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Summary
The traditional patterns of power demand and generation are subject to change due to the increasing
intermittent generation from renewable sources such as wind and solar. Large load variation in the
grid must be balanced. Gas fired combined cycle power plants with a maximum of operational
flexibility are ideally suited for this purpose.
Alstom does not believe that specialized power plant designs for peaking and for base load are the
right approach in a rapidly changing market. Nobody can predict which will be the requirements for a
power plant 10 or 20 years in the future. For this reason, Alstom is designing combined cycle power
plants, such that they suit every scenario, from daily start-stop to base load operation, from part load
with high efficiency to parking mode below 20% plant load.
Sequential combustion is a unique feature of the GT26 gas turbine, which makes it possible to ‘park’
the entire KA26 combined cycle power plant at very low load with only one of the two GT26
combustors in operation, fully complying with the emission limits. This provides reliable and rapid
reserve power of about 350 MW within less than 15 minutes.
In order to further improve the flexibility of the plant, Alstom has optimized the operation concept of the
KA26-1 single-shaft combined cycle power plant for fast start-up. Thermal and mechanical stress in
the steam turbine and in the heat recovery steam generator have been carefully analyzed and
included in the simulation of the dynamic behavior of the plant to achieve an optimum balance
between fast start and minimum life time impact of the equipment.

Zusammenfassung
In Zeiten steigender Stromproduktion durch intermittierende erneuerbare Quellen, wie Wind und
Sonne, lösen sich die gewohnten zeitlichen und kapazitiven Zusammenhänge von Stromnachfrage
und Stromproduktion mehr und mehr auf. Starke Lastschwankungen müssen ausgeglichen werden.
Gasgefeuerte Kombikraftwerke sind eine ideale Ergänzung, vorausgesetzt sie sind so ausgelegt, dass
sie ein Maximum an Betriebsflexibilität mitbringen.
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Alstom glaubt nicht daran, dass speziell für Spitzenlastabdeckung ausgelegte Kraftwerke oder nur für
Grundlastbetrieb ausgelegte Kraftwerke die richtige Lösung in einem sich schnell ändernden
Marktumfeld sind. Kein Betreiber oder Investor kann heute vorhersagen, welche Anforderungen an ein
Kraftwerk in 10 oder 20 Jahren gestellt werden. Deshalb legt Alstom Kombikraftwerke so aus, dass
sie jeden Bedarfsfall abdecken: Vom täglichen An- und Abfahren bis zum Grundlastbetrieb, vom
Teillastbetrieb mit hohen Wirkungsgraden bis zum mit dem Netz synchronisierten „Parken“ des
gesamten Kombikraftwerks bei Niedrigstlast (<20% Gesamt-Kraftwerksleistung).
Aufgrund der spezifischen Bauart der GT26 Gasturbine mit sequentieller Verbrennung, d.h. zwei
hintereinander geschalteten Brennkammern, können die entsprechenden Kombikraftwerke KA26-1
während einer niedrigen Stromnachfrage bei sehr tiefen Lastpunkten unter Einhaltung der
Emissionswerte „geparkt“ werden. Hiermit ist eine permanente Leistungsreserve (Minutenreserve) von
ca. 350 MW auf Knopfdruck innerhalb von 15 Minuten sicher und zu jeder Zeit verfügbar.
Um die Betriebsflexibilität weiter zu erhöhen hat Alstom das Betriebskonzept des KA26-1 EinwellenKombikraftwerks optimiert, um schnellste Startzeiten zu erreichen. Der Aufbau und der Verlauf der
Spannungen in Dampfturbine und Dampferzeuger werden in einem dynamischen Simulationsmodell
des gesamten Kraftwerks berechnet. Dies dient zur Ermittlung der optimalen Betriebsführung und zur
Sicherstellung der maximalen Lebensdauer aller Bauteile. In dem Vortrag wird das mit Hilfe des
dynamischen Simulationsmodells ermittelte Betriebskonzept erläutert.

