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Objectives of WS2

The AC circuit topologies, means the way things are connected to form a functional circuit,
presently used worldwide have been developed and refined over many years.

In WS2 we will determine new DC and AC/DC circuit topologies. We need to consider
a) new ways of fault detection, location and isolation ensuring safety and minimising outage,

b) curtail DC egress into AC networks, and
c) ways to ensure continued stable operation post fault isolation.
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Target WS2 Indicators and Engagement

We will have investigated dedicated DC bus architecture within MV and LV networks;
disparate AC/DC converter topologies within DC network; and comprehensively
investigated all the necessary control, protection and isolation methods for operating
combinations of HV/MV/LV networks within a hybrid AC/DC network.

We will work with Transpower, EDBs and local and international manufacturers as may be
applicable.
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FAN WS2 International Technical Interactions
e TENCON 2021, 10" December 2021 (FAN workshop day online, New Zealand) |[EEE TENCON 2021
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FAN WS2 International Technical Interactions
e EGRID 2022, 2" December 2022 (FAN workshop day in Auckland, New Zealand) |[EEE EGRID 2022
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Panel: Topologies and Protection for Hybrid AC-DC Grid
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Location: 405-460. Auckland University Faculty of Engineering, 20 Symonds Street. Auckland CBD,
Auckland 1010

Theme EGrid Power ies in Ti ission and
Overview of Panel: The AC circuit topologies, means the way things are connected to form a functional
circuit, presently used worldwide have been developed and refined over many years. In this panel we

will explore new DC and AC/DC circuit topologies. Some of the aspects worth considering are

1. a) new ways of fault detection, location and isolation ensuring safety and minimising outage

2. b) curtail DC egress into AC networks and. c) ways to ensure continued stable operation post fault
isolation.

This panel will also explore implications of high level of infiltration of DC in AC systems and develop
mitigation measures where needed. Furthermore, to enable progressive transition we will evaluate the
potential of repurposing AC infrastructure for DC applications.

Chair: Ramesh Rayudu

Speaker 1: Abhisek Ukil

Speaker 2: Aleksandra Lekic

Speaker 3: Tran The Hoang

Fufture Electricity Archifecture fo Enable Zero-Carbon Economy

Panel: Modelling the AC-DC Hybrid Grid

R

08:30-10:00
20 December 2022
Engineering Building
University of Auckland
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sponsar of EGRID
2022
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Location: 405-460. Auckland University Faculty of Engineering, 20 Symonds Street, Auckland CBD,
Auckland 1010

Theme EGrid Advances: Power Electronics in Transmission and Distribution

Overview of Panel: Discussion around developing a large-scale digital model encompassing DC grids
and their interface to AC grids. They will enable operational steady-state, dynamic and transient studies
associated with distributed power electronic converter interfaced technologies.

Chair: Tek Tjing Lie

Speaker 1: Neville Watson

Speaker 2: Georgios Konstantinou

Speaker 3: Tobias Massier

Future Electricity Architecture to Enable Zero-Carbon Economy

Panel: Enabling Technologies for Hybrid AC-DC Grid

13001430
2+ December 2022
Engineering Building
University of Auckland

In association with
sponsor of EGRID

575 UaERSITY OF
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Location: 405-460. Auckland University Faculty of Engineering, 20 Symonds Street, Auckland CBD,
Auckland 1010

Theme EGrid Advances: Power Electronics in Transmission and Distribution

‘Overview of Panel: The panel will discuss proliferation of DC grids within AC grids by addressing
technologies and control mechanisms for different forms of power electronic converters:

1. The DC networks are connected to AC via converter terminals that essentially convert AC power
into DC power and vice versa.
2. DC-DC converters enable change in DC voltage levels.

3. Converters utilised in ancillary circuits are DC breakers using enabling technologies.
Chair: Andrew Lapthorn
Speaker 1: Frede Blaabjerg
Speaker 2: Bernd Wunder

Speaker 3: Tek Tjing Lie

S.N.Yim, T. T. Hoang, N. -K. C. Nair and A. Ukil, "Tripping Sequence Approach to Reduce Fault Current to be Interrupted in LVDC Microgrids," 2022 7th IEEE Workshop on the Electronic Grid
(eGRID), Auckland, New Zealand, 2022, pp. 1-5, doi: 10.1109/eGRID57376.2022.9990022.

