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WS 3 - Team
Workstream Leader: Tek Lie, Auckland University of Technology

NZ Members:

Nihal Kularatna, University of Waikato

Jeremy Watson, University of Canterbury

Nirmal Nair, University of Auckland

Abhisek Ukil, University of Auckland

Neville Watson, University of Canterbury

International Collaborators:

Frede Blaabjerg, Aalborg University

Kosala Gunawardane, University of Technology Sydney

Ioannis Lestas, University of Cambridge

Teng Long, University of Cambridge

Yonghe Liu, Inner Mongolia University of Technology and University of Canterbury
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WS 3 - Objectives

To enable proliferation of DC grids within AC grids by addressing technologies and control 
mechanisms for different forms of power electronic converters:

a) The DC networks are connected to AC via converter terminals that essentially convert AC 
power into DC power and vice versa. 

b) DC-DC converters enable change in DC voltage levels. 

c) Converters utilised in ancillary circuits are DC breakers using enabling technologies
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WS 3 – Strategic Intent KPIs

• By mid-2024: We will have identified the state-of-the-art in converter topologies and

developed the robust controller and verified the model via simulation. We will investigate

the possibility of applying machine learning techniques since the system is going to be very

complex and stochastic in nature.

• By mid-2025: Working with vendors and Transpower, we will have developed a prototype

high-power DC breaker for LVDC based on supercapacitors and verified this via experiment.

• By mid-2027: We will have developed and build a prototype converter with its advanced

control technology to be tested in the AC weak system and verify their effectiveness to

enhance the system stability. We will work with vendors, Transpower and local

manufactures to develop a prototype that works in NZ power system.



9

Why is this needed?

• The benefits of a hybrid AC/DC grid are substantial 
(renewable energy integration, better conversion and 
transmission efficiency, etc.) but investment is also needed, 
e.g.:
– New infrastructure
– Research: Improvement is still needed in terms of topology, control, 

protection, etc. 
• At distribution level alone, an investment of around $60 

billion is predicted between now and 2050 (Boston Consulting 
Group). 

• Converters (DC/AC and DC/DC) are essential for hybrid 
AC/DC grids. Increasing interest in both academia and 
industry. 
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Achievements – PhD project 0: 2021-2024*
Development of Hierarchical Control Strategies for DC Microgrids Clusters

Microgrids (MGs) offer advantages in distribution systems, featuring lower losses, high reliability, and efficient
integration of distributed energy resources (DERs). However, sporadic changes in load demand or generation in
one unit can lead to severe disturbances, potentially causing system failure. Clustering neighbouring MGs is a
solution, but coordination is crucial to tackle demand-generation mismatches.

Hierarchical control, using a consensus algorithm, is commonly applied to coordinate DC MGs in a cluster.
Existing algorithms have limitations in communication requirements and may struggle with large disturbances
from intermittent RESs. To address this, a novel adaptive event-triggered consensus algorithm (AETC) is
proposed for faster convergence in current sharing and rapid DC-bus voltage recovery under critical conditions.

The study's second aim involves resolving primary and secondary control issues using grey wolf optimizer
(GWO) and a modified fixed-time consensus algorithm, respectively. This holistic hierarchical control strategy
for DC MG clusters will be implemented in MATLAB and validated using the real-time digital simulator Opal RT.
The project aims to reduce reliance on existing grids, providing reliable power to remote areas.

* Externally funded

Supervisors: T. Lie, R. Zamora, and F. Blaabjerg

Outcomes: 4 Journal papers (published) and 1 Conference paper (published)

Z. Al-Tameemi



12

Achievements – PhD project 1 2022-2025
Control Strategies and Stabilization Techniques for DC/DC Converters

DC Microgrids (MGs) offer advantages over AC MGs in terms of efficiency, control, cost, reliability, and size.
However, they are more likely to operate with a significant proportion of constant power loads (CPLs). The
investigation covered a spectrum of loads, ranging from light to heavy, revealing shortcomings in both linear
droop control (LDC) and nonlinear droop control (NLDC) in addressing the identified issue. Notably, LDC's
droop coefficient remains constant, necessitating a fixed operating point despite changes in cable resistances
over time. Conversely, research findings indicate that NLDC exhibits commendable performance under heavy
loads.

