first approximation from the requirement to maintain the 
impulse flows at the burners in the various operating modes. 
0051. The impulse flow is given by equation 1: 

IPGSGn&PGSGWPGSG Equation 1 

where 

I0052 Iris impulse flow of the primary and secondary 
gases 
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I0053 mes, mass flow of the primary and secondary 
gases 
I0054 West flow rate of the primary and secondary 
gases 
0055. If the cross section is constant and the impulse flow 
does not change, then: 

PPLSL Equation 2 

PPGSG 
iPGSG F in PLSL 

where 
I0056 n&ers, mass flow of the primary and secondary 
gases in the Oxyfuel mode 
I0057 n&es mass flow of the primary and secondary 
gases in the air mode 
I0058 pers, density of the primary air and secondary air 
10059 peois, density of the recirculated flue gas as a func 
tion of the composition of the primary and secondary gas. 
0060. The component 47 of the burner “air” which is used 
as a flow element of the combustion gas in order to remove the 
coal from the mill 36 (carrier gas) must also be determined 
corresponding to the equality of the impulse forces acting on 
the coal particles. 
0061. Whether the impulse flow maintenance at the burner 
means that that carrier gas is able to remove coal from the mill 
36 depends on the flow resistance (equation 3), the lift force 
(equation 4) and the weight force (equation 5). 

Fsw = C, A.2?. f Equation 3 

Fs = gps Vs Equation 4 

FA = g of Vs Equation 5 

where 
0062 Fs—flow force 
006.3 c. flow coefficient of drag of a dust grain 
0064 w—flow rate of the fluid 
0065 Fs weight force of the dust grain 
0.066 A.V. surface, volume of the dust grain 
0067 pps—density of the fluid, of the dust grain 
0068 G—acceleration due to gravity 
0069. In both cases, the weight forces are of equal magni 
tude and will not be considered any further. The lift force is 
negligibly small, because the density difference between flue 
gas and dust grain is very great. This means that only the flow 
force need be compared. 

2 PFOay Wory Equation 6 
2 

air wi. 
c. As to = c : As . 

0070 Equation 2 for the impulse flow maintenance is 
therefore applicable and this ensures that the coal is removed. 
0071. The oxygen content of the burner gas flows 38 or of 
the burner "airs” is set such that the adiabatic combustion 
temperature remains virtually constant. 
0072 Since the stoichiometry in the burner area in modern 
power stations is restricted on the one hand at the top by the 
formation of NOx which is then increased and on the other 
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hand at the bottom by the risk of the formation of skeins of 
reducing atmosphere in the combustion area 18, resulting in 
the possibility of increased wall corrosion, the design value 
for the combustion stoichiometry must also be complied with 
approximately in the oxyfuel case. Since the risk of the for 
mation of thermal nitrogen oxide is reduced by the lack of 
nitrogen from the air, slightly increased stoichiometries may 
also be used, however, to set the level of the combustion area 
temperatures. 
0073. Furthermore the oxygen contents of the transport 
gas and of the other gas flows should differ by up to 15% by 
mass depending on the fuel characteristics, in particular the 
capability to ignite the coal. This allows the over fire speed in 
the flame to be controlled in order to allow the temperature 
profiles in the combustion chamber 25 of the steam generator 
11 to be similar to those of the air combustion. 
0074 Finally, the temperature profile and temperature 
level are responsible for the heat transfer, which dominates in 
the combustion area 18 of the steam generator 11, by radiation 
in this area, which is the governing design criterion in order to 
comply with the required combustion chamber final tempera 
ture and the amount of heat transferred to the water, as the 
working medium, in the combustion chamber walls. 
0075 FIG. 2 does not illustrate the so-called curtain or 
side-gas injection which is used in Some power stations in 
order to reduce the risk of reducing areas in the vicinity of the 
combustion chamber walls, and to avoid the risk of increased 
wall corrosion. In the exemplary embodiment, its proportion 
in the total amount of gas or “air supplied in the area of the 
burner 10 remains low without any change, in order to still 
provide the impulse flow which is necessary for the penetra 
tion depth and coverage of the entire wall. However, its oxy 
gen content in the oxyfuel mode is increased by up to 20 
percentage points in comparison to the pure air mode, in order 
to provide effective protection against the higher CO contents 
(in this part of the combustion area) occur because of the 
Boudouard equilibrium and the high CO contents. 
0076. The proportion of the recirculated flue gas which is 
added in the upper part of the combustion chamber 25 of the 
steam generator 11 as over fire air (OFA) 37 is governed by 
the fixing of the other gas flows. The oxygen content in the 
over fire air (OFA) is determined from the overall stoichiom 
etry, that is to say from the excess oxygen which is required 
overall for reliable combustion of all the coal components and 
so as to minimize the CO content—the stoichiometry factor in 
the exemplary embodiment is 1.17. Depending on the design 
basis of the power station, however, it can assume values 
between 1.1 and 1.25 for the air mode, but should be as low as 
possible in the oxyfuel case in order to avoid further dilution 
of the CO by excess oxygen. 
0077. This essentially precludes the transfer of the process 
parameters from the air mode to the oxyfuel mode. In addition 
to the described analogy of the flow impulses, a further heat 
engineering optimization of the combustion for the oxyfuel 
mode can be implemented by including detailed CFD (com 
putational fluid dynamics) results and experimental results 
for specific coals, although these have only a minor influence 
on the amplitude of the process parameters set. In all cases— 
that is to say even if the recirculation gas flows are split 
differently and the oxygen contents vary—the described pro 
cedure and consideration of the available degrees of freedom 
for the oxyfuel mode allow both the conventional air mode 
and an oxyfuel mode to be carried out in a power station 
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installation modified in this way. It is thereby possible in the 
oxyfuel mode for essentially the same steam parameters to be 
set in the steam generator 11. 
0078. The purging and/or barrier gas (air) which is used 
nowadays in/on rotating parts of the coal mills 36 associated 
with the power station is replaced by CO during the conver 
sion to the oxyfuel mode. 
(0079. As FIG. 2 shows, the air preheater 8 is still required 
in the illustrated exemplary embodiment. The recirculated 
amount of flue gas fed back cannot, however, absorb the total 
amount of heat that is required, because oxygen is still lack 
ing, since the oxygen is not mixed with the flue gas before the 
air preheater 8. However, this is also undesirable since con 
ventional regenerative airpreheaters in the design case for air 
operation have unavoidable leakage in the direction of the flue 
gas between the two gas flows (off-gas and recirculated flue 
gas) which flow in opposite directions. Oxygen losses (and a 
greater energy consumption) as well as reduced CO purity 
would therefore be expected in the oxyfuel mode. For this 
reason, a gas/gas heat exchanger 19 in order to preheat the 
oxygen, is installed together with a control valve to split the 
flue gas to be cooled down, in the bypass to the air preheater 
8 for the oxyfuel mode. In the pure air mode, the old operating 
state can therefore still be selected by disconnecting the oxy 
gen preheater by closing the bypass by closing the control 
valve. 
0080 Depending on the type of air preheater 8 (that is to 
say with a rotating stored mass or with rotating shrouds), the 
sealing from the environment can be improved with greater or 
lesser complexity since there is still the reduced pressure at 
this point on the flue-gas side. 
I0081. In order to prevent more environmental air from 
entering the steam generator 11 in the area of the funnel 41 of 
the steam generator 11, it is in any case advantageous during 
the conversion process for the steam generator 11 to be 
equipped for wet ash removal if dry ash removal is installed in 
the existing installation. In the case of wet ash removal, 
adequate sealing is ensured in any case by the sealing of the 
water-filled trough with respect to the steam generator walls. 
I0082) No significant changes need be made in the area of 
the electrical filter 13. However, care should be taken to 
ensure that the shut-off devices to the ash removal system of 
the electrical filter 13 are designed to be gas-tight (for 
example gas-tight bucket feed gates). To entirely prevent this 
leakage flow of leakage air in the system CO should be 
applied to the shut-off devices as a sealing barrier gas. 
I0083. In this way, no significant structural change need be 
made in the denitrification installation (SCR-selective cata 
lytic reduction) 12. Mixed gas flows for which air is used in 
normal operation are replaced in the oxyfuel mode by CO 
(see the arrow in FIG. 2) which can be after or in an interme 
diate stage of compression. In principle, both ammonia and 
ammonia water can still be used as reactants. 