A. N. Cuppen, T. T. Hoang, N. -K. C. Nair and A. Ukil, "Multilayer Networks Framework Concept applied to Hybrid MV AC/DC Network Topologies," 2022 7th IEEE Workshop on the Electronic

Grid (eGRID), Auckland, New Zealand, 2022, pp. 1-5, doi: 10.1109/eGRID57376.2022.9990017.

W. Huynh, T. T. Hoang, A. Ukil and N. -K. C. Nair, "Comparison of Low-Voltage AC and DC Distribution Networks for EV Charging," 2022 7th IEEE Workshop on the Electronic Grid (eGRID),

Auckland, New Zealand, 2022, pp. 1-5, doi: 10.1109/eGRID57376.2022.9990014.
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e EEA conference, Christchurch, 27-29 June 2023

Cuppen, K. Kueh and M. Gibson, “LV Cable Renewal Forecasting — How Near Is The Wall Of Wire,”
“Delivering A Net Zero Carbon Energy Future Conference” Conference (EEA2023), 2023

M. Gibson and N.-K. C. Nair, “DC Home For Integration To Low-Voltage AC Electricity Distribution
Networks, "EEA - “Delivering A Net Zero Carbon Energy Future” Conference (EEA2023), 2023
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FAN WS2 HVDC interactions with industry

e CIGRE 2023 Winter Workshop, 12-13 July, Wellington

e

9 New Zealand

CIGRE NZ 2023 Winter Workshop

Electrical Installations

CIGRE NZ 2023 Winter Workshops
B3 and B4 Panels

Interactive session with CIGRE experts in person from across Aotearoa (New Zealand) and anline from Vanuatu, India and Austraiia

|
\Join us in this interactive workshop to developa common approach to understanding Electricity Market

"fmd Regulation, particularly for New Zealand as we move towards a 100% Renewable Energy Network

Pperan‘on and Zero-carbon Economy by 2050,

To make the discussions as interactive as possible, we would like to ask participants to think on the
following that will be presented and discussed during the 1 % days of this workshop following
preworkshop optional (limited FCFS) visits to HVDC installation and substation.

CIGRE NZ Winter Workshops on 12 & 13t July @Wellington

*  Flooding and Business Continuity Planning post cyclone Gabrielle
+  Problems with Ohmic safety targets - applying risk to distribution earthing
Earthing as an operational security hazard
*  Performance and Life extension for HVDC poles
Power Electronics in Distributed Energy Resources (DER) and Distribution Network Assets

*+  CIGRE technical brochures on Substations and Electrical Installations, HVDC and Power
Electronics
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FAN WS2 December 2023 International Engagement

e FAN workshop day ---ISGT 2023, 215-24th November 2022, Auckland (University of Auckland)

ISGT-ASIA 2023 (all papers and chaired
session archived in IEEExplore)
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https://ieeexplore.ieee.org/xpl/conhome/10372539/proceeding

Quality Assured Outputs

S.N.Yim, T. T. Hoang, N. -K. C. Nair and A. Ukil, "Tripping Sequence Approach to Reduce Fault Current to be Interrupted in LVDC Microgrids," 2022 7th IEEE
Workshop on the Electronic Grid (eGRID), Auckland, New Zealand, 2022, pp. 1-5, doi: 10.1109/eGRID57376.2022.9990022.

A. N. Cuppen, T. T. Hoang, N. -K. C. Nair and A. Ukil, "Multilayer Networks Framework Concept applied to Hybrid MV AC/DC Network Topologies," 2022 7th
IEEE Workshop on the Electronic Grid (eGRID), Auckland, New Zealand, 2022, pp. 1-5, doi: 10.1109/eGRID57376.2022.9990017.

