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Power System (Electricity) Resilience-Definition/Concept

• 4 R’s according to CDEM:

Reduction 
• Identification and mitigation of asset 

vulnerabilities to disasters

Readiness
• Assessment of adaptive capacity and specific 

contingency planning

Response
• Immediate loss of quality of service-immediate 

actions and stakeholder 

Recovery • Long term restoration of service levels



Seismic Hazard mapping to Infrastructure Impact

Communication Infrastructure Provisions

Simulation, Design and Testing for Micro-grid operation of West Coast

Resilient energy-communication Utility Service Framework

Nov 2017 to May 2018

Apr 2018 to Mar 2019

Jun 2017 to  June 2019

May 2018 to July 2020

Electricity Distribution Resilience Framework through West Coast Alpine Fault Scenario

Nirmal Nair (PI), Farrukh Latif (ME, Chorus), Duncan Maina (PhD), Samad Shirzadi (PhD), Safa-Al Sachit 

(PhD), Rodger Griffiths (Westpower), Cosmin Cosma (Westpower) 

Allied Work:

2010-2011 Canterbury Earthquake Sequence Impact on 11KV Underground Cables Scenario: Ebad Rehman (PhD), Peter Elliot (Orion), Nirmal Nair (UoA), Liam 

Wotherspoon (UoA)

Distribution system seismic resilience characterization toolbox: Yang Liu (Post-doc), Nirmal Nair (UoA), Liam Wotherspoon (UoA)



RNC Phase 1: Power System Group at 
University of Auckland
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Infrastructure and Built-Environment Solutions
1. Networks and Components
2. Network Interdependencies
3. Performance Measures and Impacts
4. Electricity Distribution Resilience 

Framework

Electricity Distribution Resilience 
Framework

This project, funded from the Challenge’s
contestable funding process in 2017, is
developing a novel electricity resilience
framework, along with a realistic micro-grid
restoration solution enabled through
communication lifelines, following a
significant Alpine Fault earthquake.

Power System 
Resilience

Asset Resilience

2010-2011 Canterbury Earthquake Sequence 
Impact on 11kV Underground Cables

UG Cable 
Network

System Resilience 

NZ Electricity Distribution Network 
Resilience Assessment and Restoration 
Models following Major Natural 
Disturbance

Electricity Communication

Ebad Ur-Rehman Farrukh LatifDuncan Maina  
Samad Shirzadi  
Safa Al-Sachit

Network: West Coast
Hazard: Earthquake



Westcoast Electricity Distribution Network Seismic Resilience
Earthquake scenarios:
• Central Hypocenter
• Northern Hypocenter
• Southern Hypocenter
• Empirical Southern Hypocenter

…

Blackstart 
Study

Detailed 
Modelling

Protection 
Assessment

Transition to 
Islanded mode

Hazard Mapping

Electrical 
Analysis 

Resilience 
Framework



NZ Communication Infrastructure and Services

Coverage

ConnectionsCapacity

Services

➢ Voice

➢ Internet

➢ Cloud/Datacentres

➢ Enterprise Services

➢ Emergency 

Response Services

➢ Mission Critical 

Services

➢ Defence Services

➢ IOT

➢ VR

➢ AI

➢ TV/On Demand 

Content

Broadband and Voice  Network (Courtesy of Chorus) 

Milestone 2- Communication Infrastructure Provisions



Approach and Method for Seismic Risk Quantification

Damage State

ds0 minor None

ds1 moderate

Power outage for few 

hours or days

ds2 extensive

Few electronic boards are 

dislodged and need 

replacement

ds3 Complete Complete Blackout

Description



Milestone 2 – Communication Infrastructure
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Key Recommendations

• Proper modelling of the different network
components

• Possible switching sequences to be
determined depending on the location of the
blackstart generators

• Need to investigate different island
detection techniques dependent on the
specific network topology.

• Need to assess communication
infrastructure and mutual dependency
activities.







RNC Phase 2: Power System Group at 
University of Auckland
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Built Environment Theme

1. Horizontal Infrastructure
2. Vertical Infrastructure
3. Integrated Scenario

Weather and Wildfire

1. Hazard modelling
2. Extreme scenarios
3. Hazard mitigation

Assessment of Electricity System Impacts and Management 
Strategies Pre- and Post- HIW Events:  Northland-Auckland-Waikato 
Weather Scenario

Horizontal Infrastructure
• Models for infrastructure component 

performance across a range of natural 
hazards.

• Expanded geographic coverage and 
capabilities of infrastructure network models.

• High resolution regional and urban 
interdependency models.

• Decision making and rating tools for 
infrastructure.



Objectives To Enhance the Resilience of Power 
System
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1. Pre Extreme Weather 
Events: Infrastructure 
Hardening Plan

2. During Extreme 
Weather Events: System 
Analysis

3. Post Extreme Weather 
Events: Back-up for critical 
load

Step: 
1.1 Planning: Failure Mode and 
Effect Analysis & Failure 
Probability

Steps: 
2.1 Planning & Operation: Risk 
Achievement Worth (RAW) & Risk 
Reduction Worth (RRW) and CLaR
& LaR
2.2 Operation: Contingency 
Analysis

Step: 
3.1 Operation: Scheduling Model 
for Back-ups as a Resilience 
Resource 

Research Objectives for Enhancing the Resilience of Power System

Strengthen the System

Failure Analysis for System & 
Resilience Cost for hardening 
Components and Load At Risk

Interdependencies of 
components in power system
Optimal Scheduling for DERs

Investment cost for Resilience 
of power system

Challenges



Outputs so far
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1. Optimal Scheduling for Distributed Energy 
Resources (DER) Factoring power outage 
uncertainties caused by high wind gust. 

2. Contingency analysis for Auckland network 
due to High Impact Low Probability 
Weatherization

3. Power System Location-based Resilience 
Assessment for Waikato region

4. Peer-to-Peer Energy Transaction Model during 
High-Impact Low Probability Weather Events: 
Electricity Market Model



4. Peer to Peer(P2P) Energy Trading Models 
during HILP

Energy transaction model among DERs during
the time of network contingency caused by
high wind gust. The idea is to prevent the
system from introducing the scarcity pricing
during an outage caused by extreme weather
events.
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Peer to Peer Transaction among Four 
Residential  

Impact of High Wind Gust: 
Damaging power lines

If leading to an 
outage



Peer-Reviewed Publications

▪ ‘Enabling Trusted Peer-to-Peer Microgrid Energy Transactions during
High-Impact Low Probability Weather Events’, ISGT Asia, Singapore,
Nov 2022

▪ ‘Peer-to-Peer Consumer Energy Transaction Support Models during High-
Impact Low Probability Weather Events’, EEA New Zealand, Hamilton,
Sept 2022 (Best Paper Award)

▪ ‘Extreme Weather Risk Framework for Power System Location-Based
Resilience Assessment’, IEEE POWERCON, Malaysia, Sept 2022 (Best
Paper Award)

▪ ‘High Impact Low Probability Weatherization Impact Analysis for
Electricity Infrastructure’, IEEE TENCON, Dec 2021

▪ ‘Resilience Framework and Optimal Scheduling for DERs Factoring
Uncertainties’, IEEE ISGT Asia, Dec 2021

▪ ‘Energy-Communication Infrastructure Resilience through the Lens of
Seismicity’, EEA New Zealand, Aug 2021
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