The proposed approach involves implementing an optimized piecewise linear droop control (PWLDC) as a
transitional solution between LDC and NLDC. Once experimentally validated, this technique holds promise for
future network applications. I developed the mathematical model for PWLDC based on arithmetic regression,
conducted simulations using MATLAB, and observed that an optimized PWLDC can dynamically adjust the
droop coefficient for each segment based on current values. In instances where the current exceeds a specified
range, PWLDC is capable of resetting the system accordingly.

Supervisors: T. Lie, K. Gunawardane, I. Lestas and N. Nair

Outcomes: 1 Journal paper (accepted) and 1 Conference paper (submitted)

A. Nduwamungu
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Achievements – PhD project 2: 2023-2026
Analysis of DC breaking phenomenon in DC Microgrids

A Microgrid (MG) integrates distributed energy resources (DERs) and controllable loads to operate
independently or with the main grid. DC MGs streamline renewable energy integration, utilizing DC distribution
with benefits such as minimal reactive power and low harmonics. DC circuit breakers (DCCBs) are crucial for
system reliability in DC MGs but controlling switching effects requires attention.

Implementing DC MGs faces challenges in ensuring system protection, prompting recent research to
enhance DCCB design. The main challenge involves addressing arcs during non-zero current interruption, more
severe than in AC networks. Improving DCCBs is essential to prevent voltage and current surges. Two methods
include (i) installing surge protection devices in low-valued circuits (technically challenging) and (ii) designing a
novel circuit breaker with supercapacitor-based techniques to dampen surge severity.

Supercapacitors are increasingly favoured for surge protection due to lower corrosion, greater reliability, and
faster performance compared to alternatives. Their non-chemical structure makes them stand out. The study
aims to develop a novel technique redirecting circuit switching effects into a sub-circuit, dissipating released
energy in that specific area.

Supervisors: T. Lie, K. Gunawardane, I. Lestas and N. Nair

Outcomes: 1 Journal paper (published) & 1 Conference paper (best student paper award)

M. Moradian
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Achievements – PhD project 3: 2023-2026
Application of machine learning and big data in converter control strategy- an effort 
towards stability enhancement.

The main goal of this research work is to improve Medium Voltage (MV) grid stability by infusing big data and 
Machine Learning (ML) in its converter controls and the network at large. The following objectives will also be 
addressed with this research work

1. Enhanced PI current controller for VSC in MV Grid with ML

2. Fault detection, classification and localization in MVDC

3. Outage forecasting and management in MVDC

Supervisors: T. Lie, M. Stommel, and J. Watson

Outcomes to date: 1 Conference paper (submitted)

R. Peykarporsan
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Achievements – Summer project 1 (2022/23)

Investigation of Existing Converter Technologies and Its Control 
Strategies for Low Voltage DC Applications

As a starting point for future implementation projects of WS 3- Converters and enabling technologies, this
summer project is been proposed to conduct a comprehensive literature survey collecting the latest converter
technologies and its control strategies and related implementation scenarios of low voltage DC for
domestic/commercial and industrial perspectives.

Then, this study will enable to help in deciding the choice of converter technologies and the development of
novel control strategies that will be proposed in WS3 for domestic/commercial and industrial converters of the
proposed Architecture of the Future Low Carbon, Resilient, Electrical Power System.

Supervisors: K. Gunawardane and T. Lie

Outcome: Report
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Achievements – Summer project 2 (2022/23)

Investigation of Existing Converter Technologies and Its Control Strategies for Medium 
Voltage DC Applications

The main objective of the research to investigate exiting converter topologies and the corresponding control
strategies and stabilization techniques for medium voltage DC applications to regulate the point of load to
enhance the stability margin from the literature.

Thus, this study will enable to help in guiding to decide the choice of converter technologies and to develop the
novel control strategies and stabilization techniques for converter that will be proposed in WS3 for
domestic/commercial and industrial converters of the proposed Architecture of the Future Low Carbon,
Resilient, Electrical Power System.

.

