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REHEATING

(57) A power plant having a steam cycle and a water
cycle. In order to initiate a load jump steam extracted
from the steam cycle is condensed against boiler feed

water and directed back into a cold reheat line (10a) be-
tween a steam turbine (6) and a reheater (4).
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Description

TECHNICAL FIELD

[0001] The present invention pertains to a power plant
comprising a steam production unit, a steam turbine and
water steam cycle, and in particular to a power plant of
this type that is designed for dynamic response. The in-
vention pertains furthermore to a method of operating
such power plant.

BACKGROUND INFORMATION

[0002] Power plants are operated and regulated such
that they can provide power corresponding to the de-
mand in electrical energy in the grid. Variations in the
magnitude of the demand can occur for example when
a large user is added or stopped, a large electricity pro-
ducer trips, or a transmission line fails due to overload,
disruption, or short circuit. Large variations in demand or
supply of electricity typically result in a variation of the
AC-frequency. In order to compensate for this frequency
variation, power plants are designed to provide a dynam-
ic response, which is the ability to respond to changes in
the demand of electrical energy upon detection of the
frequency variations and maintain a balance between
the electrical energy drawn and electrical energy provid-
ed.
[0003] Variations in the energy drawn from the grid can
be both large in magnitude as well as rapid that are within
a time span as short as a few seconds. They can occur
when a number of large users alter their demand or other
providers connected to the same grid decrease or stop
their service. A dynamic response must be able to react
to frequency changes by providing a load change of the
power plants still connected to the grid within a short time.
[0004] In several countries grid codes are established
by requiring that power plants be able to generate a min-
imum load response within a certain time frame when
rapid frequency variations occur. Such grid code is given
for example for the national grid in Great Britain. As doc-
umented in "The Grid Code", Issue 4, by the National
Grid Electricity Transmission pic, it requires that a power
plant operating between 65 and 90% of its nominal power
be able to increase the power generated by 10% of its
nominal power within 10 seconds. However, many power
plants cannot fulfil such requirements because their sys-
tem reaction times are too long and/or their load changes
are too small in amplitude.
[0005] Several methods providing frequency response
by means of load changes are conventionally known. For
example, the live steam injected into the turbines is reg-
ulated by means of valves in the high-pressure steam
inlet together with a control wheel. This method allows
partial steam injection enabling optimization of plant ef-
ficiency during part-load operation. It has proven suc-
cessful up to certain power levels of the power plant.
However, above a certain power level control wheels are

no longer reliable, as greater power requires a larger con-
trol wheel and the length of the blades of a control wheel
is limited due to fatigue stresses, which can occur at su-
per critical pressures.
[0006] In further methods the steam flow through the
turbines is increased thereby providing a load increase.
As an example, opening a high-pressure throttle valve
increases the live steam flow entering the high-pressure
turbine. However, there is an inherent delay of such a
system due to the steam flow characteristics at the inter-
mediate-pressure stage, i.e. the temperature and pres-
sure adjust only after a full minute following the opening
of the high-pressure throttle. Large load changes can
therefore not be accommodated by this method within a
short time.
[0007] In a yet further method, frequently referred to
as condensate stop, a steam extraction from the steam
turbines is stopped and the condensate flow extracted
by the condensate pump is recirculated back to the con-
densate well. By this measure, the total amount of steam
passing through the steam turbines is immediately in-
creased and the power output of the generator is in-
creased proportionally. The recirculation of the conden-
sate flow and therefore shutdown of the condensate flow
through the condensate preheaters prevents a drop in
the temperature of the feedwater in the feedwater tank.
The temperature at the boiler inlet is therefore main-
tained. A condensate stop can be maintained as long as
the level in the feedwater tank remains above a critical
level necessary to prevent a tripping of the boiler and so
condensate stop is an effective method to generate a
load jump. However, the method is effective only over a
short time period that is on the order of a few minutes.
This is due to the diminished steam extraction resulting
in a drop in the feedwater tank level and an increase in
condensate level in the condenser well as a condensate
stop can only be maintained until certain critical levels
are reached in the feedwater tank and condenser well.
[0008] Presently operating power plants equipped for
a condensate stop have several preheaters for the pre-
heating of condensate and feedwater, where the feed-
water tank is arranged following five condensate preheat-
ers in series and prior to three feedwater preheaters.
Such power plants are able to provide a load jump by
means of a condensate stop of up to 7% load increase
and are able to maintain the increased power output for
6-8 minutes. Such power plant design is based on ther-
modynamic and cost considerations, in particular the cost
of fabrication and mounting of the feedwater tank. The
design is furthermore based on considerations of the grid
code requirements at the time of their construction.
[0009] DE 4344118 discloses a method of operating a
power plant including condensate stop together with a
control of the power reserve in order provide a primary
frequency response.
[0010] In a further method, as disclosed for example
EP1368555, the amount of high-pressure steam extract-
ed for the preheating of feedwater is reduced or shut-off
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and a load increase is affected by the resulting increase
of the high-pressure steam flowing through the high-pres-
sure turbine.

