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Terminology & Context
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Data-driven (Transformer Load) Modelling

Salazar Duque, E. M. M., Dukovska, I., Nguyen, P. H., & Bernards, R. (2020). Data Driven 
Framework for Load Profile Generation in Medium Voltage Networks via Transfer Learning. 
In 2020 IEEE PES Innovative Smart Grid Technologies Europe (ISGT-Europe) (pp. 909-913).

Mocanu, E., Mocanu, D. C., Nguyen, 

P. H., Liotta, A., Webber, M. E., 

Gibescu, M., & Slootweg, J. 

G. (2019). On-line building energy 

optimization using deep 

reinforcement learning. IEEE 

Transactions on Smart Grid, 10(4), 

3798-3708. 

Sequential Droop Control (SDC) 
– Consensus based algorithm 
to mitigate voltage rise

Mai, T., Haque, A. N. M. M. N., Vergara Barrios, P., 
Nguyen, P. H., & Pemen, A. J. M. G. (2020). Adaptive 
coordination of sequential control for PV inverters to 
mitigate voltage rise droop in PV-Rich LV distribution 
networks. Electric Power Systems Research, [106931].

Dynamic modelling and 
stability analysis for fault-
initiated islanding

Component-based model

[i] Roos, M, Nguyen, P, Morren, J & Slootweg, H 2020, 'Modeling and 
experimental validation of power electronic loads and DERs for microgrid
islanding simulations', IEEE Transactions on Power Systems, vol. 35, no. 3, 
8902151, pp. 2279-2288. https://doi.org/10.1109/TPWRS.2019.2953757
[ii] M. H. Roos, P. H. Nguyen, J. Morren and J. G. Slootweg, "Direct-
quadrature Sequence Models for Energy-function based Transient Stability 
Analysis of Unbalanced Inverter-based Microgrids," in IEEE Transactions on 
Smart Grid, doi: 10.1109/TSG.2021.3069188.

DigiPES Lab
Highlighted research results 
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Background

Agent-based modelling
A software agent is a computer 
program, acting on behalf of its 
user/owner, pursuing its own 
goals
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Background
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Local supply and demand matching

Architecture
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Greunsven, J. A. W., Veldman, E., Nguyen, P. H., Slootweg, J. G., & Kamphuis, I. G. (2012). Capacity 
management within a multi-agent market-based active distribution network. In Proceedings of the 
3rd IEEE PES Innovative Smart Grid Technologies (ISGT) Europe Conference, 14-17 October 2012, 
Berlin, Germany (pp. 1-8). Institute of Electrical and Electronics 
Engineers. https://doi.org/10.1109/ISGTEurope.2012.6465678



Local supply and demand matching

Coordination mechanism
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Local supply and demand matching
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Provided files

Scripts
• main.m
• bidcurves_window.m

Functions
• eqprice.m

Class files
• Controllable and uncontrollable appliances
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main.m
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Initialization variables for appliances.
Make sure to change for multiple cases.



Use the class files to create and customize the appliances

Electrical Engineering\Electrical Energy Systems14



Class files

• fr_class.m
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Attributes



Class files

• bidcurve.m
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Function to create bid curve

Local variable to measure 
normalized status

Use it to determine the bid



Price calculation

eqprice.m
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Device response
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Input required to determine the response



Class files

• response.m

Electrical Engineering\Electrical Energy Systems19

Determine response

Switch on or off?

Response in terms of state variable
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Example
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Flexibility for congestion management

Haque, A. N. M. M., Nguyen, H. P., Bliek, F. W., & Slootweg, J. G. (2017). Demand response 
for real-time congestion management incorporating dynamic thermal overloading 
cost. Sustainable Energy, Grids and Networks, 10, 65–
74. https://doi.org/10.1016/j.segan.2017.03.002



Example
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Example
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Example

Electrical Engineering\Electrical Energy Systems24

Transformer loading



Example
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?

Required and procured 
flexibility

Overloading cost and 
electricity price



Example
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Heat pumpFreezer

Load shifting forces the 
device to operate in 
different temperature.

Note: It does not violate 
the preferred set points.
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FP7 – INCREASE project

• Control architecture layers
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FP7 – INCREASE project

• Mitigating voltage rise in PV-rich networks
• Fair P-V curtailment
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FP7 – INCREASE project

• Principal
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FP7 – INCREASE project

• Other considerations:
• Dead band to avoid oscillation
• Virtual maximum power point
• Different sizes of the inverters
• Communication time delay
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FP7 – INCREASE project

• LV network of holiday park Bronsbergen
• First micro-grid in Netherlands
• High penetration of PV: 315 kWp (~50% of cottages)
• Well designed (400 kVA transformer, 150 mm2 Al cables)
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FP7 – INCREASE project
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Single-point forecasting

Renewable forecast:
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Fuel condition
Irradiance
Temperature
Wind speed
Maintenance schedule...

Forecasting model:
- Physical model
- Data-driven based 

model
State estimation model:
- Physical based
- Data-driven

Web App



Collaborative learning
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• Baselining assessment
• Anomaly detection



Conclusions

• Massive integration of distributed energy resources can be supported 
by agent-based modeling techniques.

• Development of agent-based modelling and control solutions needs to 
be simple, replicable, and scalable. 

• Digital transformation creates a cyber-physical ecosystem to attach 
advanced (distributed) intelligence on the power grid.
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Thank you!
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