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(54) Circulating fluidized bed boiler device

(57) The invention relates to a boiler device (1) com-
prising:
- a circulating fluidized bed boiler (5), in which a combus-
tion is used for producing steam,
- a high pressure turbine (2) in which enters the steam
produced in the boiler (5),

- a middle pressure turbine (3) in which is supplied steam
from the high pressure turbine (2),
characterized in that the device (1) further comprises a
heat exchanger for transferring heat from steam flowing
upstream the high pressure turbine (2) to steam flowing
between the high pressure turbine (2) and the middle
pressure turbine (3).
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Description

[0001] The present invention is related to a circulating
fluidized bed (CFB) boiler device, including a reactor
where the solid particles are fluidized and where chem-
ical reactions and/or combustion reactions can take
place. The circulating fluidized regime enhances the mix-
ing of particles along with potential exothermic or endo-
thermic chemical reactions.
[0002] The furnace of a conventional fluidized bed boil-
er is defined by four external side walls, a bottom and a
roof and potentially inner walls to ensure the sealing with
the outside if multiple fluidizing grates are used. All the
walls constitute an ash-tight enclosure in which the solid
particles including the fuel material are fluidized. The fur-
nace enclosure is usually made of gastight panels formed
of thin tubes. The heat released from the combustion of
fuel is transferred to the water or steam flowing inside
the tubes and also allowing the tubes to be cooled.
[0003] Air is introduced into the furnace to fluidize the
solid particles and also brings the needed oxygen for
combustion. Two air streams can be used. Primary air is
mostly used to fluidize the particles, flows through the
fluidizing grate which constitutes the bottom of the fur-
nace. Secondary air is the additional air required for a
complete combustion and is introduced through several
ports located over the external side walls and/or inner
walls if the bottom part of the furnace comprises a dual
fluidizing grate and whose shape can be described like
a pant leg.
[0004] Additional heating surfaces are located in the
furnace and/or in external devices placed outside the fur-
nace. External devices, for instance fluidized bed heat
exchangers (FBHE), are supplied with hot circulating sol-
ids which are captured by the cyclones and return to the
furnace either directly via multiple ducts or through de-
vices where heat exchangers are installed, which allow
the heat released by the combustion to circulating solids
to be transferred to water or steam system. Other addi-
tional heat exchangers are located on the flue gas path
and constitute the heat recovery boiler. The flue  gas is
usually cooled from 800-950°C which is the temperature
at the furnace exit up to 300-350°C before entering the
air pre-heater.
[0005] When increasing the thermal capacity of the
boiler for power generation, water and steam cycles are
changed to improve the overall thermal efficiency of the
power plant. The first step was to develop a single reheat
system. The steam at a high pressure (HP) turbine ex-
haust goes through one or multiple heat exchangers of
the boiler in order to be reheated up to high temperature
before feeding a middle pressure - low pressure (MP -
LP) turbine. This basic process flow diagram has been
used with a wide range of steam parameters, i.e. oper-
ating pressures and steam temperatures. Nowadays,
steam temperatures up to 600°C along with a 300 bar
operating pressure at the boiler outlet are the standard
parameters for the biggest power plants.

[0006] Whatever the steam parameters, two subse-
quent operating conditions have some impact on the
overall thermal efficiency of the power plant. The spray
water injection for controlling the final reheat steam tem-
perature at the rated temperature leads to a decay of
gross plant heat rate by typically 0.2% when the spray
water flow increases by 1% of the main steam flow. The
pressure drop of the reheat system from the HP turbine
exhaust up to the MP turbine inlet also impacts the gross
plant heat rate. The pressure drop is usually closed to 8
to 10% of the steam pressure at the HP turbine exhaust.
When increasing the pressure drop from 8 to 10% the
gross plant heat rate increases by 0.2%.
[0007] Focusing on these two drivers the boiler makers
have developed several arrangements in order to reduce
as far as possible both parameters on an economic basis.
Several arrangements were developed to reach no spray
water such as a split back-pass, an external device such
as a FBHE or a steam by-pass. In the first configuration,
the split back-pass is equipped with a control damper for
balancing the flue gas between two separate paths. The
flue gas is then modulated in the path where the reheat
heat exchangers are located so as to achieve a zero
spray water flow. This system is sometimes not commer-
cially agreed by customers because of the risk of fast
wearing of control damper system with high ash coal.
[0008] In the case of an external device, one or several
reheat heat exchangers are installed into the external
devices. The heat pick-up and so the final steam tem-
perature are controlled by changing the solid flow through
the external device. The control of the solid flow may be
fulfilled with a control valve or by any other system. All
these systems require an appropriate steam pressure
drop to allow a safe and cost-effective material selection.
Steam by-pass is also used but can lead to a high pres-
sure drop if some deviation in operating conditions hap-
pens.
[0009] Thus, an object of the present invention is to
provide a circulating fluidized bed boiler device as to
solve the above- described problems.
[0010] The object mentioned above is accomplished
by a boiler device comprising:

