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Power System (Electricity) Resilience-Definition/Concept
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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)

Nov 2017 to May 2018 % Seismic Hazard mapping to Infrastructure Impact
Apr 2018 to Mar 2019 % Communication Infrastructure Provisions
Jun 2017 to June 2019 % Simulation, Design and Testing for Micro-grid operation of West Coast

May 2018 to July 2020 % Resilient energy-communication Utility Service Framework
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)
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¥~ ® RNC Phase 1: Power System Group at
University of Auckland

Infrastructure and Built-Environment Solutions Network: West Coast
1. Networks and Components Hazard: Earthquake
. Network Interdependencies — —

2
3. Performance Measures and Impacts
4. Electricity Distribution Resilience

Framework 2010-2011 Canterbury Earthquake Sequence NZ Electricity Distribution Network
: ! Impact on 11kV Underground Cables Resilience Assessment and Restoration
‘ Models following Major Natural
Disturbance

Electricity Distribution Resilience

UG Cable
Framework Network Electricity Communication
This project, funded from the Challenge’s . .
contestable funding process in 2017, is Ebad Ur-Rehman E:rzgznsmf;:;i Farrukh Lati
developing a novel electricity resilience Safa Al-Sachit

framework, along with a realistic micro-grid
restoration  solution enabled through
communication lifelines, following a
significant Alpine Fault earthquake.




Earthquake scenarios:

* Central Hypocenter

* Northern Hypocenter

* Southern Hypocenter

* Empirical Southern Hypocenter

Westcoast Electricity Distribution Network Seismic Resilience
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Milestone 2- Commmunication Infrastructure Provisions
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Approach and Method for Seismic Risk Quantification

Central office Failure

Fragility Curve of Communication Facilities (CO)
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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
infrastructure
activities.

assess communication
and mutual dependency

THE UNIVERSITY OF

ENGINEERING

DEPARTMENT OF ELECTRICAL
AND COMPUTER ENGINEERING

POWER SYSTEMS GROUP
Tel: 6499239523

Fax: 6493737461

DOCUMENTATION SUMMARY

This report presents collaborative work of members from the Power Systems Group of the
University of Auckland for the project titled “NZ Electricity Distribution Network Resilience
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Power system resilience through microgrids:
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PhD. (Texas A&M University, College Station, USA). is currently an Associate Professor in
the Electrical, Computer, & Software Engineering Department, The University of Auckland.
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Investigating Travelling Wave Fault Locadion Techniques For Distribution Assets
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Abstract—This paper presents a review of the negative
sequence-based protection relays development and thelr
applications on electrical power networks and discusses the
related challenges. Recent power system requires selective,
reliable, rapid fault detection and clearance mechanisms

especially for the transmission line networks, which are highly
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Negative Sequence-Based Schemes for Power
System Protection - Review and Challenges
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especially line-line faults which are considered
common events in power systems, in addition tc
advantages will be reviewed later in this paper.

1. NEGATIVE SEQUENCE PROTECTION OVERY

Negative sequence Protection (NSP) is a pro
scheme used to protect the power system element by
of necative sequence component. It was first introdi
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VOLTAGE AND FREQUENCY RESPONSE OF SMALL HYDRO POWER
PLANT IN GRID CONNECTED AND ISLANDED MODE

Nirmal-Kumar C. Nair

Department of Electrical and Computer Engineering

University of Auckland
Auckland. New Zealand

Asali  Aburaci— Hydro-based power is gaining more interests as the  operation is reviewed in (6], General distibuted generation
islanding techniques are frst discussed after which a rexiew of

DFIG-based Windfarm Starting Connected to a Weak Power Grid
D. K. Maina', M. J. Sanjari', N-K. C. Nair!

