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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a power plant
and a water cleaning method for a once-through water-
steam cycle of a power plant.

[0002] More specifically, the invention relates to water
cleaning during start-up of the power plant.

BACKGROUND OF THE INVENTION

[0003] Accordingtothe state of the art, in the bottoming
cycle of for example a combined cycle power plant the
iron contentin the water can be too high, especially when
the water has been standing still in the heat recovery
steam generator for a while. This iron needs to be re-
moved from the water before it is all turned into steam,
to avoid damage in equipment downstream of the evap-
orator part in the heat recovery steam generator.
[0004] Known combined cycle power plants with a
once-through steam generation system typically com-
prise a separator arranged in the heat recovery steam
generator and installed to separate the water fraction
(containing the dissolved iron) and to take that water frac-
tion out of the steam flow. The separated water fraction
is then thrown away or can be further cleaned. A typical
disadvantage of such an arrangement is that a separator
requires extra connections, piping, and a support struc-
ture. This makes the heat recovery steam generator
heavier, more complex and more voluminous.

[0005] Itis therefore a goal of the present invention to
provide a power plant, which overcomes the above-men-
tioned disadvantage. A further goal of the invention is to
provide a water cleaning method for a power plant with
water-steam-cycle.

[0006] DocumentJP S60 101 204 A discloses a clean-
up operation by installing a cooling water bypass pipe
and a cooling water quantity adjusting valve both in a
condenser cooling water pipe line, while keeping up
clean-up water temperature at a condenser outlet high
enough.

SUMMARY OF THE INVENTION

[0007] The object of the invention is achieved by the
independent claims. The dependent claims describe ad-
vantageous developments and modifications of the in-
vention.

[0008] In accordance with the invention there is pro-
vided a power plant with a water-steam-cycle. The power
plant comprises a steam generatorwith a plurality of heat-
ing surfaces configured to carry a fluid and to transfer
heat to said fluid, the plurality of heating surfaces com-
prising an economizer for preheating said fluid and an
evaporator for producing steam, the evaporator being
fluidly connected to the economizer. The power plant fur-
ther comprises a steam turbine that is configured to re-
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ceive the steam produced in the steam generator to gen-
erate power output; the power plant also comprises a
condenser configured to condense steam from the steam
turbine, the condenser comprising a hotwell as collection
container for condensed steam or water. Finally, the pow-
er plant also comprises a polishing plant that is arranged
fluidly between the hotwell of the condenser and the
economizer. A drain line interconnects an outlet of the
economizer and the hotwell of the condenser and a fluid
line interconnects the outlet of the economizer and the
evaporator and the fluid line comprises means to hold
back water in the economizer. The invention is charac-
terized in that tubes at the outlet header of the econo-
mizer are bent upwards to create a syphon.

[0009] In other words, in preparation of the start-up of
the power plant, the water contained in the economizer
(the rest of the steam generator is empty during stand-
still) is pumped through the drain to the hotwell, where it
is diluted and the water from there is led at least partly
through the polishing plant and cleaned. As soon as the
water in the economizer has been replaced by clean wa-
ter from the hotwell and the polishing plant, the steam
generator is ready to start-up. When the water from the
hotwell is not of the correct quality, water can be circu-
lated over this drain and led through the polishing plant
until it is clean enough for starting the steam generator.
[0010] A syphon carries out its function passively with-
out any moveable components and its thermal stability
is identical to the other tubes in the steam generator.
Depending on the syphon’s height above the inlet of the
economizer, a part of the preheated water may get into
evaporator and superheater tubes. This fluid would have
to be drained afterwards.

[0011] Therefore, it is preferable, when the cyphon
reaches till above the inlet header of the economizer,
even more preferably as high as possible.

[0012] In an embodiment of the power plant according
to the invention, at the outlet of the economizer an outlet
header for collecting preheated feedwater and for evenly
spreading this preheated feedwater over the evaporator
tubes is arranged. From this outlet header the drain line
to the hotwell and the fluid line to the evaporator branch
off.

[0013] According to an embodiment a polishing plant
is arranged fluidly between the hotwell of the condenser
and the economizer and a capacity of the polishing plant
in parallel flow to a main condensate line is less than
100% of an amount of water supplied to the economizer
at base load.

