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Sector-coupled microgrid at TUM

• Reconfigurable 1.5 km power grid

• Power Hardware-in-the-Loop – up to 250 KVA

• Prosumer emulation - heat and power 

• PV, battery and charger for electric cars

• Decentralised control systems

• Unified programming interfaces

• API access to the lab

CoSES at a glance
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• Majority of the new renewables are going to appear on distribution grids – predominanlty PV.

• Heatpumps and EV chargers will also contribute.

Motivation – High resolution modeling case for a DSO
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• Majority of the new renewables are going to appear on distribution grids – predominanlty PV.

• Heatpumps and EV chargers will also contribute.

• The distribution grid will have to be upgraded – at a heavy cost!!

• DSO needs to know which grids are critical. 

• Scheduling of capital upgrades in grids.

Motivation – High resolution modeling case for a DSO
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• Majority of the new renewables are going to appear on distribution grids – predominanlty PV.

• Heatpumps and EV chargers will also contribute.

• The distribution grid will have to be upgraded – at a heavy cost!!

• Standard Load profiles will not be sufficient –

− Home EMS

− Grid side flexibility measures

− Batteries as VPP

− Sector-coupled consumer needs 

Motivation – High resolution modeling case for a DSO
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• Majority of the new renewables are going to appear on distribution grids – predominanlty PV.

• Heatpumps and EV chargers will also contribute.

• The distribution grid will have to be upgraded – at a heavy cost!!

• Standard Load profiles will not be sufficient –

− Home EMS

− Grid side flexibility measures

− Batteries as VPP

− Sector-coupled consumer needs 

• Transformer timeseries is not an inelastic sum of standard load profiles

Motivation – High resolution modeling case for a DSO
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• Transformer timeseries is not an inelastic sum of standard load profiles

• Over 500,000 distribution grids transformers in Germany.

• TSO needs upstream grid asset upgrade to handle new renewables and sector-coupling below.

• Same argument for HV/MV transformers in a DSO grid.

Motivation – High resolution modeling case for a TSO
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• State-of-the-art approach is MILP modeling with hourly or 15m time-series.

• Typical days or in best case – one or multiple calendar years.

• Run through different flexibility paradigms 

• Each node is an active entity.

Motivation – Model detail vs discrete decisions
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• State-of-the-art approach is MILP modeling with hourly or 15m time-series.

• Typical days or in best case – one or multiple calendar years.

• Run through different flexibility paradigms 

• Each node is an active entity.

• Decide upon –

− Grid reinforcement (discrete)

− DER dispatch

Motivation – Model detail vs discrete decisions
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• State-of-the-art approach is MILP modeling with hourly or 15m time-series.

• Typical days or in best case – one or multiple calendar years.

• Model setup takes a lot of time and turns intractable beyond few hundred nodes.

• Setup data collection is not trivial – difficult to haromize the assumptions from different datasets.

• The target timeseries of value aggregates from otherwise useless individual series.

− but it costs RAM regardless!

• Transformer or cable upgrade is dependent on next larger available size.

− decision is the same if the transformer is 1% overloaded or 10% overloaded.

• Every scenario is a separate model run.

− Cannot solve a part of the model, however small the change. Inefficient use of computation.

Motivation – Model detail vs discrete decisions
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• Can we replace the MILP model with ML surrogates for rapid yet reasonable estimates?

Research Gap
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• Which architectures are best suited for the inference?

• Decide the input and output tuples for the dataset.

• Rules for splitting the training, validation and test datasets.

• Can the grids surrogate be transfered to a new grid with less data?

• Basic workflow 

− Generate 27 full runs from MILP model on a benchmark distribution grid.

− Aggregate the time-series to create input-output tuples.

− Two test datasets – one full scenario (one calendar year) + two composite scenario (4 weeks at 

random taken from other 26 scenarios)

First attempt – May‘23
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• Which architectures are best suited for the inference?

• Decide the input and output tuples for the dataset.

• Rules for splitting the training, validation and test datasets.

• Can the grids surrogate be transfered to a new grid with less data?

First attempt – May’23 (Max Schulze MA)
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• Hyperparameter tuning for LSTM and Transfomer architectures

• Feature engineering and data augmentation for better results.

• Archetypical benchmark grids – rural, semi-urban, urban.

• Does urban archetype transfer best to a new urban grid?

