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Distribution grids

are under-instrumented

http://www.elp.com/articles/powergrid_international/print/volume-16/issue-9/features/measuring-smrt-distribution.html

CINCLDI

Copyright © by Poul E. Heegaard, NTNU IIK



Distribution electric power grids
i undergo big changes!
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New sensor, actuators:

cheaper, smaller, ..., and connected

infadmin-body.html



... and “Smart-meters” (DMS) will
anyway need ICT infrastructure

Better predictions, prognosis, ...

Failure detection, isolation, recovery

http://sciencepole.com /distribution-management -syste m/
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600 - 1700 MW

The electric grid

Nuclear Plant

Extra High Voltage
H 265 to 275 kV
(mostly AC, some HVDC)
=150 MW
- Medium Sized
Industrial Power Plant " 300 Mw E Power Plant
‘ 110kV and up

I Low olage D‘S"“’:“:' Grid e
in the future ... jeeral’ =T = [

City Network =3 MW Power Plant
Industrial

<‘ @ @ @ @ substations > ndustial

'YYYR Pr-
I ey |
Vel

Farm a = kW % ﬁ T

https://en.wikipedia.org/wiki/Electrical_grid#Topologies Wind Farm

Coal Plant
=200 MWy dro-Electric Plant

>
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Transmission and distrbution grid Fe:

600 - 1700 MW
@

Coal Plant

Extra High Voltage
% 26510 275 kV
{mostly AC, some HVDC)

Transmission grid

Distribution grid

smart meter

&= ! e e T &=
CF--mmm- (5 & e o B
| - .
:| .................\i\.r_—, [} ‘ bulk generation
o J
il (MediJrhWégk\Q) B i B
 (Low Voltage (400-230 V) transformer station

_ sub station
H
o

consumer
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The distribution grid kg
,(feeder)

Control Centre

(optical)

(IEC 61850) |7~ — -~~~ ~~~~ (ECeiss0) T

& &= e S I v
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Mobile
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Wireless
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Wired
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Changes ... add flexible resources

(feeder)
transformer station

smart meeter
(transformer station)

B
. consumer
@®  producer (producen) @) [
() procumer L
] (] o
(procumer) el £ L .E 7777777777777777 (consumer)
| | C----mmmmmmmmmmees |

(smart meeter)
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... enable microgrids g
’(feeder)

(transformer station)

y ' (pm e \ il:} -------- 0 0 & o (consumer)
: m| ca CF--------mmmmmmmmm- —
( | i (smart meeter)
o Microgrid o /,/‘E] L @
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[N

@

Add “smart” sub-stations

transformer station

, (feeder)

smart sub station

smart meeter
consumer (producer)

producer

procumer (smart sub station) E

- I =
(procumer)
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Add “smart” breakers

Intelligent Electronic Devices (IED) ? (feeder)
-p ysical
device

transformer station

(transformer station)
smart sub station

L
o K

(smart sub station)

(producer)

smart LV breaker [_]

smart meeter

consumer (smart sub station) [—] [_:‘ Er_,/

producer

-0 @ E-I. [

procumer E’ """" E """""""" (consumer)

(procumer)

................... (smart LV breaker)

(smart meeter)
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Meter readings

Private
Network Control Centre
Q(feeder) o
(mobile)
(PLC)
] ] = o
PP - % (wireless
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[ 3 [ ca i | 3 bil
(mosie) Public
Network
CF-------- 3 J [ ]
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Public
Network

(Public) Access Network B
(8G, 4G(LTE-A), 5G)

1]
NN
E‘h %%% CINCLDI
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|IED communication

@11

Private
Network

control

Iogic
physical

device

Public
Network

Intelligent Electronic Devices (IED)
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Self-healing

Public Mobile
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10010 Information

sical

ICT ir\i\frag’tructure trade-offs

011001 Security of Supply? Automation? To what extend? Security?
,,,,,,, Interaction grid vs comm netw. Low Latecy?
Distributed vs centralised? Industrial grade 1oT?
_____ Private vs Public Networks? Communication technology?
CINCLDI
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p000) power regulation,
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* The system dynamics is given by discrete events

— The system state is distinct and will only change at a specific
time instance

» Simulations of discrete events

— Need only to simulate the events that changes the system state
— Afinite number of events will take place in a finite interval of

time
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= Discrete Event Simulation (DES)

A00D

01000100C
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 The system dynamics is given by discrete events

— The system state is distinct and will only change at a specific
time instance

« Simulations of discrete events

— Need only to simulate the events that changes the system state
— A finite number of events will take place in a finite interval of
time

Objectives <«—> System state <«—> Events
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i Co-simulation
* Using dedicated simulators to model each subsystem in one
i simulation.

St s e * Needs to have synchronous and deterministic communication and
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0010010000 :
Sim 3
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