'Department of Electrical and Computer Engineering, University of Auckland, Auckland, New Zealand
(dmai810@aucklanduni.ac.nz)

Abstract - Starting and energization of windfarms has
always been done under strong grid conditions. With the
increase in blackouts and desire to run parts of the system in
island mode, it is necessary to examine the starting of
windfarms under different system conditions. This work
provides an analysis into the starting of DFIG based
windfarms under weak grid conditions including using a
diesel gen-set and a hydropower plant. The starting
procedure of the DFIG based wind turbine has been explored
afterwhich multiple wind turbines have been started
simultaneously. It is assumed that the windfarm substation
will have a dump load to absorb excess power produced by

synchronization has been proposed and discussed in [11,
12]. [13] proposes the use of pre-charging resistors and
separate rectifier circuit in charging the dc link capacitor.
All of the above analysis into DFIG starting and
energisation has only been provided under normal grid
conditions. Limited work so far has provided analysis on
DFIG windfarm starting under different system conditions,
other than the normal grid condition. This analysis is
important especially in understanding the restoration
function of DFIG windfarms after a wide scale blackout.

The opronosed work throuch analvsis of individual
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£ 3 RNC Phase 2: Power System Group at
University of Auckland

Built Environment Theme Weather and Wildfire

1. Horizontal Infrastructure + 1. Hazard modelling
2. Vertical Intrastructure 2. Extreme scenarios
3. Integrated Scenario 3. Hazard mitigation

l

Horizontal Infrastructure
» Models for infrastructure component
performance across a range of natural

Assessment of Electricity System Impacts and Management

hazards.
« Expanded geographic coverage and Strategies Pre- and Post- HIW Events: Northland-Auckland-Waikato
capabilities of infrastructure network models. Weather Scenario

* High resolution regional and urban
interdependency models.

 Decision making and rating tools for
infrastructure.
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Strengthen the System

ailure Analysis for System
Resilience Cost for hardenin

Components and Load At Risk

nterdependencies o
components in power system

Optimal Scheduling for DERs

nvestment cost for Resilience
of power system

Challenges

Research Objectives for Enhancing the Resilience of Power System

1. Pre Extreme Weather
Events: Infrastructure
Hardening Plan

2. During Extreme 3. Post Extreme Weather
Weather Events: System Events: Back-up for critical
Analysis load

-

Step:

1.1 Planning: Failure Mode and
Effect Analysis & Failure
Probability

Steps: Step:

2.1 Planning & Operation: Risk 3.1 Operation: Scheduling Model
Achievement Worth (RAW) & Risk for Back-ups as a Resilience
Reduction Worth (RRW) and CLaR Resource

& LaR

2.2 Operation: Contingency
Analysis




Outputs so far

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.

Damaging power lines

X Peer to Peer Transaction among Four
If leading to an

Residential
outage
SolarZero Enables World-first
Trade In NZ Electricity Reserves
saves more than $2.3m on their energy costs. Market

Monday, 7 November 2022, 10:19 am
Press Release: solarZero 15

date the capability of the VPP to

participate in the market, and to integrate the solarZero platform.



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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Insights from the Gorkha-Nepal Earthquake and
its aftershock sequence (2015)

Defining Resilience for the Telecommunications
Networks and Infrastructure

Tive scale
June?
May 30
Way 20

Eric Sauvage

oy 30
i
- Shakemap with estimated Modified Mercalli Earthquakes from April 25% to June 7t 2015
SCieNCE Intensity (MMI) according to (USGS, 2015 (Adhikari et al., 2015)
G
Infrastructure Research Day, 21-22 November 2022 E UNI‘/EP,‘S\TYOF
AUCKLAND
Consequences of the Earthquake .
Tel for Earthquak itori - Timeline
elecom for Earthquake monitoring
- Effects on seismic network capability Strt of tho PhD |T;;°°°(ﬂ fieshicnod Nz
ey T

acquisition processing M, > 4 dissemination

Workshops Research gaps.
May 2022 May-November November 2022
2022 -

- Telecommunications and natural disasters since 2019

STATIONS DATACENTER RESPONDERS

- Fixed network

- Mobile communications

- International relief - Satellite

- Increase in demand / congestion of telecom networks
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