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VOLTAGE ACTUATORS

* On-load tap changer (OLTC) (1)

» Generators (3, 4)

» Adjustable transformers (low voltage) (5)
+ Demand side management (DSM) (6)
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territorial fragmentation in Germany (1834, Schaumburg-Lippe)
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Distribution System Operators in Germany (ca. 2025)
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Timescales Major Effects

1 - synchronization, inertia
ns us 5 - swilching gear, phasors
I { ™ - high frequency effects (harmaonics. ..
physical effects igh frequency ( )
= — = - damping of physical effects
5 - 30s - local control
primary control
possibly - restoring of nominal values
30s 15min affected - coordinated control
secondary control
_ﬂ_ﬂ_ﬂ. - short term market resolution
15min 1h - weather forecast resolution
. | - demand response
tertiary contro technical target area - windfsolar output variation
'ﬂ_ﬂ_ﬂ' { ndary policy target area) - dispatch plan resolution
1h 1 day - day/night cycle
: - battery storage
daily cycle .
-ﬂ—ﬂ—u— - weekday/weekend changes
1 day 1 week \ - day/night cycle

week!y cycfe - maximum battery storage time

strong coupling - mid term conlracts

1week 1month 1 year - long term storage
seasonal cyca'e - heating/cooling periods
B | e | - - » - long term conlracts
1 year 25 years [ (I’T‘Iall"l) pollcy targst ] - policy effects
investment cycle area
25 year o 100 years { strategic target area }

climate change

Nardelli, Pedro HJ, et al. "Energy internet via packetized management: Enabling
technologies and deployment challenges." IEEE Access 7 (2019): 16909-16924.
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Years after the Big Bang
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Friederich Kupzog

Political and Economic Objectivesas
Embodiedin Policy and Regulation

# Stategic and Tactical Objectives
Shared between Businesses

f Alignmentbetween Operational Business
Processesand Procedures

Organizational

Awareness ofthe Business Knowledge
Relatedtoa Specific Interaction

Understanding ofthe Concepts Contained
inthe Message Data Structures

Understanding of Data Structure in
Messages Exchanged between Systems

Mechanism to Exchange Messages between
Muliple Systems across a Variety of Networks

Mechanism to Establish Physical
and Logical Connections between Systems

GridWise Architecture Council (GWAC)
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Component
Layer

Generation

Image: Smart grid architecture model (SGAM).
Source: Gottschalk, Uslar, and Delfs (2017, p. 45).

M/490 Mandate: 2011
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ITUTE

Electrification of  Electrification of Electrification of
transport space heating industrial processes Data centers

100% / / / / 200%
Grid Monitoring Classical power

grid components Smart Grid Energy storage  Power electroics energy
(conductors, solutions conversion and direct
transformers, current

protection)



EUROPEAN PLAN

32% 1 200 BN €

ELECTRICITY SHARE TARGET INVESTMENTS IN POWER
GRIDS UNTIL 2040

STATUS: 23%

750 BN € DISTRIBUTION
450 BN € TRANSMISSION

240 BN € 1 600 BN €

INVESTMENT IN HYDROGEN INVESTMENTS IN ROADS
GRIDS UNTIL 2040 UNTIL 2040 FOR
COMPARISON

Sources:
https://energy.ec.europa.eu/news/eu-guidance-ensuring-electricity-grids-are-fit-future-
2025-06-02_en
https://www.mckinsey.de/news/presse/2021-05-20-road-work-ahead

EU Grid Package Draft Version
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COST REDUCTION BY ACTIVE GRID OPERATION AI

Measure

Grid Level

Involved Actors

Cost reduction (%)
based on total costs in base scenario

Grid O t Cust Regulat
rid Operator ustomer egulator 2030 2050
MV/LV controllable transformer 5-10 5-10
. Low Voltage X
and/or line coltage compensator _ _
Current-dependent Voltage Medium 10-20 5-15
Control in primary substation Voltage X “ m
Medium voltage line voltage Medium 5-15 5-15
Fompensater Voltage i T T
Low + 5-15 10-15
70% clipping for PV infeed Medium X X
Voltage I N
Low + 10 -30 20-25
PV reactive power control Q(V) Medium X X
Voltage ETTTE B
. . Low + 5-25 5-15
o
Smart_ EV charging (min. 50% Medium % % >

Source: AlT, Projekt P567, Netzausbauszenarien fiir Osterreich fiir gesamte Versorgungsgebiete bis auf Netzknotendetail, 2023




DIRECT CURRENT

“Medium Voltage DC will be
the main development area of
A worldwide electricity supply “

Vimal Mahendru
Vice President IEC

Keynote OVE Innovation Day, Vienna, 2025

SRS 0000y
3000V

NG Y

800.000V

400V AC +5kVLVDC
12/20 kV MVAC

+50 kV MVDC

Source: TU Graz, Schichler
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Packet-switched energy systems AIT

" Rojas-Cessa, R.; Wong, C.-K.; Jiang, Z.;
— | Shah, H.; Grebel, H.; Mohamed, A., IEEE
— ] iThings 2018

- Nardelli, P.H.J. et al., IEEE Access, Vol.
T 7,2019, S. 16909-16924. DOI:
10.1109/ACCESS.2019.2896281
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Friederich Kupzog
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Ambitioned vision required

No single solution but hybrid system designs
Implementation roadmap and transition pathsways
Economy of scale solutions

Avoid fragmentation
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