1

Introduction

The growth of power generation from renewable sources leads to new challenges as all the
consumers and generators connected to a grid need to be in balance. Since the generation from
renewable sources is subject to natural fluctuations, the requirements for the other generators
regarding operational flexibility get inevitably more demanding. They need to balance out not only the
fluctuating demand from the consumers, but also the fluctuating generation from renewable sources.
Combined cycle power plants are best-suited candidates to satisfy this fluctuating demand:
-

The fuel supply with natural gas is well buffered.
The fixed costs constitute a relatively low fraction of the total cost of electricity.
They provide highest efficiency and lowest CO2 emissions among conventional power plants.

That is why aspects of flexibility receive more and more attention in the design and operation of
combined cycle power plants. This paper reports about two features enhancing the operational
flexibility of Alstom combined cycle power plants:
-

The Low Load Operation Capability, a unique feature of the GT26 gas turbine to park the entire
plant below 20% load, ready to ramp up rapidly any time
The ability for fast hot start, an operation concept developed based on a careful analysis of
thermal and mechanical stress in the most affected plant components, which allows to reduce the
start-up time below 30 minutes without adverse impact on the number of cycles in a lifetime

2

Alstom Combined Cycle Power Plants

The fleet of KA24 combined cycle power plants for the 60 Hz market and KA26 for the 50 Hz market
comprises more than 100 units throughout the world. These plants have accumulated more than 4.2
million operating hours. There are two typical configurations:
-

The ‘one on one’ single-shaft configuration with one gas turbine and one steam turbine (see
Figure 1)
The ‘two on one’ multi-shaft configuration with two gas turbines and one steam turbine.

© ALSTOM 2011. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is
complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is provided without liability and is subject to
change without notice. Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited.

-2-

Combined Cycle Power Plants as
ideal solution to balance grid fluctuations

paper submitted for Kraftwerkstechnisches Kolloquium
TU Dresden, 18.-19. September, 2011

Figure 1: KA26-1 single-shaft combined cycle power plant

These plants are driven by GT26 gas turbines (see Figure 2) applying the unique sequential
combustion principle. The hot gas from the first combustor (EV = EnVironmental) is expanded only
partially in the high-pressure section of the gas turbine. Then the gas is reheated in the second
combustion chamber (SEV = Sequential EV) before it is completely expanded in the low-pressure
section of the gas turbine. Gas turbine and steam turbine share the common shaft. There is a clutch
for disengagement of the steam turbine during start-up. The water steam cycle is a triple-pressurereheat cycle. The heat recovery steam generator is an Alstom boiler with suspended single row harps
and drums at all pressure levels. This plant type is described further in [1] and [2].
EV = EnVironmental
SEV= Sequential EnVironmental

SEV Fuel Lance
annular SEV
Combustor

annular EV Combustor
EV Burners

LP Turbine

Compressor
HP Turbine

Figure 2: Schematic drawing of a GT26 gas turbine

Due to the sequential combustion the GT26 has excellent properties at part load. The minimum
combined cycle power plant load complying with emission limits can achieve 40% or even below with
a comparatively low loss of efficiency as compared to base load. And the GT26 has the optional Low
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Load Operation Capability. It is possible to run the machine with only the EV combustor and reach an
operation point below 20% plant load complying with the emission limits.
At daytimes with weak power demand and low electricity price, conventional gas power plants have
only two options:
-

Either operate the plant at the relatively high minimum environmental load of around 50% or
even higher for some combined cycle power plant models,
Or shut down the plant completely.

The GT26 with sequential combustion offers a third option:
-

The plant can be operated below 20% plant load without SEV combustor in operation.

The Low Load Operating Capability is elaborated further in [3].

