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Future grid structure

Celluar power grid:
m Regionalized grid
structure

m Decentralized power
generation
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Cellular power grid
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What people consider as Smart-Grid:
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Swarm-Grid instead of Smart-Grid:
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Swarm principle:

Mutual aim by
Measurement
Communication
Reaction



Electrical consumption of electromobility
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Daily distance approx.
40 km

Specific energy
consumption
approx 15 kWh/100km

All cars electric in
Germany:

Energy need
approx. 17% of today’s
energy consumption

Power:

40Mio x 20 kW = 800GW
Exceeds today’s peak
demand by far.



Load of a power line
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Distributed arrival
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Central control
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Central control
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Decentral control
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Decentral control
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Decentral control
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Single node measurement

Only node
@_@ | , _ _ _ voltage
¢ * * * * No currents

No further
nodes

Known Variable
Load Load
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Coordinated grid state measurement

More node
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Nodal potential method

E. Waffenschmidt

16 -
CIE 2021

Cologne Institute for
Renewable Energy

For more than 2
nodes

Retrieves
currents from
voltages

Re-arranging of
equaltion
system:

Current and
voltages at
unmeasured
nodes



Grid topology estimation
Exemplary test grid
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Grid topology estimation

1. Voltage measurements 2. Admittance matrix for 3. Admittance matrix for
with defined current steps known nodes additional nodes

H 1 2 El'r 1:4 H 1 2 3 4 H 2 4 B g 10
e Switch known loads e Determine matrix ® Assume star-like
(e.g. charging stations) coefficients topolgy
e Measure voltage change from voltages and currents e Determine branch
at all known nodes. e For general grid topology nodes
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Grid topology estimation

Original power grid
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Determined grid topoplogy

il "
g g 20
Ryl i ke
16~ - 22
i A A
e E. Waffenschmid
gﬂ!nﬁ d 2eOﬂZSlC midt
Renewable Energy

2

14

18
20

22

Graphics by Christian Hotz
TH-K6In 2021



Line current estimation

Example for an exemplary typical grid

Estimated line currents
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Three level control

Level I: Single Level II: Mutual Level lll: Mutal
with grid state

Limit

Variable
loads

General
Load

B Single safe B Mutual fixed B Mutual variable
power budget power budget power budget

B No Communication B Distribution by demand ™ Determination

B Communitation of the actual grid state

of devices B Communication of devices
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Conclusion

Decentralized grid
structure for a
decentralized power
generation

Cellular power grids
according to the swarm
principle

Reduces need for
power grid extension
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Contact and further information

Prof. Dr. Eberhard Waffenschmidt
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Cologne Institute for Renewable Energy

Technische Hochschule Koln

Betzdorferstrale 2, Raum ZO 9-19

50679 Cologne, Germany

Tel. +49 221 8275 2020
eberhard.waffenschmidt@th-koeln.de
https://www.th-koeln.de/personen/eberhard.waffenschmidt/

Further Information (mainly in German):
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