Supervisors: K. Gunawardane and T. Lie

Outcome: Report
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Achievements – Summer project 1 (2023/24)

An algorithm to enhance the performance of the global layer by optimising its PI parameters

The coordination of clustered microgrids (MGs) needs to be achieved in a seamless manner to tackle generation-
load mismatch among MGs. A hierarchical control strategy based on PI controllers for local and global layers
has been proposed in the literature to coordinate DC MGs in a cluster. However, this control strategy may not
be able to resist significant load disturbances and unexpected generated powers due to the sporadic nature of
the renewable energy resources. These issues are inevitable because both layers are highly dependent on
Proportional-Integral (PI) controllers who cannot fully overcome the abovementioned obstacles. Therefore, the
student is expected to develop an algorithm to enhance the performance of the global layer by optimising its PI
parameters. Simulation studies will be conducted to show the effectiveness of the proposed algorithm.

.

Supervisors: T. Lie and J. Watson

Outcome: Report
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Achievements – Keynote Speeches (2022/23)

Tek Lie:
• Keynote Speaker at the International Conference on Innovations in Science, Engineering and Technology (ICISET 2022), Feb. 2022, Bangladesh. The title of

the Speech is “Hierarchical Control Strategies for DC Microgrids Clusters: A Review.”

• Invited Speaker at the 4th International Conference on Clean Energy and Electrical Systems (CEES 2022), April 2022, Japan (virtual). The title of the speech
is “Control Strategies for DC Microgrids Clusters: A Review.”

• Keynote Speaker at the 3rd International Conference on New Energy Research and Applications (ICNERA 2022), July 2022, China (virtual). The title of the
speech is “Electric Vehicle Technologies, Charging Methods, Standards and Optimization Techniques: A Review.”

• Keynote Speaker at the Multimedia University Engineering Conference 2022 (MECON 2022), July 2022, Malaysia (virtual). The title of the speech is
“Technologies and Control Mechanisms for DC Microgrids Clusters.”

• Invited Speaker at the 3rd International Conference on Power and Electrical Engineering (ICPEE 2022), December 2022, Singapore (virtual). The title of the
speech is “Hierarchical Control Strategies for DC Microgrids Clusters in Distribution Systems.”

• Keynote Speaker at the 2nd Asia Conference on Electrical, Power and Computer Engineering (EPCE 2023), April 2023, Xiamen, China. The title of the
speech is “Hierarchical Control Strategies for DC Microgrids Clusters in Distribution Systems.”

• Keynote Speaker at the 7th International Conference on Power and Energy Engineering (ICPEE 2023), December 2023, Chengdu, China. The title of the
speech is “Enhanced Coordination in PV-HESS Microgrids Cluster: Introducing a New Distributed Event Consensus Algorithm.”
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Plan for the 2025 onwards – PhD project 1

Control Strategies and Stabilization Techniques for Converter
WS 3 will enable proliferation of DC grids within AC grids by addressing technologies and control mechanisms 
for different forms of power electronic converters.

• Aim of this project: To develop control strategies and stabilization techniques for converter to regulate 

the point of load to enhance the stability margin.  

• Tight regulation of converter tends to produce negative impedances which will create oscillation with 

lightly damped power supply input filters.  This is due to the negative impedance characteristics within the 

bandwidth of their control loops.  As a result, it will reduce the effectiveness of the damping and it may 

lead to instability of the system.  Thus, the main objective of the research is to determine the minor loop 

gain that will ensure the system stability.

• Expected outcomes: Report, 2 journal and 2 conference papers
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Plan for next 2 years –

• Summer Projects

• Visits from international collaborators

• Attend international conferences

• Send our PhD students to work with the international collaborators
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Outline

• Introduction

• Overview and achievements to date:
– Auckland University of Technology

– University of Waikato

– University of Canterbury

• Conclusions
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FAN Workstream 3
Work at UOW and achievements 

Nihal Kularatna 
The University of Waikato (UoW)