EV Combustor Temperature
SEV Combustor Temperature

GT Exhaust Temperature

SEV Ignition
~10% Load

0%

VIGV Position

25%

Relative GT Load

Low Load Point

100%

Normal Operation

Figure 3: Operation concept of the GT26 gas turbine

3

Requirements for Start-up

3.1

The value of fast start-up capability

It is generally accepted that the capability for fast start-up is a potential differentiator, which is gaining
importance. But how should someone evaluate this fast start capability? There are two fundamentally
different approaches for the comparison of start-up procedures:
-

-

Fixed begin of start:
In this consideration, start-up time has the nature of a reaction time. It is the time a plant at
standstill needs to react to an opportunity on the market. In order to participate in such scenarios,
the start-up time should be shorter than the bidding interval on the power market. Payments for
non-spinning reserve can play a major role in this scenario.
Fixed end of start:
In this scenario power is allocated several hours or even a full day ahead of time. The plant has to
reach the dispatched power level at a certain agreed point in time. Slow plants can compensate by
starting earlier.
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Although the first scenario may gain importance, we feel that the second scenario will continue to
dominate. The scenario with fixed end of a start is therefore in the focus of this analysis. There are two
ways of determining the cost of a hot start, which are believed to cover the full spectrum seen on the
market:
-

‘Full Revenue’: The electric power generated between beginning and end of start-up can be sold
at the same tariff as during normal operation.
‘Zero Revenue’: The electric power generated between beginning and end of start-up does not
generate any revenue for the power plant operator at all.

Reality is bound to be somewhere between these two extremes. In both scenarios we compare two
operation concepts for hot starts:
-

‘Normal’: The standard hot start-up procedure of the KA26-1 with loading gradient of 15 MW
per minute and duration of about 50 minutes.

-

‘Fast’: The new FX30 concept with GT loading gradient of 30 MW per minute and duration of
less than 30 minutes as explained later.

This is applied to the KA26-1 single-shaft combined cycle plant as described above.
Normal

Fast

Delta

Electric Energy Output

MWh(el)

111

47

64

Fuel Gas Heat Input

MWh(th)

267

152

118

CO emissions

kg

953

818

135

NOx emissions

kg

32

20

12

Fuel cost for one start in scenario ‘Zero Revenue’

k€

4.8

2.7

2.1

Incremental fuel cost for one start in scenario ‘Full
Revenue’

k€

1.4

1.3

0.1

Table 1: Comparison of operation concepts for hot start after typically 8 hours standstill (‘Normal’ refers to the conventional
operation concept about 50 minutes start-up time, ‘Fast’ refers to the improved FX30 start-up; fuel price of 5 €/GJ)

CO emissions pre-dominantly occur at operation between idle and about 40% GT load. Since the fast
loading gradient is effective only in the last phase of the start-up, the relative change in CO emission is
small.
The NOx emissions show a different pattern. The short peak at very low load amounts to a minor
fraction of the total emission. Therefore the shorter duration of the start-up is directly impacting the
total start-up emissions.
In the scenario ‘zero revenue’ the cost for start-up is simply the cost for the fuel consumed in the
course of the start-up. The reduced start-up time leads directly to a significant reduction of fuel
consumption during start-up, which amounts to a saving of about 2.1 k€ per start.
In the scenario ‘full revenue’ we ask, how much fuel would have been burned, if the electric output
generated during start-up would have been generated with base load efficiency. Only the additional
heat input due to operation at part load with reduced efficiency is considered as start-up cost. This
consideration leads of course too much smaller start-up costs. There is still a small benefit for the new
concept amounting to 0.1 k€ per start because the total amount of electricity generated during start-up
is considerably smaller. Typically the ‘Full Revenue’ scenario is much closer to the market reality.
The comparison between the two scenarios clearly illustrates the dilemma of the development
engineer. A standard plant design for truly flexible operation must be competitive in both scenarios. It
is therefore decided that the improved start-up must be realized without major investment in additional
or improved hardware. We cannot afford to penalize the competitiveness of the plant in the scenario
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‘full revenue’. Additional first costs for an option for fast start are only acceptable within narrow limits,
e.g. for some additional measurements.

