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• Power interruptions due to wear-out failures of transformers are relatively rare.

• Assessing the risk of rare, overlapping events in MCS is computationally challenging since 

capturing these events requires many time-consuming simulations

• Monte Carlo simulation (MCS) is the natural tool to capture more complex behaviours in 

reliability of supply analysis, compared to analytical methods based on complicated 

Markov Models

• Modelling of component degradation and wear-out failures in reliability of supply analysis 

is of particular interest in our case

• The computational cost of reliability assessment with MCS can be reduced by applying 

different Variance reduction (VR) techniques, such as

- Importance sampling using the Cross Entropy method (CE) [1]

- Conditional / Semi Analytical Monte Carlo (SAMC) conditional on a rare event occurring [2]

• The techniques have in common that they exploit prior knowledge of the system to obtain the 

same level of accuracy with fewer simulations

• Both methods achieved substantially lower run time when estimating EENS on test systems

• We found that the CE method encounter challenges on large power systems with many 

components

• The SAMC method requires thought into how historical behaviour of components (before the 

event occurring) is modelled

• The developed rare event MCS methods can be used to give significant improvements in 

the run time of reliability assessments, especially when considering rare events

• The CE method that was developed is most useful when analysing smaller systems or 

sections of a large system

• The SAMC method is scalable to larger grids

• Efficient code is important in all reliability analysis whether VR techniques are applied or 

not, and is also highly dependent on the power system optimization solver

• Further development and testing of the methods can be useful for activities post-VulPro
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Comparison of CE-method convergence for 
reliability evaluation with (orange) and 
without (blue) variance reduction [1]

Comparison of simulation iterations, 
realizations of “rare” contingencies, and 
computation times, when using traditional 
MCS (SMC in the table), and the SAMC method 
developed in [2].
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