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Japan and New Zealand

Total Area 377,975 km2

Area 113,700 km2

Area 150,400 km2

Total Area 268,000 km2

Total Population ≈ 123.9 million

Population ≈ 4.1 million

Population ≈ 1.3 million

Total Population ≈ 5.4 million

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.
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Previous Government Projects

PQ Project GREEN Grid Project
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PQ Project [Power Quality in Future 
Electricity Networks]

Gathering Renewable Energy into Electrical Networks (GREEN) –
[Renewable Energy and the Smart Grid – Future Proofing New 
Zealand’s Electricity]
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1. Device Characterization (DG and 
Load Equipment)

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.

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.

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.

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

4(b). Mitigation measures
Develop and assess techniques for 
mitigating potential problems.

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

Electrical devices entering the 
Electrical Network Electrical Network    

7. Identify Trends & 
Potential Problems  

Continuous 
measurements

Acceptable 
Power Quality 

Indices

Influence 
devices that 
are available

Take 
appropriate 

mitigation action 
in electrical 

network
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Look at special 
cases

People use PQ 
Guidelines and 

provide feedback

PQ Guidelines
released

Revised 
PQ Guidelines

released

3 year mark
October 2011

4 year mark
October 2012

Undertake all the technical investigations

October 
2008



7 



8 

1(a). DG Characterization 
Resource variability and resulting 
supply variability.

2. Electrical Network Characteristics
Urban, City, Rural & Industrial Networks

3(a). Modelling
Develop models & analysis 
procedures to enable impact 
studies to be performed.

6. Guidelines & Recommendations

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

3(c). Impact Studies

5(a). Standards for DG
Identify minimum performance 
requirements for DG to be 
connected to the network.

Distributed Generation entering the 
Electrical Network Electrical Network
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1(b). Device & Demand 
Characterisation 

-Demand Profiles

3(b). Modelling
Develop load models suitable for 
enable impact studies to be 
performed.

4(c). Mitigation measures
Identify minimum performance  

requirements.

5(b). Standards for Load Devices
Identify minimum performance 
requirements for equipment & 
installations to be connected to 
the network.

Electrical devices entering the 
Electrical Network

Influence electrical devices that are used

Balancing 
variable 

supply and 
demand

Grid reinforcement & 
support devices

Smart control & 
protection

Generation Electrical Network Load

Storage

Generation Control 
Modes Demand Side 

Management

M
itigation in electrical netw

ork

1

2

1

2

3

33

Identify mitigation that can be taken at the generation level
Identify mitigation that can be taken at the load level
Identify mitigation that can be taken at the network level

Stimulate 
Diversity

Master-plan: Future Electrical Networks
Version: 13
Date Created: August 2008
Date Modified: 14 May 2015
Author: NRW

- Regulatory, Economic & Political Framework
- Structure of the Industry

Other aspects to consider:

- Environmental aspects & Sustainability
- Life-cycle costs

Power 
Quality 

& 
Reliability

4(c). Identify Mitigation 
measures
Develop and assess techniques 
for mitigating potential 
problems.

Service Quality

Indicates a 
mitigation measure
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Outputs
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Motivation for DC: Drivers

Climate Change
Sustainability

Low carbon

Environmentally friendly

 Intergovernmental Panel 
on Climate Change (IPCC) 

Greenhouse gases

Extreme events

Global warming
BiosphereCryosphere

Deforestation

Glacier recession

El Niño  Southern Oscillation
La Niña

Loss of polar caps

Sea level rising

Albedo

Earth’s energy imbalance

1.5°C

Flooding
Droughts

Cyclones

Hurricanes

Earthquakes

Landslides

liquefaction

Ocean/sea warming

Natural disasters

Energy Trilemma

Energy security
Energy equity

Evironmental sustainability

Net Zero Energy Transition by 2050

Integration of Distributed 
Energy Resources (DER)

Power system resilience and security
Inverter-based resources (IBR)

Renewable Energy Sources  (RES)

Renewable energy integration

Inverter dominated networks

Sustainability

Decarbonisation
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International Energy Agency (IEA) 2022
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New Zealand’s Emissions Reduction Plan (2022)

https://environment.govt.nz/what-government-is-doing/areas-of-
work/climate-change/emissions-reduction-plan/
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Electricity Engineers’ Association (EEA) Conference
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Power Electronic 
devices Converters