3.2

Definition of Start-up Time

The preferred definition of start-up time also used in this paper is as follows: Start-up begins with
ignition of the burners in the GT. Start-up is completed, when the GT has reached base load and when
all the steam produced in the HRSG is used for power generation, i.e. the ST admission valves are
fully opened and the HP and IP bypass valves are fully closed. This definition provides unambiguously
clear criteria and avoids taking unnecessary margins such as would be necessary, if we would link the
end of start to the reaching of a certain power output.
Table 2 below gives the expected durations of start-up. The categorization is made based on the
approximate duration of standstill. In reality, however, we differentiate between start-up types based
on ST rotor temperatures. The applicable limits depend on the turbine configuration. Technical
specifications will be based on these rotor temperatures to avoid any ambiguity and to minimize the
need for margins.
The project for improvement of start-up described in this paper was limited to hot and warm start.
These are the start types, which happen frequently and with reproducible initial conditions. Cold starts
tend to occur after a shutdown for maintenance or repair and often do not run according to the
theoretical screenplay. Cold starts are also excluded from most contractual guarantees, mostly
because the required tuning and testing would lead to unacceptably prolonged commissioning time,
caused by the long waiting times for cold initial conditions.

Hot start
Warm start
Cold start

Duration of standstill

Start-up time

< 8h

28 minutes

> 8h ; < 60h

100 minutes

> 60 h

135 minutes

Table 2: Expected start-up times for KA26-1 combined cycle power plants with water cooled condenser

3.3

Number of Cycles

Start-up exposes the equipment to considerable stress. The challenge in designing an optimized startup procedure is associated with a proper balance of speed and consumption of lifetime. Any
specification of a start-up time should therefore refer to the underlying number of such starts possible
in a lifetime. The lifetime assessment performed to verify the operation concept considers three
operation scenarios. The plant lifetime is confirmed against any of these scenarios for a commercial
operation of the plant of 20 years. This provides the plant operator with an envelope of possible
operation modes. He is free to switch between the formulated scenarios throughout the plant life and
he is still assured to remain within the creep / fatigue limits of the components.
cycling

intermediate

base load

Cold starts

200

250

200

Warm starts

900

900

160

Hot starts

4100

1100

300

100’000

125’000

200’000

Operating hours

Table 3: The Alstom standard lifetime requirement for a combined cycle power plant
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The Concept of Fast Hot Start

The technical solution is presented in this section for a hot start after 8 h standstill as an example.
Figure 4 to Figure 6 show the results from optimization by plant dynamic simulation.

5.7

speed gas turbine

21.2

speed steam turbine
power gas turbine

28.3

power steam turbine
power total plant
NOx (log scale)
CO (log scale)

80 ppmv (CO)

21.2
15.8

‐7.2

15 ppmv (NOx)

5.7

-10

0

10

20

30

40

30

40

22.5

Time from GT ignition [m]

Figure 4: Fast hot start, basic overview

valve position HP bypass
valve position IP bypass
valve position HP steam turbine

‐7.2

valve position IP steam turbine
pressure HP bypass
pressure IP bypass
pressure LP turbine exhaust
5.7

21.2
15.8

-10

0

10

20

22.5

Time from GT ignition [m]

Figure 5: Fast hot start, pressures and valves

© ALSTOM 2011. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is
complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is provided without liability and is subject to
change without notice. Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited.

-7-

Combined Cycle Power Plants as
ideal solution to balance grid fluctuations

paper submitted for Kraftwerkstechnisches Kolloquium
TU Dresden, 18.-19. September, 2011

15.8

33.3

22.5

HP steam temperature request from turbine
HP steam temperature at bypass inlet
HP steam temperature at turbine inlet
HP steam temperature exit stage DSH outlet
HP steam temperature exit satge DSH inlet
HP steam temperature inter stage DSH outlet
HP steam temperature inter stage DSH inlet
HP steam temperature at drum

-10

0

10
20
Time from GT ignition [m]

30

40

Figure 6: Fast hot start, temperatures

4.1

Sequence of Events

(-7.2)

Start of acceleration of GT up to purge speed and subsequent purge of the HRSG, which
leads to some pressure decay in the HRSG. Resume acceleration of the GT after completion
of the HRSG purge. Simultaneously with the start of acceleration of the GT, the sequencer for
the start of the hogging ejector is launched. The HP bypass opens to secure steam supply for
RH system. The pressure reduction in the HRSG due to steam consumption of the ejector is
minimal.

