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Agenda

Motivation

Development 1) GPU-based DC load flow solver
2) From first optimization results to operation

3) Collaboration across TSOs and Research

Resources
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Motivation — Building a scalable, non-costly remedial action optimizer

/.\
Ramp Ramp

Down Up

Redispatch generation d})/ — Boftleneck ——> \ &2
Ex: asking a nearby power plant to produce H

more than planned.

Used frequently
COSTLY

1 T g

Change Topology @ j&t’:
Ex: Disconnecting a powerline I I M

Hardic find Transmission line Busbar splitting Busbar
CHEAP switching (e.g opening reassignments

busbar couplers)
+ PST optimization + reconnections in R&D.

P9

PST = Phase Shifting Transformers
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Development 1 - GPU-based DC load flow solver

DC Load Flow Solver

Code & Hardware Benchmark
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Development 2 - From first optimization results to operation
High Level Architecture

Pandapower m

J . .. DC Loadflow AC Loadflow Data Visualiser /
Optimizer :
%’[ Preprocessing } [ P J [ Solver J ’ [ Solver it oL Exporter

GPU CPU




Development 2 - From first optimization results to operation
How does the optimization work?

new generation

l Action set
. + transmission line
mutation | I I:l switching
Action set
l + busbar splitting
+ bushar reassignment

reproduction

evaluation on
GPU-DC load
I_ flow solver

(]

) G

l

selection

Map-Elites repertoire iteration 11800

3

split_subs
2

O ~NT oo oMN T W o (=N
SHrS=RNARRRNASRRYT
switching_distance

pool of selected DC topologies

Brighter cells means better score for the
topology (here, score = overload energy in N-1)

In this example, two variations:
+ number of reassignment
+ number of open couplers (2 substations)
-> Currently works with any discrete metric

optimization algorithm:
MAP-Elites = Multi-dimensional Archive of Phenotypic Elites

PaN O
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Development 2 - From first optimization results to operation

What are we optimizing?

Pmax: 500MW
Overload energy:

1.) Select one branch OO

2.) Calculate the overload for all N-1 cases and
store the case with the highest overload for the W

selected branch '.'i:::_-:;;;;-_:-_._._....? 120MW
.~ Overload Energy

Repeat step 1 & 2 for all branches

3.) Sum all overloads = Overload Energy

Presentation title | 8



"‘@‘e_l—ia—&oup

Development 2 - From first optimization results to operation
Adding Operator Constraints

...................................................................................................................

e ) 4 e N .

. Switchable N-1 Analysis 8ranch a4 )

;| su bstations ) incl busbar Double limits weights Voltage Angles

L . _ outages VAS y

E N-1 cases N < |

i reassignment | | no. of split e Voltage

E Action Set distance substations SRULCERITES magnitudes

AN y o VRN / - /!
Critical : | ECross-coupIeri

Branch count | N-2 - flow
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Development 2 - From first optimization results to operation
Optimizations running in operation as part of MCCS

Strategy 1 (ID 853 AC) Overload Energy

44.76 MW 7

Switching Distance

Open Couplers in Disconnected Lines
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Strategy 2 (ID 770 AC) Overload Energy

80221 MW =
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Open Couplers in Disconnected Lines
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Overloads

CB:
Co:

CB:
co:

CB:
Co:

CB:
co:

CB:

co

MCCS = Inhouse developed Modular Control Center System
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Development 3 - Collaboration across TSOs and Research

"ILFEI\IERGY

SYBL
pandapower ~ Fraunhofer

&T1enner

\
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Development 3 - Collaboration across TSOs and Research
Further research: DC+

Idea started to form during literature review and exchanging with Partners:

other TSOs and research institutions -> foster open-source

collaboration on accelerated load flow solvers o J U LIC H

Forschungszentrum

Idea: Reformulate AC load flow solver approximation in DC but

Y i
also include voltages -> DC+ "TenneT
Completely new math theory (early development / not published) ?
Usable inside MILP for approximating N-1 constraints or % FraunhOfer
timesteps (e.g. VoltControl, Redispatch) @__—(
Usable inside topology framework as load flow solver 50he£§fp

