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ECS4DRES Overview

ECS4DRES will strengthen the
long-term reliability, safety,
and resilience of DRES by

developing advanced
monitoring and  control
technologies including

integrated sensors capable of
different types of detection for
safety purposes, and for
monitoring of energy
transfers. Finally, ECS4DRES
will achieve interoperable and

low-latency communication
systems, enabling the
widespread interconnection

of a large number of DRES,
subsystems, and components
to realize optimal energy
management between
sources, loads, and storages
within the microgrid, to
improve power quality and to
enable  resilient  system
operation. Minimum power
consumption and maximum
interoperability are further
goals for the researched
monitoring & control and
communication solutions. The
overall target is to align with

Energy flow & direction

Data flow & direction

'VPP: Firtuai Power Plant
PHIL: Power Hardware in the Loop

the EU policy on energy
efficiency and contribute
towards reduction of CO:
emissions of 55% by 2030
and to become climate
neutral by 2050, and
development for enhancing
component technologies that
guarantee security, trust and
energy-efficiency for critical
infrastructures and sectors in
Europe. ECS4DRES strives to
deliver a set of interoperable
mature solutions centered
around energy conversion
and management for DRES,
by designing, developing, and
implementing the necessary
electronic hardware and
software components and
systems. This includes the
development of:

» hardware including
highly efficient (e.g, > 97%
efficiency) and high-power
density (e.g, > 50 W/inch3
power  density) power
converters and their control
systems, grid-interfacing

components, sensor
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(e.g., hydrogen sensor with

sensitivity  better  than
RH2/R0O =~ 50) and
monitoring systems (e.g.,

50% reduction of memory
footprint and energy
consumption of the applied
neural networks) and their
integration.

» algorithms and software
tools including control
techniques for DRES and at
grid level, local balance
between energy production
and consumption in
microgrids (e.g.,, > 50% peak
power reduction), by taking
advantage from Al (e.g, >

25% improved accuracy for
energy management
measures; > 95%
probability to detect
anomalies)

» communication
techniques including

applications of 5G (e.g, >
70% reduction of latency)
and wireless extensions of
power line communications

Smart microgrid with local green source, H2 generation and
green certificates for better reliability
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AC and DC EV charging grids with improved
power quality
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Intelligent cooperative buildings in microgrids I
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Microgrid in the framework of local energy community to
increase flexibility and coordination

| Monitoring, sensing and communication to improve DRES

The ECS4DRES concept



Dissemination Activity EnerHarv 2026, Madrid 27-29 May

ECS4DRES is a Chips Joint Undertaking project in which Infineon Technologies AG participates. As
part of its dissemination activities, the project took part in EnerHarv 2026, the International
Energy Harvesting Workshop held in Madrid, Spain, presenting a thermoelectric-powered,
hardware-secured Bluetooth Low Energy (BLE) sensor node for industrial predictive maintenance.
The presentation, titled “Thermoelectric Energy-Harvesting Secure BLE Sensor Nodes for
Authenticated Industrial Sensing,” covered the following technical progress:

1. For the characterization of thermoelectric

. generators (TEGs) for industrial waste-heat

v %/ : , _ harvesting, four candidate TEGs were fully

’ - characterized in terms of open-circuit

voltage, short-circuit current, internal

resistance and maximum power.

2. For the design of a compact, secure hardware

platform, custom 4x3.5 cm PCBs were

developed, integrating an ESP32-C6-Mini-1
microcontroller, an Infineon OPTIGA™ Trust

M v3 secure element, a PT1000 precision

temperature probe, and an SPV1050 energy

© harvester.

' 3. For the closing of the harvested energy
budget, an analytical power-budget model
relating TEG power, harvester and LDO
efficiencies, and load draw was derived and
validated across multiple TEG, AT, and
advertising-interval scenarios. The results
show that the node’s battery can sustain net
charging under realistic AT of 40-70°C for the
higher-power TEG candidates.

. For the adaptation of secure activation
protocols to constrained BLE beacons, an
OTAA-style join procedure was ported from
LoRaWAN to iBeacons, using a hardware
secure element to derive rotating Application
and Network session keys from a pre-shared
key, providing confidentiality, authenticity,
and replay protection.

