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Total Area 377,975 km?

Total Population = 123.9 million

Japan and New Zealand

Similarities:

1. Both Island nations

2. Diverse natural landscapes (beautiful scenery)

resulting in being a tourist destination.

3. Committed to Sustainability

4. Both known for safety, hospitality and quality of life.

5. Some similarities in cultural values, economic
structures and social system.

6. On the Pacific rim so experience earthquakes.

Population =~ 4.1 million

Area 113,700 km?

Area 150,400 km?

Population ~ 1.3 million

Total Area 268,000 km?

Total Population ~ 5.4 million
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Previous Government Projects

October October October October October
2008 2012 2018 2020 2027

Gathering Renewable Energy into Electrical Networks (GREEN) —
[Renewable Energy and the Smart Grid — Future Proofing New

PQ Project [Power Quality in Future Zealand's Electricity]
Electricity Networks] 4
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Electrical devices entering the
Electrical Network
=

RE

Influence
devices that
are available

1. Device Characterization (DG and

Load Equipment)

3. Modelling

Develop device models suitable for
software analysis packages, that
enable prediction of the behaviour of
the electrical system with these
devices are connected.

!

<\

4(a). Mitigation measures
Device Hardening. Identify minimum
performance requirements.

!

5. Standards for Devices
Identify minimum performance
requirements for equipment to be
connected to the network.

Electrical Networ

2. Electrical Network Performance
Measurement of the system.

- Identify existing PQ levels.

- PQ indices and ways to benchmark systems

developed to help interpret measurement data.

mitigation action

network __..---"

4(b). Mitigation measures

mitigating potential problems.

!

S

— Develop and assess techniques for -

6. POWER QUALITY GUIDELINES
Based on the measurements and modelling
of many scenarios for typical New Zealand
electrical system, Power Quality guidelines
will be developed covering appropriate
planning levels for PQ, analysis techniques

and mitigation measures.

Continuous
measurements

Take R Y ....................
appropriate 1 7. ldentify Trends &

i Potential Problems
in electrical eemmmmETTmmmmmm s S

" Acceptable
Power Quality

Indices

Master Plan (Concept Diagram)
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i — ¢/» ministry of

" science +

SCIENCE &
TECHNOLOGY
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é !‘b" innovation
0,

PQ Guidelines
released

| Tiuapapa Rangahau Piutaiao

October
2008

30 Lk 5
g b oo

DML

Ministry of Business,
Innovation & Employment

IEPGRC

Inteagral energy
poswer qualRy & reliabiity cenine

People use PQ
Guidelines and
provide feedback

Look at special
cases

3 year mark
October 2011

4 year mark
October 2012
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Generation Electrical Network Load

%]

Distributed Generation entering the Electncal devices entering the
Electrical Network% ] Electrical Network ~—
] B
i : = Q E
: S ©
] 24 —
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E 1(a). DG Characterization i | 2. Electrical Network Characteristics = . |1(b). Device & Demand (¢o]
5 Resource variability and resulting i | Urban, City, Rural & Industrial Networks @ - |Characterisation 5
(€ supply variability. : + = -Demand Profiles
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8 3(a). Modelling (ERlIp=ChSaeiEs Service Quality 3 | 3(b). Modelling = Q
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requirements for DG to be i .| Identify minimum performance ©
connected to the network. i A requirements for equipment & 2
] o ] ¢ |installations to be connected to
| | 6. Guidelines & Recommendations - | the network.
M r-plan: Future Electrical Network: . T . Other aspects to consider:
v aSt_e pfs uture Electrical Networks @ Identify mitigation that can be taken at the generation level ~Regulatory, Economic & Political Framework
ersion:. (@ Identify mitigation that can be taken at the load level - Structure of the Industry Future Archi "
Date Created: August 2008 i inabili uture Architecture
e g (3 Identify mitigation that can be taken at the network level - Environmental aspects & Sustainability of the Network
Date Modified: 14 May 2015 - - Life-cycle costs
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Outputs

r STANDARDS -«
J NEW ZEALAND STANDARDS
TE MANA TAUTIKANGA 0 ADTEAROA Austrodio
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Motivation for DC: Drivers s cEurTeAgal Pane|
_;u_,' e Change (IPCC)
Net Zero Energy Transition by 2050 g sl Bk Albedo