W. Huynh, T. T. Hoang, A. Ukil and N. -K. C. Nair, "Comparison of Low-Voltage AC and DC Distribution Networks for EV Charging," 2022 7th IEEE Workshop
on the Electronic Grid (eGRID), Auckland, New Zealand, 2022, pp. 1-5, doi: 10.1109/eGRID57376.2022.9990014.

A. Cuppen, K. Kueh and M. Gibson, “A Review Of Low Voltage Cable Diagnostics To Support Proactive Renewal Planning,” in 2023 Cigre Cairns Session —
“The End -To-End Electricity System: Transition, Development, Operation And Integration” Conference (CIGRE Australia), 2023.

Huynh, Wayne. Design Options for Future Hybrid Low Voltage AC-DC Distribution System. Diss. ResearchSpace@ Auckland, 2023. (Master thesis)

T. T. Hoang and N. -K. C. Nair, "Development of a Directional Element for Solar Inverter-Rich Distribution Networks," 2023 IEEE PES Innovative Smart Grid
Technologies Europe (ISGT EUROPE), Grenoble, France, 2023, pp. 1-5, doi:10.1109/ISGTEUROPE56780.2023.10408000.

T. T. Hoang and N. -K. C. Nair, "Advanced Approach for Stability Assessment of PHIL Setups Coupled by Clarke-Park Transform," 2023 IEEE Power &
Energy Society General Meeting (PESGM), Orlando, FL, USA, 2023, pp. 1-5, doi: 10.1109/PESGM52003.2023.10252298.
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Quality Assured Outputs

N. Nair, “CIGRE TB 896 Protection for Developing Network with Limited Fault Current Capability of Generation,” CIGRE 2023.

A. Cuppen, K. Kueh and M. Gibson, “LV Cable Renewal Forecasting — How Near Is The Wall Of Wire,” “Delivering A Net Zero Carbon Energy Future
Conference” Conference (EEA2023), 2023

M. Gibson and N.-K. C. Nair, “DC Home For Integration To Low-Voltage AC Electricity Distribution Networks,” in 2023 EEA — “Delivering A Net Zero
Carbon Energy Future” Conference (EEA2023), 2023

N. Nair, “Green book on IEC 61850 Principles and Applications to Electric Power Systems,” CIGRE Green Books.

Eric Sierra Jimenez, Tran T. Hoang, André N. Cuppen, Nirmal-Kumar C. Nair, Abhisek Ukil, “Topology comparative assessment for hybrid medium-

voltage AC/DC networks”, Electric Power Systems Research, Volume 222, 2023, 109491, ISSN 0378-7796, https://doi.org/10.1016/j.epsr.2023.109491.

M. Gibson, A. Cuppen and N.-K. C. Nair, “Experiment design to understand fire ignition and behavior of components in LVAC and LVDC

enclosures and plastic pillars ,” in 2024 CIGRE Paris Session C6 PS2 — “Power Electronic Based Solutions For Smart Distribution Systems”
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Conference (CIGRE Paris), 2024 (Manuscript submitted)


https://www.e-cigre.org/publications/detail/896-protection-for-developing-network-with-limited-fault-current-capability-of-generation.html
https://link.springer.com/book/10.1007/978-3-031-24567-1
https://doi.org/10.1016/j.epsr.2023.109491

Summary of WS2: Topology
Investigated dedicated DC bus architecture within MV and LV networks v
Understanding disparate AC/DC converter topologies within DC network v

Analysing necessary control, protection and isolation methods for operating
combinations of HV/MV/LV networks within a hybrid AC/DC network v

Ongoing work around
— new ways of fault detection, location and isolation ensuring safety and minimising outage,
— curtail DC egress into AC networks,
— ways to ensure continued stable operation post fault isolation, and
— establishing experimental facilities (laboratory based) for assessing FAN WS2.

International Research Collaborator Team Exchanges
- Prof Subhashish Bhattacharya (North Carolina State University, USA) A/Prof Georgios Konstantinou (University of New South Wales, Australia)
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https://ece.ncsu.edu/people/sbhatta4/
https://www.unsw.edu.au/staff/georgios-konstantinou

Thank you

Questions?

futurearchitecturenetwork@canterbury.ac.nz
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