12 February 2024
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Outcomes of PhD projects-
Student name : Chamara Dassanayake 
Project : Development of a supercapacitor 
assisted DC circuit breaker 
Funding s ta tus : Full scholarship from FAN 
Publications  : 
1. Arc abs orption options  bas ed on pas s ive
components  in DC circuit breakers , C. 
Das s anayake, n. Kularatna  et a l, Proc. of IEEE-
IECON 2023, Singapore
2. Arc characteris tics  in multiple pole DC circuit
Breakers , C. Das s anayake, N. Kularatna  et a l, Proc 
of IEEE-ICDCM 2023, New Zealand 
3. Preliminary experiments  quantifying the arcing 
proces s  in a  DC circuit breaker development 
project, C. Das s anayake, N. Kularatna  et a l, To be 
Pres ented a t IEEE-APEC 2024, Long Beach, CA  

Student Name: Nirashi P. Gallage
Project: Supercapacitor Assisted DC Refrigerator 
Funding s ta tus  : Fee scholarship by FAN  (from 
2023)
Publications  :

1. Comparis on of energy cons umption of an inverter-
driven refrigerator under DC operation vs  AC 
operation – Preliminary inves tigation on DC 
operability of whiteware, N.P. Gallage,  N. Kularatna  et 
a l, proc of IEEE-ICDCM 2023, New Zealand

2. Supercapacitor-Buffered DC-Operable Refrigerators  
for DC Homes , N.P. Gallage, D.C.T. Sirimanne, N. 
Kularatna  et a l, To be pres ented a t IEEE-APEC 2024, 
Long Beach, CA. 

Student name: Chamila A. Naligama
Project: Supercapacitor assisted high 
efficiency inverters for renewable 
systems
Funding s ta tus :  Self-funded (FAN 
assisting in consumables etc)  
Publications : 
1. Extending Supercapacitor As s is ted Los s  

Management Approach for Efficiency 
Improvements  in Solar Inverters , C.A. 
Naligama, N. Kularatna , A. Steyn-Ros s , proc of 
IEEE-ICDCM 2023, New Zealand

2. A Supercapacitor As s is ted Technique for 
Reducing Los s es  in the Input Loop of an 
Inverter Sys tem for Solar PV Applications , 
C.A. Naligama, N. Kularatna , A. Steyn-Ros s , 
To be pres ented a t IEEE-APRC 2024, Long 
Beach, CA. 

Outcomes  of Mas ters  Projects  

Student name: Charles (Sr) T. Sirimanne 
Project: Supercapacitor-Assisted Refrigerator for DC powered households
Funding Status : Tuition Fee by FAN
Project s tatus : Completed and thesis submitted (Currently under 
assessment)
Publications  :   See under Nirashi (Item 2) 
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Other publications and contributions 
2022/2023 Summer Project Outputs

1. (2023) Sirimanne, D.C.U., Kularatna, N. & 
Arawwawala, N., Electrical Performance of 
Current Commercial Supercapacitors and Their 
Future applications, Electronics 2023, 12, 2465. 
https://doi.org/10.3390/electronics12112465 . 
2. (2023) N. Arawwawala, N. Kularatna & D.C.U 
Sirimanne, Future Directions of Commercially 
Available Supercapacitors, IEEE Power Electronics 
Magazine, September 2023, pp 52-60   

Books 
(2021) Kularatna, N. & Gunawardane, K., Energy storage devices for 
renewable energy based systems: Rechargeable batteries and 
supercapacitors, Elsevier, USA, May 2021, 428 pages

Invited Presentations
1. Supercapacitor Applications , N. Kularatna, Invited Indus try Ses s ion at IEEE APEC 2023, Orlando, USA, March 2023, 
2. Supercapacitor Ass is ted (SCA) Techniques  for Power Converters  and Protection Sys tems : Can Supercapacitors  Change the 

Roadmap of Power Electronics  for Renewable Sys tems?, Invited 3-hour tutoria l a t IEEE-IESES 2023, Shanghai, China, J uly 2023
3. Supercapacitor Ass is ted (SCA) Techniques  for Power Converters  and Protection Sys tems : Can they Change the Roadmap of 

Power Electronics  for Renewable Sys tems , 
a) Lunch time seminar delivered to Schneider Electric, Raleigh, NC, USA, Oct 2023
b) Two hour s eminar delivered to DC circuit breaker research group, Sécheron, Switzerland, Oct 2023.