Renewable energy integration

Integration of Distributed
Energy Resources (DER)

Inverter dominated networks
Decarbonisation

Sustainability

__ _ Earthquakes
Renewable Energy Sources (RES) Eoi s 4T b
Energy security
Inverter-based resources (IBR) Energyequity

Future Architecture
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International Energy Agency (IEA) 2022

Countries  Fuels & technologigs Analysisy Data | Policies About Q 2

Net Zero by 2C

A Roadmap for the Global Energy Sector

Flagship report — May 2021

Future Architecture
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New Zealand’s Emissions Reduction Plan (2022)

i . Energy and
industry
Te hau marohi ki anamata

Towards a productive, sustainable
and inclusive economy

CHARTER 10

Transport

RV TS P ORY L A
https://environment.govt.nz/what-governmlent-is-doing/areas-of- N Futve arcitectze
. . . . 74 of the Network
work/cl|mate-change/em|SS|ons-reductlon-pzlan/ Syae et



7 MINISTRY OF BUSINESS,
{! INNOVATION & EMPLOYMENT
™  HIKINA WHAKATUTUKI

TERMS OF REFERENCE

NEW ZEALAND ENERGY STRATEGY

m October 2022

Developing a shared understanding of New Zealand'’s energy
potential, limitations and opportunities

Phase 1 - Exploring what's possible

Phase 2 - Charting the path

Exploring the trade-offs and setting the direction for

New Zealand's energy system
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Future Architecture
of the Network



Electricity Engineers’ Association (EEA) Conference

CLAUDELANDS, HAMILTON
19-21 SEPTEMBER 2022

DELIVERING A

ENERGY FUTURE

ENGINEERING, - irsssssssessaseadi S
TECHNOLOGY: a-;::::;::;::::-"-“-:- [EEASOSEN, ... ...
INNOVATION '..::F?'.EZ'ZIZ':::. e

-IN A LOW CARBON EN‘JIROHHEHT t0000e. CLY
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Motivation for DC: New Technologles

» Electric transportation

« PhotoVoltaic (PV) generation

 Type 4 Wind turbines

« Battery systems (stationary and mobile)
» Electrolysers

4H* +4e > 2H,  2H,0> 0, +4H*
0, +4e




Household appliances f
<

e Chargers and power supplies for equipment
e Lighting equipment

« Entertainment equipment (TV, Stereos, etc)
 Computer equipment
 Heat-pump/air-conditioners

« Domestic Photovoltaic (PV) systems
e Electric Vehicles

« New generation of:
— Fridges and freezers
— Washing machines and clothes dryers
— Hot-water heaters

Inverter-based fridge and freezer

Future Architecture

16 of the Network



Industrial loads and large-scale generation

« PhotoVoltaic (PV) generation
 Wind generation

« Transportation (cars, trucks, buses, hght rall and
trains)

 Pumps and fans for industrial processes
o Irrigation pumps
* Process heat

« Electroplating

« Electrolysis




Motivation

The question is not whether DC
conveyance and DC systems
will have a role in the system
moving forward, but where
should it be used, how is it to be
implemented and how fast
should it be deployed.

3 Future Architecture
the Network

>3 of
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Outline

Vision for the Future Network

Future Architecture of the Network (FAN) programme

19
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Concept Diagram

Generation MV

High Voltage

Medium Voltage

Low Voltage

S

Wind-farm

Geo-thermal
power station

DC/De

Low Voltage (LV) DC Feeder -

Battery Storage
ast DC EV Charger

Hydrogen Production
Facility

Commercial

’ Normally Open ; i Commercial
I Switch or resilience

Bidirectional EV charging

st t . . .
I/mc‘,’t',fiitihe Concept Diagram (simplified)
intermittency of Simplified integration of converter interfaced equipment such as
) renewable

\ Battery

| Storage  generation PV, Wind, Electric mobility (electric cars, trucks trains & trams),

Battery storage & industrial processes (e.g. hydrogen production).

Future Architecture
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Why a Hybrid AC-DC Power system?

There is an optimum voltage for a given distance and power to be
conveyed.