I0084. Since the chemical reactions within the flue gas 
desulfurization installation (REA) 15 take place in an atmo 
sphere composed mainly of CO in the oxyfuel mode, the 
absorbent should be changed from limestone (CaCO3) to 
quicklime (CaO) since the CO, release which is required to 
dissolve the limestone in the dissolving process is impeded by 
the saturation of the wash suspension with CO. The absor 
bent mixing systems must be appropriately modified for this. 
Next, when flue gas desulfurization is carried out using the 
methods that are normally used nowadays, the calcium Sul 
fide which is created in the solution is oxidized by air injec 
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tion to form calcium sulfate, this method step is also modified 
during the conversion/modification to the oxyfuel mode. 
Since, for cost reasons, the oxidation in an installation 
designed for the air mode is carried out by injecting air into 
the Sump of a spray tower, desired oxygen would once again 
not be introduced when using air without a hardware change. 
Pure oxygen must not be injected since, on the one hand, the 
production of this oxygen would result in a correspondingly 
greater energy requirement for the air separation unit (ASU) 
20. On the other hand, the need for excess oxygen leads to the 
CO provided for storage being of lower purity. For this 
reason, in the exemplary embodiment, the desulfurization is 
converted to external oxidation by fitting an external stirring 
container 39 (FIG. 3), thus preventing N and O from being 
introduced into the system. 
0085 Since the desulfurization installations now being 
designed for the laws applicable in Germany achieve an SO 
value of <200 mg/Nm (dry, with the current oxygen content), 
the desulfurization must be improved in order to prevent 
corrosion problems in downstream process steps (compres 
Sion, transport to the storage location). Furthermore the fresh 
air fan 7 and the fuel/air channels are also not designed for 
increased SO/SO contents on conversion/modification to 
oxyfuel operation. An increase in separation can be achieved 
in two ways. On the one hand, the existing DeSOX can be 
improved within limits by increasing the ratio of liquid cir 
culation to flue gas flow, while on the other hand a further 
spray level can be retrofitted if sufficient space is available in 
the head area of the spray tower. Retrofitting a tray or the 
addition of acids which promote solution likewise improves 
the desulfurization. 

I0086. This allows high desulfurization levels to be 
achieved and SO/SO values of 20-40 200 mg/Nm (dry, 
with the current oxygen content). Further purification is car 
ried out before compression and after the flue gas recircula 
tion in order to ensure that only the required flue gas flow need 
be purified to the pure gas values required by compression. 
0087. In order to dry the flue gasses after the flue gas 
desulfurization installation (REA) process, the flue gas des 
ulfurization installation (REA) 15 is followed by a flue gas 
condensation drier 21. This cools the flue gases further in 
order to achieve the required water contents of <3% (for 
recirculation). 
0088. In addition to the cooling water that is required if 
present as product—the liquid nitrogen from the air separa 
tion unit 20 is also used for this purpose. After drying, the flue 
gas flow is split, and the majority is recirculated 22, 23. The 
flow element which is intended to be supplied to the compres 
sor 24 is pased on for further purification. 
0089. Before the CO compressor station 24, corrosive 
elements of the flue gases and water should be removed as far 
as possible. An NaOH washer with recirculation flow cooling 
is used for this purpose. During NaOH washing, a further 
considerable reduction in the corrosive flue gas components 
is achieved (SO/SO<5 mg, HCl <1 mg, HF 1 mg, 
dust-31 mg), the cooling of the circulating liquid ensures that 
the water content is reduced further. A further, downstream 
condensation cooler is optionally used. 
0090 The flue gases which have been purified in this way 
are Supplied to the compressor station 24. After compression, 
the residues of O and N which are still present in the gas 
flow are removed from the liquefied CO by a phase separator, 
since these gases are not liquefied in these conditions. The 
CO is now available for storage and further transport. 
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0091. The processes of more extensive flue gas purifica 
tion described above require high cooling powers. Liquid 
nitrogen produced in the air separation unit (ASU) 20 can be 
used in conjunction with a cooling water flow for this purpose 
(if oxygen and nitrogen as the products of the air separation 
are in liquid form). The nitrogen is first of all used in the 
cooling system of the multistage CO compressor 24, in order 
to minimize the energy consumption of the compressor. The 
energy transferred to the “superheated nitrogen is then 
optionally partially recovered by means of an expansion tur 
bine, in which process the nitrogen temperature falls again. 
Furthermore, the mass flow of nitrogen is then used via cou 
pling heat exchangers both for cooling the NaOH recircula 
tion and for cooling the flue gas condensation drier 21 
arranged downstream from the flue gas desulfurization instal 
lation (REA) 15, where cooling water flows are added to it. 
The nitrogen can then optionally once again be passed via 
expansion turbines for energy recovery, and fed back into the 
environment via a stack. 