SUMMARY

[0011] Provided is an alternate load jump arrangement
which provides a sustained increase in load.
[0012] This problem is overcome by independent
claims wherein advantageous alternatives are provided
in the dependent claims.
[0013] In its most simplest form the inventor comprises
a steam plant with a steam cycle and a water cycle where-
in steam is extracted from the steam, condensed against
boiler feed water of the water cycle and at least a portion
of condensed extraction steam returned into a cold re-
heat line of the steam cycle, defined a steam line up-
stream of a reheater.
[0014] This arrangement enables an alernate load
jumping operationg in which the condensate returned to
the cold reheat line increases mass flow going through
reheats circuit. As a result, steam temperature entering
the reheater is lower due to mixing with the condensate.
This allows more energy to be extracted from reheat cir-
cuit.
[0015] This solution provides an alternative to the use
of an overload valve, without the complexities of an over-
load valve. For retrofit operation, it additionally provides
the option to remove an overload valve installation and
install additional stages in the steam turbine, thus in-
creasing turbine expansion which is quite complex.
[0016] One general aspect includes a power plant hav-
ing a water cycle and a steam cycle. The steam water
cycle includes a first high pressure preheater and a sec-
ond high pressure preheater down of the first high pres-
sure preheater. The a steam cycle includes a boiler, with
a reheater and a superheater, a high pressure steam
turbine downstream of the superheater configured to ex-
pand the steam so as to extract energy from the steam,
and a cold reheater line connected to the high pressure
steam turbine to the reheater. The power plant also in-
cludes an extraction steam line connected to the high
pressure steam turbine and the second high pressure
preheater, for providing a first extraction steam into the
second high pressure preheater, and a condensate drain
line connected to the second high pressure preheater
and the first high pressure preheater, configured and ar-
ranged to direct a condensed first extraction steam into
the first high pressure preheater. A first valve in the con-
densate drain line is configured to at least partially re-
stricts flow from the second high pressure preheater to
the first high pressure preheater. A line further connects
the condensate drain line upstream of the first valve and
the cold reheater line.
[0017] Implementations may include one or more of
the following features. The power plant where the extrac-
tion line is connected to an intermediate stage of the high
pressure steam turbine. The power plant where the line

includes a valve for isolating the cold reheat line from the
condensate drain line. The power plant where the second
high pressure preheater includes a desuperheater sec-
tion configured and arranged to remove superheat from
extraction steam, a condenser section configured and
arranged to condense extraction steam and a drain cool-
er section configured and arranged to cool condensed
extraction steam, while the first high pressure preheater
includes a desuperheater section configured and ar-
ranged to remove superheat from extraction steam and
a condenser section configured and arranged to con-
dense extraction steam. The power plant may also in-
clude a drain line is connected between the drain cooler
section of the second high pressure preheater and the
condenser section of the first high pressure preheater.
[0018] One general aspect includes a method for op-
erating a steam plant including the steps of:

a) providing a steam plant with steam cycle and a
water cycle;

b) condensing a steam extracted from the steam cy-
cle against boiler feed water; and

c) directing at least a portion of condensed extraction
steam into a cold reheat line between a steam turbine
and a reheater.

