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A Very Warm Welcome

From 8.45 Coffee available
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I 10.00-11.30 | Neville Watson Industry Engagement Workshop

Neville Watson /

30-12.00 Andrew Lapthorn Lab tour

12.00-13.00 | Lunch break / Networking
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D= | Outline

1. Objectives of Industry Engagement Workshop

2. Overview
a) FAN
b) Worldwide

3. Feedback from Industry
* Industry’s view of FAN programme progress and
direction.
* Possible ways of more collaboration between FAN team
and Industry.

9z | Objectives of Industry Engagement Workshop ?3
&

1. Allow Industry to have input into the 2
project. To raise ideas and suggestions. ?ﬂ

2. We do desire a dialogue regarding the i
progress and direction of the FAN project. i

3. Explore possible ways of more ?ﬂ
collaboration between FAN team and <3
Industry. Ve
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Future Achtecture
of the Network
EWHATUNGAHING-

Full Research programme name:

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

Overview www.fan.ac.nz

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
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Future Achitecture

R. Mukhedkar
N. Watson (SL)
N. Nair

- Analysis tools for hybrid
AC/DC systems.

- Assess different
architectures.

R. Rayudu
Tipene Merritt

Programme Manager

AN Workstreams

Workstream 2 C Workstream 3
Topology Converters & enabling
technologies
N. Nair T. Lie
R. Rayudu N. Kularatna
R. Mukhedkar T. Long
A. Ukil 1 I Lestas
Y. Liu
— - J. Watson
- Evaluate Circuit topologies N.Nair
(the way things are A‘ Ukil
connected to form a

functional circuit)

N. Watson (SL) & Workstream Leaders and

- Evaluate Converter
technologies, particularly
their controls, and enabling
technologies
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- Assess the implication of
high levels of DCin AC
systems and develop
mitigation measures.

- Evaluate repurposing AC
infrastructure for DC
applications.




®%§gceedings of IEEE, Vol. 108, No. 5 May 2020

HITACHI ABB POWER GRIDS

Perspectives

Power Electronics: Revolutionizing
the world's future energy systems
Auggs 2001
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RWTH Aachen University (Germany)

—— T
@0 The research work is carried out in a
AT e collaborative framework between several
| _ itk RWTH institutes and companies in four
13 e T interconnected projects on the following
—r "y topics:
I LW k= i]l - * network planning and design of hybrid ac-
8 BT wee . = dc and pure dc grids,
_'l]_ - e [ s G * development of components for MVDC
"""" 8 Ll .. 5 o systems,
| i’ | [ - * integration of control and automation
g o el Lo | concepts in MVDC networks
Ry < #2% 88 = * design and realisation of a life-size MVDC

research grid.

(8= | FEN Website (https://www.fenaachen.net/) i
.~
[T ]4
e
The scientists at FEN research campus are "
Research forthe | researching procedures and methods for the &l
networks of the | planning and operation of pure DC or hybrid grids '49
future (DC and AC grids). In addition to determining the 4é|
planning principles adapted for DC grids, the )
L repercussions on the systems of the overlying "
and underlying conventional AC grids are 4
analysed. abl
T {
4
S8




J:hnische Universitat Dresden

Dresden researchers:

* Schegner, Peter (design of DC networks)
Hemken, Matthias (design of DC networks)
Hermann, Ricardo (protection in DC networks)

Meyer, Jan (power quality and EMC in DC networks)

Adam, Robert (component development for DC networks)

ERHATURGAHINO-

and Device Technology IISB (Germany)

https://tu-dresden.de/

Blanco, Ana-Maria (power quality and EMC in DC networks)

Schlegel Stephan (component development for DC networks)

Fraunhofer Institute for Integrated Systems

Research topics: / WS 3 ws4

1. Highly efficient and cost-effective DC/DC converters

2. Increasing energy efficiency through DC grids, from home and office gp commercial buildings

3. Innovative solutions for DC connectors, switches, and protection elements

4. Control strategies for converter-based DC-grids incl. grid stability analysis and error control

5. Evaluation of new elements based on SiC or GaN for faster switching and increased efficiency, espefially
under light load conditions