0092. The described procedure for designing the combus 
tion process of an oxyfuel Steam generator can also be itera 
tively coupled to the normal design of the convective heating 
Surfaces of a steam generator and can be used for cost-opti 
mized design of a new installation by reducing the size of the 
heating Surfaces while at the same time increasing the flue gas 
speed by reducing the cross section of the combustion cham 
ber. From the flow mechanics point of view, it is now neces 
sary to depart from a direct analogy with the impulse rela 
tionships: the case of air combustion can then be designed (for 
the same flow speed which is limiting under erosion view 
points) with a correspondingly reduced power (partial load 
for starting/shut-down processes and operating distur 
bances). 
0093. The following explanations likewise relate to a con 
version concept for a coal-fired power station. The options for 
implementation of a CO-free power station in which the CO, 
is separated and stored is discussed, and what the advantages 
and disadvantages are. The state of research relating to the 
oxyfuel process is described briefly. After a discussion of 
possible variants of the oxyfuel process, two variants are 
selected. These are analyzed in terms of the conversion mea 
Sures required to the power station components: combustion 
gas system, flue gas cleaning installation, mills, burners and 
steam generators. Heat engineering calculations relating to 
heat transfer in the steam generator indicate that the required 
steam parameters are achieved without conversion of the 
steam generator heating Surfaces. Subsequent calculations, 
with the recirculation mass flow and the radiation change 
coefficients of the combustion chambers being varied indi 
cate ways to influence the heat transfer in the steam generator. 
Assessments of the conversion effort for the two selected 
process variants and a final estimate of the overall efficiency 
indicate which considered variant is technically and eco 
nomically the most advantageous. 
0094. The aim of the oxyfuel process is to achieve as high 
a CO concentration as possible in the flue gas in order to save 
the energy-consuming CO washing of the “post combustion 
process. During the compression of the CO, the energy 
consumption can be reduced if the CO has a high concentra 
tion. The compressor power is then applied only to the CO, 
and not to the impurities as well. During combustion with air, 
the nitrogen component of approximately 78% by volume 
prevents high CO enrichment in the flue gas. If, in contrast, 
to this, pure oxygen is used for combustion, considerably 
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higher CO contents of up to 80% by volume can be achieved 
during combustion using dry brown coal, and more than 90% 
by Volume when using hard coal. These values may fluctuate 
depending on the combustion conditions and the coal com 
position. Nevertheless, they are good preconditions for sepa 
ration and storage of CO. 
0095. When burning coal with pure oxygen in the oxyfuel 
mode, there is no nitrogen, which on the one hand acts as heat 
carrier for flame temperatures that can be coped with techni 
cally and on the other hand ensures that the flue gas Volume 
flow is increased. This flue gas volume flow removes the 
required heat flow into the convective part of the Steam gen 
erator where it also ensures the high flow speeds required for 
heat transfer. In order to provide this volume flow, the flue gas 
is at least partially recirculated after combustion in the oxy 
fuel mode and, after being mixed with oxygen, is once again 
Supplied to the steam generator 11. The flue gas can be 
removed at various points downstream from the steam gen 
erator 11. The choice of the recirculation location 1 to 6 
results in different concentrations of dust, SO, and water in 
the flue gas. 
0096. The heat transfer in the steam generator 11 takes 
place by convection or by radiation. For convective heat trans 
fer, a changed flue gas composition results in changed values 
of heat capacity, Viscosity and thermal conductivity as well as 
flue gas density, as shown in FIG.8. The flow speed of the flue 
gas is therefore also changed. However, it is possible to 
achieve similar heat flows in the convective heating Surfaces 
as well with oxyfuel flue gas in the oxyfuel mode. The initial 
Supposition that larger heating Surfaces would be required in 
oxyfuel conditions, in order to transfer the heat flows, proves 
incorrect. Brown coal with a combustion heat of 22 MJ/kg 
(net) and a moisture content of 19.95% is thus burnt, and the 
flue gas is dried before recirculation. With the same flue gas 
mass flow and a combustion area outlet temperature that is 
higher by 46 K, a flue gas temperature that is reduced by 4K 
in comparison to the air process is measured at the outlet of 
the economizer heating area. A higher heat flow is therefore 
transferred in the convective part. When using the oxyfuel 
process in already existing installations or installations that 
are being built, and which are designed for air operation, there 
is therefore no need for any relatively major modifications to 
the convective heating Surfaces. 
0097. The heat transferratios can therefore be matched by 
adaptation of the molar recirculation ratio. 
0098. Molar recirculation ratios of 3.25 are determined for 
the moist feedback of the flue gas (removed at location 5) and 
2.6 for feedback at location 6 after the flue gas drying 21. As 
the recirculation ratio rises, the heat transfer by radiation 
decreases, because the flame temperatures are lower. 
0099. The radiation heat transfer varies in particular as a 
function of the composition and the temperature of the gas. 
There are various possible ways to adjust the flame and flue 
gas temperatures as well as the gas compositions. The most 
important ways include the oxygen content in the combustion 
gas and the proportion of the recirculated gas mass flow in the 
flue gas mass flow that is produced overall. 
0100. The following flue gas constituents principally 
influence the gas radiation behavior: 

(0.101) CO, content 
0102) HO content 
0103 Proportion of solid particles. 

0104. The high proportion of nitrogen in the flue gas in the 
case of air combustion is replaced by CO in the oxyfuel 

Jan. 20, 2011 

process. Depending on the recirculation location 1 to 6, the 
flue gas contains a greater or lesser amount of water. How 
ever, CO and H2O are not diathermic in the same way as N. 
and O, but themselves absorb and emit heat radiation 
depending on the gas temperature. In addition, the higher heat 
capacity of the combustion gas, primarily caused by CO and 
water, changes important flame characteristics. 
0105 Emissitivity of the flame in the oxyfuel mode and in 
the air mode is similar. It depends in particular on the coal, the 
fly ash, soot particles in the flame, but not on the CO con 
centration. 
0106. In comparison with air operation, for the same oxy 
gen content in the combustion gas, it is generally observed in 
the oxyfuel process that 

0.107 the flame propagation speed falls, 
0.108 the flame temperatures fall, and 
0.109 the ignition delay increases. 

0110. The ignition delay is calculated by dividing the 
movement distance over which the coal particles travel before 
ignition by the particle speed. 
0111. The ignition delay rises when 

0112 the temperature falls, 
0113 the oxygen content in the combustion gas falls, 
0114 the heat capacity of the combustion gas rises, 
0115 the thermal conductivity of the combustion gas 

falls, and 
0116 the proportion of volatile components in the coal 

falls. 