— The AC transformer is a mature technology with a high reliability and
efficiency (Up to 99.7% for large power transformers)

— DC/DC converters are available for lower voltage levels, but unlike to be
available at 400 kV in the MW range in the foreseeable future.

— A lot of money already invested in AC transformers

Gives the best of both worlds. Easy integration of new
technologies and easy translation of system voltage.

Already DC already used for reticulation in some industries.
Lower losses (Conversion and transmission).
Direct integration of DC-based generation and loads.

Future Architecture
of the Network



About FAN www.fan.ac.nz

Full Research programme name:

Architecture of the Future Low-Carbon, Resilient, Electrical Power
System

Short-form name of the programme:
Future Architecture of the Network (FAN)
or Te Whatunga Hiko

7-year project (started in the latter part of 2020)
Science Leader: Professor Neville Watson (University of Canterbury)
Contact: futurearchitecturenetwork@canterbury.ac.nz

Future Architecture
of the Network
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Circuit Topology

Converter topology - operation and
enabling technologies

Workstream 2

form a functional circuit)

- Grounding and protection

- Evaluate Circuit topologies (the way things are connected to

Type of Converter:
(1) Current Source Converter (CSCH
(2) Voltage Source Converter (VSC):

(a) Monopole
(b) Bipole with metallic return path
(c) Bipole with ground return path

Ser f i Multi-leve
Capacitor | |7\,
e ——| Isolator
Breaker

6-pulse
12-pulse
Higher-pulse

-Leve
3-Level

Normally
Open ,~

c
K<l
=]
T > y
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é’ A J 9 ] Adive
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LV Circuits Fused
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=) b DC Circuit
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Workstream 3
- Evaluate Converter technologies, particularly
their controls, and enabling technologies

Positive (+)

[
[En !

imie

imim
imim|

izl

imiz

Negative ()

Converter

Controls

Converter
Controls

Converter

Converter
Controls

High

Frequency

1
]

[
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Outline

International

Papers and conferences on DC

DC related projects and research being undertaken
Standards being developed

Advertisements for researchers in this area
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Proceedings of IEEE, Vol. 108, No. 5 May 2020

i R o

Df Switch
"

DC power points

TV, RF oven, LED

V lighting, entertainment
systems, computers,

electronic devices

e DCSST

AC DC TIPS

Resistance

"DC SST! N R— DC Dishwasher, washing
machine, water pump,
fan, A/C, fridge
bC
DC
Bss EV Fast ¢l
Autonomous =¥ agt charger y ’
—oc 7] % Vil (S
e : = .
v ' f
P
Control and )
communication [ g
N Unidirectional communication
TIPS Wind farm el ——————— Lighting, clectrolysis

——LHw

me Resistance
~ Acf HVDC AMA
DC

4

Autonomous
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Hitachi ABB (August 2021)

HITACHI AEE

HITACHI ABB POWER GRIDS

Grid — Industry and large commercial —
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Design ( DC Distribution Systems for Homes

Papers on DC Home for He St Dt e

Univeraty of British Columbia
Vancouver, Canada
[ siver.wed mordonez |2 ece.ube.ca

Sth International Conference on Power Elecironics-ECCE Asia
June 1-5. 2015 / 63 Convention Center. Seoul. Korea

A Stu sune Fleszonies
1 H Suwon, Korea
for S IS DC S FIECE In the HDmE? nisamsung. com

By Doug Houseman

Givan changes in how people are using electicity, is an AC-only electrical sysfem still the right option for a residence of the future 7 Conversion fosses
already are growing with wide use of consumer electronics, and thay will gat bigger still as photovaltaic and car-charging systems evolve. This is why
expearls are sfarting o serously consider the prospect of hybrid AC/DC residential elecirical syslems.