[0019] Implementations may include one or more of
the following features. The method where The method
where step b) is realised using the extraction steam line
and the second high pressure preheater. The method
where step c) further includes stopping the condensed
extraction steam to the first high pressure preheater us-
ing the first valve.
[0020] It is a further object of the invention to overcome
or at least ameliorate the disadvantages and shortcom-
ings of the prior art or provide a useful alternative.
[0021] Other aspects and advantages of the present
disclosure will become apparent from the following de-
scription, taken in connection with the accompanying
drawings which by way of example illustrate exemplary
embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] By way of example, an embodiment of the
present disclosure is described more fully hereinafter
with reference to the accompanying drawings, in which:

Figure 1 is a general arrangement drawing of a prior
art steam plant;
Figure 2 is an expanded view of part of a steam/con-
densate of an embodiment an exemplary embodi-
ment that represents a modification of the steam
plant of Fig. 1.
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DETAILED DESCRIPTION

[0023] Exemplary embodiments of the present disclo-
sure are now described with references to the drawings,
wherein like reference numerals are used to refer to like
elements throughout. In the following description, for pur-
poses of explanation, numerous specific details are set
forth to provide a thorough understanding of the disclo-
sure. However, the present disclosure may be practiced
without these specific details, and is not limited to the
exemplary embodiment disclosed herein.
[0024] Fig. 1 shows a power plant PP of the prior art
to which exemplary embodiments of the invention may
be applied. The power plant PP has a boiler 2 comprising,
a superheater 3, and a reheater 4, and several steam
turbines 6,7,8 which include a high-pressure turbine
stage 6, to which superheated steam from a boiler 2
steam is fed via a line, an intermediated-pressure turbine
stage 7 and a low-pressure turbine stage 8. Steam ex-
panded in the high-pressure turbine stage 6 is fed via a
cold reheat line 10a to a reheater 4 located in the boiler
2 before being lead into the intermediate-pressure tur-
bine stage 7 a reheat line 10. After expansion in the in-
termediate-pressure turbine stage 7 the steam is further
expanded in the low-pressure turbine stage 8. All turbines
are mounted on one or more shaft 11 that drive a gen-
erator. From the end of the steam turbine 6,7,8 i.e. the
low-pressure turbine 8 exhaust steam is then lead to a
condenser 13, where resulting condensate collects in a
condensate well wherein it is then pumped through a
boiler feed water preheat system by a condensate ex-
traction pump 14 pumps.
[0025] The boiler feedwater preheat system compris-
ing a series of low pressure condensate preheaters 21,
22, 24, 25, which are each operated by steam extracted
from the low- and intermediate-pressure steam turbine
stages 7, 8 and lead to the condensate preheaters 21,
22, 24, 25 via extraction lines.
[0026] During normal operation of the water-steam cy-
cle, the condensate preheated in the low-pressure pre-
heaters 21, 22, 24, 25 is collected in the boiler feedwater
tank 30. Additional heat may be provided to the feedwater
tank 30 via a steam extraction line from the intermediate-
pressure turbine stage 7, which is used for preheating in
a third high pressure preheater 33 and subsequently a
fourth high pressure preheater 34.
[0027] A feedwater pump FWP directs the feedwater
through high-pressure preheaters 34,33,32,31. Follow-
ing the fourth high pressure heater 34 feedwater is next
feed through a first high pressure preheater 31, a second
high pressure preheater 32 and then a third high pressure
preheater 33 and finally to the boiler 2 thus completing
the water steam cycle of the power plant PP.
[0028] In another exemplary embodiment the feedwa-
ter pump FWP directs the feedwater through high-pres-
sure preheater 32, 31. Following the first high pressure
heater 31 feedwater is next feed through a second high
pressure preheater 32 and then finally to the boiler 2 thus