0117. In this case, each of the other parameters remained 
COnStant. 

0118. In a CO-rich atmosphere, the ignition delay is 
greater than in a nitrogen-rich atmosphere (air operation), 
given the same oxygen content. In order to achieve the same 
ignition delay as with air combustion, the gas must consist of 
30% by volume of oxygen and 70% by volume of CO, in the 
oxyfuel gas. 
0119 The influence of the motor recirculation ratio is also 
evident here. Given a recirculation R 

firect 
R= 

freci + i. off-gas 

of 0.58, in addition to the adiabatic combustion temperature, 
which is the same as that for the air mode, similar flame 
temperature profiles and stabilities are also observed in the 
oxyfuel mode (R recirculation ratio, m, mass flow of 
recirculated flue gas, me mass flow of off gas). 
0.120. As FIG. 4 shows, various heating surfaces, which 
differ in terms of the heat transfer method, exist in a steam 
generator 11. Heat transfer by radiation is dominant in the 
combustion chamber 25 and in the radiation areas 26 and 27, 
and these are therefore referred to as radiation heating Sur 
faces. The combustion chamber 25, the radiation areas 26 and 
27 are together referred to as the combustion area 18. The heat 
transfer in superheater heating surfaces 28 and 29 and inter 
mediate superheater heating surfaces 30 and 31 as well as the 
economizer heating Surface 32 takes place mainly by convec 
tion, as a result of which these heating Surfaces are referred to 
as convective heating Surfaces. The convective part of the 
steam generator 11 represents the totality of all convective 
heating Surfaces. 
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0121 The supporting tube bulkhead 49 has the special 
feature of also having a large radiation component as a con 
vective heating Surface. This can be explained by its position 
as the first bundle heating surface above the combustion area 
18. 
0122) The final stages of the HP (high-pressure) and MP 
(medium-pressure) parts and of the economizer heating Sur 
face have flow passing through them in the sense of a parallel 
flow device. In the final stages, this is used to reduce the 
corrosion tendency by means of lower material temperatures, 
and to protect the turbine against temperature fluctuations. 
The economizer heating Surface 32 is intended to guarantee 
that any Steam bubbles that may occur are removed. 
(0123. The aim is to convert a 600° C. or 700° C. power 
station designed for air operation to the oxyfuel process. This 
means that the Steam generator 11 must be able to Supply the 
turbine with the required steam parameters in both the air 
mode and the oxyfuel mode. The aim is to do this without any 
modifications to the steam generator heating Surfaces, mills 
and burners. 
0.124. The critical criterion for the economy of the oxyfuel 
process is to achieve a high CO content in the off-gas. Only 
considerable energy savings in the CO concentration and 
compression justify the high-energy oxygen generation as an 
additional process in comparison to simple flue gas washing 
with a washing agent (for example monoethylamine). Any air 
leakages which enter in addition to the purging air and barrier 
air that is supplied counteract this aim, and must therefore be 
reduced to a minimum. 
0.125. As FIG. 1 shows, it is possible to tap offflue gas for 
flue gas circulation at the following points: 

0.126 1, before the denitrification 12, 
0127 2, after the denitrification 12, 
I0128 3, after the regenerative air preheater 8, 
0129 4, after the dust removal 13, 
0.130) 5, after the desulfurization 15 or 
I0131 6, after the drying 21. 

0.132. It is also possible to combine a plurality of these 
tapping options. 
0133. The recirculation of the flue gas at the point1 before 
the desulfurization installation 12, which is arranged in the 
empty draft in modern coal-fired power stations, results in 
enrichment of the flue gas with dust, sulfur oxides and water. 
All lines and components which come into contact with flue 
gas must be designed to be appropriately dust-compatible. 
This applies in particular to the recirculation fan 48, 48a, 48b 
which has to be additionally installed. The higher concentra 
tion of water and sulfur oxides results in the sulfuric acid dew 
point rising. 
0134. Neither existing regenerative air preheaters 8 nor a 
heat displacement system 16 before the flue gas desulfuriza 
tion installation 14, 15 are required in the oxyfuel mode since, 
when a large proportion of the flue gas is tapped offbefore the 
air preheater 8, there is no substance flow to be cooled down 
or heated. An existing electrical filter 13 and the flue gas 
desulfurization installation 15 are then overdesigned for the 
oxyfuel mode. The flow ratios can be adapted, if necessary, 
for optimum dust separation and desulfurization rate by shut 
ting down individual electrical filter passages or washer lev 
els. The drier 21 which is provided only for the oxyfuel mode 
can in this case be designed for small volume flows. The 
oxygen flow is then heated in an additional heat exchanger 33. 
which is arranged before the electrical filter 13, where the flue 
gas temperature is about 380° C. 
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0.135 When the flue gas is recirculated from the point 2, 
only the conversion rate from SO, to SO, is increased in 
comparison to this, since the flue gas passes through the area 
of the catalytic surfaces of the denitrification installation 12, 
resulting in a higher Sulfuric acid dew-point temperature. 
0.136. When flue gas is tapped off at the recirculation point 
3, only the air preheater (LUVO) 8 is then used to cool down 
the flue gas. The flue gas temperature behind the air preheater 
(LUVO) 8 is then above the sulfuric acid dew point. The 
temperature of the flue gas after the air preheater (LUVO) 8 is 
regulated by the inlet temperature of the medium to be heated 
and is passed through in the opposite direction. However, this 
results in the problem that, because the recirculated flue gas is 
heated up in the recirculation fan, the mass flow to be heated 
on re-entering the air preheater is hotter than the mass flow to 
be cooled down at the outlet. This problem can be solved by 
fitting a heat sink in the form of a heat exchanger. The dis 
crepancy between the flue gas mass flow on the side of the air 
preheater (LUVO) to be cooled down and on the side to be 
heated up is solved by an air preheater (LUVO) bypass 34 
with oxygen preheating 33. 
0.137 When the flue gas is recirculated from the point 4, 
behind the electrical filter 13, the flue gas is enriched with 
sulfur oxides and water. The dust load for flue gas channels 
and fans decreases considerably. The electrical filter 13 is 
then designed and constructed such that it can be used both for 
the air mode and for the oxyfuel mode. 
0.138. When the flue gas is recirculated from the point 5, 
after the desulfurization 14, 15, the flue gas is now further 
enriched only with water since large amounts of the Sulfur are 
removed in the flue gas desulfurization installation 14, 15. 
This reduces the risk of corrosion caused by sulfuric acid. The 
quench effect in the flue gas desulfurization installation 15 
cools the flue gas by partial vaporization of the absorber 
Suspension. In this case, the water content and the outlet 
temperature of the flue gas are set as a function of the satura 
tion temperature. 
0.139. When the flue gas is recirculated from the point 6, 
behind the drier 21, the flue gas is sucked back or fed back 
(recirculated) with all the dust removed, after desulfurization 
and dried. With this flue gas quality, the fresh-air fan can be 
used as recirculation fan. All the heat exchangers and flue gas 
treatment components used in the air mode can be operated in 
the oxyfuel mode without any change from the air mode. 
However, the entire flue gas mass flow is passed via the drier 
21 which means that this must be designed to be appropriately 
large in order to be able to carry away large heat flows. 
0140. The advantages and disadvantages of the respective 
recirculation points can be combined by recirculation of spe 
cific flue gas flow elements at various ones of the points 1-6. 
0.141. A flow element which has been passed through all 
the flue gas treatment components is correspondingly puri 
fied, as a result of which the concentrations of hazardous 
Substances Such as dust, water and Sulfur oxides are reduced. 
A second flow element can then be recirculated very close to 
the steam generator 11, for example at the point 1, at a high 
energy level. There is therefore no need for this flue gas flow 
element to be cooled down and heated up again later. 
0142. In the case of later recirculation, that is to say when 
the overall flue gas mass flow flows through an increasing 
number of components for flue gas treatment along the flue 
gas path after emerging from the economizer heating Surface, 
this results, rising from the points 1 to 6, in increasingly 
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0.143 less enrichment of the flue gas with water, dust 
and Sulfur oxides, 

0144) better usefulness of the original components and 
parts of this section of the coal-fired power station in the 
air and oxyfuel modes, and 

(0145 less need to introduce or to install diverse addi 
tional components and/or installation parts. 