. For the demonstration of the concept, a
working demonstrator was built: a TEG
mounted on a controlled hot plate powering
a secure node that transmits authenticated
temperature readings to a gateway and a live
monitoring dashboard, and shown live to
workshop attendees.

nologies AG, as part of the Chips JU project ECS4DRES under grant agreement No.
101139790.
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Dissemination Activity EnerHarv 2026, Madrid 27-29 May

As part of its dissemination activities, ECS4DRES took part in EnerHarv 2026, the International
Energy Harvesting Workshop held in Madrid, Spain, where we were excited to present a
thermoelectric-powered, hardware-secured Bluetooth Low Energy (BLE) sensor node for industrial
predictive maintenance.

Our presentation, “Thermoelectric Energy-Harvesting Secure BLE Sensor Nodes for Authenticated
Industrial Sensing,” showcased great progress: Low Energy (BLE) sensor node for industrial
predictive maintenance. The presentation, titled “Thermoelectric Energy-Harvesting Secure BLE
Sensor Nodes for Authenticated Industrial Sensing,” covered the following technical progress:

1. “« TEG characterization: Four candidate thermoelectric generators were fully characterized in
terms of open-circuit voltage, short-circuit current, internal resistance, and maximum power
output.

2. Compact, secure hardware platform: We built custom 4x3.5 cm PCBs integrating an ESP32-
C6-Mini-1 microcontroller, an Infineon OPTIGA™ Trust M v3 secure element, a PT1000 precision
temperature probe, and an SPV1050 energy harvester.

3. Closing the energy budget: An analytical power-budget model was developed and valida-
ted across multiple TEG, AT, and advertising-interval scenarios. The results are encouraging: the
node’s battery can sustain net charging under realistic AT for the TEG candidates.

4. '+ Secure activation for BLE beacons: We adapted an OTAA-style join procedure from
LoRaWAN to iBeacons, using a hardware secure element to derive rotating session keys —
bringing confidentiality, authenticity, and replay protection to a technology that was never
designed for it.

5. © Live demonstration — We built a working demonstrator: a TEG mounted on a controlled
hot plate, powering a secure node that streams authenticated temperature readings to a gate-
way and live monitoring dashboard, right in front of workshop attendees.

Heat Source + TEG

Secure Node ‘\

Sensor

Monitoring Ul

A great opportunity to connect with the energy harvesting community and share where this
technology can go next!

nologies AG, as part of the Chips JU project ECS4DRES under grant agreement No.
101139790.
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ECS4DRES Journal Publications

1. ].Zettelmeier, R. Schwanninger, M. Marz, “The thermal runaway phenomenon in cryogenic power electronics”, in [IEEE
Transaction on Power Electronics, vol. 40, pp. 12606-12613, September 2025;

2. C.Sbrana, A. Catania, T. Toschi, S. Strangio and G. [annaccone, "12-bit Delta-Sigma ADC Operating at a Temperature of Up
to 250 °C in Standard 0.18 pym SOI CMOS", in IEEE Transactions on Circuits and Systems I: Regular Papers, vol. 72, no. 12,
pp. 7578-7587, Dec. 2025

3. F. Marasciuolo, M. Dicorato, G. Forte, and G. Tricarico, “A DC Microgrid as Electric Vehicle Supply Infrastructure: Energy
Management Architecture and Field Implementation”, IFAC-PapersOnLine, vol. 59, no. 9, pp. 321-326, 2025

4. R.Schwanninger, N. Stocklein, N. Weitz, X. Yang and M. Marz, “A Path to Configurable Solid State Transformers and Energy
Routers: Introduction to Modular Active Cell Control", in IEEE Transactions on Power Electronics, 2025

5. Ruijun Liu, Dayu Zhang, Lu Wang, Chunting Chris Mi, Pavol Bauer, Zian Qin,” A transformer-enhanced framework for
lithium-ion battery capacity estimation using limited imaginary impedance feature”, in Journal of Energy Storage, June
2025

6. Amler, L. Best and M. Marz, "Capacitive Power Transfer as Scalable Low-Cost Multi-Load Auxiliary Power Supply for Gate
Drivers", in I[EEE Open Journal of Power Electronics, vol. 6, pp. 1910-1922, 2025

7. Junjie Xiao, Lu Wang, Qobad Shafiee, Pavol Bauer, Zian Qin, “Cyber Resilient Communication Network Design for
Secondary Control of Microgrids”, in IEEE Transactions on Industrial Informatics, April 2025