[0014] The invention is applicable to all power plants
with a water-steam-cycle. It is particularly advantageous
when the heat source for the steam generator is a gas
turbine.

[0015] The method according to the present invention
comprises the following steps of

- draining water contained in the economizer to the
hotwell, where it is diluted,
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- leadingwater fromthe hotwell atleast in part through
a polishing plant in order to clean it,

- supplying the economizer with water from the hotwell
and water from the polishing plant, and

- starting-up the steam generator as soon as at least
a part of the water in the economizer has been re-
placed by clean water from the hotwell and the pol-
ishing plant and is characterized by the step that wa-
ter gets over syphon tubes and water getting over
the syphon tubes at an economizer outlet into evap-
orator and superheater tubes is drained by a drip leg
at a steam generator outlet and led to the hotwell.

[0016] The advantages of this method largely corre-
spond to the above-mentioned advantages of the power
plant.

[0017] Preferably, water is continuously drained from
the economizer, led at least partly through the polishing
plant and supplied to the economizer in case water from
the hotwell and the polishing plant is not of a required
quality, until it is clean enough for starting the steam gen-
erator.

[0018] It is appropriate that water contained in the
economizer is drained by pumping boiler feedwater into
the economizer and where applicable by opening a drain
at an economizer outlet header.

[0019] Expediently, the circulation of water is main-
tained until an iron level is low enough.

[0020] An important advantage of the power plant ac-
cording to the present invention is the implementation of
amechanical arrangementsuch that only the economizer
contains water at standstill, and that an intermediate loop
can be formed to circulate the water over the polishing
plant until it is clean.

[0021] This leads to a very compact design of the bun-
dle, and no separator and connecting piping is needed
anymore. This saves a lot of weight and volume, resulting
in a lighter and more compact steam generator. This can
amount to 20% weight saving, which especially for off-
shore applications is very important.

[0022] Furthermore, the size of the polishing plant can
be kept small. Another way to clean up the water that is
used, is to install a polishing plant of 100% capacity, and
all the water is led through this polishing plant. While
filling the steam generator, just prior to start-up, it is with
clean water. With this new system the steam generator
doesn’t need to be drained and refilled, and the polishing
plant can be kept at its regular size of about 50%.
[0023] Keeping always water in (a part of) the bundle
drastically reduces temperature excursions and thus
thermal shocks, while in some other designs a gas turbine
is started while the heating surfaces are empty, creating
severe thermal stresses whenfilling the heating surfaces.
Therefore, the new design is much better suited for fast
starting and flexible operation because of this avoidance
of thermal stresses.

[0024] Especially for offshore applications significant
savings are made in weight and space, making the use
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of e.g. a combined cycle power plant more attractive, or
use this as a steam tail for existing simple cycle operating
gas turbines (where adding weight on an existing plat-
form or ship is strictly limited).

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Embodiments of the invention are now de-
scribed, by way of example only, with reference to the
accompanying drawings, of which:

Figure 1 shows a power plant; and

Figure 2  shows a heatrecovery steam generator bun-
dle of the inventive power plant.

[0026] The illustration in the drawings is in schematic

form. ltis noted that in different figures, similar or identical
elements may be provided with the same reference
signs.

DESCRIPTION OF THE DRAWINGS

[0027] Figure 1 illustrates a schematic diagram of a
power plant 1 according to the invention. As illustrated
in the exemplary embodiment of Figure 1 the power plant
1 may be a combined cycle power plant 22, including a
gas turbine 18. The gas turbine 18 generates power out-
put from combustion of a fuel gas and air mixture. In the
embodiment of Figure 1 the gas turbine 18 is connected
to a first generator 23. The gas turbine 18 produces ex-
haust gas at an exit of the gas turbine 18.

[0028] According to the embodiment of figure 1 a com-
bined cycle power plant 22 includes a steam generator
2, or more specifically a heat recovery steam generator
24, which is located downstream of the gas turbine 18.
The heat recovery steam generator 24 receives the ex-
haust gas from the gas turbine 18. The heat recovery
steam generator 24 comprises a plurality of heating sur-
faces 3. A heat recovery steam generator 24 usually in-
cludes multiple pressure steam systems. Inthe illustrated
example embodiment of Figure 1, for the sake of simplic-
ity, the heating surfaces of the heat recovery steam gen-
erator 24 belong to only one pressure system and com-
prise a superheater 19, an evaporator 5 and an econo-
mizer 4. The exhaust gas flows across the heating sur-
faces 3 to produce steam by extracting energy from the
exhaust gas.

