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The Power System...

— Forms the backbone of the electrical energy supply

— Blackouts (could) have enormous economical and
socio-political consequences

* Production downtimes
* Failure of critical infrastructure
 Threat to social welfare

' e

Justification for Defence Plans and
Emergency Procedures




Defence plans in the context of system states
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Classification of Terminology

Normative Extreme
contingencies contingencies
“Strong” Power System
“Weak” Power System -
Activation by ‘L Activation by
Event System Response
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Loss of Power System Stability causes Blackouts...

Power System

Stability
| |
Rotor Angle Frequency Voltage
Stability Stability Stability

Small-
Disturbance
Angle Stability

|

*France 1987
*Netherlands 1999
*Germany 2004
*Poland 2006

+UCTE-Disturbance
04.11.2006
*South-Balkan-

Disturbance
28.07.2007

Large-

Disturbance
Voltage Stability

Small-
Disturbance

Voltage Stability

Blackout Italy
28.09.2003

*Inter-Area-
Oscillations 2005-
2007

+USA Blackout 1996
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Primary Control Behaviour
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A) Base case: AP =3000 MW, Pgs =150 GW
Load characteristic: 1% / Hz
B) Typical generation loss: AP =1300 MW, Psys =200 GW
B1) Load characteristic: 2% / Hz
B2) Load characteristic : 1% / Hz



Operating ranges of the frequency,
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A: Reference case

200 mHz margin

Load Shedding

Prevention of system collapse

Seperation of thermal generation units

Prevention of material damage

at steam turbines



Operating ranges of the frequency,
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50,0 Hz
Primary Control
_—"| option: disconnection of
....................................................................................... pumps
49,0 HZ ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' \ load Shedding acceptable

Load Shedding

Prevention of system collapse

Seperation of thermal generation units

Prevention of material damage
at steam turbines



Recommendations for load schedding schemes

to be implemented on DSO level %%, =
Q -

Load :
shedding :
amount |
|
50% , i
45% I I
| I
35% —| | |
| I
30% —| N | |
0]
25% —| I I
needed I I
20% 1 |
15% Minimum |
Load shedding 1
0,
10% — Mandatory I
5% | |
I | -
| I | L -
49.4 492 | 488 486 484 482 | 47.8 47.6 W7.4 Frequency (Hz)

49.0 48.0 47.5
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UCTE = Disturbance on 4 November 2006

. ‘iastermn : urder frequency
. Morth Ezsterm : ower fraquency
. South Eastern : under frequency

Total load shed :~ 17 000 MY

Total tipped generation in Westem
area =~ 10900 MW (6%}

High frequency — High flows
Rizks of further outages
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22:00:00

22:15:00
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System Collapse and Blackout were prevented by
Under-Frequency Load Shedding (UFLS)
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B pance on 4 Novembper 200¢

50,100
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49,300 df/dt = -130 mHz/s
49,200 ’ i
49,100 58 ‘\ /

49,000

(

48,900 T T T T T T T T T T T T
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of Voltage Stability

Attempt of load dynamics to restore
power consumption beyond the

capability of the combined

transmission and generation system
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The Nose Curve of Transmission Corridor
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Voltage Collapse, France , 12th January 1987

Spannungsniveau im 400-kv-Netz (11.50 Uhr}:
82 - 300 k¥
[ ] s00-375kv

Kraftwerke :

E Block
Leistung (MW}

Kernkraftwerk,

Block

Leistung (M)
= Ausfalt

a
wihrend der Stérung
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— Einfachlzitung
Doppetieitung
. Station

Voltage (kV)

generator trippings

W W

Voltage on the EHV substations
of the Western part of France

= BRAUD (BLAYATS)

m— AVOINE (CHINON)

m— BARNABOS (PALUEL)

m—MENUEL (FLAMANVILLE)
CORDEMAIS

1.4 MARTYRE (BREST)

11:40 11:50 12:00
T load sheddings T 1

Voltage vs. Time for some French EHV substations during the collapse
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Defence Plan against Loss of Voltage Stability

