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• Optimization: Community Detection in Electrical Grids/Peer-to-Peer

• Optimization: Vehicle-to-Grid Optimizing Bi-Directional Assets

• QML1: Power Plant Anomaly Detection via Hybrid Neural Networks

• QML: Clustering-based Anomaly Detection for Grid Assets

• QML/QAE2: Optimized qGAN3 for power plant option pricing

1 Quantum Machine Learning; 2 Quantum Amplitude Estimation; 3 Quantum Generative Adversarial Networks
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Future of the Energy Sector

Role
Households’ role changes from consumers to 
prosumers.

Challenges
Congestion, role of DSO, accommodate new 
market players…

Opportunities
New energy markets at the distribution system 
level are gaining strength.

Goal EU requires to achieve 40% renewable generation 
by 2030 (Fit for 55).  
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Problem Description

The future grid is complex, 
decentralized and bidirectional
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Community Detection in Grids

Question
How can we optimally detect communities taking into account technical
characteristics of the electrical grid?

Couple market 
and 

infrastructure

Simplify 
power 

analysis

Reduce power 
losses in 

transactions
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Modularity (complex network theory) 
“Fraction of the edges that fall within the given group minus the expected fraction 
if edges were distributed at random.”  
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Modularity applied to a graph in which edges are given a weight based on two 
electrical measures:
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Community Detection in Grids

Electrical  Modularity
Modularity applied to a graph in which edges are given a weight based on two 
electrical measures:

Composite weight
• Line resistance
• Sensitivity of the line

How can we partition an electrical grid maximizing electrical modularity?



Quantum @E.ON

Workflow

Data 
preparation

Prepare the 
problem for 
the specified 

backend

Sample the 
problem

Post-process 
results
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Workflow
Data preparation

Elements IEEE-14 IEEE-33 IEEE-118

Buses 14 33 118

Lines 15 37 173

Loads 11 32 99

Generators 4 0 53

Grid ext. 1 1 1

Trafos 6 0 13
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Workflow
Creates problem

Binary Integer Programming (BIP) Problem

Binary, 1 if bus i belongs to group k
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Workflow
Backends

Methods IEEE-14 IEEE-33 IEEE-118

DWaveSampler ✓ - -

LeapHybridSampler ✓ ✓ -

LeapHybridDQMSampler ✓ ✓ ✓
Louvain ✓ ✓ ✓
Gurobi ✓ ✓ ✓



Quantum @E.ON

Workflow
Results

Table 1. Modularity results for several samples and several number of communities.
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Workflow
Results

Table 2. Modularity and run time for IEEE 118 bus partitioned into 9 communities.

Fig. 5. Partition of network IEEE 118-bus test case
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Conclusions

• Quadratic objective functions create a perfect candidate to use quantum 
annealing.

• Hybrid samplers bridge the gap between current quantum hardware and 
scalable applications.

• Modularity optimization can be applied to electrical grids and serves as a 
flexible tool to account for other information.

• Partnership with D-Wave has proven invaluable in the development of the 
project. 



Quantum @E.ON

Ongoing work

• Incorporate live data and weight analysis

• Further analysis on relevant applications in the E.ON context

• Cloud architecture deployment for q-software in production

• Further exploration of hybrid architectures for performance improvement

• Hyperparameter tuning
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