[0029] According to the embodiment of in Figure 1, a
combined cycle power plant 22 also includes a steam
turbine 6 thatis configured to receive the steam produced
inthe heatrecovery steam generator 24 to generate pow-
er output.

[0030] The combined cycle power plant 22 illustrated
in Figure 1 is in a multi-shaft configuration. The steam
turbine 6 is connected to a second generator 25. The
invention is of course also applicable to a single shaft
configuration.
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[0031] According to the embodiment, a condenser 7 is
located at an exit of the steam turbine 6 and is configured
to condense steam from the steam turbine 6, the con-
denser 7 comprising a hotwell 8 as collection container
for condensed steam or water.

[0032] The power plant1 of Figure 1 also shows a main
condensate line 17 interconnecting hotwell 8 and econ-
omizer 4. In parallel to the condensate line 17 a polishing
plant 9 is arranged fluidly between the hotwell 8 of the
condenser 7 and the economizer 4. The polishing plant
9 removes impurities, that could cause damage to the
steam generator 2 or the steam turbine, from the con-
densate.

[0033] Condenser 7 (+ polishing plant 9), steam gen-
erator 2 and steam turbine 6 form a water-steam cycle.
[0034] Figure 2 shows a more detailed view of the
steam generator 2 for economizer 4 and evaporator 5,
where a drain line 10 interconnects an outlet header 14
arranged at an outlet 11 of the economizer 4 and the
hotwell 8 of the condenser 7 and where a fluid line 12
interconnects the outlet 11 of the economizer 4 and the
evaporator 5. According to the invention the fluid line 12
comprises means 13 to hold back water in the econo-
mizer 4 during standstill. The means 13 to hold back wa-
ter is a syphon 15 that reaches above an inlet header 16
of the economizer 4. In case water is getting over the
syphon 15 at the economizer outlet 11 into evaporator 5
and superheater 19 tubes, it is drained by a drip leg 20
at a heat recovery steam generator outlet 21 and led to
the hotwell 8.

Claims

1. Apower plant (1) with a water-steam-cycle compris-
ing:

= asteam generator (2) with a plurality of heat-
ing surfaces (3) configured to carry a fluid and
to transfer heat to said fluid, the plurality of heat-
ing surfaces (3) comprising an economizer (4)
for preheating said fluid and an evaporator (5)
for producing steam, the evaporator (5) being
fluidly connected to the economizer (4),

= a steam turbine (6) that is configured to re-
ceive the steam produced in the steam genera-
tor (2) to generate power output;

= a condenser (7) configured to condense
steam from the steam turbine (6), the condenser
(7) comprising a hotwell (8) as collection con-
tainer for condensed steam or water,

= a polishing plant (9) that is arranged fluidly
between the hotwell (8) of the condenser (7) and
the economizer (4),

wherein a drain line (10) interconnects an
outlet (11) of the economizer (4) and the
hotwell (8) of the condenser (7) and
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wherein a fluid line (12) interconnects the
outlet (11) of the economizer (4) and the
evaporator (5), wherein the fluid line (12)
comprises means (13) to hold back water
inthe economizer(4), characterized in that
the means (13) to hold back water is a sy-
phon (15).

The power plant (1) according to claim 1, wherein
the syphon (15) reaches above an inlet header (16)
of the economizer (4).

The power plant (1) according to claim 1 or claim 2,
wherein at the outlet (11) of the economizer (4) an
outletheader (14) for collecting preheated feedwater
is arranged and from which the drain line (10) and
the fluid line (12) branch off.

The power plant (1) according to the preceding
claims, wherein the polishing plant (9) is configured,
that a capacity of the polishing plant (9) in parallel
flow to a main condensate line (17)is less than 100%
of an amount of water supplied to the economizer
(4) at base load.

The power plant (1) according to the preceding
claims, wherein a heat source for the steam gener-
ator (2) is a gas turbine (18) .

