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PowerFlowMultiNet: Multigraph Neural Networks for Unbalanced
Three-Phase Distribution Systems

Efficiently solving unbalanced three-phase power flow in distribution grids is
crucial for accurate grid analysis and simulation. Traditional methods and existing
deep learning approaches predominantly focus on balanced networks,
neglecting the complexities inherent in unbalanced systems. This paper
introduces PowerFlowMultiNet, a novel multigraph Graph Neural Network (GNN)
framework explicitly designed for unbalanced three-phase power grids.
PowerFlowMultiNet models each phase separately within a multigraph structure,
effectively capturing the asymmetry of unbalanced grids. Utilizing a graph
embedding mechanism with message passing, the framework captures spatial
dependencies within the power system network. The dataset is preprocessed
with normalization and label encoding, followed by visualizations to understand
data distribution and correlations.
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Reclosers Modeling for Temporal Simulation of Distribution Networks
in Simulink/Matlab
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Over the past few years, Brazils increasing dependence on electricity has caused |
a continuous growth in demand and, therefore, the need to guarantee long-term B =
energy supply to costumers. Hence, studying the devices that are responsible [« =]
ensuring this continuity is critical since the improper operation of this equipment 1
can reduce the reliability of the electrical energy distribution system, therefore { e )
requiring detailed study that incorporates simulations, modeling, and analysis of [ cmn )
response capacity in the face of real loads. Simulink/Matlab is one of the most [l p%
widely used software programs in academia. However, it does not have
readymade templates for protection system equipment such as relays, fuses, and
reclosers. Herein, the aim is to model the digital recloser using the S-function
block of Simulink/Matlab. The proposed model for the recloser follows the
configurations required by Brazilian electricity distribution companies, i.e. four
operations divided into fast and slow, the latter one being responsible for
permanently opening the section of the system on fault. To validate the modeled
device, the IEEE 34-bar system was used, in which several operational cases were
considered.
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Multi-Micro Grid System Reinforcement Across Deregulated Markets,
Energy Resources

Multi-agent based small scaled smart grid reinforcement scheme is proposed to
manage energy resources by enhancing resilience to supply power to critical
loads in peak demand by leveraging demand side management (DSM) for
smoothing load profile and optimal energy storage system (ESS) scheduling in
response to grid cost. Interconnected microgrids comprise diverse energy
resources that allow sharing energy to balance fluctuation by deploying a market
that rewards cheap energy. Three stages are defined in this proposed scheme. In
the first stage, without DER, consumption charges are reduced to 7.1% through
DSM, but customer comfort is compromised. In the second stage, microgrids
comprise RER; energy consumption-related charges are reduced to 92.2% by the
feed-in tariff (FIT) Program. In the final stage, the inclusion of energy market for
trading among microgrids (ESS, diesel and RER) resulting in reduced charges
greater than charges incurred from the grid is defined by 122.1%.

EPRO-P3-003

Passivity and Decentralized Stability Conditions for Grid-Forming

Converters

We prove that the popular grid-forming control, i.e., dispatchable virtual oscillator
control (dVOC), also termed complex droop control, exhibits output-feedback
passivity in its large-signal model, featuring an explicit and physically meaningful
passivity index. Using this passivity property, we derive decentralized stability
conditions for the transient stability of dVOC in multi-converter grid-connected
systems, beyond prior small-signal stability results. The decentralized conditions
are of practical significance, particularly for ensuring the transient stability of
renewable power plants under grid disturbances.
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