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B Anem ency control cycle

Data acquisition at power plants and thel
transmission to the control room,

E-SIME

« Order transmission from the control room
to the system,

« The order actual implementation.

E-SIME isresponsible for the data processing at the control
room and the processing include: (in)stability prediction
assessment and control action design
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lon module, ctd. -1

« Predicting the OMIB structure

- Predicting the OMIB swing curve
squares estimation)

P(d)=ad* +bd+c

- Predicting instability by searching whether the ahove
curve reaches SIME instability conditions

P(4)=0, P(4)>0
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iction module,ctd. -2

« Computing of the correspondin
instability

argin and time to
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trol module

(generation shedding scheme)
ndividual machines, take

« From the predicted swing curves of th
the most advanced one(s),

Compute the margin of the corrected system,
unsatisfactory shed another machine(s),

margin is still
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Uncontrolled OMIB P-5 curve

Controlled OMIB P-6 curve

Return angle
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The principle of emergency control
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= Critical machinges
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Uncontrolled system

NOTE: Real-time measurements are “artificially” created, on the basis of
T-D simulation using ETM SP program. Base case: 350,749 MW.

Preventive SIME:

- Timeto instability
635 ms
-Normalized margin
—1.044 (rad/s)**2

ntrolled system -

Sthmmary

1 2 4 5
t, (m9) 5, (rad) t(%)\ | M (e M aft
ars 1004 78 Nk 060 | I

395 0922 676 |\ a8t

Corrective decision is taken (3 units shed|5\®3 M\
-0.

415 0.850 631 0271
TR I A N T
455 0813 610 -091 0.002
475 0.820 617 -091 0113
495 0.826 622 -0.90 \ 0151
515 0.836 631 -0.90 \o.234
535 0.850 642 -0.89 047
555 0.858 649 -0.89 o
Corrective action is applied \
575 0.861 652 EE 052\
505 0.860 652 080 | 0361 |
615 0.859 651 08 | 0373 |
635 0.861 652 08 | 0384 |
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! Rest of Europe

North part

FAULT LOCATION

11

stable scenario in
Italian

+ No preliminary network weakenin
+ Sequence of events:

380 kV line Andria-Brindisi, at
distance from Brindisi

- opening of the line at both ends after
0.3 sfrom short

NOTE 1: Scenario simulates a protection malfunctioning‘or
improper setting-typical value for the clearing time 100\ms

NOTE 2: Real-time measurements are “artificially” created,
on the basis of time-domain simulation using SICRE-
ENEL simulator.
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Ulg tmulation results-1
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U results-2

Time to instability 920 ms
Time to instability 860 ms
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Controlled system
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UL ntrolled system -

sthmmary
1 2
Time (ms) Description
t1=260 The first negative margin,l tu=920 ms T\
12=360 Margin converged to a constant value \

Corrective decision is taken (2 units shed [ 968 MW/)

t3=560

Corrective action is applied

Negative margin appeared again,

Corrective decision is taken (1 unit shed |42 MWP

t4=640

t5=850

Corrective action is applied
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oing and future

« Data preprocessing (estimatingxqtor angles from
PMU measurements),

« Appraise of other controls (dynamic b
valving, etc...),

« SIME-based adaptive emergency control
(combining OLEC and CLEC),

« Adaptive emergency control by combining E-
SIME and Reinforcement Learning,
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reprocessing (Why

Important quantity in power system ttansient stability
control
* PMU measured quantities are electrical varabl

experience fast changes, unlike rotor angles
(mechanical variable)

» Wrong or noisy rotor angles may result in wrong, E-
SIME OMIB structure (prediction module) and wyong
determination of control actions (control module)

i

B pata rocessing, ctd.
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A non-linear
estimator (neural
networ k)




TSA periodical anadysis ; TSA periodical analysis

(OLEC) i (OLEC)
20 minutes 4 Fault ‘ ‘ ‘
% t o) iy
Triggering Emgmcy control
action designed by OLEC
TSA TSA i
simulations simulations Predictive Stability Assessment of Emergency SIME
—— o using the real-time measurementsiit receives
Updating SPS with asample rate of 20 ms
settings ] ;
(some minutes) - Ll
Periodical Whenever necessary, triggering
analysis Emergency control action
interrumped designed by Emergency SIME
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ULk clusions

{ng and parameter
ario of the contingency.

* E-SIME isfree from system mo
uncertainties, location and clearing
High computational efficiency,

* The generation shedding scheme has shown to effectively apply
to three other real-world Power Systems (the Hydro-Quebec
system(Churchill Falls corridor), the Brazilian Power Sy:
(Itaipu site)), and WSCC,

e E-SIME and OLEC have more or less complementary features

and assets. Combination of these controls comes quite naturaly.
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