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� Number of system actors is increasing:

� Power System Operator (transmission system, distribution 
system)

� Power Plant Operator

� Ancillary Services Provider

� Market Operator, Balance Responsible Parties, Traders

� Number of interfaces is increasing

� Volatility of power flows is increasing

� Enhancement of system tools is required!

Current Power System Operation 
Challenges
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Source: B. Buchholz, CIGRE/CIRED 
Conference, 01.03.07 ETH Zürich

Trend of Power Flow Changes
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Source: UCTE FQI Report Aug. 2008

Worsening of Frequency Quality

 
Evening frequency average profile - winters 2003 to  2008 (November  to March - Monday to Friday)
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Impact of Market Opening & Change of Schedules
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• Definition of clear rules:

• Grid Codes

• Connection Rules

• Prequalification Tests

• Improve cooperation between:

• Operators

• Manufacturers

• Consultants, Universities

Current Demands:
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Voltage Phase Angle- System Loading Finger Print

Voltage Phase Angle (º)

Fig. D1a: Voltage phase
angle differences in the
UCTE system at 22:00 

/ELES/

Source: UCTE Final Nov. 4th 
2006 Event

System State
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November 4th 2006 Event
1 2 3

1 – bb coupler

2 – first line

3 – instable

Source: UCTE Final Report
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1 2 3

1 – bb coupler

2 – first line

3 – instable

November 4th 2006 Event

Source: UCTE Final Report
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1 2 3

1 – bb coupler

2 – first line

3 – instable

November 4th 2006 Event

Source: UCTE Final Report
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1. Analysis & reproduction of extreme system conditions

2. Calculations with the help of system models

� Check of protection settings

� Check of operation strategies, operation rules

• System expansions, system topology changes

• Power plant connections

• Simulation of power system restoration schemes

Transient Stability Calculations
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Detailed PP-Measurements

1992

2004
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Documentation + Measurements = 
Dynamic Model

Measuring

Recording

Compiling

Review of Documentations
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Measurements 
Francis Turbine –
Verbano PP

PP functional diagram
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Parameter Identification Principle
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a) Hydraulic System – Block Diagram
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a) Hydraulic System - Identification

39.95530.96421.97312.9823.9910-5.0000 [s]
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0.487

0.452

0.418

Messdatendatei: gem. yT in p. u.

Turbinenregler1: sim. yT in p. u.
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b) Turbinen Controller – Block Diagram
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b) Turbine Controller – Identification 1/2

39.95530.96421.97312.9823.9910-5.0000 [s]
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Messdatendatei: gem. nG in p. u.
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16.689

15.635
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13.525
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Turbinenregler1: sim. SPC in p. u.
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b) Turbine Controller – Identification 2/2

39.95530.96421.97312.9823.9910-5.0000 [s]
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c) Voltage Controller – Block Diagram
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c) Block Diagram - Identification
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Impressions – Verbano PP Measurements
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Measurement 
Pelton Turbine

Tinizong PP

Functional Diagram
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Convert – Record - Compute
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Impact of Nonlinearities
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Measurement of Valve Opening and Close 
Speed



17

33 / 46IEEE PES, Clamart, Feb- 10th 2010, Dynamic Models for Hydro PP, W. Sattinger, Swissgrid

Efficiency Measurement
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Application Example 1: Power System 
Restoration

Veytaux2

Tierfehd2

Fionnay

Tavanasa

Anhang 6

Anhang 3

Anhang 4

Italien

Schweiz

Frankreich

Deutschland

Oesterreich

Cavergno2

Avegno2 Gorduno2

Musi gnano3

FMambelin11

DEngstla
t t3

Bul ci ago3

Sedrun2

Winkeln2

W
i tt

e n
w

il 2

Toe
ss

2

W
ein

fe ld
en2

G
ry

na
u2

Oftringen2

Hauterive2

Fi on
nay G

D2

Fionnay FMM2

Biasca2

Airolo2

Peccia2

Benken

Lavorgo

Breite

Faellanden

Muehleberg

Vaux

Romanel

Mathod

Banlieue-Ouest

St. Triphon

Riddes

Magadino

Bickigen

Goesgen

Laufenburg

B ez nau

Mettlen

Chamoson

36 / 46IEEE PES, Clamart, Feb- 10th 2010, Dynamic Models for Hydro PP, W. Sattinger, Swissgrid

Wittenwil2

Weinfelden2

Toess2

3., 7., 27.

Deutschland

2.

16.

26.

25.
23.

23.
22.

21.

18.

15.

14.

13.

12., 17.
11.

