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With increasing shares of volatile RES-based power generations at the distribution pow-
er systems, the power system operations at transmission level are affected at different 
power system states. 

The distribution network codes have requested autonomous contributions of such dis-
persed generators to retain the system stability which evolves these grids to active dis-
tribution networks (ADN). The power system security assessment (SSA) is a well-known 
situational awareness tool for system operators whose results are the basis of the opera-
tional decision-making. The quality of such results are dependent on the power system 
modelling. Lack of observabilities over the ADNs as a result of role-splitting between 
TSOs and DSOs, leads to simplified ADNs models as passive PQ loads in TSO SSA appli-
cations. Furthermore, the uncertainties due to stochastic behaviour of the residual ver-
tical loads necessitates a transition from deterministic to probabilistic SSA techniques. 
Probabilistic SSAs require probabilistic models of the residual loads considering their 
correlations. 

Both TSOs and DSOs require closer coordination during emergency and power system 
restoration states. The conventional restoration strategies with having the TSOs in lead 
and DSOs as provider of load cluster are challenged as the DSOs might not be able to 
guarantee such load clusters due to higher penetration of volatile RES-based generations 
in their networks. The DSOs require not only awareness but also decision-support tools to 
enable them delivering the desired loads to the transmission level.

In this Dissertation, models of power system components for different system states from 
normal to power system restoration are proposed and their functionalities are examined. 
These models are used for different prototypes which could be used at control centres. 
The static equivalent models of ADNs are proposed which enhance the quality of the SSA 
when compared to the existing passive load modelling solution. These models address 
both conditions of having full or lack of ADN observabilities. A gradient-based probabi-
listic vertical load model is proposed which can be utilized in a probabilistic SSA tool. 
It is developed based on the historical vertical load measurements available at control 
centres. As the vertical loads might be correlated and their correlations might vary by 
time or RES generation levels, a scenario-based probabilistic SSA is proposed. A simple 
optimization tool is proposed which assist the DSOs to segregate their networks into load 
clusters which are desired by the TSOs. This optimizer requires models of the network 
components during the system restoration.
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