= Blocking of On Load Tap Changing (OLTC)
= Under-Voltage Load Shedding (UVLS)

» To be implemented on DSO Level
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Loss of Oscillatory Stability 2007-05-29; 09:49
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The islanding of Denmark prevented cascading effects

short circuit at Disconnection of DK

380-kV bus ™. =28 S .~ +north area of D
51,200 : : :
(i A | /*\ WWNWMM
51,050 ‘ ‘
| | | / \ \voltage Bimolten (DE)
50,900 oK 109
| | | | | Bimolten (DE) |
1 1 1 1 | Krajnik (PL)
50,750 : 1 1 1 . Heviz (H)
; ; ; ; . Blagoevgrad (BG)
: : : : ~ Ag. Stefanos (GR)
50,600 1 1 1 1 / \  Albertville (F) | 108
50,450 Puerto de la Crui (ES)
/ \ | Sorgente (IT)
50,300 / | 107
50,150 |
50,000 106
49,850 i i
Oscillation cycle time = 4,2 s

_ 49,700 ‘ T | T | T T T - 105
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Defence Plan against Loss of Angle Stability

= Natural function of line protection
(distance relay — depending on settings)

= QOut of Step Protection

» To be implemented on TSO level

—
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Conclusion

= The function of the Power System is of enormous importance for the
economy and social welfare.

= TSOs are responsible for the system security and have to manage also
rare and extreme contingencies which involve loss of stability.

= Defence Plans include last resort measures to contain extreme
contingencies and to avoid uncontrolled propagation of disturbances.

= In a “robust” power system the course of events leading to the loss of
stability is not/hardly predictable. Therefore Defence Plans should
preferably be decentralized and response based.

= Avoiding blackouts needs
— Defence Plans mainly to be implemented at DSO level and
— generation units, which are able to
— control voltage and frequency
o = withstand unusual voltage and frequency variations
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Reference

“Technical Background and Recommendations for Defence Plans in the
Continental Europe Synchronous Area”, Sub Group “System Protection and
Dynamic”, Regional Group Continental Europe, 31.01.2011.

https://www.entsoe.eu/resources/publications/system-operations/
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Frequency behaviour after large power deficit

df f AP/P,
dt  2H

» the frequency decreases
49 Hz after 1 s

System Inertia H =55 48 Hz after 2 s (without load shedding)

AP =20 %
df :50Hz 0,2: LH7 /s
dt 10°s
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Incidents in Region Continental Europe

Successful prevention of system collapse by load
shedding

> 4N event 2006 -> 130 mHz/s

» Kosovo, 24th July 2007 -> 300 mHz/s
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The implementation of Defence Plans needs

coordination...

Keeps Voltage and Frequency
within the admissible ranges

A

Defence Plan
(System Protection

V (225 kv)

coordination

coordination

08 i Votage
,f\Genera!or Voltage

EETTTE: |

0.3 0.15}s (short circuit in the grid)

AN

T > Avoid Blackouts

Robust behaviour of “Conventional”
generation units Equipment
(network code) coordination Protection




Kosovo disturbance on 24 July 2007

f[HZ] | THESS- \ P MW]

Ag. Stefanos (GR
50.200 | BLAGOEVGRAD T — g9 (GR)

*’@3‘“;00/ 7/ T ] 3500
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49,600 \ Discon.nm‘ﬁn/ ) 2500
49,400 /

49,200 \ / 1500
/f \ / df/dt = -300 mHz/s

49,000 /

48,800 \ / 500

\/ / active power: Blagoevgrad (BG) - Thessaloniki (GR)

48,600

T T T T T T '500
16:00:05 16:00:10 16:00:15 16:00:20 16:00:25 16:00:30

48,400 T

:55 16:00:00
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Loss of Angle Stability: Blackout Italy 2003

Wl
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Indication of line tippings
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3h25 30.560 | - ;
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I
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i 380 KV La Coche - La Praz - Albertville (F)
50,000 W : 220 kv Riddes(CH) - vallpeliine(l)
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