6. Packaging with low parasitic inductance and new circuit topologies to benefit from faster switching

7. Solutions for soft migration of energy- and cost-efficient DC-applications into existing AC installations I

8. Profiles of power sources and loads to simulate or characterize grid components and systems

9. DC charging technologies for electro mobility and smart grid

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

10/02/2024
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Future Achtecture
of the Network
EWHATUNGAHING-

NEDO (Japan)
New Energy and Industrial Technology
Development Organisation

A quote from NEDO website: “The era of DC begins — Pursuit of DC/AC best
mix”. They are:

* explored the latest trends and future outlook of DC technology

* improving the resilience of energy systems and ongoing standardization
efforts

* aiming at the practical application of highly reliable and inexpensive DC
power transmission system

* develop highly reliable multi-terminal DC power transmission systems at
low cost and establish basic technologies for expanding and accelerating
the implementation of large-scale offshore wind farms

Future Achtechre
of theNetwork
ERHATUNGAHIN-

Dr. Keiichi Hirose “Our team has been working for DC power utilization and technology in 1
the near future. As an example, please see the attachment which is one of our concepts in 49
2050 of DC power applications.”

NEDO https://www.nedo.go.jp/english/index.html "45




== | Future-generation power network
Stabilization Technology development for
utilization of Renewable Energy

Storage
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Figure 1 Effect of low inertia on frequency
fluctuations (image)

Future Achtechre
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Feedback from Industry

Now is the time to ask questions and
to give comments.

Please Let us know your thoughts
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] THE UNIVERSITY OF
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M Te Whare Wananga o Waikato

VICTORIA UNIVERSITY OF

WELLINGTON

TE HERENGA WAKA
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Overseas - University of Cambridge (UK) and
Aalborg University (Denmark)

Technische Universitat Dresden (Germany)

RWTH Aachen University (Germany)

Future Achitecture
of theNetwork
TUNGAHINO-

Future Architecture
of the Network

“Extension of
HVDC to Auckland |

DUNEDIN
' Halfway Bush (HWB)
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A Interactions between AC
and DC systems

B  Loss of grid inertia due to
DC penetration

C Undesirable control
interaction between
power electronic
converters

E Reliable protection for DC
circuits

F Power electronic distorts
the waveform in AC
systems

G Cost effective adaption to
DC

@‘W%lsearch Challenges for a Converter Dominated
Power System (1/2)

- Research challenge Consequence

10/02/2024

Several phenomena can occur, such as core-
saturation, due to AC and DC circuits sharing a right-
of-way. DC bias on AC components can occur by
several mechanisms.

Frequency not stable and disturbances are
amplified.

Can cause oscillations and sometimes chaotic
behaviour. It is already present and will get worse
the more power electronic converters we have in
the system.

@=Rdsearch Challenges for a Converter Dominated
Power System (2/2)

. Research challenge Consequence

D Converters supply no or low Protection fails to operate.
fault currents

A method to identify and quickly isolate DC faults
needed (before all the converters trip off to protect
themselves) but selective enough so only the faulted
equipment is removed.

Quality potentially tripping the system and
damaging devices and shortening the life of
insulation systems.

Need to understand the economics of a transition to
ensure timely upgrades or roll-out of infrastructure.

11
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Dol Voltage DC (LVDC) Distribution system

Future Achtechre
of theNetwork
ERHATUNGAHIN-

Converted to DC

£ Medium Voltage
) (MV) Grid

12



S Medium Voltage

£ Medium Voltage

(MV) Grid

{MV) Grid
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@"N”elw Technologies

- Electric transportation

« PhotoVoltaic (PV) generation
- Battery storage systems

« Electrolysers

« PhotoVoltaic (PV) Generation
« Wind Generation

« Irrigation pumps
« Pumps and fans for industrial processes
« Process heat
 Electrolysis
Electroplating

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

10/02/2024
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@z%%)hsehold appliances é £’;

« Chargers and power supplies for equipment
 Lighting equipment

Entertainment equipment (TV, Stereos, etc)
« Computer equipment

« Heat-pump air-conditioners

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

@%ﬂlications of DC Microgrids %

* Remote Microgrids 4?|
* Residential Home or Community &
* Renewable energy hubs/parks (Wind and solar farms) f
* Electric Vehicle (EV) Fast Charging Stations 45
* Industrial and Commercial premises (e.g. Data Centres) N

16



@Toloology of DC System
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Isolated
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