2014 1EEE 1

201 Idaam

COIII] According to the Energy Information Agency (EIA), the fastest growing portion of residential electricity uss is consumer electronics and small
Appl appliances. In 1983, the EIA did not even bother (hitp:ffwww.gia.goviconsumption/residentialidata1893) to measure the consumption in either v Salar
category: eight years later it counted (htipfwww.eia gov/emeuirecs/recs2001/enduse2001/enduse2001.html) over a dozen types of devices that fit in vstem
this catagory. By 2013, whan a group of IEEE members audited their houses to get a snapshot of what they had, tha list of categories expanded to TM__”m__I
over 50 small appliances and consumer electronics devices,

dafkiies

Gi

s

These devices primarily run on DG power. Even with improvements in power supplies, many of these devices have a conversion efficiency of no befter 5557
than 80 percent (hitpfwww electronicproducts. comdPower_Products/Power_Semiconductors/De_de_converter_etficiency_revisited .aspx) and some
Inw and dwm&s have EﬁICIBnCIES as Inw as EE pamenl in converting power. Such devices now account for between 15 and 30 percent of a

oo T 2} depending on demographics, country and weather zone.
be EEE TRAMSACTIORS ON IKOUSTRRAL FL ECTROMICE, WOL B2, NOL 7, LILY 2015

Effective Test Bed of 380-V DC Distribution

System Ll5|ng Isolated Power Converters Efficient Home Applianc Power Distribution Systems for Futare Homes
Myung-Hyo Ryu, Member, IEEE, Ho-Sung Kim, Member, IEEE, Ju-Won Baek, Member, IEEE, Miguel A. Rodriguez-Ot )
HEU"Q -(3aUn mm Sﬁ"ﬂlﬂr-'l"ﬂmﬂﬁ"f [EEE, and Jea-Hoon JUHQ. Senior .l.vl'amner IEEE Center for Power E Po-Wa LEE and Y1|||.-5hu_L.EE_ ) . B-n-TJ-Dl.JI?ﬂ
ical and Computer Engineering Depart Drepariment of Blecteanic fid Informetinn Enginsering Crepariment of Electmnic Enginsering
- Fasalabad, Pskistan miguel rodriguez oterc The Hong Kang Pohviechiise University South China University of Technology
Humg Hem, Kowloon CinangZhou, 510641, China

Hang Kong



Purdue house runs entirely on DC power: efficient nano-grid
can be powered by solar panels, batteries or local utilities

Did you know there's a silent war going on inside your home? Alternating current (AC) electricity comes in

from the grid, but many of your appliances and lighting run on direct current (DC). Every time you plug in a
TV, computer or cell phone charger, power must be individually converted from AC to DC - a costly and
inefficient process. Purdue University researchers have proposed a solution to the problem by retrofitting an
entire house to run on its own efficient DC-powered nano-grid.

The project to transform a 1920s-era West Lafayette home into the DC Nanogrid House began in 2017 under
the direction of Eckhard Groll, the William E. and Florence E. Perry Head of Mechanical Engineering, and

Why DC power?

AC has been the dominant infrastructure in the world's electrical grids since the late 1800s, when the "war of
the currents” saw Thomas Edison’s dream of a DC-based electrical infrastructure lose out to George
Westinghouse's AC system. But while the “war” may seem to be over, two recent developments have
prompted researchers to re-investigate DC's benefits. The first is the increasing availability of renewable
energy sources - solar panels and wind turbines - as well as energy storage in large home-based battery
packs. These devices are all naturally DC, so to have a DC-based home infrastructure enables this energy to

be delivered with almost no waste or inefficiency.

The second development is a series of extreme weather events, which have exposed the fragility of the U.S.
electrical grid. Winter snowstorms in Texas, as well as extreme heat in the southwest, have caused brownouts

and blackouts to become increasingly common.

“The United States grid is like one of those marble-balancing games where you tilt the table to keep the
marbles from falling off. However, tilting in one direction to save one marble can cause the rest to come
crashing down,” Ore said. “When too many homes suddenly start requesting extra power for heating or air-
conditioning, the grid can become severely unbalanced while trying to respond.

“A DC-house can potentially sustain itself for short periods of time by generating its own renewable energy
and detaching from the grid through the help of on-site stored energy. This ultimately minimizes the strain on
the outside grid in emergency situations. Events like the Texas storm are perfect illustrations of how a DC-
house can benefit individuals and the community”

%& Future Architecture

V of the Network

Q&*’ EWHATUNGAHIKO-
.\‘.