0146 Conversion or modification to the oxyfuel process 
changes the recirculation mass flow which, together with the 
mixed-in oxygen mass flow and with the flue gas temperature 
profile unchanged, primarily influences the flow speeds in 
and on the heating Surfaces. The higher density of CO (oxy 
fuel mode) in comparison to N (air mode) results in a slower 
flow for the same mass flow. The flow speed of the flue gas 
plays an important role, in addition to physical characteristics 
Such as Viscosity, thermal conductivity and heat capacity, in 
the heat transfer from the flue gas to the heating surface. The 
required steam parameters are achieved, despite the changes 
in the heat transfer conditions. In the case of steam generators 
based on the Benson principle, the control system introduces 
as much fuel as is required, and for as long as is required, to 
reach the high-pressure (HP) outlet mass flow, and the tem 
perature is controlled by enthalpy control and injection. The 
medium-pressure (MP) outlet temperature can be influenced 
by the magnitude, that is to say the amount, of the recircula 
tion mass flow which ensures advantageous flow speeds for 
heat transfer. The excess oxygen wo means the ratio of the 
oxygen flow mo Supplied to the Stoichiometrically required 
oxygen flow me. For air combustion, the combustion air 
mass flow m required for this is calculated using the equa 
tion 

100 
mair = monin - lo2. 

The excess air then corresponds to the excess oxygen. 
0147 There is no point in using excess air or producing a 
relationship with the burner gas in the oxyfuel process. It is 
possible to achieve virtually any desired oxygen contents in 
the burner gas and flue gas. The original term excess oxygen, 
which relates to the fuel mass flow, is therefore reverted to. 
This is calculated in the case of oxyfuel combustion using 

fit ASU Vo2. ASU + tileak Vo2.leak + firect Vo2. Reci 
O2 = tho2.min 

where 

014.8 m, mass flow from the air separation unit 
10149 Xoza oxygen content after the air separation 

unit 

0150 m leakage air mass flow 
I0151. Xo-oxygen content of leakage air 
0152 m-recirculation mass flow 
I0153. Xo-oxygen content of the recirculated flue 

gaS 

0154) mo2. Stoichiometric oxygen flow. 
0155. In this case, the numerator contains all the oxygen 
mass flows (combustion gas, feed gas, process gas) supplied 
for combustion. The denominator contains the Stoichiometric 
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oxygen requirement, which is calculated from the reaction of 
the coal components C, H, O and S to form CO., H2O and 
SO. 
0156. A comparison of the flue gas compositions that 
occur between the air mode and the oxyfuel mode with flow 
gas circulation after the electrical filter 13 at the point 4 and 
after the drier 21 at the point 6 is shown in FIG. 9. 
0157. The change in the gas composition also results in 
different physical characteristics. FIG. 10 shows the higher 
density of the flue gas in the oxyfuel process (+23.9%+33. 
3%). The heat capacity, dynamic viscosity and thermal con 
ductivity of the flue gases vary only slightly in comparison to 
the air mode when the flue gas is taken off at the point 6. In the 
oxyfuel process, the higher heat capacity and the higher ther 
mal conductivity at the point 4 in comparison to the point 6 
can be explained by the water content of the flue gas being 
even higher there. 
0158. In order to achieve the steam parameters before the 
turbine in the oxyfuel process as well, the fuel mass flow and 
the recirculation mass flow are adapted. Because of the higher 
density of the flue gas in the oxyfuel process, the flow in the 
convective part is slowed down, despite the flue gas mass flow 
being higher. 
0159. The physical characteristics from FIG. 10 are 
included in the Reynolds number and Prandtl number, which 
in turn lead to the Nusselt number. 

FG: Nut 
Couter-convective 

Couter Couter convective Couter radiation 

1 1 & 0, 1 

i-, "Xi'a, 
Q = k . A AT, 

where 
0.160 l characteristic dimension (for example pipe 
diameter) 

0.161 Nu Nusselt number 
0162 ö, layer thickness 
0.163 coefficient of thermal conductivity of the 
layer (for example pipe) 

0164. A heat exchanger area 
0.165. The improved heat transfer by radiation in the area 
of the convective heating surfaces by more than 39% is sig 
nificant. In the case of the oxyfuel process with recirculation 
at the points 4 and 6, this is because of the high CO concen 
tration, and at the point 4, it is because of the increased water 
concentration. The heat transfer coefficient k is increased by 
the greater proportion of the radiation in the heat transfer in 
the convective part. 
(0166. Overall, as can be seen from FIG. 10, the heat flow 
transferred in the convective part is increased. However, the 
heat transfer in the convective part also depends on the heat 
transfer in the radiation heating Surfaces. This is because of 
the conditional flue gas and water/steam temperatures. The 
radiation heating Surfaces are located before the convective 
heating surfaces 28 to 32, 49 along the flue gas path in the 
combustion chamber 25 and the radiation areas 26, 27. With 
the economizer heating surface 32, the water first of all flows 
through a convective heating Surface, followed by the radia 
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tion heating Surfaces for vaporization, and finally once again 
convective heating Surfaces for Superheating the steam. 
0167 If the total heat flow transferred in the steam gen 
erator 11 is the same, the flue gas will be considerably cooler 
because of the higher heat capacity in the Oxyfuel process in 
the combustion chamber 25 and, at the end before the air 
precooler, will be somewhat hotter than in the case of the air 
process. It is therefore not absolutely essential to reach the 
adiabatic combustion temperature of the air process. 
0168 A change in the warming-up ranges in the Super 
heaters and intermediate Superheater heating Surfaces should 
be observed. In all convective high-pressure heating Surfaces, 
the warming-up ranges are higher than in the air process in the 
oxyfuel process using the circulation points 4 and 6. In con 
trast, only the heating Surface 39 reaches a greater warming 
up range in the medium-pressure heating Surfaces. 
0169. The most important conversion for the oxyfuel 
mode is to feedback a portion of the flue gases. The recircu 
lation gases are tapped off and fed back after the Suction draft 
17. FIGS. 2 and 11 illustrate the feed back, with FIG. 11 
additionally showing the temperature and mass flow details of 
the fed-back flue gas flow, of the oxygen supplied from the 
oxygen preheater, as well as thermal energy flows. The com 
ponents to be converted or to be added in comparison to an air 
mode are shown on a grey background. The required pressure 
increase in order to overcome the flow resistances and in order 
to produce a pressure gradient in the air preheater 8 and in the 
gas channels is produced by a recirculation fan 48, 48a, 48b. 
0170 After heating the flue gas by means of the suction 
draft 17 and then by means of one of the recirculation fans 48. 
48a, 48b, the temperature on the recirculation side is higher in 
the flow direction before the air preheater (LUVO)8 than on 
the flue gas side in the flow direction behind the air preheater 
(LUVO)8. The flue gas can therefore not be cooled down to 
a lower temperature, without any further measures, in the air 
preheater (LUVO) 8 before entering the electrical filter 13. 
The cooling down in the air preheater (LUVO) 8 on the flue 
gas side is therefore controlled via the heat exchanger 35 
(WU3), 16 by setting a temperature on the recirculation side 
before the air preheater (LUVO)8. Furthermore, the heat 
transfer in the airpreheater (LUVO)8 is governed by the mass 
flows. In order to achieve the same flue gas temperatures at the 
inlet to the flue gas desulfurization installation (REA) 15 as in 
the air process, the flue gas is cooled down further after the 
suction draft 17. 