(0.0)

Begin of startup: Ignition of the EV combustor and continued acceleration up to full speed. The
vacuum required in the condenser for admission of steam is reached before the GT reaches
full speed.

(5.7)

The GT is at full speed. Synchronization and further load increase to the selected hold point.
Load and operation point of GT are selected to reach the desired steam temperature with
acceptable stress in the SH outlet manifold. The target steam temperature is selected to
match the ST rotor temperature. The desuperheat stations work in a cascade control scheme
to control the steam temperature at the HP bypass. Almost simultaneously with the GT
reaching full speed the rate of increase of HP steam pressure triggers a rapid opening of the
bypass. Now the HP bypass is ramping up the HP steam pressure at a pre-defined rate.

(15.8) The steam temperature at the HP bypass is reaching the requested level for admission to
turbine. The ST admission valves open to ramp up the ST speed at a pre-determined rate.
The requested steam temperature is gradually reduced with increasing ST speed. The
desuperheat stations now work as cascade to control the steam temperature at the turbine
inlet. About simultaneously with the steam temperature reaching the value for admission to
turbine, the HP steam pressure is reaching the fixed pressure level. From then onwards, The
HP bypass valve keeps the pressure constant. The IP bypass controls the IP pressure such
as to avoid ventilation of the HP steam turbine. The GT is loading up to the next hold point,
increasing the exhaust temperature to the full value. The GT hold point is selected, such the
available capacity of the bypass valves is sufficient to control the pressures.
(21.2) The full ST speed is reached. The GT starts to ramp up the load at the constant load gradient
of 30MW per minute.
(22.5) The additional heat input from the GT exhaust becomes effective and the steam temperature
at the ST is within the acceptable window for loading up the ST. The ST admission valves
open fully. The HP bypass now limits the rate of increase of live steam pressure in accordance
with the permissible loading gradient for the ST. The total power output is increasing at about
40MW per minute in this phase.
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(28.3) The GT reaches base load. The bypass valves have completely closed before. The criteria for
‘End of Start-up’ are fulfilled. Plant load is at about 86% at this point in time. The plant is
switched to plant load control mode at this time. It is free to perform any load change or to go
into frequency sensitive mode.
(33.3) The stress at the ST rotor has stabilized, such that steam temperature can increase now. The
steam temperature requested at the steam turbine inlet starts to increase at about 0.75
degrees per minute.
(80.0) The inter stage desuperheat valve closes.
(140.) The set value for life steam temperature has reached nominal conditions.

4.2

Heat Recovery Steam Generator

The configuration of the KA26-1 combined cycle power plant includes a triple pressure reheat cycle.
The heat recovery steam generator has a horizontal gas path with suspended vertical tubes arranged
in single row harps. The steam is flowing in parallel through all the harps belonging to the same heat
exchange surface. The steam is guided from the headers of individual harps to the common superheat
outlet manifold. This design is very flexible in that it follows the principle of stepped component wall
thickness. In spite of this very flexible design principle, the final SH outlet manifolds remain the limiting
elements for a fast hot start compatible with the overall lifetime requirement of the plant.

Single Row
Harps

Stepped
Thicknes

Figure 7: The principle of stepped component wall thickness

It took a special collaborative effort between HRSG, GT and ST to realize a plant operation concept,
which achieves the steam temperature for admission to ST fast and with acceptable stress values in
the HRSG. Figure 5 illustrates the progress of one optimization step.

© ALSTOM 2011. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is
complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is provided without liability and is subject to
change without notice. Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited.

