
 

1 

EPE’21 ECCE Europe – Tutorial Announcement 

 

EPE’2021 –Tutorial Announcement 

 

Grid forming converters connected to the transmission system 

Name(s) and Affiliation(s) of the Lecturer(s):  

 

Xavier Guillaud 
L2EP Centrale Lille 

Cité Scientifique 
CS 20048 

59651 Villeneuve d’Ascq Cedex 
FRANCE 

Xavier.Guillaud@centralelille.fr 
+33 6 27 44 97 99 

Fredéric Colas 
L2EP ENSAM 

8, boulevard Louis XIV 
59 000 Lille 

FRANCE 
Frederic.Colas@ensam.eu 

  

Taoufik Qoria 
L2EP Centrale Lille 

Cité Scientifique 
CS 20048 

59651 Villeneuve d’Ascq Cedex 
FRANCE 

Taoufik.Qoria@centralelille.fr 

 

Scope and Benefits: 

Today, a major share of the electronic converters is controlled under the presumption that they are 

connected to a strong AC voltage in such a way that the converter can exchange an active and reactive 

power thanks to a current control. This control strategy of the converter is known as the grid-following 

control. The grid forming control is proposing a new way to connect the power electronic converters 

to overcome the limitation of the grid following connection solution. The proposed tutorial will cover 

a wide overview about grid forming control and explain its advantage and drawbacks. Some practical 

applications on wind turbines and high voltage DC/AC converter (MMC) will be proposed. This tutorial 

will give the key points to understand the evolution of the power electronic converters on the grid. All 

the concepts will be illustrated by some simulations which are publicly available on github 

 

Contents: 

Introduction:  

Context of power electronic converter on transmission system.   

Limitation of the classical way to connect power electronic converter to the grid thanks to the grid 

following concept.  

Need for a new type of connection: introduction of the grid forming control 

 

1 - Description of the main types of control:   

Origin of the grid forming control: Control of the active power thanks to the voltage 

Derivation of various types of grid forming control depending on the requirements asked for the 

control mainly (active power control, inertial effect …) 
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Proposal of a classification for the grid forming control and description of the main types of control 

found in the bibliography. 

Some first simulations are proposed at the step to illustrate the dynamic performance, mainly in 

term of active power variation.  

2 - Implementation of the grid-forming converter on a VSC and an MMC  

All the controls presented in section 2 are applied on “ideal VSC” composed of simple three-phase 

voltage source driven by the control.  This section is presenting the practical implementation of 

these controls to classical 2 level VSC or MMC.  

For the VSC, a LCL connection is studied.  Two different solutions of control for the current and 

voltage are proposed and designed.  

For the MMC, the grid forming control defined in section 2 is associated with the two main types 

of energy control in MMC: Circulating Current Suppression (CCSC dq) and Energy based control 

where the energy stored in the 6 arms is explicitly controlled.  

• For both converters, some dynamic simulations are proposed and compared with the 

simulation results presented in section 2 with the “ideal VSC” 

3 - Current limitation in a converter driven by a grid-forming control 

The two main types of current limitation are proposed: Saturation of the current references or 

integration of a virtual impedance.  Both concepts are integrated in the VSC or MMC control since 

the practical implementation is not exactly the same. Some simulation results are proposed to 

compare the performance with the two types of converters.  

A large part of this section is dedicated to the transient stability. Indeed, in case of fault, the 

converter has to be protected during the fault but also to resynchronize smoothly after the fault. 

Various degrees of freedom can be used thanks to the control and their respective influence are 

studied in order to enhance the transient stability and be able to cope to a standard voltage ride 

through curve. 

4 - Presentation of the benchmark  

A very simple benchmark is proposed to test the grid forming control in various situations.  Firstly, 

some tests are achieved with a fixed grid frequency:  

▪ Robustness analysis in case of variation of the grid impedance 

▪ Short circuit Line tripping, line reclosing 

• Secondly, some tests are realized with a variable grid frequency in order to clearly 

characterize the inertial effect. 

5 - Grid-forming application to HVDC and Wind Turbine  

From the beginning, the DC bus is supposed to be constant. This section is dealing with the impact 

of a variable DC bus on two practical examples.  Firstly, the HVDC link behavior is analyzed on each 

side when supposing the converters are driven with a grid forming control.  One station is 

controlling the power, no significant difference is noticed with the previous results.  The other 



 

3 

EPE’21 ECCE Europe – Tutorial Announcement 

station is controlling the DC bus voltage: a strong interaction is noticed between the grid forming 

control and the DC bus control.  Some solutions are proposed to mitigate as much as possible this 

issue.  

Secondly, the question of Grid-forming and wind turbine is addressed. A modification of the role 

of the two converters, compared with the classical solution, included in the power conversion is 

proposed and analyzed. The example of Dersalloch wind farm, the first one to be grid forming 

controlled, will be presented.  

Conclusions  

Synthesis on the main topics addressed in this tutorial and the main research perspective but 

also raising the question of integration of grid forming converter on the European grid.  

 

Schedule:  

Monday, 6 September 2021  - Tutorial day  (Virtual) 

14:00 - 15:30  Introduction / Theme 1 / Theme 2/Theme 3 

15:30 - 16:00  Coffee break 

16:00 - 17:30  Theme 3 / Theme 4 / Conclusions 

 

Who should attend:  

The target audience are the Phd students, academic people in university and also people from the 

industry.   

 

Technical Level:  

The audience should have basic knowledge in control, electrical power system and power electronic 

converters connected on the AC grid 
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About the Lecturers:  

Xavier Guillaud received his Ph.D from University of Lille in 1992.  He has been 

professor in Ecole Centrale of Lille since 2002. His main topic of interest is now the 

integration of high voltage power electronic converters in the transmission system. 

He is involved on several projects about power electronic on the grid within 

European projects and a large number of projects with French electrical utilities 

 

Frédéric Colas received a PhD in control system in 2007 from Ecole Centrale de Lille (France). Frédéric 

Colas is a member of the Laboratory of Electrical Engineering (L2EP) in Lille and is a Research Engineer 

at Arts et Métiers Paristech, His field of interest includes the integration of 

dispersed generation systems in electrical grids, advanced control techniques 

for power system, integration of power electronic converters in power systems 

and hardware-in-the-loop simulation. 

Taoufik  Qoria received  his  M.S.  degree  from the Lille  University of Science 

and Technology, in 2016. He is graduated with a PhD in Electrical Engineering 

from ENSAM ParisTech, in 2020. Then, he joined the Laboratory of Electrical 

Engineering and Power Electronics (L2EP) as a research Engineer working on the 

integration of power electronic converter in the electrical power system 

 