8. M. De Santis, A. R. Di Fazio, M. Russo, T. Hanigh, and A. Borghetti, “Decentralized multi-objective optimization of
distribution system operation exploiting flexibility of electric vehicle parking lots and photovoltaic systems”, Sustainable
Energy, Grids and Networks, vol. 43, Art. no. 101873, 2025

9. Richard Ravasz, Viera Stopjakova, David Maljar, Daniel Arbet, Lukas Nagy, Martin Kovac, “Development of slope detection
ASIC for on-chip current sensing in voltage converters”, in journal by Elsevier, September 2025

10. Zian Qin, Sebastian Rivera, Haoyuan Yu, Frede Blaabjerg, “Innovative electric vehicle charging infrastructure for
european transportation electrification: megawatt charging hubs with battery energy storage and solid-state
transformers for medium-voltage grid integration”, in [EEE Electrification Magazine, vol. 13, no. 3, pp. 6-16, Sept.
2025.September 2025

11. Schwanninger R, Bosch M, Wunder B, Marz M, ,Investigations on Output Impedance Measurement of Digitally Controlled
Power Converters with Wide Bandwidth Signals”, in Energies, 2025

12. Adam Hudec, Viera Stopjakova, Robert Ondica, Miroslav Potocny, Lukas Nagy, “The Impact of Maximum Power Point
Tracking Algorithms on Properties of On-Chip PV-Based Energy Harvester for [oT Devices”, in Sensors, February 2026

13. M. Mesa-Simén, A. Escobar-Molero, L. Parrilla, D. P. Morales, J. A. Alvarez-Bermejo, and F. J. Romero, “Integration of

Hardware Security Modules into BLE Beacons: Fundamentals and Use in a Secure and Private Geofencing Application,”
Internet of Things, vol. 34, Art. no. 101762, 2025

14. S. S. Queiroz, L. F. Costa, “A_Comprehensive Analytical Model and Performance Analysis of the LLC Resonant DCX
Converter Considering Dead Time and Parasitic Effects”, IEEE Open Journal of Power Electronics, vol. 7, pp. 1477-1492,
2026, doi: 10.1109/0JPEL.2026.3683566.

15. F. Z. Rokhani, M. R. Stan, M. Palesi and K. -C. Chen, "Thermal-Aware NoC for Al Computing: Tools, Algorithms, and
Applications", in IEEE Open Journal of Circuits and Systems, vol. 7, pp. 43-59, 2026, doi: 10.1109/0JCAS.2026.3662252

16. Ulrich, I. Stadler, and E. Waffenschmidt, "Optimal Power Flow Formulations for Coordinating Controllable Loads in

Distribution Grids: An Overview of Constraint Handling and Hyper Parameter Tuning When Using Metaheuristic
Solvers", Electricity, vol. 6, no. 2, p. 31, 2025, doi: 10.3390/electricity6020031
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1. T. Gergely, D. Arbet, M. Kova¢ and V. Stopjakova, “Design of Resistance to Frequency Converter for Gas Sensing
Applications,” 2024 International Conference on Applied Electronics (AE), 2024.

2. R. Ondica, M. Kova¢, D. Arbet and V. Stopjakova, “Approximations of inductor current for a fully on-chip Conventional
Boost Converter in Discontinuous Conduction Mode,” ICETA 2024 - International Conference on Emerging eLearning

Technologies and Applications, 2024.

3. D.Maljar, M. Sovcik, M. Potocny and V. Stopjakova, “Configurations of one-time calibrated FDDA for selected parameters
verification,” ICETA 2024 - International Conference on Emerging eLearning Technologies and Applications, 2024.

4. T.Michalka, A. Hudec, R. Ondica and V. Stopjakova, “Inspection of Maximum Power Point Tracking Methods Suitable for
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2024.

5. R Ondica, D. Maljar, M. Poto¢ny, D. Arbet and V. Stopjakova, “Tunable Voltage Reference circuit in a standard 65nm CMOS
technology,” The International Symposium on Design and Diagnostics of Electronic Circuits and Systems, 2025.

6. M. Sovcik, D. Arbet, L. Nagy, and V. Stopjakova, “On-chip Digital Calibration of Low-voltage Operational Amplifier in
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7. F.Marasciuolo, M. Dicorato, G. Tricarico, G. Forte and R. Sbrizzai, "Demand Response in Distribution Operation Planning
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Engineering and 2025 IEEE Industrial and Commercial Power Systems Europe (EEEIC / I&CPS Europe), Chania, Crete,
Greece, 2025, pp. 1-6.

