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on proximity to the living environment. Distribution substations are using standardized designs based
on ground mounted substations ranging from 300 to 1000 kVA capacity and pole mounted ranging
from a 25 to 200 kVA capacity. Design details are based on the respective European standards using
effectively earthed systems.
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Figure 7. Functions and Interconnections of area controller. 

Finally, in the Control Area level the “dPBorder” function can also be active. It evaluates the 
total tie-lines active power variation and communicates the obtained result to “fFRC” and “Event 
Location” functions. 

The “Event location” function locates the possible instability event. For this purpose, the 
frequency and total active power tie-lines variation signs among the near control areas are evaluated. 
The instability event is external to the area if the signs are concordant, internal to it in case of 
discordant signs. In case of internal instability, a trigger signal activates both the fFRC function and 
power–frequency pre-defined response of the resources at local resources level. The fFRC, in 
particular, deals with the total tie lines’ active power variation with the aim to counteract it using the 
assets in the own control area while the power–frequency curve predefined is calculated for power 
resources at control area level considering the available active power flexibility. 

Figure 8 shows the communication interface that allows the interaction between control area 
level and local resources level. 
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Figure 13. Frequency variation during the fault events with and without the controllers enabled (Box 
Plot Format)—All Study Cases. 

 
Figure 14. RoCoF variation during the fault events with and without the controllers enabled (Box Plot 
Format)—All Study Cases. 
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