28




Low Voltage AC (LVAC) Distribution system

Future Architecture
of the Network
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Low Voltage DC (LVDC) Distribution system

Future Architecture
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High voltage direct current transmission cables to help
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High Voltage Direct Current (HVDC)

HVDC-VSC Newsletter
September 2024

News pz2-s
Greenlink cable installation complete

Construction begins on Umuiden Ver Beta 2 GW platform
Construction of Eastern Green Link 2 starts on both sides
COBRAcable celebratas 5 years of oparation

Greece and Cyprus agree on Great Sea Interconnector project
Two major HVDC-VSC tenders released in India

XJ Electric wins C&P contract for 3GW project in Saudi Arabia
Four natiens collaborate to build Black Sea Power Cable
Leading Light Wind faces turbine supplier challenges

Taihan Cable & Solution selected for HYDC project in the US
U.S. DOE to fund $8 million in HVDC circuit braaker rasearch
Mitsubishi Electric and Siemens Energy to co-develop DCCB
CIGRE WG B4.81 Releases a Key
Technical Brochure

CIGRE TB 934 summary

Recent papers pg-10
A monthly list of resaarch papers published

Overview of HVDC-VSC Systems pi1-25
Operational systems

Future projects (details subject to change)

32

Gratitude

Many thanks to Kamran

Convenor of the CIGRE WG B4.81, for his
suppart on the TB#934 summary.

Many thanks to Niket Jain from Siemens
Energy for his support on Indian projects.

For any comments and feedback, wa kindly
invite you o reach out

us Vor dem Berge
Lemaire, Magdalene Gleadow,

Future Architecture
of the Network



IEEE Transactions on Power Electronics Letters

e Special Section on Highly Robust Power Electronics
in the Era of DC Grid in IEEE Transactions on Power
Electronics Letters (TPEL).

 Open to Submission: 1 October 2024

RS Ft 2 Ar ht ctur
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DC related projects and research

w N

© NS Uk

Open DC Alliance (ODCA)
Technische Universitat Dresden (AC2DC project)

Flexible Elektrische Netze (Flexible Electrical Networks) (FEN) hosted by RWTH Aachen
University

Fraunhofer Institute for Integrated Systems and Device Technology IISB

New Energy and Industrial Technology Development Organisation (NEDO)

IEEE Power and Energy Society Committee on End-to-End Direct Current Power Networks
20NRMO3 DC Grids project, EMPIR (https://dc-grids.nl/ )

IEC SyC LVDC (Low Voltage Direct Current and Low Voltage Direct Current for Electricity
Access)

EU Horizon projects

European Metrology Networks (EURAMET), DC Grids and Applications
(https://www.euramet.org/smart-electricity-grids/themes/dc-grids-and-applications)

Future Architecture
; * of the Network
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Open DC Alliance (ODCA) ODCA-

direct current by zvei

AC gnd Bidirectional power supply § Renewable energy Energy storage

L

ﬁﬁ\

Robotic
Decentralized grid management |r..jnufa{;1uri11g Conveyor wﬁt?ms Lift ﬂpulicﬂtiﬂ.nﬁ Machining centers
DC-INDUSTRIE2 - open DC grid for sustainable factories Future Achitecture

of the Network
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The scientists at FEN research

Other ReseaI‘Ch ProgI‘a f campus are;
_ _ i) researching procedures and
FEN project - Flexible Elek methods for the planning and
] operation of pure DC or hybrid
https://www.fenaachen. grids (DC and AC grids).

RWTH Aachen Universit i) determining the planning
principles adapted for DC grids,

EEEEE

and the repercussions on the
systems of the overlying and
underlying conventional AC

networks of the
future

Research and development of a flexible power grid . This
" network will ensure hahigh -
proportion of decentralized and renewabl

Future Architecture
of the Network
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Technische Universitiat Dresden

« AC2DC project

[concepts and their feasibility for operating DC
distribution networks for LV and MV]

[1] S. Krahmer et al., "Conversion of Existing AC into DC Cable
Links in Distribution Grids: Benefits and Challenges,” ETG
Congress 2021, Online, 2021, pp. 1-6.

RS Ft 2 Ar ht ctur
the Network
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DC Grids at Fraunhofer IISB

o https://www.iisb.fraunhofer.de/en/research_areas/
intelligent_energy_systems/DC-grids.html

« Fraunhofer Institute for Integrated Systems and
Device Technology IISB

3 Future Architecture
the Network
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https://www.iisb.fraunhofer.de/en/research_areas/intelligent_energy_systems/DC-grids.html
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DC power technology and utilisation in
~ the future.
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IEEE Working Group on Direct Current

Power Networks

- Local DC power netwark utilizing

PV/wind and battery bank
iy,
=

Dedicated DC loads like Data

centers and residential \\.
buildings, ete.