A method for starting operation of a power plant (1)
with a water-steam-cycle, wherein the power plant
(1) comprises a steam generator (2) with a plurality
of heating surfaces (3) forming at least an econo-
mizer (4), a steam turbine (6) and a condenser (7)
comprising a hotwell (8), the method comprising:

- draining water contained in the economizer (4)
to the hotwell (8), where it is diluted,

- leading water from the hotwell (8) at least in
partthrough a polishing plant (9) in order to clean
it,

- supplying the economizer (4) with water from
the hotwell (8) and water from the polishing plant
(9), and

- starting-up the steam generator (2) as soon as
at least a part of the water in the economizer (4)
has been replaced by clean water from the hot-
well (8) and the polishing plant (9),

characterized in that water gets over syphon (15)
tubes and that the water getting over the syphon (15)
tubes at an economizer outlet (11) into evaporator
(5) and superheater (19) tubes is drained by a drip
leg (20) at a steam generator outlet (21) and led to
the hotwell (8).

The method according to claim 6, wherein water is
continuously drained from the economizer (4), led
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through the polishing plant (9) and supplied to the
economizer (4) in case water from the hotwell (8)
and the polishing plant (9) is not of a required quality,
until it is clean enough for starting the steam gener-
ator (2).

The method according to one of the claims 6 or 7,
wherein water contained in the economizer (4) is
drained by pumping boiler feedwaterfrom the hotwell
(8) and the polishing plant (9) into the economizer
(4) and, where applicable, by opening a drain at an
economizer (4) outlet header (14).

The method according to one of the claims 6 to 8,
wherein circulation of water is maintained until an
iron level is low enough.

Patentanspriiche

Kraftwerk (1) mit einem Wasser-Dampf-Kreislauf,
umfassend:

= einen Dampferzeuger (2) mit einer Vielzahl
von Heizflachen (3), die so konfiguriert sind,
dass sie ein Fluid fuhren und Warme auf das
Fluid Gbertragen, wobei die Vielzahl von Heiz-
flachen (3) einen Economizer (4) zum Vorwar-
men des Fluids und einen Verdampfer (5) zum
Erzeugen von Dampf umfasst, wobei der Ver-
dampfer (5) mit dem Economizer (4) in Fluidver-
bindung steht,

= eine Dampfturbine (6), die so konfiguriert ist,
dass sie den im Dampferzeuger (2) erzeugten
Dampf aufnimmt, um eine Leistungsabgabe zu
erzeugen;

= einen Kondensator (7), der so konfiguriert ist,
dass er Dampf aus der Dampfturbine (6) kon-
densiert, wobei der Kondensator (7) einen
HeiBwasserbehalter (8) als Sammelbehalter fur
kondensierten Dampf oder Wasser umfasst,

= eine Polierfiltrieranlage (9), die stromungs-
technisch zwischen dem HeiRwasserbehalter
(8) des Kondensators (7) und dem Economizer
(4) angeordnet ist, wobei eine Abflussleitung
(10) einen Auslass (11) des Economizers (4)
und den HeiBwasserbehalter (8) des Konden-
sators (7) miteinander verbindet und wobei eine
Fluidleitung (12) den Auslass (11) des Econo-
mizers (4) und den Verdampfer (5) miteinander
verbindet, wobei die Fluidleitung (12) Mittel (13)
zum Zurlickhalten von Wasser im Economizer
(4) umfasst, dadurch gekennzeichnet, dass
es sich bei den Mitteln (13) zum Zurtickhalten
von Wasser um einen Siphon (15) handelt.

2. Kraftwerk (1) nach Anspruch 1, wobei der Siphon

(15) bis oberhalb eines Eintrittssammlers (16) des
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Economizers (4) reicht.

Kraftwerk (1) nach Anspruch 1 oder Anspruch 2, wo-
bei am Auslass (11) des Economizers (4) ein Aus-
tritssammler (14) zum Sammeln von vorgewarmtem
Speisewasser angeordnet ist, von dem die Abfluss-
leitung (10) und die Fluidleitung (12) abzweigen.