completing the water steam cycle of the power plant PP.
[0029] A suitable boiler 2 may be any boiler fired by
fossil fuel, such as gas, coal or oil, or a heat exchanger
that utilises a hot fluid, such as a gas or liquid as an
energy source, wherein the superheater 3 is an exchang-
er located in the boiler 2 whose primary duty is to convert
feedwater from the feed water preheat system to steam,
while a reheater 4, located in the same boiler reheats
steam expanded in the high pressure steam turbine stage
6.
[0030] Each of the steam turbine stages of the steam
turbine train are in part defined as a stage by being en-
closed in a house separate from other stages of the steam
turbine train. That is, while a single steam turbine stage
my include multiple stationary and moving turbine vane
and blade rows as well as multiple inlets and outlets along
the expansion path of the steam turbine stage, the steam
turbine stage is defined by a housing that encompasses
these multiple vane and blade rows.
[0031] The pressure designation of the low pressure
preheaters and high pressure preheaters defined the rel-
ative pressure of feedwater passing through the preheat-
ers in normal operation.
[0032] In an exemplary embodiment shown in Fig.2
each of the first and second high pressure preheaters
31, 32 is heated with steam extracted from the steam
circuit via steam extraction lines 12 taken from the last
stage of the high pressure steam turbine 6/ cold reheat
line 10a and an intermediate stage of the high pressure
steam turbine 6 respectively. The extracted steam is di-
rected through the shell sides of the first high-pressure
heater 31 and the second high pressure preheater 32
while boiler feed water is directed through the tube side.
[0033] In an exemplary embodiment shown in Fig. 2
both the first and second high pressure preheaters in-
cludes a desuperheater section 31 a, 32a configured to
remove at least some of the superheat from extraction
steam, a condensing section 31 b, 32b wherein extraction
steam is condensed, and a drain cooler section 31 c, 31
c where condensed extraction steam is cooled below its
saturated temperature. The configuration and presence
of the desuperheater section 31 a, 32a and the drain
cooler section 31 c, 32c is dependent on the actual con-
figuration of the steam plant to which the invention is
applied, including whether or not extraction steam in-
cludes superheat.
[0034] In an exemplary embodiment a drain line 14
connects the drain cooler section 32c of the second high
pressure preheater 32 to the condensing section 31 b of
the first high pressure preheater 31. In another exemplary
embodiment where the second high pressure preheater
32 does not include a drain cooler section 32c, the drain
line 14 14 connects the drain cooler section 32c of the
second high pressure preheater 32 to the condensing
section 31 b of the first high pressure preheater 31. Both
of these embodiments include a valve 35 in the drain line
14, for isolating or at least limiting the flow of condensed
extraction steam from the second high pressure preheat-
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er 32 to the first high pressure preheater 31, and a further
drain line 15 that branches from the drain line 14 up-
stream of the valve 35 and is further connected to the
cold reheat line 10a. The further drain line 15 also in-
cludes a valve 34.
[0035] In an exemplary embodiment a load jump case
where output need to be increased, The valve 35 of the
first drain line is at least partially closed while the valve
34 of the further drain line 15 is opened thus send ex-
traction steam condensate from the second high pres-
sure preheater 32 to cold reheat line. The result is that
condensed extraction steam mixes with cold reheat flow
reducing the temperature of the cold reheat steam while
increasing its mass flow with the added condensate. As
result energy can be can be extracted in the reheater 4
thus providing a load jump.
[0036] Although suitable embodiments of the invention
may be applied to the power plant PP shown in Fig. 1
embodiments may be applied to other power plants PP
having the same basic power plant configurations com-
prising a boiler 2 having a superheater 3 and reheater 4,
a steam turbine train having a high pressure steam tur-
bine stage 6 and subsequent lower pressure steam tur-
bine stage 7,8 and a feedwater preheat system compris-
ing one or more low pressure preheaters 21, 22, 24, 25,
a feedwater tank 30 and at least two high pressure pre-
heaters 31, 32. As such the presently disclosed embod-
iments are therefore considered in all respects to be il-
lustrative and not restricted. The scope of the disclosure
is indicated by the appended claims rather that the fore-
going description and all changes that come within the
meaning and range and equivalences thereof are intend-
ed to be embraced therein.

