
EPECentre Power Talk  Page Number | 1

June 2016 | EPECentre, University of Canterbury

Director’s Column
By EPECentre Director, Dr Allan Miller

In June, the EPECentre will present the New Zealand Guideline for the Connection 
to the grid of Small-Scale Inverter Based Distributed Generation, at the EEA’s 
Pre-Conference Workshop (Asset Management Workshop). The Guideline is the 
culmination of several years of work by the GREEN Grid project and its Network 
Analysis Group. The work involved modelling, inverter measurements, and 
submissions to the draft Australia-New Zealand Standard for ‘Grid connection 
of energy systems via inverters’. This newsletter introduces the guidelines, the 
DGHost tool to assess the impact of solar PV and congestion in any Electricity 
Distribution Business’s network, and inverter measurements.

GREEN Grid research by the EPECentre ensures students studying electrical 
engineering are exposed to key issues and new technologies entering the industry. 
This exposure helps prepare them for the challenges facing the industry which 
they will undoubtedly encounter. The EPECentre also conducts an annual field trip 
to bring to life the learnings from the classroom. In 2016 the field trip, which is 
briefly reviewed in this newsletter, was to South Island power system locations. 

Earlier in 2016 we said farewell to Shreejan Pandey, who is embarking on a Ph.D. 
Shreejan did a great job managing a number of EPECentre projects and initiatives, 
and I’d like to thank him for his support, enthusiasm and contribution over the 
three years he has been with us, and wish him well for his Ph.D.

We now welcome Isabelle Le Quellec to the EPECentre, as Project and Outreach 
Coordinator. Isabelle, PMP certified, holds a Master’s degree from Telecom 
Sud Paris engineering school (France) and has worked as a telecommunication 
engineer, R&D project manager, and most recently as Research Project Manager 
for the MBIE-funded project, the New Zealand Sustainability Dashboard. Isabelle 
will be in touch with members soon about the EPECentre’s Careers Convention on 
27 July and later the R&D Expo on 21 September.
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On the way to Manapouri Power Station, photo courtesy of Byron Engler, EEE student
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Outreach
By Isabelle Le Quellec

NCEA Guide Video Resources
A common theme in our newsletters has been addressing 
the need for assisting secondary students and teachers with 
the electrical systems component of NCEA Physics courses. 
As discussed in our December 2015 newsletter, we have 
been developing online learning resources to help teachers 
with electrical systems, including a series of educational 
videos. 

Our first videos were broad in focus, exploring concepts 
such as Static Electricity, DC Electricity, Electromagnetism 
and AC Electricity. These new videos look at Capacitance, 
Electric Charge, Conductors and Insulators. 

The resources we have developed so far are aligned with the 
NCEA Physics Electrical Systems (Levels 1 – 3) curriculum. 
We have designed them for use by NCEA students and 
teachers, and we welcome feedback. If you do have 
feedback, feel free to contact us via info@epecentre.ac.nz. 

Additional resources will be released on our NCEA guide 
page as they become available.

Yanosh Irani in educational video “Capacitors”, demonstrating what 
happens when you discharge 3000 joules of energy through an apple.

Events
We have continued to run events throughout the year to 
support the growth of Electric Power Engineering (EPE) 
education, increase industry interaction with our students, 
and share our research findings. Many of these events have 
been exclusively offered to UC Electrical and Electronic 
Engineering (EEE) students and our industry members.  
Key dates and details for upcoming events in 2016-17 are 
published on the back of this newsletter.

2016 GREEN Grid conference
By Allan Miller

In February the EPECentre held the annual GREEN Grid 
conference at the MBIE offices in Wellington. 
Topics covered at the conference included: (1) smart grid 
edge technologies, results to date from the ‘100-home 
trial’ and an electric vehicle update by the CSAFE team; 
(2) technical presentations about congestion and solar 
PV hosting capacity of distribution networks, modelling 
of solar PV in medium voltage distribution networks, 
and experiences from Vector’s residential PV trials; and 
(3) protection in distribution networks with distributed 
generation, and the potential power quality impacts of 
electric vehicle chargers. Presentations from the conference 
are available here on our website. The conference was very 
well attended with excellent feedback, and will be held 
again in February 2017.

Isabelle Le Quellec, Project and Outreach Coordinator

Dr Allan Miller presenting at the GREEN Grid conference in Wellington 
earlier this year

Scott Lemon, EPECentre PhD scholar, presenting at the GREEN Grid 
conference this year.

mailto:info%40epecentre.ac.nz?subject=NCEA%20Guide%20Video%20Resources
http://epecentre.ac.nz/nceaguide/index.shtml
http://epecentre.ac.nz/nceaguide/index.shtml
http://epecentre.ac.nz/research/papers.shtml
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nature of their “office”. 

