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Object of investigation and approach
• Anonymized French isolated system phasor (RMS) 

PowerFactory model with different SC and BESS (either 
GFo or GFl) mix

• Simulation event: loss of power plant G1 (50% of total 
generation) 

• Frequency Containment reserve cannot cover the loss of 
G1, therefore UFLS is necessary to stabilize the system 
frequency

Single-line diagram (SLD) of 
French isolated power system, 

incident is G1 Loss

Different possible configurations 
for each power pant G2 et G3

Bus 5 representation : seven sheddable 
general loads, one bank of shunt 

capacitors, and one PV plant.

LOSS = -50 %

Conclusion
• GFo BESS operation during current/power limitation is of 

crucial importance for system stability and needs to be 
specified accordingly for future projects : 

§ Var3a and var3b lead to different output
§ Var2b leads to system collapse

• Comparison between var1 and var3b : no clear interest of 
GFo compared to GFl if enough inertia is provided by SC. 

• Field experiments seem necessary to address the on-the-
ground aspects of GFo that are difficult to be captured 
through simplified models and simulation tools

Simulation setup

GFo: Grid Forming
GFl: Grid Following
SC:  Synchronous condenser

VRES:  Variable Renewable Energy source
SEI: Système Energétiques Insulaires
BESS: Battery Energy Storage System

COI: Center Of Inertia
UFLS: Under Frequency Load Shedding

Motivation
• EDF large isolated systems have an objective to reach 100% 

renewable generation in the next few decades
• GFo BESS is a well-known solution to stabilize microgrids 

but fewer work has been done on larger Island systems. 
• UFLS is part of frequency containment control in large 

French isolated systems
• Lack of studies on the operation of UFLS when grid 

frequency is defined partly or completely by GFo BESS
• Aim of study: evaluate the correct operation of UFLS and 

therefore frequency stability with different combination of 
SC and BESS in French isolated Systems

Large French isolated systems operated by EDF

Simulation results
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Stable cases: Ref, Var 1, Var 2a, Var 3b

Voltage collapse in case of undersized GFo (Var 2b) 

Loss of synchronism due to the effect of current saturation (Var 3a) 
Application of a modified synchronization algorithm (Var 3b)
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Illustration of Under Frequency Load Shedding operation

Grid Following control (a) and Grid Forming control (b)

• Var 3a: active power used in G-Fo synch. is the measured active power

• Var 3b: active power used in G-Fo synch. is the product of measured voltages and unsaturated current references
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(Var 3a)

(Var 3b)

Source: K. V. Kkuni and G. Yang, “Effects of current limit for grid forming converters on transient stability: analysis 
and solution,” Jun. 2021


