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Grid frequency control

WhichWhich taskstasks havehave toto bebe fulfilledfulfilled byby thethe gridgrid??

Quality of supply: 
keep voltage and frequency
within limits

Reliability of supply:  
avoid and control
disturbances

in liberalized markets the
minimum requirements to grid
participants are defined in Grid 
Codes

depending on size and structure
of grid and generation the tasks
are solved differently
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Grid frequency control

FrequencyFrequency controlcontrol

task:
continuous balance between
generation and demand
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timegrid frequency is the integral 
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connected machines small grids are more
affected by disturbances
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Types of Control Reserve

General definitions:

Primary Control

Secondary Control

Tertiary Control

effective automatically in participating power plants

proportionally to the measured frequency deviation (droop)

release within several sec, to be sustained for up to 15 min

Primary Control
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Types of Control Reserve

Secondary Control in UCTE:

Tertiary Control

replaces secondary control

to be released within e.g. 15 min

Area Control Error

restores nominal frequency, 

replaces primary control

ensures contractual power 

exchange between control zones

centralized in control zone

participating power plants receive setpoint
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10%

-10%

80% 95%65%
0%

Types of Control Reserve

PFR/SFR: 10% of rated capacity
in 10 s/30 s

Up to 95% minimum
requirement defined

High frequency response
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Required reserves per power plant, 
international comparison

n. a.n. a.30 sacc. droop**Argentina

n. a.n. a.10 s3%South Africa

15 s5%5 s5%Ireland

30 s10 %10 s10 %United Kingdom

6 %***

n. a.

n. a.

4,5 %

15 %

6%

30 MW

Min SRR

30 s

n. a.

n. a.

133 s

15 min

8%/min

2%/min

Dynamics of SRR

8 s5 %***Singapore

30 s*2 %*Norway

30 s5 %Netherlands

30 s2,5 %France

30 s3 %Greece

30 s1,5 %Italy

30 s2 %Germany

withinMin PRRcountry

% refers to rated plant capacity

* 2,5% in 5 s at 49.5 Hz (disturbed conditions)

*** above 90% of plant output, below even more

PRR/SRR: Primary /Secondary Regulating Reserve, 

** droop: df/f / dP/P; commonly: 4-5%
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Required reserves per power plant, 
international comparison

Primary Frequency Control
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Frequency fluctuations

df/dt 1,1 Hz/s

loss of 1500 MW

60

59

58

5s

UCTE: ±30 mHz

Pakistan

50

49,5

Hz

6 h

approx. 6,5 GWPhilippines

approx. 12 GWPakistan

380 GWUCTE

SizeGrid
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Principle realization in power plant

Power control with primary influence

Power setpoint
(incl. secondary control)

measured output

primary control

measured frequency

f setpoint

actor

G

-

-
droop
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Realisation in a coal fired SPP
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Realization in a coal fired power plant

G

1 throttling/ 
boiler storage

3 condensate throttling

5 firing

4 HP-preheater-
Bypass

2 overload valve

Possibilites of output increase

12 3 4 5
time

P
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Realization in a Combined Cycle Power Plant
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Realization in a CCPP

ST
GT

ST response to GT output
ramp

ca. 2/3 ca. 1/3

Steam turbine follows gas turbine exhaust with time delay, only GT is able to 

perform sustained and fast load changes

reserve capacity of the plant therefore has to be set according power split

GT/ST (factor of approx. 1,5) 

efficiency up to 60% by maximum usage of temperature range

HRSG 1

HRSG 2

ST
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Realization in a CCPP

1

0,8

15 30  °C

Pmax

Tamb

Compressor

Inlet Guide Vanes

Combustion

Turbine

constant exhaust gas temperatures

allow fast output changes, e.g. for

activation of frequency control

reserves

maximum output of GT depends on 

ambient temperature
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Realization in a CCPP

G1 throttling / 
HRSG storage

3 GT fuel

2 overload valve

123
time

Possibilites of output increase

effect on time scale:
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Realization in a CCPP