Second attempt – October’24
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#1 – ML surrogates are fast, accurate and transferrable.
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• dfsdf

#1 – ML surrogates are fast, accurate and transferrable.
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• dfsdf

#2 – GNN surrogates take less data and predict voltages
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• ML surrogates for existing MILP models are possible – 

− speed advantage for subsequent scenario runs.

− Can be trained for multiple objectives.

− Can work with only ten scenarios.

− Can predict voltages using LinDistFlow equations.

But,

• MILP model should exist.

• Inference works so far for only one grid at a time.

• Data requirement is still high for setup.

− Although far reduced than the full MILP model.

Checkpoint #1
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• Can we blend surrogates to make a composite surrogate at a higher level of grid abstraction?

• Can we work without the a full calendar year MILP run as ground truth?

• Can we use the surrogates themselves to create synthetic ground truth?

Scalability is a concern
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• Can we blend surrogates to make a composite surrogate at a higher level of grid abstraction?

• Can we work without the a full calendar year MILP run as ground truth?

• Can we use the surrogates themselves to create synthetic ground truth?

Scalability is a concern
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New workflow

− Use only a four type weeks instead of one calendar year

− Only one full MILP run scenario for Grids A, B and C

− Use the surrogates of Grid A and B to create more datasets for 

a combined Grid C.

− Assume there is no energy exchange between Grids A and B

H. Genena, A. Mohapatra, et.al, "Blending Surrogates for Energy System Modeling," accepted in 

2026 IEEE PES General Meeting, Montreal, 2026.



• 37 hours (MILP) vs 234 seconds (Surrogate) to generate 27 scenarios for training dataset.

• Training dataset for composite Grid C formed by combining equivalent (synchronous) or arbitrary 

(asynchronous) scenarios of Grid A and B.

#3 – Uncoordinated grid surrogates can be blended without 

any original MILP modeling needed for the composite grid.
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• Uncoordinated grids can be represented by a single composite surrogate made up of individual 

surrogates of downstream grids.

• No large MILP model needed for the composite grid to serve as ground truth

But,

• We still need a MILP model for the downstream grids to create their surrogates 

• Model setup pain still exists for all these downstream grids

• We still need one surrogate per transformer.

• Uncoordinated assumption must hold for the studies using this technique.

• Can we make one surrogate for any distribution grid in the country and without the model setup pain??

Checkpoint #2
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• National policy is underpinned by opaque studies with zero verifiability.

• Use of representative grids to model the whole country.

− Real grids given by operator - impossible to access.

− Synthetic grids - need access to propreitary datasets.

− Almost arbitrary clustering to get representative set.

• MILP modeling is out of question due to the scale.

− Arbitrary rules to abstract the optimisation step.

Motivation – Open data & models for national energy studies
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• Brownfield and greenfield transformers

• Open source GIS datasets

• Government cadastral and census datasets

• DIN norms and equipment catalog

• Continuous improvement possible with new data

#4 – Open source synthetic LV grid models can be 

generated for whole Germany
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• A crisis of available data to learn across.

• We might have the synthetic grids but we need a full model setup for each grid

− demand, generation, weather, prices at each node for each grid.

One surrogate for all German LV grids...
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− demand, generation, weather, prices at each node for each grid.
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• Open-source MILP ground-truth tool.

• Using existing open-source demand tools.

• MILP optimization following HEMS paradigm

− Houses are optimized individually for optimal DER size

• Full AC power flow to account for grid losses.

• Works for any German grid.

One surrogate for all German LV grids...
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• Use computationally cheaper proxies as surrogate inputs

• Time taken to train Surrogate vs Time taken to generate inputs for surrogate inference.

One surrogate for all German LV grids...
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• One surrogate hits < 10% accuracy on |S| at Transformer for all 200 test grids – no transfer learning.

• Completely open-sourced dataset and models.

• 500,000 German LV grids can be inferenced in 5.2 days – including surrogate input data generation.

#5 One surrogate possible for all German grids
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• One surrogate hits < 10% accuracy on |S| at Transformer for all 200 test grids – no transfer learning.

• Completely open-sourced dataset and models.

• 500,000 German LV grids can be inferenced in 5.2 days – including surrogate input data generation.

#5 One surrogate possible for all German grids
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1. ML surrogates are fast, accurate and transferrable.

2. GNN surrogates take less data and predict voltages

3. Uncoordinated grid surrogates can be blended without any original MILP modeling needed for the 

composite grid.

4. Open source synthetic LV grid models can be generated for whole Germany

5. One surrogate possible for all German grids

Conclusion
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