0171 The flue gas desulfurization installation 15 designed 
for the air mode is normally overdesigned for the oxyfuel 
mode, and adaptation to the reduced volume flow and the 
higher Sulfur concentration may be necessary. This can be 
done by a design in which a relatively large portion of the 
washer can be shut down in the oxyfuel mode. Appropriate 
required flow speeds are then set in the smaller part that is 
used. The entire flue gas desulfurization installation (REA) 
15 would be used in the air mode. The air supplied in the air 
process in order to improve the reaction must be replaced in 
the oxyfuel mode by external oxygen injection (external oxi 
dation)39, in order not to reduce the CO concentration in the 
flue gas. These two heat exchangers are used for feed water 
preheating. The flow speed in the oxyfuel mode is reduced in 
comparison to the air mode because of the increased density 
of the flue gas. In addition, the heat transfer on the flue gas 
side is changed because the physical characteristics are dif 
ferent. A reduced heat flow is transferred. In order to change 
the intermediate temperatures of the feed water preheating as 
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little as possible, the mill circulating flow can be increased by 
about 60%. This then results in negative feedbacks to the 
bleeds on the turbine, and in a positive increase in the heat 
absorbing mass flow in the air preheater (LUVO). 
0172. The hot-gas temperature required for coal drying 
can be determined. Cold air is admixed before the mill in the 
air process, in order to control this temperature. Instead of 
this, recirculated flue gas containing CO is used for a high 
CO concentration in the off gas in the oxyfuel process. Cor 
respondingly cold flue gas is tapped off behind the flue gas 
drier and condenser 21 at about 25°C. After increasing the 
pressure and heating, it is mixed in the required proportion 
before the mills 36 at 30°C., by means of an additional fan. 
0173 The flue gas can absorb the fuel moisture and the 
conventional sifter temperature in the mills 36 of 90° C. need 
not be increased for saturation reasons. The dew-point tem 
perature of the sulfuric acid is undershot in the mills 36 and 
likewise in the oxygen preheater, in the heat exchangers and 
in the mill circuit fan, as well as the corresponding associated 
gas channels. As a countermeasure, the Surfaces of these 
components may be coated with plastic, if required. However, 
this additional layer has the disadvantages that it impedes heat 
transport and offers scarcely any resistance against erosion. 
0.174. The flue gas recirculation mass flow has an impor 
tant influence on the flow speed of the flue gases in the 
convective part of the steam generator and on the adiabatic 
combustion temperature. A reduction in the flue gas mass 
flow at the burner acts like an increase in the oxygen content 
on the processes in the combustion chamber 25 and in the 
combustion area 18. 
0.175. Overall, the increase in the recirculation mass flow 
results in a slightly greater heat flow being transferred in the 
convective heating Surfaces, and a reduced heat flow being 
transferred in the radiation heating Surfaces. 
0176 FIGS. 1, 2 and 11 show the process layouts in a flue 
gas circulation at the point 6. The flue gases are tapped off 
behind the flue gas drier 21, and are fed back. Since the flue 
gas is cooled down to 25°C. in the drier 21 and a major level 
of dust removal and desulfurization are carried out, the fresh 
air fan 7 can also be used as a recirculation fan. 

0177 Behind the fresh-air fan, the recirculated flue gas is 
heated in the heat displacement system (WU3)35 to 107°C. 
This temperature has an influence on the cooling down of the 
flue gas in the air preheater 8, which should be done at most 
to above the sulfuric acid dew point. The heat displacement 
system (WU3) 35 is no longer in the form of a regenerative 
heat exchanger in the oxyfuel mode, because this does not 
allow the desired media temperatures to be achieved. The heat 
transfer in the air preheater (LUVO) 8 is controlled by the 
distribution of the flue gas mass flow between the air pre 
heater (LUVO) 8 and the air preheater (LUVO) bypass 34. 
0.178 The inlet temperature into the flue gas desulfuriza 
tion installation (REA) 14, 15 is predetermined by the heat 
flow which can be transferred to the recirculated flue gas in 
the heat displacement system (WU3) 35, 16, without any 
negative influence on the cooling down of the flue gas in the 
air preheater (LUVO)8. The flue gas in the flue gas desulfu 
rization installation (REA) 14, 15 is 12% warmer than in the 
air process. 
0179 The processes in the steam generator will be con 
sidered in order to examine possible ways to influence the 
heat transfer in the steam generator in the oxyfuel mode. 
Constant preheating of the combustion gases is assumed. The 
injections in the HP and MP parts of the steam generator are 



US 2011/001.4578 A1 

kept constant. The results are determined with the optimum 
operating point of the fuel, oxygen and recirculation mass 
flows in order to achieve the steam parameters before the 
turbine. 