LU‘I'::“"I‘EI:DID"“G“ DC Fast charging
with minimal powar o
neads

DC distribution to
eonnect to ather lacal
DC networks to form a

microgrid

N
oo

o — ’LAL‘ oo

i - Wind energy with
}"' battery bank storage

Complete end-to-end DC power network

for new DC loads and existing AC loads

Cement factory plant :_..
(oCbus) ) %
o

HVDC to »
MVDC 2
converter
station
HVDC Transmission ) 1 fi )
[ i
\ Desali plant
(DC bus)
MVDC to
HVDC .‘ﬂ-.\_ﬂ,.ﬂ-,-‘ &
converter ﬁ charging
station e /LalTR station
[ Utilizing the available AC |
infrastructure with DC
power network a
PV with battery bank T NG Besrosaral
o xisting loa
RO inverter
Future Architecture

40

’ "i‘.' of the Network
\%' EHATUNGAHIKO-



Advertisement for researchers 5 Sept. 2024

We are searching for a PhD candidate with background on power system modelling and
optimization in the course of the Horizon Europe research project “DAEDALQOS - Development,
integration, and demonstration of Advanced software tools in SCADA systems for combining
Teslas and Edisons world to realize high, medium and low voltage hybrid AC/DC grids”. In
particular, the successful candidate is expected to further advance existing open-source AC/DC

arid ontimization modals io he 1ised for the arid nlanning and aneration in the indiistrial context
electrical energy. Topics covered are smart grids, reliable power systems with high penetration of

renewable energy sources, HVDC and LVDC, energy markets, integration of renewable energy
sources on transmission and distribution. Seven professors lead the group. They manage the

end, algorithmic approaches will be used to complement mathematical optimization methods. The
position is situated in the recently established Energy Transmission Competence Hub - ETCH
within EnergyVille, facilitating research HVYDC and underground cable competence centre.
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Outline

Progress to date on FAN programme
— Workstream overviews
— Training the next generation
— Linkages with other of Advanced Energy Technology Platform programmes
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R. Mukhedkar
N. Watson
N. Nair

- Accurate Analysis tools for
hybrid AC/DC systems.

- Assess different
architectures.

Workstream 2
Topology

N. Nair
R. Rayudu
R. Mukhedkar
A. Ukil

Workstream 3
Converters & enabling
technologies

- Evaluate Circuit topologies
(the way things are
connected to form a
functional circuit)

T. Lie
N. Kularatna
T.Long
I. Lestas
Y. Liu
J. Watson
N.Nair
A. Ukil

|- Evaluate Converter

technologies, particularly
their controls, and enabling
technologies

A. Lapthorn
H.Avery
R. Rayudu
A. Ukil

- Assess the implication of
high levels of DC in AC
systems and develop
mitigation measures.

- Evaluate repurposing AC
infrastructure for DC
applications.

Tipene Merritt - Build and grow Maori capablillty
R. Rayudu - Grow capability, understanding
and interest, working with specific

Maori communities

Future Architecture
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WorkStream 1 Multi-phase Hybrid AC-DC

Unbalanced Power-flow
Simulation Tool:

Features, Capabilities and Case Studies

Veerabrahmam Bathini
2024

um.bathini@canterbury.ac.nz

Power-flow Solution Attributes

|
Solution Problem Constraint Frame of ':e:;‘":;: Co-ordinate Number Hvb;: :\ C;DC
method Formulation definition reference ety system representation 2 i
Technigque method

AATN AN A

Iterative

methods
(Newton like)

" T . Unified or §
(."umzm anc_h ‘ABC’ phase Modified Rectangular Physical or SiaiHaseats
mismatch constraints frame Nodal Analysis actual values
approach |
[Fga
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B306 IEEE TRANSACTIONS ON INDUSTRIAL INFORMATICS, VOL. 20, NO. &, JUNE 2024 @