REFERENCE NUMBERS

[0037]

2 boiler
3 superheater
4 reheater
6 steam turbine high pressure stage
7 steam turbine medium pressure stage
8 steam turbine low pressure stage
9 boiler feedwater line
10 reheat line
10a cold reheat line
11 shaft
12 extraction line
14,15 drain line
21,22,24,25 low pressure preheaters
30 feedwater tank
31,32,33,34 high pressure preheaters
31a,32a desuperheater of a high pressure pre-

heater
31b,32b condenser of a high pressure preheater
31c,32c drainer cooler of a high pressure preheat-

er

34,35 valve

Claims

1. A power plant (PP) having a water cycle and a steam
cycle, wherein the steam water cycle comprises:

a first high pressure preheater (31); and
a second high pressure preheater (32) down of
the first high pressure preheater (31),

a steam cycle comprising:

a boiler (2), with a reheater (4) and a superheat-
er;
a high pressure steam turbine (6), downstream
of the superheater, configured to expand the
steam so as to extract energy from the steam;
and
a cold reheater line connected to the high pres-
sure steam turbine (6) to the reheater (4),

wherein the power plant (PP) further comprises;

an extraction steam line (12a) connected to the
high pressure steam turbine (6) and the second
high pressure preheater (32), for providing a first
extraction steam into the second high pressure
preheater (32); and
a condensate drain line (14) connected to the
second high pressure preheater (32) and the
first high pressure preheater (31) configured and
arranged to direct a condensed first extraction
steam into the first high pressure preheater (31);
and

characterised by:

a first valve (35) in the condensate drain line (14)
for at least partially restricting flow from the sec-
ond high pressure preheater (32) to the first high
pressure preheater (31); and
a line (15) connected to the condensate drain
line (14) upstream of the first valve (35) and the
cold reheater line (10a).

2. The power plant of claim 1 wherein the extraction
line is connect ed to an intermediate stage of the
high pressure steam turbine (6).

3. The power plant of claim 1 or 2 wherein the line (15)
includes a valve (36) for isolating the cold reheat line
(10a) from the condensate drain line (14).

4. The power plant of any one of claims 1 to 3, wherein:

the second high pressure preheater (32) in-
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cludes:

a desuperheater section (32a) configured
and arranged to remove superheat from ex-
traction steam;
a condenser section (32b) configured and
arranged to condense extraction steam;
and
a drain cooler section (32b) configured and
arranged to cool condensed extraction
steam,

the first high pressure preheater (31) includes:

a desuperheater section (31 a) configured
and arranged to remove superheat from ex-
traction steam; and
a condenser section (31 b) configured and
arranged to condense extraction steam,

the drain line is connected between the drain
cooler section (32b) of the second high pressure
preheater (32) and the condenser section (31 b)
of the first high pressure preheater (31).

5. A method for operating a steam plant comprising the
steps of:

a) providing a steam plant with a steam cycle
and a water cycle;
b) condensing a steam extracted from the steam
cycle against boiler feed water; and
c) directing at least a portion of condensed ex-
traction steam into a cold reheat line between a
steam turbine (6) and a reheater (4).

6. The method of claim 5 wherein step a) comprises
providing the steam plant of any one of claims 1 to 4.

7. The method of claim 6 wherein step b) is realised
using the extraction steam line (12a).

8. The method of claim 6 or 7 wherein step b) is realised
using the second high pressure preheater (32).

9. The method of any one of claims 6 to 8 wherein step
c) further includes stopping the condensed extrac-
tion steam to the first high pressure preheater (31)
using the first valve (15).

9 10 



EP 3 244 030 A1

7



EP 3 244 030 A1

8



EP 3 244 030 A1

9

5

10

15

20

25

30

35

40

45

50

55



EP 3 244 030 A1

10

5

10

15

20

25

30

35

40

45

50

55



EP 3 244 030 A1

11

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• DE 4344118 [0009] • EP 1368555 A [0010]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

