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The key issue

Power system operation relies on a few key properties of synchronous 

machines for stable operation, e.g.

▪ Self-synchronization

▪ Inertia support and fast frequency response

▪ Fault current injection

▪ Low-frequency oscillation stabilization through PSS

Energy Transition: Synchronous machine based generation are being 

phased out in favour of renewables

▪ Converter connected generation

▪ Many grid connected converter systems are still controlled in a grid 

following (non-grid supporting) manner

The Need of Grid Supporting Converter Control 

Source: ENTSO-E
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▪ Creating system voltage

▪ Contributing to fault level

▪ System survival to allow effective operation of Low Frequency Demand Disconnection (LFDD)

▪ Sink for harmonics

▪ Sink for unbalance

▪ Contribution to inertia

▪ Preventing adverse control interactions

▪ Black start 

System Needs as Identified by ENTSO-E

https://eepublicdownloads.azureedge.net/clean-

documents/Publications/SOC/High_Penetration_of_Power_Electronic_Interfaced_Power_Sources_and_the_Potential_Contribution_of_Grid_Forming_Conv

erters.pdf
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Overview of Grid Forming Control Approaches

1986

Load-Frequency

control with

BESS [1]

1993

Droop-controlled

parallel convertes in

standalone AC network [2]

1997

Droop-controlled

parallel inverters

for UPS [3]

2001

Resistive / ”opposite droop”

& virtual resistance

for UPS units in 1-ph LV grid [5]

Droop-controlled

parallel BESS units [4]

2000

2005

Droop-controlled

PV inverter units

SMA sunnyisland [6]

Droop control &

virtual impedance

[7]

2005

Droop control &

adaptive impedance

[8]

2006

Virtual synchronous

machine [9]

VISMA

Virtual synchronous

generator [10]

VSYNC

20072008

Adaptive droop

control [11]

2008

2016

Matching control

[16]

2016

Virtual oscillator

control [17]

2013

Equivalency of

droop control and VSG

[14, 19]

2017

Synchronverter &

virtual impedance

[18]

2016

Adaptive Inertia

control [15]

Synchronverter

[13]

2011

Power

Synchronization

Control [12]

2011

Source: M. Schweizer, Corporate Research, ABB Switzerland Ltd.
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Underfrequency Event Small Storage (seconds) Large Storage (>minutes)

Converter Based Storage and Generation can Emulate Inertial Response of Synchronous Machines

Inertia Contribution and Synchronous Machine Emulation
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Transition between Grid connected/Islanded mode

Converter Based Storage and Generation Can Respond Smoother and Quicker in Islanding and Resynchronization

Creating System Voltage/Island Operation

Grid forming 

converter

or Generator
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System Average Frequency

250 MW Inverter based fast frequency response

4 x 900 MVA Generators

Converter based storage with first order governor type response

Converter Based Storage can Respond Quicker to Frequency Events (if storage technology allows)

Fast Frequency Response

SM based 

frequency 

support

Converter 

based
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Power system operation relies on a few key properties of synchronous machines for stable operation

The amount of grid connected synchronous machines is steadily decreasing

Grid forming and supporting converters are able to meet those challenges through: 

Surpassing synchronous machines in terms of

▪ Fault-ride through and transients

▪ Inertial response

▪ Islanding and resynchronizations 

▪ Fast frequency response

Large fault current injection largely still unresolved issue

Even non-sustained support is useful for grid support

Conclusion
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