Kraftwerk (1) nach den vorhergehenden Anspri-
chen, wobei die Polierfiltrieranlage (9) so konfiguriert
ist, dass eine Kapazitat der Polierfiltrieranlage (9) in
einem Parallelstrom zu einer Hauptkondensatlei-
tung (17) weniger als 100 % einer dem Economizer
(4) bei Grundlast zugefiihrten Wassermenge be-
tragt.

Kraftwerk (1) nach den vorhergehenden Anspri-
chen, wobei es sich bei einer Warmequelle fiir den
Dampferzeuger (2) um eine Gasturbine (18) handelt.

Verfahren zum Anfahren eines Kraftwerks (1) mit ei-
nem Wasser-Dampf-Kreislauf, wobei das Kraftwerk
(1) einen Dampferzeuger (2) mit einer Vielzahl von
Heizflachen (3), die zumindest einen Economizer (4)
bilden, eine Dampfturbine (6) und einen Kondensa-
tor (7) mit einem HeilRwasserbehalter (8) umfasst,
wobei das Verfahren umfasst:

- Ableiten von im Economizer (4) enthaltenem
Wasser in den Heillwasserbehalter (8), wo es
verdinnt wird,

- Leiten von Wasser aus dem HeiRwasserbe-
halter (8) zumindest teilweise durch eine Polier-
filtrieranlage (9), um es zu reinigen,

- Versorgen des Economizers (4) mit Wasser
aus dem HeiBwasserbehalter (8) und Wasser
aus der Polierfiltrieranlage (9) und

- Anfahren des Dampferzeugers (2), sobald zu-
mindest ein Teil des Wassers im Economizer
(4) durch sauberes Wasser aus dem HeilBwas-
serbehalter (8) und der Polierfiltrieranlage (9) er-
setzt wurde, dadurch gekennzeichnet, dass
Wasser Uiber Siphon- (15) Rohre lauft und dass
das Wasser, das Uber die Siphon- (15) Rohre
an einem Auslass (11) des Economizers in Ver-
dampfer-(5) und Uberhitzer- (19) Rohre gelangt,
durch einen Kondensatsammler (20) an einem
Auslass (21) des Dampferzeugers abgeleitet
und zum HeilRwasserbehalter (8) geleitet wird.

Verfahren nach Anspruch 6, wobei kontinuierlich
Wasser aus dem Economizer (4) abgeleitet, durch
die Polierfiltrieranlage (9) geleitet und dem Econo-
mizer (4) zugefihrt wird, falls Wasser aus dem
HeiRwasserbehalter (8) und der Polierfiltrieranlage
(9) nicht von einer erforderlichen Qualitat ist, bis es
sauber genugist, um den Dampferzeuger (2) zu star-
ten.
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Verfahren nach einem der Anspriiche 6 oder 7, wo-
bei im Economizer (4) enthaltenes Wasser durch
Pumpen von Kesselspeisewasser aus dem
HeiBwasserbehalter (8) und der Polierfiltrieranlage
(9) in den Economizer (4) und gegebenenfalls durch
Offnen eines Ablaufs an einem Austrittssammler
(14) des Economizers (4) abgeleitet wird.

Verfahren nach einem der Anspriiche 6 bis 8, wobei
die Wasserzirkulation aufrechterhalten wird, bis ein
Eisengehalt niedrig genug ist.

Revendications

1.

2,

Centrale électrique (1) avec un cycle eau-vapeur,
comprenant :

* un générateur de vapeur (2) avec une pluralité
de surfaces chauffantes (3) configuré pour
transporter un fluide et pour transférer de la cha-
leur audit fluide, la pluralité de surfaces chauf-
fantes (3) comprenant un économiseur (4) pour
préchauffer ledit fluide et un évaporateur (5)
pour produire de la vapeur, I'évaporateur (5)
étanten liaison fluidique avec'’économiseur (4),
« une turbine a vapeur (6) qui est configurée pour
recevoir la vapeur produite dans le générateur
de vapeur (2) afin de générer de I'électricité ;

» un condenseur (7) configuré pour condenser
la vapeur provenant de la turbine a vapeur (6),
le condenseur (7) comprenant une bache ali-
mentaire (8) en guise de cuve collectrice pour
la vapeur condensée ou l'eau ;

« une installation de polissage (9) qui est dispo-
sée en liaison fluidique entre la bache alimen-
taire (8) du condenseur (7) et 'économiseur (4),
dans laquelle une conduite de drainage (10) re-
lie une sortie (11) de I'économiseur (4) et la ba-
che alimentaire (8) du condenseur (7) et dans
laquelle une conduite (12) pour un fluide relie la
sortie (11) de I'’économiseur (4) et I'évaporateur
(5), dans laquelle la conduite (12) pour le fluide
comprend des moyens (13) pour retenir 'eau
dans I'économiseur (4),

caractérisée en ce que

les moyens (13) pour retenir 'eau sontun siphon
(15).