Pretty accurate on some grids (ca 3 digits precision against AC)

Major challenge: risky but promising

P9




elia group

Resources

SOON

Send us a mail:
toop@eliagroup.eu

Accelerated DC Operator Constraints Voltage-sensitive Topology Optimizer
loadflow solver for Paper distribution factors for Source Code
topoloqy optimization contingency analysis
(GPU DC and topoloqy
Solver + Optimizer) optimization

(DC+)

13


https://arxiv.org/abs/2501.17529
https://arxiv.org/abs/2501.17529
https://arxiv.org/abs/2501.17529
https://arxiv.org/abs/2501.17529
https://arxiv.org/abs/2501.17529
https://arxiv.org/abs/2501.17529
https://arxiv.org/pdf/2509.19976
https://arxiv.org/pdf/2509.19976
https://arxiv.org/pdf/2509.19976
https://arxiv.org/pdf/2509.19976
https://arxiv.org/pdf/2509.19976
https://arxiv.org/pdf/2509.19976
https://arxiv.org/pdf/2509.19976
https://arxiv.org/pdf/2509.19976
https://github.com/eliagroup/Toop
https://github.com/eliagroup/Toop
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Roadmap - ToOp until Q2 2026

Dec Jan Feb Mar Apr May
;’;gzgu?;_(\jngth (%\gi Improvement of data merge (UCT / Redispatch estimation of
4@’/7 y data)y CGMES) / quality monitoring selected topologies
50hertz
| Elia Group
Continuous Evaluation of ToOp Results
Finalize
requirements .
N for curative Prototype PST and curative actions features Evaluatg I e G
- actions features
—~ ella and PST

actions

Elia Group

Evaluation of OpenRAO for Redispatch
Licensing /
open source Sl ToOp goes Extend collaborations
manageme public (OS)

nt
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Topology optimization — from Innovation to an open-source product

» X » M

Potential high impact for Elia High complex, non linear Speed up load flow
Group problem calculations and optimization

in a gpu-native environment

Challenge &
approach

W V u
GPU DC Load flow solver
T 1400.000.000 - End-2-end working pipeline generating topology recommendations ’ Group PrOd uct N

[e) = - I 5= ST =

§ 1.200.000.000 rx £ : e @ testlng phase for

g oo ET : operational planners
7)) ; 800.000.000 &(9"’ ,”: SR ‘ , 7 = e grid control p :
= §' soom0on G - at 50Hertz and Elia.
a % 400.000.000
Q E S 00.000.000 177.268.833 N

000/ 150.000 61.611.728 EE
¥ 3 e meclr N i
Pandapower CPU Code T4 GPU A100 H100 \)] .
§ inter(ﬂjs;ﬂgle (112 Core) neuer GPU Code é# Toop gOIng open-
4 U
renner New GPU code

\O OSPO source to enable

better collaboration
Reference: synthetic Texas Grid (~500 lines, 2000 bus bars) - similar size to the 50Hertz .
with RTE and TenneT

Successful topologies on

From 1 1 billion load fi
rom 100 to 1 billion load flows per second historical data for Elia and 50Hertz e



mccs [n 2020, we have started our digital transformation journey with “@Eh—eﬁz
MCCS - Modular Control Center System www.mccs.com

: o o 5 o

STRATEGY ECOSYSTEM
Become Digital System Operator ...with a Product Organization and Modular Integration Platform to foster Cooperation & Co-creation
by building software inhouse that delivers control center software + instead of monolithic legacy so we move away from vendor-lock in
150 FTE

g % 2 S
o >
252 > 3 g INTEGRATION
= 5 '-oa = © i S PLATFORM
Ssgcec & 59
c O 8 © - = [ FUNCTIONAL
o 5 ol 2|3 5 SERVICES
= £ O 2o i

Integrating 100% renewables

2013 2018 2023 2028
g .
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http://www.mccs.com/
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