Variable 
Speed Drives 

(VSD)

Energy Storage
Bidirectional 
converters

AC/DC
Converters

IGBT
Thyristors
MOSFET

Wide Band gap devices
IGCT

Lithium Ion
NaS

Flow-battery
Rotation

Pump-hydro
Gravitational

Super-capacitors

Generation Converters Inverters

Wind
PV

Rectifiers

DC/DC 
Converters

Bidirectional 
converters 

DC/DC 

Motivation for DC: New Technologies
• Electric transportation

• PhotoVoltaic (PV) generation

• Type 4 Wind turbines

• Battery systems (stationary and mobile)

• Electrolysers
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Household appliances

• Chargers and power supplies for equipment
• Lighting equipment 
• Entertainment equipment (TV, Stereos, etc)
• Computer equipment
• Heat-pump/air-conditioners
• Domestic Photovoltaic (PV) systems
• Electric Vehicles
• New generation of:

– Fridges and freezers
– Washing machines and clothes dryers
– Hot-water heaters

Inverter-based fridge and freezer

Inverter-based whiteware



17 
17

Industrial loads and large-scale generation

• PhotoVoltaic (PV) generation
• Wind generation
• Transportation (cars, trucks, buses, light rail and 

trains)
• Pumps and fans for industrial processes
• Irrigation pumps
• Process heat
• Electroplating 
• Electrolysis
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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.
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• Conclusions



20 
20

Co
nc

ep
t D

ia
gr

am

Hi
gh

 V
ol

ta
ge

AC/DC

Industrial plant

Storage to 
smooth out the 
intermittency of 

renewable 
generation

AC/DC

MPPT

Low Voltage (LV) DC Feeder

DC/DC

DC/DC DC/DC

DC/DC

DC/DC

MPPT
MPPT

DC/DC

MPPT

Battery 
Storage

 

Central hydro power station
AC/DC

 

Geo-thermal 
power station

AC/DC

M
ed

iu
m

 V
ol

ta
ge

Lo
w

 V
ol

ta
ge

AC/DC

DC/DC DC/DC

G
en

er
at

io
n 

M
V

Battery Storage

Substation
Fast DC EV Charger

AC/DC

AC/DCWind-farm

Hydrogen Production 
Facility

Commercial

AC/DC

CommercialNormally Open 
Switch

Factory with Co-generation

 

Solar farm

Electric Trains & Trams Electric Buses  & Trucks

Meshed HVDC 
Grid

MVDC

MVDC

HVAC

MVAC

MVDC/LVDC

Wind farm

DC Circuit Breaker

Micro-transformers

For resilience

Bidirectional EV charging

 Concept Diagram (simplified)
Simplified integration of converter interfaced equipment such as 
PV, Wind, Electric mobility (electric cars, trucks trains & trams), 

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

http://www.fan.ac.nz/
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Programme Structure
Network Architecture Circuit Topology Converter topology - operation and 

enabling technologies
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Proceedings of IEEE, Vol. 108, No. 5 May 2020
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Traditional
Point to point HVDC

Hitachi ABB (August 2021)

Meshed HVDC

MVDC
MVDC for 
integrating 
generation

MVDC for 
Hydrogen 
production
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Papers on DC Home
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Low Voltage AC (LVAC) Distribution system

Medium Voltage 
(MV) Grid Low Voltage (LV) AC Feeder

AC/DC

DC/DC

DC/DC

DC/AC

DC/DC

DC/AC

AC/DC

DC/DC

AC/DC

DC/DC

DC/DC

DC/AC

DC/DC

DC/AC
MV/LV

Battery Storage

 

M

Heat-pump

Other household loadsOther household loads Other 
household loads
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Low Voltage DC (LVDC) Distribution system

MPPT

Medium Voltage 
(MV) Grid Low Voltage (LV) DC Feeder

MV/LV

DC/DC

DC/DC DC/DC

DC/DC

DC/DC

MPPTMPPT

DC/DC

MPPT

Battery Storage

 

M

Heat-pump

Other household loadsOther household loads Other 
household loads
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Technical Brochure
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High Voltage Direct Current (HVDC)
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IEEE Transactions on Power Electronics Letters

