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1. Current Power System Operation Challenges
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Current Power System Operation
Challenges

> 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!
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Trend of Power Flow Changes
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Worsening of Frequency Quality

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

75 mHz Criterion Summary - Short View - Year 2001-2 010
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Current Demands:

o Definition of clear rules:
e Grid Codes
e Connection Rules
e Prequalification Tests
e Improve cooperation between:
e Operators
e Manufacturers

e Consultants, Universities
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Voltage Phase Angle (°)

Fig. D1a: Voltage phase
angle differences in the
UCTE system at 22:00
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November 4th

2006 Event
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2. Dynamic Modelling Setup
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Transient Stability Calculations

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
e Power plant connections

e Simulation of power system restoration schemes
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Detailed PP-Measurements
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Specific Power Plant Selection
Kraftwerk Gesellschaft Leistung / MVA | Turbine | T-Regler | AVR
Filisur EGL / ALK 2x36.5 Francis
Sassello EGL / Cal. 2x13.5 Pelton Mipreg
Barenburg NOK / KHR 4x67.5 Francis | Vevey ABB
Lontsch NOK 2x37.5 Francis | ERW ABB
Innertkirchen 1 BKW / KWO 5x52 Pelton E.Wyss | MFO
Biasca Atel / OIB 4x80 Pelton ERW ABB
Stalden EGL / KWM 2x100 Pelton Mipreg ABB
Limmern NOK / KLL 3x100 Pelton ERW BBC
Innertkirchen 2 BKW / KWO 2x37.5 Francis | DTL ELIN
Veytaux EOS / FMHL 4x75 Pelton Mipreg ABB
Lucendro Atel 2x30 Pelton DTL Unitrol
Sedrun NOK / KVR 3x60 Pelton DTL RTA
Tinizong EWZ 2x26, 1x18 Pelton ETR Unitrol
Verbano Atel / Ofima 4x32 Francis | DTL Siemens
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Documentation + Measurements =
Dynamic Model

Review of Documentations .-

/

Measuring
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Parameter Identification
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a) Hydraulic System - Block Diagram
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b) Turbinen Controller — Block Diagram
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b) Turbine Controller - Identification 1/2
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b) Turbine Controller — Identification 2/2
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c) Voltage Controller — Block Diagram
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c) Block Diagram - Identification

200 -————— T

110 F————— ————— ————— —————— m————— =

1000 050
s 29920 12082 ) %6 [ 3995 S0
Messdtendatei gem. QG i v
EnegersystemL. sim QG n var
10375 | ——— e e —————— ———— - 200
i i i i
I I I I
I I I I
I I I |
om0 fpo———fpldo o L L]
] I I |
I I I I
I I I I
100
| | | |
10125 f——— o —————— Fo———— 4 e -
I I I I
| | | |
I I I I
Sl e s N J P 1
000

oga7s

08750
s

29920 129082 21973
Messdatendatei:gem. uG inp. u.
ErtegorsystemL: sim. uG n . u.

100
5.0000 39010 12082 21073 B

Messdatendatei:gem i in . u.

EntegorsystemL: sim € n . u

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

26/ 46

13



swissgrid

IEEE PES, Clamart, Feb- 10th 2010, Dynamic Models for Hydro PP, W. Sattinger, Swissgrid 27/ 46

Measurement
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Tinizong PP

swissgrid

Zuleitung Bachfassung Nandro

Stausee Marmorera

Oherb‘tassoser " Hohe Oberwasser
max: 1680 mil
min 16181!\;'1 Ahps— Druckstollen-Reibungsgeflle

Hohe Wasserschloss
DR~ Druckrohr-Reibungsgefille
Energielinie

max: 48065 m hoy Deflektor

min: 418,65 m

Grundlinie “Nullniveay” (119,35 miiM)

1)

—_— J— 7772 0 0 0 Trafsr;)Sob 1MkV
Functional Diagram (D) W g e BOVATY 30V e |
eigenbedart [YNETZ B[ insellast |
PL=‘L5 3 MW
UW Prada L ]
TV Sils e
IEEE PES, Clamart, Feb- 10th 2010, Dynamic Models for Hydro PP, W. Sattinger, Swissgrid 28/ 46

14



swissgrid

IEEE PES, Clamart, Feb- 10th 2010, Dynamic Models for Hydro PP, W. Sattinger, Swissgrid 29/ 46

@ swissgrid

Steady-State Measurements for Characteristic
Acquisition
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easurement of Valve Opening and Close
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Power & Energy Society

Efficiency Measurement

n p.u.

09r b

.
0.7r b
.

* aus Messwerten ermittelte n-Werte ||
—— approximierende Kennlinie
T :

L I

02 0.4 06 0.8 1 12
pG p.u.
IEEE PES, Clamart, Feb- 10th 2010, Dynamic Models for Hydro PP, W. Sattinger, Swissgrid 33/46

swissgrid

3. Application Examples
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Application Example 1: Power System
Restoration '
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Frequencies & Active Power
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Check of Protection Settings

Wirkleistung [

L L L L
0 -40 =20 i} 20 40 =]
Blindleistung [Mvar]

(@ Pes swissgrid
Abmblication 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

e Synchrocheck device:
« Protect PP and system equipment against mechanical stress
» too restrictive settings might limit system operation flexibility

e 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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WAp?pIication Example 3:
Perform Prequalification Tests
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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
e Further model calibration with the help of WAM measurements

e 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
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Thank you for your attention!

Questions?
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