4. Supercapacitors  in a  different applications  context- SCA Techniques , Invited s eminar delivered to Würth Elektronik, Germany, 
Oct 2022. 

5. Three invited indus try s es s ion presentations  a t IEEE-APEC 2024, Long Beach, CA, Feb 2024. [ Two of them [(a)/  (b)] are a t the 
invita tion of US Power Sources  Manufacturers ’ Association (PSMA)]

a) DC homes  and DC Microgrids , To be presented on 28th Feb 2024 
b) Supercapacitor Ass is ted Applications ,  To be presented on 28th Feb 2024
c) Supercapacitor-based Surge Protection Techniques  Satis fying  UL 1449-3rd Edition Tes ts , 29th Feb 2024 [ Co-author: 

Sadeesh Silva, EPE, UOC]
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An electric arc appears across the switch during circuit breaker 
opening because of the stored energy in the stray inductance



27

Outline

• Introduction

• Overview and achievements to date:
– Auckland University of Technology

– University of Waikato

– University of Canterbury

• Conclusions
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PhD project 1 – Control of Grid-side Converter for 
Type-IV Wind Turbine Connected to AC Systems
Voltage source converters (VSCs) are widely used in renewable energy conversion systems, such as wind generation and
photovoltaic systems. Rich wind and solar resources are often located in remote areas and far from the load centres in many parts
of the world. For integrating bulky renewable power into grids, hundreds of wind turbines (WTs) or solar generation units are
grouped and tied to AC systems via long transmission lines, which results in a relatively low SCR (Short Circuit Ratio).

The direct drive permanent magnet synchronous generator (PMSG) Type-IV WT is increasingly used due to its high efficiency and
low maintenance. To output active power captured from the turbine and exchange reactive power with the AC system, the grid-
connected converter of the WT must be synchronized with the grid. However, the present grid-following control schemes are
inappropriate for weak grid conditions.

Unlike previous work, this thesis introduces a novel synchronized approach of the grid-side converter with an AC system based
on the newly defined concept of instantaneous magnitude and phase. This method only uses local measurement variables (DC
terminal voltage, AC terminal three-phase voltage and current) and local reference commands (DC voltage, AC voltage magnitude
and active-reactive power). The synchronization can be achieved by controlling the converter terminal active-reactive power and
instantaneous voltage magnitude to their reference value.

Supervisors: N. Watson, Y. Liu, J. Watson

Outcome: 1 Journal paper (published), 1 Journal paper (submitted). 2 conference papers (published)

H. Wang
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Type IV wind turbines
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Main Contributions

Contribution 1 Contribution 2                                              Contribution 3 

● Uniform expression of
three-phase signals

● Instantaneous magnitude, phase
and frequency

● Synchronous and asynchronous
states.

● New synchronization
control method

● Uses local measurement
variables.
● Control variables are
independent of the reference
frame.

● Two nonlinear 
control algorithms

● Direct current control with no 
PLL
● Lyapunov-based nonlinear 
direct power control 
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Suppression of Sub-synchronous Oscillation

Three-phase current

Dq-axis current

Instantaneous 
frequency

Instantaneous 
magnitude

• The wind turbine with 
traditional control 
method loses 
synchronization after 
the SCR drops from 1.8 to 
1.4.

• When switching to 
proposed control method, 
the  oscillation is 
suppressed quickly in 
two power cycles.

SCR 1.8 
1.4

Conventional Control  Proposed 
Control

0

Three-phas e voltage
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PhD project 2 – Control of interlinking converters 
in hybrid AC/DC networks
A key application of power electronic converters in the future architecture of the network is their
use as interlinking converters (ILCs) in the hybrid AC/DC network. These interlinking converters
(ILCs) are critical building blocks for a hybrid AC/DC network and their operation is crucial to
network stability and optimality.

This is a challenging problem which has not received much attention until recently. The operation
of an ILC affects both the linked sub-grids simultaneously. Hence, controllers designed with only
one grid in mind (e.g. controllers for inverters in AC grids) are not necessarily applicable, and there
is a need to develop new control designs. It is highly desirable that these control designs have the
capability to form the grid as required.