Limited usage of stored energy, only with reduced efficiency

normally the dynamic GT behaviour is sufficient

at high dynamic requirements participation of ST is helpful:

time10 s

GT change rate

required load

change rate

required PRR/SRR

additional temporary

output by ST 
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Example:
Primary control in Italy

Pmax=f(Tamb)

Reserve

Psoll

_ M

I

N

Plant

Control

Pmax

Reserve

P

t

small minimum reserve (1,5%), but all PPs have to participate

i.e. power reserve has to be available all the time at nominal frequency

solution: operation with constant control margin to actual maximum power
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Example:
Secondary control in Germany

moderate dynamic requirement (min. 2%/min), to be reached after 5 min

PP receives power setpoint from load dispatcher

dynamic exchange of current high and low limits and possible transients, 

load dispatcher calculates and provides setpoint

(dP/dt)max

Pgross act

P net act

PSR min

PSR max

Psoll

PSP (SR)

PSP (FP)
P/f-Contr

SR ein

load dispatch PP control

calculation
SR on/off
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Example:
Secondary control in France

staggered transient:  normal: <4,5% in 800 s

emergency: <4,5% in 133 s

PP receives signal -1 … +1 from grid control, PP control calculates MW change

Psoll

PSR   (-1…+1)

P/f-Control

PP control

x

PSR

limitation at „emergency“

grid

PP is responsible for providing the agreed control band
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Control through MMI of Gas Turbine

status of active
controllers

primary reserve
adjustable

droop
adjustable

f-deadband
adjustable

P setpoint
adjustable
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Conclusions

From a technical point of view the good dynamic properties of gas 
turbines allow the participation of OC or CCPPs in the control energy
market without difficulties

When does this participation of a power plant pay-off?

Revenues for the reserve control

power (MW) made available

Revenues for the reserve energy

(MWh) actually supplied

reduced revenues due to part load

operation (less continuous MW)

higher specific cost per MWh due to 

reduced efficiency

?

>

An optimized usage of the energy storages in the water steam cycle
provides the required power dynamics also in fossil fired SPPs
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Retrofit:
Measures in the Automation System

in a Combined Cycle Power Plant

Increase of dynamics of the gas turbines:

 parameters of ramp rate and maximum reserve output

 specifically for adjustment of primary reserve

 possible effects on water/steam cycle have to be considered

Example:

 frequency drop simulated

 gain of 21 MW (5%) 

within 5,6 s

5,6 s
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Retrofit:
Measures in the Automation System

in a Combined Cycle Power Plant :

! „margin controller“: ensures provision of reserve together with

maximum gas turbine output

power

time

daily course of 

maximum output

maximum setpoint

for unit control

reserve to be

supplied
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Retrofit:
Measures in the Automation System

in a steam power plant:

! implementation of model based control improves plant dynamics

(Siemens SPPA-P3000, PROFI)

dyn. load
setpoint

dyn. pressure
setpoint

load setpoint

unit control

boiler

fuel
demand

MW

dyn. pressure
model

pressure characteristic

e.g. 3 x 60 s

dyn. target
model

e.g. 3 x 20 s
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Retrofit:
Measures in the Automation System

40

75

110

0 20 40 60 80 100 120 140 160

Zeit / min

L
a

s
t 

/ 
%

120

200

280

=
B

re
n

n
s

to
ff

m
e

n
g

e
 /

 t
/h

Lastsollwert Istlast Brennstoffmenge

! increase of load change rates and control accuracy allows participation

in the secondary control market

Example: SPP in China

actual power
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fuel
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actual power power setpoint

fuel

with SPPA-P3000
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10%

0

-10%

65% 80% 95%

Retrofit:
Measures at components

in a CCPP e.g.

! implementation of fast 

inlet guide vanes in 

gas turbines

! extension of IGV 

control range

10% of rated output in 10 s

defined load range for
frequency response

change rate of 15% 
in 10 s for GT

Optimization of the
load range with
constant turbine

outlet temperature
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Retrofit:
Measures at components

in a SPP e.g.

! additional

condensate

reservoir

! flaps in steam line 

to condensate

preheaters

! faster valve drives

Seite 30
Energy Sector © Siemens AG 2008

Procedure of retrofit

target
definition

Grid Requirement market

Actual capability

possibilites of software
modifications

sufficient?