10., 19., 20.

9.

8.
6.

5.4.

1.

Sedrun2

Winkeln2

Grynau2

Benken

Breite

Tavanasa

Faellanden

Tierfehd2

Laufenburg

Beznau

Szenario East



19

37 / 46IEEE PES, Clamart, Feb- 10th 2010, Dynamic Models for Hydro PP, W. Sattinger, Swissgrid

1.1E+38.4E+26.3E+24.2E+22.1E+2-1.0E+0 [s]

51.00

50.00

49.00

48.00

47.00

46.00

1.1E+38.4E+26.3E+24.2E+22.1E+2-1.0E+0 [s]

50.00

37.50

25.00

12.50

0.00

-12.50

-25.00

D
Ig

S
IL

E
N

T

Frequencies & Active Power

38 / 46IEEE PES, Clamart, Feb- 10th 2010, Dynamic Models for Hydro PP, W. Sattinger, Swissgrid

115105958575 [s]

1.0000

0.000

-1.0000

-2.0000

-3.0000

-4.0000

535525515505495 [s]

228.00

224.00

220.00

216.00

212.00

208.00

275265255245235 [s]

1.0000

0.000

-1.0000

-2.0000

-3.0000

-4.0000
535525515505495 [s]

1.0000

0.000

-1.0000

-2.0000

-3.0000

-4.0000

275265255245235 [s]

228.00

224.00

220.00

216.00

212.00

208.00
10451035102510151005 [s]

228.00

224.00

220.00

216.00

212.00

208.00

10451035102510151005 [s]

1.0250

0.995

0.965

0.935

0.905

0.875
275265255245235 [s]

1.0250

0.995

0.965

0.935

0.905

0.875
535525515505495 [s]

1.0250

0.995

0.965

0.935

0.905

0.875

10451035102510151005 [s]

1.0000

0.000

-1.0000

-2.0000

-3.0000

-4.0000

115105958575 [s]

228

224

220

216

212

208

115105958575 [s]

1.0250

0.995

0.965

0.935

0.905

0.875

115105958575 [s]

1.0000

0.800

0.600

0.400

0.200

0.000
275265255245235 [s]

1.0000

0.800

0.600

0.400

0.200

0.000
535525515505495 [s]

1.0000

0.800

0.600

0.400

0.200

0.000
1045.1037.1029.1021.1013.1005. [s]

1.0000

0.800

0.600

0.400

0.200

0.000

D
Ig

S
IL

E
N

T

LZ Tavanasa 13 MW

pT [p.u.]

heDr [p.u.]

U [kV]

∆f [Hz]

LZ Grynau_I 14 MW LZ Faellanden 40 MW LA Grynau_H 42 MW

C
o
n
n
e
c
ti
o
n
 S
te
p
s



20

39 / 46IEEE PES, Clamart, Feb- 10th 2010, Dynamic Models for Hydro PP, W. Sattinger, Swissgrid

Check of Protection Settings
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Application Example 2: Check of Synchrocheck
Settings, Calculation of UFLS Settings
Example: Stator currents Mapragg generator after connection of 
Mapragg-Bonaduz (25°) line

WKW Mapragg: Generatorstrom
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Dynamic Calculations in Order to Check the 
Synchrocheck Settings

• Synchrocheck device:

• Protect PP and system equipment against mechanical stress 

• too restrictive settings might limit system operation flexibility

• Check & Optimisation of Synchrocheck Settings with the help of 

dynamic model calculations:

• Extend Swiss dynamic model

• Define admissible limits

• Calculation of maximal settings based on simulation calculations of 
extreme situations

� Admissible generator/turbine active power step < 0.5 rated power
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Application Example 3: 
Perform Prequalification Tests

see: http://www.swissgrid.ch/power_market/grid_operation/ancillary_services/prequalification/document/D091111_test-for-primary-control-capability_V1R0.pdf?set_language=en
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Prequalification Tests Results
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Conclusion & Outlook

• Increased importance of dynamic modelling

• Planned and ongoing model expansions and improvements

• Further model calibration with the help of WAM measurements

• Model reduction -> real-time / Training simulator 
(no IEEE Standard models!)

• Dynamic model exchange with neighbouring TSOs

• Coupling of steady-state data from the SCADA/EMS system with 
dynamic data -> near real-time system analysis

• Database with solved dynamic cases -> dynamic system planning / 
ahead dynamic calculations

46 / 46IEEE PES, Clamart, Feb- 10th 2010, Dynamic Models for Hydro PP, W. Sattinger, Swissgrid

Thank you for your attention!

Questions?