- a circulating fluidized bed boiler, in which a combus-
tion is used for producing steam,

- a high pressure turbine in which enters the steam
produced in the boiler,

- a middle pressure turbine in which is supplied steam
from the high pressure turbine.

[0011] The device according to the invention further
comprises a heat exchanger for transferring heat from
steam flowing upstream the high pressure turbine to
steam flowing between the high pressure turbine and the
middle pressure turbine.
[0012] Thus, by controlling the amount of heat trans-
ferred from the high pressure steam to the low pressure
steam, it is possible to control the temperature of the
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steam at the inlet of the middle pressure turbine without
any water injection and with a low pressure drop between
the HP turbine exhaust and the MP turbine inlet.
[0013] The device can comprise controlling means for
controlling the steam flow entering the heat exchanger.
[0014] The controlling means can include a valve
mounted on a pipe for routing the steam produced in the
boiler into the heat exchanger and a valve mounted on
a pipe for routing the steam produced in the boiler down-
stream the heat exchanger.
[0015] The device can comprise temperature control-
ling means for controlling the temperature of the steam
at the inlet of the middle pressure turbine as a function
of the heat transferred in the heat exchanger.
[0016] The steam exiting the high pressure turbine can
be reheated in at least one reheater prior to being sup-
plied to the middle pressure turbine.
[0017] The temperature of the steam flowing upstream
the high pressure turbine (i.e. entering the heat exchang-
er) can be between 450 and 600°, preferably between
500 and 600°C, whereas the temperature of the steam
located between the high pressure turbine and the middle
pressure turbine (i.e. entering the heat exchanger) can
be between 300 and 500°C, preferably between 300 and
450°C, between 300 and 400°C, between 400 and
500°C, between 400 and 450°C, or between 450 and
500°C.
[0018] The device preferably does not include any wa-
ter injection means to control the reheat steam temper-
ature.
[0019] Other features and advantages of the invention
will become apparent from the following description of
an embodiment of the invention given by way of a non-
limiting example only, and with reference to the accom-
panying drawings, in which:

- Figure 1 is a schematic diagram of a device accord-
ing to the invention, and

- Figure 2 is a partial view of the device.

[0020] In a typical steam turbine power plant, a steam
generator such as a boiler produces steam which is pro-
vided to a high pressure (HP) turbine through a plurality
of steam admission valves. Steam exiting the high pres-
sure turbine is reheated in a conventional reheater prior
to being supplied to a lower pressure turbine, the exhaust
from which is conducted into a condenser where the ex-
haust steam is converted to water and supplied to the
boiler to complete the cycle. A typical power utility system
will employ one or more HP turbines, a medium pressure
(MP) turbine and a low pressure (LP) turbine. The tur-
bines are generally coupled to drive a synchronous elec-
tric power generator at constant speed for producing
electric utility power which is transmitted over a trans-
mission link to various users.
[0021] Figure 1 illustrates a simplified block diagram
of a fossil-fired single reheat steam turbine generator
unit, by way of example. The turbine system 1 includes