Leaving Fiordland, the trip made its way back to Christchurch 
via a stop in Queenstown. But not without stopping at 
one of the key components in the national electricity 
infrastructure, Meridian Energy’s Benmore hydro power 
station and the southern terminus of Transpower’s HVDC 
link. Key insights gained during this visit related to the 
importance of control automation and the fact that large 
infrastructure these days is primarily operated via remote-
control from national headquarters. Again, two former 
UC EEE graduates acted as main local tour guides, which 
emphasised the career opportunities for current students 
and enabled them to better relate their study content to 
real-life engineering problems. Overall, everyone agreed 
that the field trip was a brilliant and unique experience, and 
a huge help in putting learning into a professional context.

Power Systems Field Trip 2016
By Dr Volker Nock

In April this year, a group of EEE students and staff travelled 
around the South Island to visit a variety of members’ sites 
and infrastructure relating to electric power generation, 
distribution and consumption. The first stop of the 
tour involved a visit to Alpine Energy in Timaru, where 
students were introduced to the details of managing and 
maintaining a regional power distribution network in one 
of the country’s most stunning and challenging landscapes. 
The visit included a detailed tour of the portable diesel 
generation units and a trailer-based mobile substation, 
which we learnt were built with input from former UC EEE 
students.

The second stop involved a visit to New Zealand Aluminium 
Smelter’s Tiwai plant. Students had the opportunity 
to experience firsthand the largest single electricity 
consumer in the country. The tour involved a visit to the 
Aluminium processing part of the smelter, and an in-
depth look at the power supply operations. Beyond the 
impressive technical details students were also exposed 
to the influence environmental, economic and societal 
concerns have on engineering processes. Due to the close 
technical connection between the smelter and Manapōuri 
hydropower station, the field trip next headed north into 
Fiordland. On the way to Te Anau, Meridian Energy’s White 
Hill Wind Farm provided the perfect introduction to wind 
power and many students commented positively on the 
scenic aspect of this form of renewable energy. 

Students at White Hills Wind Farm during the 2016 Field Trip

DGHost: A Tool for Managing 
the Connection of Distributed 
Generation to LV Networks
By Dr Sharee McNab

Background
DGHost was born in response to a request made by 
the GREEN Grid Network Analysis Group – an industry 
and academic group convened at the beginning of the 
GREEN Grid project to provide guidance on modelling of 
distributed generation in low voltage (LV) networks (the 
400 volt network).  Sophisticated power-flow analysis tools 
were developed by the EPECentre which were invaluable in 
understanding the impact of increasing levels of distributed 
generation on NZ LV networks.  However full power-flow 
simulation tools were unable to be leveraged for a large 
number of Electricity Distribution Businesses (EDBs) in 
the industry who did not have access to the full network 
information required for this analysis. A pragmatic solution 
was required with broader applicability where only limited 
network information was available.  The outcome of this 
request was DGHost, an approximation tool that only 
requires a few easily obtainable network parameters from 
which to determine an estimated hosting capacity, i.e. 
the ability of an individual network to host distributed 
generation.  

Early next morning the group made its way across equally 
scenic lake Manapōuri for a visit to New Zealand’s largest 
hydro power station located at West Arm. Guided by former 
EPECentre scholars, students first took part in a detailed 
tour of the switchyard and underground machine hall. With 
all seven generating units humming at 790 MW this was 
certainly one of the highlights of the trip. After a healthy 
lunch at the Meridian lodge, the group crossed Wilmot 
Pass to look at the original and new tailrace tunnels from 
the Doubtful Sound side. Here there was time for some 
of the current students to investigate technical aspects of 
their final year project, which is related to the inspection 
of the tunnels. On the boat ride back to Manapōuri there 
was again more opportunity to appreciate the beauty of 
the places the electrical engineering profession can take 
one to, and our guides were complimented on the scenic

Examining the auxiliary generator at Benmore hydro power station
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Figure 1.  Hosting Capacity values for LV networks in the Christchurch 
region for 50% penetration level, i.e. assuming half of all ICPs have 

distributed generation.  Inverters with a voltage mode response of 60% 
volt-VAr are assumed.

How DGHost Works
The tool leverages a database of over 20,000 real New 
Zealand networks that were modelled and analysed using 
full power-flow simulation techniques.  To provide a hosting 
capacity estimate, DGHost looks in its database to find 
“similar” networks, given a number of carefully selected 
parameters that describe the network. The k-nearest 
neighbour technique is used to find the similar networks. 
A number of network parameters were evaluated to find 
input parameters that were sufficiently independent from 
each other and that provided the most accurate lookup 
results.  These parameters were then assigned weighting 
factors to optimise the absolute error in hosting capacities 
using a cross-validation technique.