-9-

Combined Cycle Power Plants as
ideal solution to balance grid fluctuations

paper submitted for Kraftwerkstechnisches Kolloquium
TU Dresden, 18.-19. September, 2011

initial GT exhaust temperature
optimized GT exhaust temperature
initial GT power
optimized GT power
initial steam temperature @ HP SH outlet manifold
optimized steam temperature @ HP SH outlet manifold
initial thermal stress @ HP SH outlet manifold
optimized thermal stress @ HP SH outlet manifold

0

10

20
Time from GT ignition [min]

30
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Figure 8: Modified GT operation concept to save HRSG lifetime

Initially, the GT was operated in this early phase of the start-up with the normal operation concept for
part load, i.e. the GT exhaust temperature went quickly up to 650°C. Such maximized GT exhaust
temperatures at part load are beneficial for steady state performance at part load, but they create
disadvantages during the start of the combined cycle plant. The steam temperature at the final SH
outlet manifold was overshooting with this operation concept. The internal desuperheater was not
capable to control it, because spraying down into the 2-phase domain would have been required. The
result was a marked peak of the thermal stress, such that the required 4100 hot start cycles would
have eaten up more than 70% of the cyclic life. It was then decided to modify the control concept:
-

Depending on the ST rotor temperature prior to start, the steam turbine controller issues a steam
temperature request.
Based on this steam temperature request, the overall plant controller generates a set value for the
GT exhaust temperature, which is communicated to the GT controller.
With this set value the GT then realized a modified operation concept where the internal machine
settings depend on the actual plant conditions.

The result was striking: the overshoot of steam temperature at the final SH outlet manifold
disappeared and the thermal stress was reduced significantly. In fact, 4100 hot start cycles are now
eating up less than 30% of the total available cyclic life of the final SH outlet manifold.
We have not encountered any limitation imposed by the drums in the course of the optimization of the
fast hot and warm start.

4.3

Gas Turbine

The GT26 with sequential combustion chambers allows for an optimization of the GT exhaust
temperatures by keeping the combustion at low loads stable at low emissions. As shown in Figure 3
the EV combustion chamber is operating in stable conditions at constant temperature, while the GT
exhaust temperature can be adjusted by variation of VIGV position and of the SEV fuel flow to the
needs of the steam cycle. An exhaust temperature variation up to 100°C with maximum temperatures
of 650°C can be realized at low part load below 25% GT load. Furthermore, loading gradients of the
GT can be adapted for an optimized combined cycle start-up. GT loading gradients up to 30 MW per
minute are possible during start-up without additional impact to the GT lifetime. Higher loading
gradients over a wide range of part load have been demonstrated to be reliable, particular for
participation in primary and secondary frequency response.
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Steam Turbine

Steam turbines are operated at high pressures and temperatures. They are exposed to creep loading
during continuous operation at high temperatures. Additional high fatigue loading occurs due to
thermal stress appearing during transient events such as start-up, shut down and load changes.
Thermal stresses are pronounced in thick-walled components, such as rotors, valves, casings, etc.
The bigger the temperature change, the higher the fatigue loading becomes. The combination of creep
and cycling fatigue eventually may lead to crack initiation and growth, which limits the life of the
affected steam turbine component.
The limitations of start-up capability coming from the steam turbine are related to thermal stress in
thick-walled components in direct contact with hot steam, such as the turbine rotor. The number of
required cycles in a lifetime determines a maximum permissible peak stress for the affected turbine
component. The actually observed stress is associated with the heating-up of the component. As such
it is dictated by heat transfer from the steam to the component.

The stress in the rotor is determined by temperature differences within the metal. It is thus associated
with heat flux within the rotor, which arises from heat transfer to the rotor. This heat transfer is first of
all proportional to the temperature difference between steam and rotor surface. Secondly it is
proportional to the heat transfer coefficient, which in turn depends mainly on the steam velocity. The
higher the steam velocity, the more effective is the heat transfer. All other parameters influencing the
heat transfer coefficient are material properties of the steam and do not change significantly during a
start-up. So rotor stress during start-up has two main root causes:
-

Temperature difference between steam and rotor,
The increasing steam flow.

