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Electricity- Communication Lifeline 
Infrastructure Resilience

Electricity Distribution Resilience Framework through West Coast Alpine Fault Scenario

Nirmal Nair (PI), Andrew Austin (AI), Farrukh Latif (ME, Chorus), Samad Shirzadi (PhD), Duncan 
Maina (PhD), Yang Liu (Postdoc), Daniel Blake (Postdoc), Liam Wotherspoon (RNC DI, Lead)

Reference [7]

Ebad Ur Rehman (PhD)

“Electricity Network Assessment during 
Alpine Fault Event: microgrid as a solution 
for restoration” (Samad Shirzadi Deh
Kohneh) 

“Disaster related recovery of power 
networks” (Duncan Maina)

"Electric Power Distribution Systems 
Resilience Modelling Toolbox" (Leo Liu)
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Resilience in Power Systems (Electricity)
Ability of a Power System to withstand extraordinary and high impact-low probability events

Key Features:

Robustness • Keep operating or stay standing in the face of disaster
• Withstand low-probability but high-consequence events

Resourcefulness
• Effectively manage a disaster as it unfolds
• Identify options, prioritize what should be to control and mitigate the damage

Rapid Recovery • Get things back to normal as fast as possible after a disaster
• Contingency plans and emergency operations

Adaptability
• Absorb new lessons from a catastrophe
• Introduce of new tools and technologies for boosting robustness, resourcefulness 

and recovery before the next crisis
Reference [2]
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Power System’s “Short” and “Long” term 
resilience

Reference [2]
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Asset Health Management

Health Index

Nominal Asset Life

Degradation Process

Ag
e

Current Condition
Reference [8]

9



Health Index Score and Range
HI1 New or as new

HI2 Good or serviceable condition

HI3 Deterioration, requires assessment or monitoring

HI4 Material deterioration, intervention requires 
consideration

HI5 End of serviceable life, intervention required

Reference [8]Reference [4]

Reference [4]
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Lifeline Criticality Assessment
Criticality is the measure of the consequences of asset failure

Criticality is rated in the following categories:

 Network Performance

 Safety

 Environmental

 Financial 

Reference [3]
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Criticality Index

C1 Low Criticality 0% to 75% of Avg

C2 Average Criticality 75% to 125% of Avg

C3 High Criticality 125% to 200% of Avg

C4 Very High Criticality >200% of Avg

Reference [4]
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Case Study on Electricity Asset 
Management
 Primary Equipment's 

 Transformers

 Switchgear
• Circuit Breakers
• Reclosers

 Transmission and Distribution
• Overhead lines
• Poles
• Underground cables
• Substation Busbars

 Secondary Equipment's

 Protective Relays

 Communication Devices

 Backup Batteries

 Others

Reference [1]
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Case study on Relays

Reference [6]
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Goal and Approach
Approach

Conduct Tests
1. Partial discharge
2. Ductor reading
3. Insulation resistance
4. Tan-Delta

Asset management framework

Develop an “infrastructure resilience rating” system in the longer term indicating resilience to 
natural hazards of the infrastructure serving a community. This rating system will help drive 
public policy in infrastructure investment and provide building owners with knowledge of 
externalities when investing in building resilience.

Reference[5]
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Approach
Identify the type of Asset 

and hazards

Conduct TestsGIS mapping

Collect data

Algorithm

Resilience rating

Asset health Index Criticality Index

[7]
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Research Questions
A. What is the life cycle distribution of electricity assets?

B. How to relate the asset management, criticality and infrastructure resilience rating?

C. What role do you see the asset health index guide playing in the future?

D. How will a specific investment profile affect the asset’s health?

E. How to strengthen the current power system assets?

[7]

Hardening 
Assets
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Ongoing Activities
 Studying the health and lifeline of underground cables effected by Canterbury earthquake.

Mapping the data with GIS maps to improve resilience during such events.

 Plot fragility curves to determine the damaged caused by earthquake events.

 Does the infrastructure resilience rating depend upon the type of shock.

 Assess the age and criticality of the assets.

Reference [11]
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