Centrale électrique (1) selon larevendication 1, dans
laquelle le siphon (15) dépasse un collecteur d’en-
trée (16) de I'économiseur (4).

Centrale électrique (1) selon la revendication 1 ou
la revendication 2, dans laquelle, a la sortie (11) de
I'économiseur (4), se trouve un collecteur de sortie
(14) destiné a collecter de I'eau d’alimentation pré-
chauffée et depuis lequel se ramifient la conduite de
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drainage (10) et la conduite (12) pour le fluide.

Centrale électrique (1) selon I'une quelconque des
revendications précédentes, dans laquelle 'installa-
tion de polissage (9) est configurée de telle sorte que
une capacité de l'installation de polissage (9) en
écoulement paralléle a une conduite principale (17)
de condensat, est inférieure a 100 % d’un volume
d’eau fourni a 'économiseur a sa charge de base.

Centrale électrique (1) selon I'une quelconque des
revendications précédentes, dans laquelle une sour-
ce de chaleur pour le générateur de vapeur (2) est
une turbine a gaz (18).

Procédé de démarrage du fonctionnement d’'une
centrale électrique (1) avec un cycle eau-vapeur,
dans lequel la centrale électrique (1) comprend un
générateur de vapeur (2) avec une pluralité de sur-
faces chauffantes (3) formant au moins un écono-
miseur (4), une turbine a vapeur (6) etun condenseur
(7) comprenant une bache alimentaire (8), le procé-
dé comprenant :

- I'évacuation de I'eau contenue dans 'écono-
miseur (4) vers la bache alimentaire (8), dans
laquelle elle est diluée,

- 'envoi de I'eau de la bache alimentaire (8), au
moins partiellement, a travers une installation
de polissage (9) de maniére a I'épurer,

- l'alimentation de I'économiseur (4) avec I'eau
de la bache alimentaire (8) et I'eau de l'installa-
tion de polissage (9), et

- le démarrage du générateur de vapeur (2) dés
qu’au moins une partie de I'eau dans I'’économi-
seur (4) a été remplacée par de I'eau pure pro-
venant de la bache alimentaire (8) et de l'instal-
lation de polissage (9),

caractérisé en ce que

I'eau passe par-dessus les tubes du siphon (15) et
en ce que l'eau passant par-dessus les tubes du
siphon (15) a une sortie (11) de I'économiseur dans
I’évaporateur (5) et des tubes (19) de surchauffeur
est drainée par un collecteur d'impuretés (20) a une
sortie (21) du générateur de vapeur et amenée jus-
qu’a la bache alimentaire (8).

Procédé selon la revendication 6, dans lequel I'eau
estdrainée en continu de 'économiseur (4), amenée
a travers l'installation de polissage (9) et fournie a
I’économiseur (4) dans le cas ou I'eau provenant de
la bache alimentaire (8) et de l'installation de polis-
sage (9) n’est pas de la qualité requise, jusqu’a ce
qu’elle soit assez propre pour le démarrage du gé-
nérateur de vapeur (2).

Procédé selon I'une des revendications 6 ou 7, dans



11 EP 3 942 160 B1

lequel 'eau contenue dans I'économiseur (4) est
drainée en pompant I'eau d’alimentation de la chau-
diere de la bache alimentaire (8) et de l'installation
de polissage (9) dans I'économiseur (4) et, le cas
échéant, en ouvrant une vidange sur le collecteur de
sortie (14) de I'économiseur (4).

Procédé selon I'une quelconque des revendications
6 a 8, dans lequel la circulation de I'eau est mainte-
nue jusqu’a ce que le niveau soit assez bas.
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