Note that pressure as such is not a root cause for rotor stress. This is a fundamental difference as
compared to pressure parts, where the internal pressure is one of the main drivers of stress. For
example, pressure may have a significant influence on turbine and valve casings.
A set of tools has been developed, which allows the determination of the optimum evolution of steam
parameters and minimizes the resulting stress as calculated by finite element methods in three
dimensions [4]. In addition, a simplified one dimensional stress evaluation has been implemented in
the overall plant dynamic simulation, such that the qualitative impact of any modification in the
operation on component life can be directly estimated.
Conventional Steam Turbine Stress Control
Conventional turbine stress controllers do measure temperatures and other process variables and
calculate the resulting stress. If the calculated stress exceeds a given limit, they throttle the turbine
admission valves and reduce the steam flow. This approach has two fundamental draw-backs:
A feedback controller by definition works with a snapshot, i.e. it is processing state variables at one
instant in time. This works well for small ramp-rates where the duration of the ramp is small compared
with the time delay associated with the build-up of stress. But the start-up of a combined cycle is in
this regard a fast process. Due to the relatively large time constants of stress response, thermal stress
peaks are normally reached after completion of the causing ramp-up. So feedback stress controllers
face a fundamental challenge: they risk reacting too late.
The second draw back lies in the very nature of the limiting action. Throttling of the turbine admission
valves not only reduces the steam flow. The increased pressure drop also leads to change in
temperature at the rotor.
A Paradigm Change in Steam Turbine Stress Control
The start-up of a combined cycle power plant is a predictable and repeatable process. Dynamic
simulations provide reliable forecast of the plant behavior. It is therefore possible to generate set© ALSTOM 2011. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is
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points and to design a start-up process, which relies to very large extent on feed-forward control
alone. The steam turbine stress controller as implemented in the Alstom FX30 concept is just a backup, which becomes effective only in cases where the plant is operated clearly outside the design band
of normal operation, such that damage would result.
In addition, the start-up process is guided in such a way that – once we start loading the ST – the rest
of the plant is capable to maintain the required steam parameters throughout the entire loading
process and deliver enough steam even with the ST admission valves opening rapidly to wide open
position. The steam turbine controller monitors this at several release points throughout the start-up
process. If the parameters as provided by the boiler are not with a design band, the steam turbine
start-up is put on hold until the required parameters are achieved.
Having recognized the two root causes of steam turbine rotor stress (flow and temperature of steam) it
is a straight-forward strategy of stress reduction to design the start-up process in such a way that the
impacts of the two root causes do not cumulate. This is achieved through the definition of the signal
‘HP steam temperature request from turbine’:
-

The initial value is selected based on the ST rotor temperature at begin of the start-up.
During acceleration of the ST the value is gradually reduced.
It remains constant again until the ST rotor stress caused by the ramp-up of the GT to base load
has decayed below a selected level.
Finally it is increased at a constant rate to the design value of 585°C.

We strive to separate the main contributions to thermal stress. In the first phase we focus on quick
loading with the main cause for thermal stress being the increased steam velocity.
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Figure 9: Separation of steam turbine rotor stress arising from increase of steam flow and temperature

5

Field Test

Figure 10 below illustrates the result from a field test on an existing KA26-1 single shaft power plant. It
is actually a hot re-start after a standstill of 2 hours. Under these boundary conditions, the steam
temperature as requested by the ST is increased to 545°C. It is a key feature of the FX30 concept that
all set-point values are generated depending in a smooth manner on the conditions prior to start-up.

© ALSTOM 2011. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is
complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is provided without liability and is subject to
change without notice. Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited.

- 12 -

Combined Cycle Power Plants as
ideal solution to balance grid fluctuations

paper submitted for Kraftwerkstechnisches Kolloquium
TU Dresden, 18.-19. September, 2011

The concept as designed by computer simulation has been validated successfully. It will be part of
future offering.

Figure 10:

6

Hot re-start of a KA26-1 after 2 hours standstill based on the operation concept described in this paper; end of
start-up has been reached in less than 28 minutes.

Conclusions

The time for a hot start could be reduced to less than 30 minutes without significant investment for
additional or increased equipment. Key requirement for success is the close cooperation of all
equipment designers in true Plant Integrator spirit. In fact, detailed computation methods for stress
calculation of critical components has been openly shared and implemented in the dynamic simulation
of the overall behavior. This made it possible to assess the benefit of operation concept modifications
on each simulation run, without the need to request a lifetime assessment report from the component
designer. Further improvement of plant flexibility may be expected through such collaborative
approach.

7
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