Implementationpossibilites of hardware
modifications

$ evaluation Optimization?
yes

sufficient? $ evaluation Optimization?
yes
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Combination with wind power :
GT-/ CC stand-by power plant

possible task: scheduled output to be

met independently of available wind 

generation

requires broad capacity range of power 

plant, mainly part load operation, i.e. 

high invest with bad usage of installed

capacity

principall possible for island grids, where gap between actual wind 

generation and actual demand has to be closed by a power plant

installed wind capacity inst. GT/CC capacity

load setpoint

GT/CC generation

wind generation
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Combination with wind power :
GT balanced the forecast error of a wind farm

GT capacity of approx. 10% of windfarm

capacity covers the forecast error:

e.g. 10 MW at 100 MW wind farm capacity

possible task: scheduled output

shall meet wind forecast

short start up times (few minutes) allow flexible operation

Source: DENA 2005

forecast error

inst.  GT/CC capacity

load setpoint

GT/CC generation

wind generation
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Combination with wind power:
base load CCPP with control reserve for forecast error

task: load setpoint based on wind 

forecast, CC close to base load, reserve

power covers forecast error

combination of high base load efficiency of a 

CCPP and its control reserve capabilities

with a wind farm

e.g. 400 MW CCPP+ 100 MW wind,

10 MW forecast error

= 2,5 % of CCPP rated output

CCPP reserve

forecast error

CCPP reserve for error balance

wind generation

CCPP base load
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SGT5-8000H

SGT-100

SGT-200

SGT-300

SGT-400

SGT-500

SGT-600

SGT-700

SGT-800

SGT-1000F

SGT6-2000E

SGT6-3000E

SGT5-2000E

SGT6-4000F

SGT5-3000E

SGT6-5000F

SGT6-6000G

SGT5-4000F 287

267

200

191

187

168

121

113

68

45

30

25

17

13

8

7

5

340

The Siemens Gas Turbine Product Line
Full Product Range for 50 Hz and 60 Hz Grids

Industrial gas turbines

Large-scale gas turbines

Output in MW @ ISO conditions

currently basis for most

Siemens CCPPs in 50 

Hz region

Industrial gas turbines often

applied in island grids,

easy installation as package
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Contact:

Dr. Ulrich Tomschi

Siemens E F ES EN12

Freyeslebenstr. 1, 91050 Erlangen

Tel.  +49 9131 / 1885329

ulrich.tomschi@siemens.com

Thank you very much

for your attention!
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Disclaimer

This document contains forward-looking statements and information – that is, statements related to future, not past, 

events. These statements may be identified either orally or in writing by words as “expects”, “anticipates”, “intends”, 

“plans”, “believes”, “seeks”, “estimates”, “will” or words of similar meaning. Such statements are based on our current 

expectations and certain assumptions, and are, therefore, subject to certain risks and uncertainties. A variety of 

factors, many of which are beyond Siemens’ control, affect its operations, performance, business strategy and results 

and could cause the actual results, performance or achievements of Siemens worldwide to be materially different from 

any future results, performance or achievements that may be expressed or implied by such forward-looking 

statements. For us, particular uncertainties arise, among others, from changes in general economic and business 

conditions, changes in currency exchange rates and interest rates, introduction of competing products or technologies 

by other companies, lack of acceptance of new products or services by customers targeted by Siemens worldwide, 

changes in business strategy and various other factors. More detailed information about certain of these factors is 

contained in Siemens’ filings with the SEC, which are available on the Siemens website, www.siemens.com and on 

the SEC’s website, www.sec.gov. Should one or more of these risks or uncertainties materialize, or should underlying 

assumptions prove incorrect, actual results may vary materially from those described in the relevant forward-looking 

statement as anticipated, believed, estimated, expected, intended, planned or projected. Siemens does not intend or 

assume any obligation to update or revise these forward-looking statements in light of developments which differ from 

those anticipated.

Trademarks mentioned in this document are the property of Siemens AG, it's affiliates or their respective owners.