Several control designs for ILCs have been proposed in previous work, however:
a) robust and optimal controllers should be investigated for ILCs, and will be considered in this

project for both AC and DC grid-forming control;
b) more detailed converter models will be considered, since previous work has often used

simplified models.

The main objective of the project is therefore to design controllers suitable for use in a wide range
of hybrid AC/DC networks, aiming for network stability and optimality guarantees. These control
designs will be verified and compared to the literature via realistic simulations and laboratory
experiments.

E. Amaefule
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Hybrid AC/DC networks are complicated, e.g. one 
of our test networks 
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ILC Control problem and objectives

• Hybrid AC/DC networks are the interconnection of AC and DC subsystems
via interlinking converters (ILCs).

• Problem: control design of the ILCs, with the same objectives as before:
– Frequency/voltage regulation: we want guaranteed network stability,

independent of the network structure.
– Power sharing: we want both AC and DC sources to contribute to any

disturbance / power imbalance. All power transfers between AC and DC
parts of the network must be facilitated by the ILC.

• Control is difficult as regulating the AC frequency may disturb the DC
voltage and vice-versa. This is not the same as simply trying to inject as
much renewable energy into the grid as possible.

• Aiming for simple controllers that achieve complicated objectives!
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Overview of WS3-related achievements at UC 
since Sept. 2022 
Students:
1 PhD completion

1 PhD in progress

1 x Masters student and 2 x summer students working on WS3-related topics – externally funded

Publications:
5 journal (3 x IEEE transactions, 2 x Elsevier) and 4 conference papers published

2 journal and 3 conference papers in preparation or submitted

Other:
Invited to give seminar at University of Leicester, mid-2024

Invited to be an Invited/Keynote Speaker at multiple international conferences
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Future plans (UoC)

Research:
Laboratory experiments to verify and improve converter control design
Application of latest control, optimization, and artificial intelligence techniques to converter 
control in power systems.
Looking to engage with industry/manufacturers to get cutting-edge technology out into the 
real world. 

Upcoming visits:
Prof. Yanxia Sun, University of Johannesburg (June 2024, confirmed) – externally funded
Prof. Ioannis Lestas, University of Cambridge (2025)
Dr. Khaled Laib, University of Leicester (2025-6)
Mr. Qi Du, Guangxi University (2024-25) – externally funded
Mr. Liam Hallinan, University of Cambridge (2025)
Dr. Mengmou Li, University of Hiroshima (2025)
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Conclusion: Revisiting Strategic Intent KPIs

• By mid-2024: We will have identified the state-of-the-art in converter topologies and

developed the robust controller and verified the model via simulation. We will investigate

the possibility of applying machine learning techniques since the system is going to be very

complex and stochastic in nature.

• Comment: There are a lot of different converter types, as well as converter models (grid-

following, grid-forming, etc.). As such it is impossible to develop controllers for everything,

however good progress has been made:

– Wind turbines: this KPI has already been met (PhD project 1 at UC). Other DC-AC converters: work on-going (PhD project 2

at UC and PhD project 3 at AUT) and PhD project at Waikato on inverters for renewable systems.

– DC-DC converters: a review paper has been published, new controllers published (PhD project 0 at AUT, recent work at UC),

work ongoing in that project (e.g. PhD project 1 at AUT).

– Investigating machine learning: PhD project 3 at AUT, projects at UC as well.
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Revisiting Strategic Intent KPIs

• By mid-2025: Working with vendors and Transpower, we will have developed a prototype

high-power DC breaker for LVDC based on supercapacitors and verified this via experiment.

• We have some good work on DC breakers ongoing at the University of Waikato and also AUT.

• By mid-2027: We will have developed and build a prototype converter with its advanced 

control technology to be tested in the AC weak system and verify their effectiveness to 

enhance the system stability.  We will work with vendors, Transpower and local 

manufactures to develop a prototype that works in NZ power system.



www.fan.ac.nz
futurearchitecturenetwork@canterbury.ac.nz

Thank you all for your interest!

Questions?

http://www.fan.ac.nz/
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