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Icelandic Wide Area Defence

o | ALSTOM OIS DI=\Rav AR Copyright © 2012 Psymetrix Limited 3



MW

2.500

2.000 -

1.500 -

1.000 -

500 ~

-, Generation Capacity«

Flutningslinur

220 kV
132 kV

66 kV
33 kV

B Geothermal :
Bl Hydro A

i A Tengivirki® - o



PSYMETRIX)

Landsnet’'s Wide Area Defence Scheme 2YMETRI

Total load in Iceland 2100 MW
¢ Aluminum smelters/potlines 1300 MW — very large unit loads

Faults in the power system often cause potline trips.
¢ Some thyristor controlled potlines must trip on line fault, to protect thyristors
¢ Frequency deviation causes trip

If a potline trips, large part of the load is lost
¢ Geothermal plants may trip, several hours to reinstate
¢ Transmission system may split into 22 islands - weaker system, less able to
stabilize

¢ Recent 3-O fault caused several potline trips. 800MW lost (¥ all load),
frequency peaked at 54 Hz

Defense Scheme Goals
¢ Avoid system separation if possible
¢ Otherwise, improve chances of island to recover
¢ Only operate when required, avoid over-response
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Islanding

Identify islanding quickly

Vectors:
Voltage Phasors

S System split Alarm raised

Deviation from Mean Frequency

0.5 Q.1 01
Upper Lower Frequency | yotage & Frequency Deltss

Islands clearly visualised

Synchronous Group 1 Upper/Lower Frequency (Live)

Keep customers connected

Reduce time to resynchronise

Improve system visibility in
blackstart

15:31:48 04/08/10 00: 14: 59 L5c o 4 0408/ 100

GRID

ALSTOM geelNZ[s]=\ayV\ Copyright © 2012 Psymetrix Limited 6



Problem of SW Smelter Load Loss PSYMETRIX)

Loss of Large Smelter in SW
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Disturbance Record — 1 Sept 2010 RSYMETRIX
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Landsnet WADS Triggering Zone RSYMETRIX
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Testing with Measurements & Simulation

Condition FregHRA>=50.15 & FregFLl==50.15Hz

J T FHRA|
----- WS MOV, — — — — — o= oo o ; : FFL

T :
T :
i SD e .....................................................................................................
i) N
£ 5
495 I I £ I 1 ]
94.8 95 952 5.4 95.6 95.8 96
Condition FreqHRA-FreqFL)==C0SMz
_. 05 T ; T T 7
< h""— : — FromF
""""""" — : P ———————— se s T s s s s s = ——Fram VAdIff (ROC
. /T : ; ; L
:il: D ............................................................. ................................................................ ................................. —
[u : :
T : :
5 ;
- 05 I I I I 1
9458 95 95.2 95.4 95.6 95.8 96

T T T T
. 1DD e ............................................................................................... —
fan) N
o :
= :
[m] :
2 SD-—— T - — ————————————————————————————————————————————
E N
= :
0 } ! f I 1
4.8 95 952 954 956 958 95

% 1a0b . ——Theta2 (F)
l‘E |
I 1DD-—— ———————————————————————————————————————————— R B Wl RN W R L R R
= |
o B R e I
= 1
= |
o 0 t I £ I 1 ]
4.8 95 952 954 956 958 95
Condition RoC Freq =0
5,_ ...................................................................... T TIm——— TTI— (= B T————— T ————
£ : ——ROCHRA |
g : : _ _._,._._.,_—-—"‘"_" ROCFLI [+
g’ [ e o o o o s ;—.-H-----_._._._ __ e [ S ——— _._._._._._._; ______________ o
o g g g
&} : : :
o N N
" n i i i | |
48 o5 052 054 956 958 =5

Pink background
= criterion met

Measurements show:

Restraint when not
required
Triggering when
required

Confirm thresholds

Simulations show:

Triggering conditions
met for “family” of
problems

Threshold levels
Effectiveness of
actions

All 5 Criteria met — tripping begins
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Implementation - Architecture 2YMETR
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Future Work...

How can angle stability defence scheme be generalised for:
 Multiple areas (Iceland has 2 areas)
e Multiple fault types — Gen loss, load loss, line loss, short circuit

Angle measurements
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Conclusion 2SYMETRI
Are WADS the next generation of SIPS?

Iceland is different because they push their system hard — but as other
countries aim for 100% renewables, they are likely to face similar

challenges

Conventional SIPS are increasing in complexity - there may come a point
where WADS are the only viable way forwards

Projects like this are moving WAMS forwards from monitoring to control

- Psymetrix are presently working on two other control projects

THANK YOU
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