• 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 
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DC related projects and research
1. Open DC Alliance (ODCA)

2. Technische Universität Dresden (AC2DC project)

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

4. Fraunhofer Institute for Integrated Systems and Device Technology IISB

5. New Energy and Industrial Technology Development Organisation (NEDO) 

6. IEEE Power and Energy Society Committee on End-to-End Direct Current Power Networks

7. 20NRM03 DC Grids project, EMPIR (https://dc-grids.nl/ )

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

9. EU Horizon projects 

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

DC-INDUSTRIE2 - open DC grid for sustainable factories
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Other Research Programmes

FEN project – Flexible Elektrische Netze 

https://www.fenaachen.net/

RWTH Aachen University

The scientists at FEN research 
campus are; 

i) researching procedures and 
methods for the planning and 
operation of pure DC or hybrid 

grids (DC and AC grids). 
ii) determining the planning 

principles adapted for DC grids, 
and the repercussions on the 
systems of the overlying and 
underlying conventional AC 

grids.
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Technische Universität 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.
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DC Grids at Fraunhofer IISB

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

• Fraunhofer Institute for Integrated Systems and 
Device Technology IISB

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

DC power technology and utilisation in 
the future.
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IEEE Working Group on Direct Current 
Power Networks
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Advertisement for researchers 5 Sept. 2024
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Workstream 1
Network Architecture

Workstream 2
Topology

Workstream 3
Converters & enabling 

technologies

Workstream 4
Transisiton from AC to DC 

R. Mukhedkar
N. Watson

N. Nair

N. Nair
R. Rayudu

R. Mukhedkar
A. Ukil

T. Lie
N. Kularatna

T. Long
I. Lestas

Y. Liu
J. Watson

N.Nair
A. Ukil

A. Lapthorn
H.Avery

R. Rayudu
A. Ukil

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

technologies, particularly 
their controls,  and enabling 
technologies

- Assess the implication of 
high levels of DC in AC 
systems and develop 
mitigation measures. 
- Evaluate repurposing AC 
infrastructure for DC 
applications.

- Accurate Analysis tools for 
hybrid AC/DC systems.
- Assess different 
architectures.

Workstream 5
Vision Mātauranga (VM)Tipene Merritt

R. Rayudu
Science leader

All Workstream leaders

- Build and grow Māori capability 
- Grow capability, understanding 
and interest, working with specific 
Māori communities
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Workstream 1
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Workstream 2
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Workstream 3
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Workstream 4
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Haywards DC Injection Tests
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WS4 - DC Injection Test of Transformer
Normal Configuration

Atypical operation
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Haywards DC Injection Tests

DCV

  

    
  

      
      

Injected
DCI
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DC injection tests (January 2023 )

0
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WS4 - DC Injection Test of Transformer
Testing in early 2023.
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January 2023 
DC injection tests
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Repurposing AC Equipment: 33 kV Cable testing
19/33kV 800mm2 MV AC XLPE cable
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Insulator testing
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Finite Element Modelling (COMSOL)

• Electric Field around 
insulator

11kV insulator with AC excitation* 11kV insulator with DC excitation *

* Dry AC flashover voltage as specified by the manufacturer
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Workstream 5

Summer student project to 
develop an outreach programme 
for young children.
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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 Māori and Pasifika students) Feb. 2024.  

Made with Designer. Powered by DALL·E 3.
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Conclusions
1. We are moving to a DC world

2. Many advantages and also many challenges to 
overcome.

Past

Future

M
DC Grid
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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.
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Thank you for your attention!

Questions?

Islington (ISL)

Benmore (BEN)

Halfway Bush (HWB)

Invercargill (INV)

Stoke (STK)

Otahuhu (OTA)

Huntly (HLY)

Whakamaru (WKM)

Stratford (SFD) 

Haywards (HAY)

Whirinaki 
Tuai (TUI)

Tiwai

Oteranga Bay

Fighting Bay
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HAMILTON

Darfield

Bankside

Manapouri

Clyde

Aluminium Smelter

HVDC Tap-off to 
Christchurch

Extension of 
HVDC to Auckland

Roxburgh

 

Lake Tekapo

By Krzysztof Golik - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=64777520

Website: www.fan.ac.nz
What if a Meshed HVDC 
system?
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