a plurality of turbines in the form of high pressure (HP)
turbine 2, and at least one or more lower pressure tur-
bines which, in the case of FIG. 1, include medium pres-
sure (MP) and low pressure (LP) turbine 3. The turbines
are connected to a common shaft to drive an electrical
generator 4 which supplies power to a load such as an
electrical grid network (not illustrated).
[0022] A steam generating system, that is a circulating
fluidized bed boiler 5 operated by fossil fuel, generates
steam which is heated to proper operating temperatures
and conducted through a pipe 6 to the high pressure tur-
bine 2, the flow of steam being governed by a set of steam
admission valves.
[0023] Steam exiting the high pressure turbine 2 via
the high pressure turbine exhaust outlet and steam pipe
7 is conducted to one or several reheaters Ri-1, Ri,Ri+1
(as illustrated in Figure 2) and thereafter provided via the
steam pipe 7 to the medium pressure turbine 3 for in-
stance under control of valving arrangement. Thereafter,
the exhaust from the MP-LP turbine 3 is provided to a
condenser 8 via steam pipe 9 and converted to water.
The water is provided back to the boiler 5 via the path
including water pipe 10, low pressure pipe 11, water pipe
12, reheater 13, water pipe 14, boiler feed water container
15, water pipe 16, high pressure pump 17, water pipe
18, reheater 19 and water pipe 20. Although not illustrat-
ed, water treatment equipment is generally provided in
the return line so as to maintain a precise chemical bal-
ance and a high degree of purity of the water.
[0024] As illustrated in Figure 2, the device according
to the invention includes a heat exchanger Ri,Si+1 for ex-
changing heat between the steam located upstream the
high pressure turbine and the steam located between the
high pressure turbine and the middle pressure turbine.
[0025] S is the steam path of the heat exchanger Ri,Si+1
supplied with high steam pressure, i.e. with steam from
the boiler and located upstream the high pressure tur-
bine, whereas R is the steam path of the heat exchanger
Ri,Si+1 supplied with low pressure, i.e. with steam from
the high pressure turbine and located upstream the me-
dium pressure turbine.
[0026] In addition to the heat exchanger Ri,Si+1, the
steam path S can include other heat exchangers Si,Si+2,
...Sn and the steam path R can include other heat reheat-
ers Ri-1,Ri+1,...Rn.
[0027] The steam temperature at the outlet of the fin-
ishing hot reheater Rn is controlled by modulating the
heat pick-up in the heat exchanger Ri,Si+1. The amount
of the heat transferred is controlled by regulating the high-
pressure steam flow through the Si+1 steam path with
control valves Va,Vb. A valve Vb is mounted on a pipe
for routing the steam produced in the boiler into the heat
exchanger Ri,Si+1 and a valve Va is mounted on a pipe
for routing the steam produced in the boiler downstream
the heat exchanger
[0028] The pressure drop of the low pressure steam
path R is constant whatever the opening of control valves.
[0029] The device preferably comprises temperature
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controlling means for setting the temperature of the
steam upstream the high pressure turbine to a value com-
prised between 500 and 600°C and for setting the tem-
perature of the steam located between the high pressure
turbine and the middle pressure turbine to a value com-
prised between 400 and 500°C. These specific temper-
ature ranges and also the homogeneity of the tempera-
ture of the steam upstream the high pressure turbine
make it possible to design the heat exchanger Ri,Si+1
with a very low pressure drop between the HP turbine
exhaust and the MP turbine inlet.
[0030] The device according to the invention provides
that no water spray is needed during continuous stable
operation and that a low pressure drop is obtained de-
spite possible deviations in the operating conditions.

Claims

1. A boiler device (1) comprising:

- a circulating fluidized bed boiler (5), in which a
combustion is used for producing steam,
- a high pressure turbine (2) in which enters the
steam produced in the boiler (5),
- a middle pressure turbine (3) in which is sup-
plied steam from the high pressure turbine (2), 
characterized in that the device (1) further
comprises a heat exchanger (Ri,Si+1) for trans-
ferring heat from steam flowing upstream the
high pressure turbine (2) to steam flowing be-
tween the high pressure turbine (2) and the mid-
dle pressure turbine (3) .

2. A device (1) according to claim 1, characterized in
that it comprises controlling means for controlling
the steam flow entering the heat exchanger (Ri,Si+1).

3. A device (1) according to claim 2, characterized in
that the controlling means include a valve (Vb)
mounted on a pipe for routing the steam produced
in the boiler into the heat exchanger (Ri,Si+1) and a
valve (Va) mounted on a pipe for routing the steam
produced in the boiler downstream the heat ex-
changer (Ri,Si+1).

4. A device (1) according to claim 2 or 3, characterized
in that it comprises temperature controlling means
for controlling the temperature of the steam at the
inlet of the middle pressure turbine (3) as a function
of the heat transferred in the heat exchanger
(Ri,Si+1).

5. A device (1) according to any of claim 1 to 4, char-
acterized in that the steam exiting the high pressure
turbine (2) is reheated in at least one reheater prior
to being supplied to the middle pressure turbine (3).

6. A device (1) according to any of claim 1 to 5, char-
acterized in that the temperature of the steam flow-
ing upstream the high pressure turbine (2) is be-
tween 500 and 600°C whereas the temperature of
the steam located between the high pressure turbine
(2) and the middle pressure turbine (3) is between
300 and 450°C.
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