Workstream 2 Complex Domain Analysis-Based Fault

Detection in VSC Interfaced Multi-terminal

.. LVDC System
Tr]'p p lng Sequence AppI'OaCh to Red] Dongyu Li ™, Member, I[EEE, Abhisek Ukil ©, Senior Member, IEEE, and Gen Li ©, Senior Member, IEEE

to be Interrupted in LVDC M.uivgiiuo

Sze Nin Yim, Tran The Hoang, Nirmal-Kumar C Nair, and Abhisek Ukil
Department of Electrical, Computer, and Software Engineening
University of Auckland, Auckland, New Zealand
wavenyimggmail. com (SN. Yim), tran.the hoang(@auckland.ac.nz (Tran T. Hoang),
n.nairi@auckland ac.nz (N. Nair), a.ukili@auckland.acnz (A. Ukil)

ssearch
191

ve assessment for hybrid
/DC networks

Comparison of Low-Voltage AC and DC

Distribution Networks for EV Charoina
Wayne Huynh, Tran The Hoang, Abhisek Ukil, and Nirmal-K Multilayer Nf"tworks Framework Concept RPPIIEd to
Department of Electrical, Computer, and Sofiware Engineeri Hybrld MV AC/DC Network TOpOlOgleS

University of Auckland, Auckland, New Zealand
whuy46 li@aucklanduni ac nz {W. Huynh), tran the hoangi@auck land ac.nz André N Cuppen Tran The Hoang Nirmal-Kumar C Nair Abhisek Ukil
aukil@avckland.acnz (A Ukil), n naiI@?ﬂuckland ac.nz(N-K.C DO00-0001 -8 206-TO59T 0000-0002-501 6-D059 O000-0002-8456-3599 DO00-0003 -3 100-T865
i (et .dC. . ST L dc. M=Be

. 3 Department of Electrical, Computer, and Sofiware Engincering, University of Auckland, Auckland, Mew Zcaland
fault current capability of generation

Published in 2023
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Workstream 3 "L

Chamara Dassanayake’, Nihal Kularatn

University
Email: cd17.

Optimal Coordinated Control Strategy of Clustered DC Microgrids under
Load-Generation Uncertainties Based on GWO

by Zaid Hamid Abdulabbas Al-Tameemi 1 & Tek Tjing Lie 1" &9, Gilbert Foo 1 &= and l
Frede Blaabjerg 2 =

Review

Control Strategies of DC Microgrids Cluster:

A Comprehensive Review

Zaid Hamid Abdulabbas Al-Tameemi (", Tek Tjing Lie **

Enhanced Grid-tie Converter Control Under
Unbalanced Conditions with no PLL

Optimal Power Sharing in DC Microgrid Under
Load and Generation Uncertainties Based on GWC

Algorithm

Zaid Hamid Abdulabbas Al-Tameen, Tek Tjing Lie, Gilbert Foo
Department of Electrical and Electronic Engineering
Auckland University of Technology, New Zealand
email:jxy3030@autuni.ac nz, {tek.lie, gilbert.foo | @aut.ac.nz

Electronic Converters

Frede Blaabjerg
Department of Energy Technology
Aalborg University, Denmark
email: fhli@et.aau.dk

Angaline Krishna
Department of Elecirical & Efectronic Engineering
Auckfand University of TechnologyfAUT)
Auckfand, New Zealand
vyqR46d (dautuni ac.ng

Kosala G

Department of Electrical & Ele
Auckland University
Auckland, |

kosala gum

Hailong Wang 2 B Jeremy D. Watson &, Neville R. Watson &

, Gilbert Foo ! and Fre«
K

=

2School of Engineering

and Industrial Converters and J:'nablmg 1 ecnnologles
Review
Current Context and Research Trends in Linear

DC-DC Converters

Control Strategies and Stabilization Techniques for DC/DC Converters
Application in DC MGs: Challenges, Opportunities, and Prospects—A
Review

by Aphrodis Nduwamungu 1 £
Kosala Gunawardane #

, Tek Tjing Lie 1 . loannis Lestas 2 =, Nirmal-Kumar C. Nair * % and

1 School of Engineering, Mathematics, and Computer Sciences, Auckland University of Technology, Auckland 1120,
New Zealand