0180. In the oxyfuel mode, the adiabatic combustion tem 
perature rises because a reduced flue gas mass flow has to be 
heated at the burner. This results in a greater heat flow being 
absorbed in the vaporizer. The reduced flue gas mass flow is 
cooled down more quickly in the convective part, as a result of 
which the flue gas after the intermediate Superheater heating 
surfaces 31 is cooler than in the air mode. The steam outlet 
temperature in the HP part is 17 Khigher than in the air mode. 
This is probably because of the increased heat absorption in 
the vaporizer. The MP part of the steam generator 11, con 
sisting of pure heating Surfaces, in contrast does not reach the 
required warming-up range, as a result of which the tempera 
ture before the turbine is 17 Klower than in the air mode. 
0181. While the heat absorption in the convective heating 
Surfaces in the steam generator 11 falls, it rises in the radiation 
heating Surfaces. 
0182. If the recirculated mass flow is reduced by 20% and 
the conditions of impulse maintenance and oxygen content in 
the carrier gas are maintained, then the recirculated gas mass 
flow is furthermore not sufficient for impulse maintenance in 
the secondary gas. Less flue gas is then passed via the sec 
ondary gas, and no more is passed via the upper gas nozzles 
into the steam generator. 
0183 The fuel mass flow is now set such that the required 
HP outlet mass flow is achieved. This is linked with adapting 
the oxygen mass flow in order to maintain the desired excess 
oxygen of 1.17. The water mass flow injected for cooling 
before the intermediate superheater heating surfaces 31 is 
used to control the MP outlet temperature. This reduces the 
fuel mass flow by 2.5% in comparison to the optimum state in 
the air mode. In consequence, the adiabatic combustion tem 
perature rises less severely and a somewhat reduced heat flow 
is absorbed by the radiation heating Surfaces. The flue gas 
cools down more quickly due to the reduced heat flow intro 
duced, and is already cooler behind the Superheater heating 
surfaces 29 than in the optimum case in the air mode. 
Together with the reduced flue gas mass flow, this affects the 
heat transfer in the MP part. Despite reducing the injected 
cooling mass flow by 100%, the required outlet temperature 
on the intermediate Superheater heating Surfaces 31 cannot be 
achieved. 
0184. If, in contrast, the recirculated flue gas mass flow is 
increased by 20% and the conditions for impulse mainte 
nance and oxygen content in the carriergas and secondary gas 
are maintained, and if, furthermore, the upper gas noZZles 
pass excess Sucked-back flue gas into the steam generator, the 
required HP outlet mass flow can beachieved by adaptation of 
the fuel mass flow. The excess oxygen of 1.17 should in this 
case be retained. The water mass flow injected for cooling 
before the intermediate superheater heating surfaces 31 is 
used to control the MP outlet temperature. 
0185. In this case, the steam generator control reacts to the 
steam temperature not being achieved at the outlet of the HP 
part by increasing the fuel mass flow by 2.5%. This results in 
the adiabatic combustion temperature rising and thus also the 
heat absorbed in the combustion chamber and the bulkhead 
heating Surface. The somewhat greater Volume flow as a result 
of the increased flue gas temperatures fuels better heat trans 
fer in the convective part of the steam generator. The MP part 
is affected negatively by this. The warming-up ranges of the 
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heating Surfaces before the water injection are enlarged, 
which can be compensated for by quadrupling the injected 
water mass flow. 
0186 If the radiation exchange coefficient in the combus 
tion chamber 18 is reduced by 30% from 1.636 to 1.145 and 
the fuel, oxygen and recirculation mass flows are kept con 
stant, the reduction in the radiation exchange coefficient also 
causes the heat absorbed in the combustion chamber 18 to 
fall. The steam at the separator is 25K cooler. The reduced 
heat absorption in the vaporizer is virtually completely com 
pensated for by the convective heating surfaces of the HP part. 
0187. This is because the flue gas leaves the combustion 
chamber at a higher temperature. The heat transfer coefficient 
resulting from radiation C, is increased in the next 
heating Surfaces up to the heating Surface 31. The final heat 
ing Surfaces 31 and 29 exhibit increased warming-up ranges. 
This leads to the required outlet temperature in the MP part 
being exceeded by 5 K. The effects are similar to those when 
the recirculation mass flow is increased, although weaker. In 
both cases, the heat transfer in the convective part is 
improved, while it is lower on the radiation heating Surfaces. 
0188 If the radiation exchange coefficient of the combus 
tion chamber 18 is increased by 30% from 1.636 to 2.127 and 
the fuel, oxygen and recirculation mass flows are kept con 
stant, a larger heat flow is absorbed in the combustion cham 
ber 18, as a result of which the flue gas leaves the combustion 
chamber cooled down to a greater extent. Overall, a reduced 
heat flow is transferred in the convective part. The outlet 
temperature from the HP part is somewhat too high, and that 
of the MP part is somewhat too low. This is comparable to the 
effects of reducing the recirculation mass flow. 
0189 The effects of a change in the radiation exchange 
coefficient C of the combustion chamber 18 can be compen 
sated for by adaptation of the fuel (HP outlet) and recircula 
tion (MP outlet) mass flows. The excess oxygen is kept con 
stant during this process. 
0190. A reduced radiation exchange coefficient C can be 
compensated for by a minimal reduction of the fuel mass flow 
and an increase of the recirculation mass flow. It is more 
difficult to compensate for the effects of a varied recirculation 
mass flow. It is therefore more important to accurately set the 
circulation mass flow during generator operation. 
0191 The required steam parameters can be achieved in 
the oxyfuel process as follows, without any changes to the 
steam generator heating Surfaces. The heat transfer can be 
adapted by adjusting the fuel, oxygen and recirculation mass 
flows. However, an increase in the fuel mass flow reduces the 
overall efficiency, and should therefore be avoided. If, in 
contrast, variable combustion gas compensations are used to 
influence the heat transfer in the steam generator, this has a 
much more advantageous effect. The possibility of mixing in 
the oxygen into the primary, secondary and upper gases and 
therefore of adjusting the oxygen component as required 
provides the oxyfuel process with an additional degree of 
freedom for controlling the flame temperatures. With the 
distribution of the oxygen and recirculation mass flows 
between the burner gases and the upper gas it is possible to 
influence the radiation processes in the vaporizer via the 
flame temperature and the convective heat transfer via the flue 
gas temperature and flow rate. It is therefore possible to 
achieve a corresponding distribution of the heat flow absorp 
tion between the radiation heating Surfaces and the convective 
heating Surfaces. The adiabatic combustion temperature in 
the air process cannot be reached with the same level of 
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excess oxygen. The effects, in the form of reduced heat 
absorption in the combustion chamber because of the high 
temperature influence in the radiation heat transfer can be 
compensated for in the convective part, thus achieving the 
required steam parameters. 
0.192 Because of the higher density and heat capacity of 
the flue gas, flow speed and flue gas temperature decrease in 
the oxyfuel process when the same heat flow is introduced 
into the steam generator 11. The weaker convective heat 
transfer which results from this is compensated for by the 
higher gas radiation, because of the high CO content, in the 
convective heating Surfaces. 
0193 This development has a positive influence on the 
material temperatures of the HP part, since these depend 
mainly on the water and steam temperatures because of the 
greater heat transfer on the inside. In the HP part, high steam 
temperatures are achieved only at a late stage because of the 
lower heat absorption in the vaporizer, as a result of which the 
material temperatures are also somewhat lower than those in 
the air process. The slight shift in the heat transfer toward the 
convective part results in a rise in the steam temperatures in 
the first MP part of the steam generator 11 by a maximum of 
10 K. Because of the wide safety margins in the material 
design and the slightly increased temperatures, this is not 
problematic. 
0194 In the air process, the excess air is controlled on the 
basis of the CO and O contents in the off gas. This procedure 
cannot be adopted for the oxyfuel mode because the oxygen 
and carbon dioxide mass flows recirculated with the flue gas 
must be included in the balance. 

