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Aim

The aim of this research is to establish a simulation 
tool that enables:

1. Power loss estimation 

2. System resilience quantification

3. Informed investments
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Approach -- Functionality metrics

Expected load not supplied:
𝐸𝐸 𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

Load at risk:
}𝑉𝑉𝑉𝑉𝑅𝑅𝛼𝛼(𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙) = min{𝛾𝛾:𝛲𝛲(𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ≤ 𝛾𝛾) ≥ 𝛼𝛼

Conditional load at risk:
]𝐶𝐶𝑉𝑉𝑉𝑉𝑅𝑅𝛼𝛼(𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙) = 𝐸𝐸[𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙|𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ≥ 𝑉𝑉𝑉𝑉𝑅𝑅𝛼𝛼(𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙)
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Case study -- Substation configuration

• Boolean logic
• Minimum cut set



• Medium voltage distribution network 
supplying a small town and rural area

• Can be operated as either a radial or 
weakly meshed network by switching 
S1,S2,S3 

Case study -- Network configuration
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Frequency plot of unserved load (double bus bar)



Case study

Mei, S., Zhang, X., & Cao, M. (2011). Power grid complexity. Springer Science & Business Media.
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Frequency plot of unserved load (single bus bar)

Case study –
Comparison of substation configuration 
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(a) ELNS v.s. Component failure probability
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Case study –
Comparison of network configuration 
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Single bus -- Meshed network
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Single bus -- Radial network
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Double bus -- Meshed network

0 5 10 15 20 25 30 35 40 45

Load not served (MW)

0%

10%

20%

30%

40%

50%

60%

Fr
eq

ue
nc

y 
(o

ut
 o

f 5
00

0 
ru

ns
)

Double bus -- Radial network
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Conclusion and outlook

• Quantification of network level of functionality using 
network process modelling 

• Assessment of the effect of component fragility, 
network topology and substation configuration 

• Future work
– Recovery process determined by operational decisions 

and network interdependencies
– Addition of temporal characteristics will enable resilience 

quantification 
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