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The idea and the possibilites



Motivation

Energy transition revolution

• Changing energy supply conditions

• Reduced controllability of renewable energy sources

• Infrastructural changes in grid necessary

Interdisciplinary research

• Smart grids – product of cross-interaction between fields

• Synergy among separate focus groups
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Realistic validation
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Source – Wikipedia, V-model of systems development lifecycle
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CoSES: Overall Layout

A. Mohapatra, M.Sc., TUM | anurag.mohapatra@tum.de | https://www.mep.tum.de/mep/coses/ 5



CoSES: Electrical Grid
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CoSES: Heat Grid
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CoSES: Communication Grid

A. Mohapatra, M.Sc., TUM | anurag.mohapatra@tum.de | https://www.mep.tum.de/mep/coses/ 8



• Cable parameters – Never 100% accurate.

• Whole set of measurements – Rarely available everywhere.

• Massive centralized computation power to throw at a problem – Not practical.

• DER manufacturers will not let you interfere with internal controller for direct control.

• CHP and Heat pumps do not modulate 0-100%.

• Most heat grid components deviate significantly from datasheet performance.

• Nobody knows how to control “Real” bi-directional heat grids.

• Real interface between optimization and control – and it is a problem!

• Things are rarely useful if not easily reproducible.

Laboratory: Guiding Philosophies.
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Sector coupled Power Hardware-in-the-loop

CoSES: Experiment Design

Controller Power HIL

Real-time system

A. Mohapatra, M.Sc., TUM | anurag.mohapatra@tum.de | https://www.mep.tum.de/mep/coses/ 10

Local user interface

API access

Simulation models
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Study #1: Experimental Model Validation of a Thermal Storage

Charging with Condensing Boiler
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https://www.sciencedirect.com/science/article/pii/S030626192201813X

https://www.sciencedirect.com/science/article/pii/S030626192201813X


Study #2: Grid Connected Self Consumption of PV
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Schematic of the PHIL experiment for matching the 

PV production as a dynamic load to make net 

export zero in grid connected mode. Grid export with Prosumer#2 matching the PV Power

https://www.sciencedirect.com/science/article/abs/pii/S0378779622005818
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Study #3: Optimal prosumer operation in district heating grids

House 1

House 2

House 4

CHP

Cost optimization of 3 houses over 24 hours in 15 minute steps

ASHP

EH

ST   PV

PV

A. Mohapatra, M.Sc., TUM | anurag.mohapatra@tum.de | https://www.mep.tum.de/mep/coses/

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4003819
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Study #4: Experimental validation of decentral optimal power flow.
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1. ADMM based Decentralized OPF

2. Different clusters do not share their internal costs

3. Clusters exchange only tie-line voltages

4. The OPF execution rate is close to real-time (20 sec)

5. The OPF is implemented in Julia that communicates with NI Veristand through JSON using TCP Connection

https://ieeexplore.ieee.org/document/9916705

https://ieeexplore.ieee.org/document/9916705
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Features:

• Grid connection – Munich LV grid

• LV network – 70 & 95mm2 cables

• Generators & Loads – Egston

• Control algorithm– Simulink & LV

• OPF algorithm – Julia

• Messaging– JSONs + LV API

Components:

• 3 x RT Embedded controllers

• 2 x PCs for distributed optimisation

• 46 x V, I measurements

• 6 x Power amplifiers

• 1 x Veristand RT environment

Cluster A

Cluster B

Study #4: Experimental validation of decentral optimal power flow.
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