8. M. Potocny, M. Kovac, D. Arbet and V. Stopjakova, "Indirect Current Detection Method for Active Switch Control in a Low-
Power Flyback Converter", 2025 International Conference on Applied Electronics (AE), Pilsen, Czech Republic, 2025, pp.
1-5.

9. Francesca Marasciuolo, Maria Dicorato, Gioacchino Tricarico, Giuseppe Forte, Roberto Sbrizzai, “Integrating EV-based DC
microgrids in distribution network for energy community purposes”, IEEE PowerTech 2025 International Conference,
Kiel, Germany, 2025.

10. R. Bagin, L. Nagy and V. Stopjakova, "Low-Power Reconfigurable FIR Filter HDL Design", 2025 International Conference
on Applied Electronics (AE), Pilsen, Czech Republic, 2025, pp. 1-6.

11. S. Zhang, ]. Dong and P. Bauer, "Multiplexing Wireless Power Transfer System for EV Charging Stations", 2025 IEEE
Wireless Power Technology Conference and Expo (WPTCE), Rome, Italy, 2025, pp. 1-5.

12. R. Ondica, A. Hudec, D. Maljar and V. Stopjakova, "Review of Non-Isolated Inductive DC-DC Step-Up Voltage Converters
for Full On-chip Integration"”, 2025 International Conference on Emerging eLearning Technologies and Applications
(ICETA), Stary Smokovec, Slovakia, 2025, pp. 636-642

13. ]. Xiao, P. Bauer and Z. Qin, "Revisit Active Power Oscillation in Multi-Virtual Synchronous Generators Grid," 2025 IEEE
Applied Power Electronics Conference and Exposition (APEC), Atlanta, GA, USA, 2025, pp. 609-615

14. D.Rigato, D. Biadene, P. Magnone, and T. Caldognetto, “Adaptive Inertia Controller for Grid-Forming Converters,” in [FAC
SENSYS, Italy, pp. 327-332, 2025 Technical WorkshopR. Ondica, D. Arbet, M. Kovac, M. Potocny, V. Stopjakova, “A CMOS
72kHz-123MHz Tunable Oscillator for Low-Power IoT Applications”, IEEE International Symposium on Design and
Diagnostics of Electronic Circuits and Systems - DDECS 2026, Bratislava, Slovakia, April 27-29 2026

15. M. Kovac, R. Ondica, R. Bagin, D. Arbet, V. Stopjakova, “Investigation of MPPT Control for Hybrid Voltage Converter in
Low-Power Energy Harvesters”, IEEE International Symposium on Design and Diagnostics of Electronic Circuits and
Systems - DDECS 2026, Bratislava, Slovakia, April 27-29 2026

16. D. Maljar, R. Ondica, D. Arbet, M. Kovac, V. Stopjakova, “Silicon-Proven Low-Dropout Regulator Designed in 65nm CMOS
Technology”, IEEE International Symposium on Design and Diagnostics of Electronic Circuits and Systems - DDECS 2026,
Bratislava, Slovakia, April 27-29 2026

17. Junjie Xiao, Lu Wang, Xiong Du, Pedro Rodriguez and Zian Qin, “Mitigation of Active Power Oscillation in Multi-VSG Grids:
An Impedance-Based Perspective”, IEEE Transactions on Industrial Electronics, Jan 2026F.

18. Yang, H. Yu, L. Wang, P. Bauer and Z. Qin, "Frequency Stability Enhancement of the Grid-Following and Grid-Forming
Control with Emulated Inertia and Damping," 2025 IEEE 16th International Symposium on Power Electronics for

Distributed Generation Systems (PEDG), Nanjing, China, 2025, pp. 62-67

19. S.S.Kadam, J. V. G. Franca, I. Christou, M. van de Zanden, L. F. Costa, “A Novel CHB+MAB based Solid-State Transformer
Architecture for Fast Charging EV Grids”, IEEE Applied Power Electronics Conference and Exposition, (APEC), Atlanta, GA,

USA, 2025, pp. 609-615
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ECS4DRES in social media

ECS4DRES Coordinator Follow us to keep up to date with the project progress!
m ECS4DRES -Project
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