(0195 Increased NO, concentrations are created in an air 
process without any steps by the nitrogen in the air and high 
combustion temperatures. In contrast, in the oxyfuel process, 
the nitrogen component introduced in the combustion gas is 
less than 7%, as a result of which virtually only fuel NO can 
still be formed. In consequence, the creation of the nitrogen 
oxides is dependent mainly on the combusted coal mass flow 
and its composition. In consequence, there is no need for air 
steps orgas steps in the combustion chamber in order to avoid 
NO. Instead of this, compositions and mass flows of the 
burner gases and of the upper gas can be varied in order to 
optimally adapt the heat absorption in the combustion area 
and convective part of the steam generator to the operating 
conditions. For example, during operation of the Steam gen 
erator, the reduced heat absorption in the vaporizer resulting 
from dirt can be compensated for by adaptation of the recir 
culation mass flow. 

0196. This procedure leads to increased measurement and 
balancing complexity, but this can be coped with the aid of 
boiler diagnosis programs. 
0.197 When flue gas is tapped off for flue gas circulation 
after the electrical filter 13 at the point 4, the shorter flue gas 
lines and the higher temperature at which the flue gas is 
recirculated are advantageous. In contrast, the enrichment of 
the flue gas with sulfur compounds which are still present at 
this point, and the Sulfuric acid resulting from this, have a 
disadvantageous effect. In this case, heat exchangers and flue 
gas lines that are affected must in this case be converted so as 
to be appropriately corrosion-resistant for the oxyfuel mode. 
0198 In addition, two additional heat exchangers are 
required in recirculation behind the electrical filter 13, in 
order to reach the temperatures at the air preheater (LUVO) 8 
and before the flue gas desulfurization installation (REA) 15. 
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0199. In tie recirculation of the flue gas at the point 6 after 
the drier 21, longer flue gas channels are admittedly required, 
but, however, most components of the installation can still be 
used, without any change, for the air mode. The changes are 
limited for shutting down some passages in the electrical filter 
13, adaptation of the flue gas desulfurization installation 
(REA) 15 to higher flue gas temperatures, and the construc 
tion of the air preheater (LUVO) bypass 34. The latter-men 
tioned component must be designed individually to be corro 
Sion-resistant. 
0200 Drying the entire flue gas mass flow in the drier 21 
increases the energy consumption. Nevertheless, this results 
in reduced conversion costs than in a recirculation at the point 
4 behind the electrical filter 13. In consequence, the variant 
with recirculation of the flue gas at the point 6 behind the flue 
gas drier 21 is technically and economically more advanta 
geous. 
0201 In both variants the efficiency is reduced by the 
additional electrical consumption for the air separation 20 
and the CO compression by about 10%. However, the effi 
ciency losses are small in comparison to the flue gas washing 
(MEA). 

1. A method for operating and for controlling a power 
station that comprises a coal-fired steam generator, the steam 
generator being designed for Steam parameters that can be 
achieved for coal combustion, which is carried out with com 
bustion air in the Steam generator by heat transfer to the steam 
mass flow, 

wherein combustion of the fuel, which contains carbon, is 
carried out in the steam generator on the basis of the 
Oxyfuel process with approximately pure oxygen, which 
contains more than 95% by volume of O, and recircu 
lated flue gas with a high CO content, such that the mass 
flows of all the fuel flows as well as combustion gas 
flows, feed gas flows and process gas flows that are 
Supplied to the coal-burners and to the steam generator 
are formed from combustion oxygen and/or recirculated 
flue gas in their respective composition ratio of oxygen 
and/or flue gas, and are matched to one another, Such that 
the heat transfer that takes place in the steam generator 
by flame radiation, gas radiation and convection to the 
steam mass flow in the steam/water circuit of the Steam 
generator is kept at least essentially the same overall in 
comparison to the air combustion. 

2. The method according to claim 1, whereintreated and/or 
untreated flue gas is fed back in a recirculating manner to the 
steam generator. 

3. The method according to claim 1, wherein an existing 
power station is retrofitted with the method as claimed in 
claim 1. 

4. The method according to claim 1, wherein the recircu 
lation rate of the flue gas is 65% to 80%. 

5. The method according to claim 1, wherein the flue gas is 
tapped off after desulfurization or after a flue gas desulfur 
ization installation or a flue gas cooler, which is installed 
additionally and/or Subsequently, for recirculation. 

6. The method according to claim 1, wherein the flue gas is 
tapped off after a flue gas condensation drier in the flow 
direction. 

7. The method according to claim 1, wherein quicklime 
(CaO) is used as absorbent in the flue gas desulfurization 
installation. 

8. A power station having a coal-fired Steam generator that 
is designed for steam parameters that can be achieved for coal 
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combustion, which is carried out with combustion air, in the 
steam generator by heat transfer to the steam mass flow, 

wherein combustion of the fuel, which contains carbon, is 
carried out in the steam generator on the basis of the 
oxyfuel process with approximately pure oxygen, which 
contains more than 95% by volume of O, and recircu 
lated flue gas with CO content, such that the mass flows 
ofall the fuel flows as well as combustion gas flows, feed 
gas flows and process gas flows that are Supplied to the 
coal-burners and to the steam generator are formed from 
combustion oxygen and/or recirculated flue gas in their 
respective composition ratio of oxygen and/or flue gas, 
and are matched to one another, Such that the heat trans 
fer that takes place in the Steam generator by flame 
radiation, gas radiation and convection to the steam mass 
flow in the steam/water circuit of the steam generator 
remains the same overall in comparison to the air com 
bustion. 
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9. The power station according to claim 8, wherein a heat 
displacement system is installed between a Suction draft and 
desulfurization or a desulfurization installation. 

10. The power station according to claim 8, wherein the 
flue gas channel has a bypass line that is routed parallel to an 
air preheater (LUVO) and has a gas/gas heat exchanger 
arranged therein, after a denitrification device in the flow 
direction. 

11. The method according to claim 1, wherein the recircu 
lation rate of the flue gas is 74% to 78%. 

12. The method according to claim 1, wherein an existing 
600° C. power station is retrofitted with the method as 
claimed in claim 1. 

13. The method according to claim 1, wherein the same 
steam parameters are maintained. 

14. The power station according to claim 8, wherein the 
resultant steam parameters remain the same. 
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