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Project scope

* Problems addressed
Analysing the impact a high amount of

O,

SG
integrated distributed renewable generation 2
has on grid stability -

@

1. Low requirements for DER on voltage and
frequency control and fault-ride through.
2. Limited flexibility from generation and demand

Interaction
TSO-DSO

connected at distribution level. i &
3. Risk of cascading failure events. i oad .
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* Solutions Voltage
) N o Stability
Exploring how flexibility provisions from renewable
generation and demand at distribution level can Frequency
Stability

contribute to system stability

1. Voltage control from DER in normal and fault operation.

2. Quantification of reserve capability from thermal energy and
storage in buildings and electric vehicles at distribution level.

3. Frequency support from DER to limit cascading failure events
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Completed activities

WP1:Impact analysis of distributed renewable generation

. Implementation of steady state models to evaluate the flexibility contribution from active
demand for voltage support and line congestion management. LV case study based on Danish
Demonstration Site (Hyllegaard Hgje living lab)

. Unbalance steady state models for power flow and short-circuit calculation. Implementation
in open-source software (VeraGrid)

WP2: Flexibility solutions for voltage stability

. Implementation of voltage controllers for active urban flexible demand, including heat
pumps, EVs, PVs, and electric batteries.

. Implementation of Linear Rotational Transformation (LRT) and X/R Ratio Estimation for Grid
Forming control to operate in low-voltage, non-inductive grids.

. Implementation of Synchronized Cross-Forming Control for Grid-Forming Converters, which
ensures voltage source behaviour and angle control during faults.

WP3: Flexibility solutions for frequency stability

Consumer heating type classification using deep learning algorithms
. Flexibility quantification from single-family households with electricity-based heating systems

* Implementation of dynamic simulation of flexible loads and frequency support from EVs ¢ |Coflindedb
the Europes
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Synchronized Cross-Forming Control

Main objective: Controller modifications:
. Regulate the angle-related current Synchronization loop Primary voltage loop
component during faults while using U controller Gross-forming
Cross-forming control.
e  This ensures:
e  Synchronization with the grid.
Stable post-fault dynamics.
. Maximum current injection.

Simulation case studies
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Synchronized Cross-Forming Control

Comparison in a variable frequency inductive grid
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