2 Department of Engineering, Information Engineering, University of Cambridge, Cambridge CB2 1TN, UK

3 Faculty of Engineering, Department of Electrical, Computer and Software Engineering, University of Auckland,
Auckland 1010, New Zealand

4 School of Electrical and Data Engineering, University of Technology Sydney, Sydney 123, Australia

* Auther to whom correspondence should be addressed.
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A Lyapunov-based nonlinear direct power
control for grid-side converters interfacing
renewable energy in weak grids ¢
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Haywards DC Injection Tests
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WS4 - DC Injection Test of Transformer
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WS4 - DC Injection Test of Transformer
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Repurposing AC Equipment: 33 kV Cable testing
19/33kV 800mm?2 MV AC XLPE cable

7 1. 33kV MVAC cable ~— o el
© 2. Variac |

3. Isolation transformer —

- 4. Filter box T e & oy /

. 5. 80kV Transformer ’ | _fl" Cable Termination |
/

- 6. Leakage current Wity |
:  measuring device i : ’ ,/ s
Coupling capacitor - ~A
Partial discharge b #
measuring device o +
e 2
I

T e




Insulator testing
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Finite Element Modelling (COMSOL)

yer e Electric Field around 2 %
S5 o insulator AR
» @ 2
- -
(e ) ; |
11kV insulator with AC excitation® 11kV insulator with DC excitation*
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Workstream 5

THE PROGRAMME OVERVIEW

TENCON 2021 - 2021 I
7-10 Dec 2021. Auckla

AIM: The Future Architecture of the Network (FAN] | Te Whatunua Hiko aims to
develop a programme intended to be hosted by the Canterbury Museum.

School of Eng,
G 0

interests in STEMM (Science,
?:::::ﬁ;::rn“ ON s22 Canterbury Sy

®* Museum

Summer student project to

, develop an outreach programme
Future Architecture for young children.

of the Network
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Training the Next Generation

Research and developing capability:

Five Masters students (of which 2 have completed)
Five Postdoctoral fellows

Eighteen Ph.D. students plus two Ph.D. students related to but not funded by FAN. One
Ph.D. has completed and seventeen are still pursuing their Ph.D. studies.

Forty summer students (plus thirteen student projects currently being advertised for
summer 2024-2025)

Sixty-two undergraduate student projects
Two interns from overseas
One postgrad cert. student (completed)

UC Tech. Boot camp (outreach to Maori and Pasifika students) Feb. 2024.

Future Architecture
of the Network
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Aotearoa’s leading teams working together toward 2050

enabling green energy to provide green transport

Aotearoa’s SSIF's Keystone Partners

combined AETP
programmes

m cns UCW

SCIENCE UNIVERSITY OF

TE PU AO
nm-m-:;-uuh

[=="""=] VICTORIA UNIVERSITY OF

fosd WELLINGTON

.~ TE HERENGA WAKA

Team Members (NZ)

Callaghan Innovation

Te Pokapi Auaha / Ara (_;,(,) Ilmgm
- = reciolost
(@) EPECentre

D s
L L T _

1 ra.
A[ﬂ]ﬁ a3 UNIVERSITY OF University
& Alaiap of Otago

SSIF: Strategic Science Investment Fund
AETP: Advanced Energy Technology Platform
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Conclusions

1. We are moving to a DC world

2. Many advantages and also many challenges to
overcome.

=
Future

Future Architecture
of the Network
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Conclusions (continued)

3. DC will have a very important role in the future power
system due to the energy transition underway and the
technology available.

4. The vision for the Future Architecture of the Network
programme (FAN) has been reinforced by the
subsequent abundance of international activity on DC
systems.

5. Although initial progress on the FAN programme was
slow due to COVID, significant research momentum
has now been achieved.

2 Future Architecture
2 of the Network
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Thank you for your attention!

Extension of
HVDC to Auckland

Questions?

Stratford (SRD) o

Website: www.fan.ac.nz

What if a Meshed HVDC ~ -
=

system?

......................................

CHRISTCHURCH

Bankside

DUNEDIN
Y Halfway Bush (HWB)

argill (INV)

o : By Krzysztof Golik - Own work, C€ BY-SA 4.0,
25 Aluminium Smelter https://eommons-Wikimedia.org/w/index.php?curid=64777520
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