A well populated database that is representative of the 
networks to be analysed is key to the tool.  Following 
consultation with the Network Analysis Group, some 
common special cases of network were included. For 
example – single phase transformers and reduced neutral 
conductor sizing which are not uncommon in overhead 
power lines.

Incorporation of Inverter Voltage Response Modes in the 
Model
An important advance in this work since the December 
2015 newsletter is the incorporation into the model of the 
impact of intelligent inverter technology (the equipment 
that converts the DC energy from a PV panel into AC energy 
that can be exported to the grid).   New generation inverters 
can effectively raise the hosting capacity of some networks 
by utilising for example voltage response modes.  They do 
this by sensing the voltages at the inverter output, and 
when voltages rise unacceptably, the inverter responds by 
consuming reactive power (known as the volt-VAr response 
mode). Consuming reactive power, or providing a lagging 
power factor, has the effect of reducing the voltage on a 
network with sufficient reactance.

As a result of this advancement, DGHost now provides two 
hosting capacity thresholds for a network based on inverter 
technology with or without voltage response modes 
activated. These thresholds, H1 and H2, tie in exactly with the 
connection guidelines ‘traffic light’ system. The thresholds 
can therefore be used to streamline the DG connection 
process by comparing where the applicant’s installation 
is expected to lie with respect to these thresholds, which 
indicates whether they are likely to contribute significantly 
to congestion or not. 

Figure 1 shows a hosting capacity map for LV networks in 
the Christchurch region assuming that half of all networks 
are populated with distributed generation. The hosting 
capacity value assigned to the network is the maximum 
capacity that each ICP could support before congestion 
issues such as excessive over-voltage or equipment 
overloading result. 

Status of DGHost
An initial research version of DGHost has been trialled by 3 
NZ EDBs and was positively received.  The EPECentre plans 
to offer the service more widely to EDBs, consultants and 
other interested parties later this year.  If enough interest 
is generated in the service a web-based DGHost service will 
be developed.

While currently DGHost offers a hosting capacity solution 
specific to New Zealand networks, in the future databases 
could be created to support other markets such as Australia 
or the UK.

Guideline for the Connection 
of Small-Scale Inverter Based 
Distributed Generation
By Dr Richard Strahan

Small-scale distributed generation (DG) in New Zealand, 
particularly photovoltaic (PV) generation, has been growing 
steadily over the past few years. In the last year alone to 
31 March 2016, installed PV generation of all capacities 
has grown by a factor of about 1.6 to reach 37 MW. 
Approximately 90% (33 MW) of this installed PV capacity 
is made up of small-scale, single phase residential grid-tied 
systems with ratings below 10 kW. This corresponds, on 
average, to approximately 300-400 new PV systems being 
installed each month within low voltage (LV) distribution 
networks.

Traditionally, the flow of power in electricity distribution 
networks has been largely unidirectional. However, DG 
introduces reverse power flows into the LV network when

In this map it is assumed that inverters are set to operate 
with a 60% maximum volt-VAr voltage response mode.  
The majority of networks appear to be unconstrained with 
this amount of DG; however a number of networks would 
struggle to host an average sized PV system of 3.5 kW as 
indicated by the red and orange dots.
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the power produced by DG systems is greater than 
what can be consumed locally. The introduction 
of reverse power flows can negatively impact the 
electricity network, causing issues such as over-
voltage, phase imbalance, overloading of conductors 
and transformers, and create unique safety challenges. 

As such, each DG connection application received by EDBs 
presently needs to be carefully considered for its impact on 
the electricity network. The resourcing demand imposed 
by larger numbers of connection applications, and the 
difficulty of technical assessment, are likely to increase 
substantially as DG uptake intensifies. This has prompted 
the EPECentre via its GREEN Grid programme, with the 
assistance of the electricity industry based Network 
Analysis Group, to develop a small-scale inverter based 
DG connection guideline for New Zealand EDBs. This has 
been developed on behalf of the Electricity Engineers’ 
Association specifically for the connection of inverter 
energy systems (IES) of 10 kW or less.

GREEN Grid PV Inverter 
Testing
By Dr Bill Heffernan

The GREEN Grid team has been investigating the 
performance of several single phase inverter models 
available on the NZ market, ranging from 215W micro-
inverters to 5kW string inverters, against all aspects of 
the new AS/NZS 4777.2:2015 standard. This standard was 
published in October 2015, to replace AS 4777.2-2005 and 
AS 4777.3-2005, and all inverters placed on the market 
from October 2016 will have to comply with it.

The investigation has identified that many current models 
do not yet support some of the new requirements and 
also indicates the relative ease with which various units 
can be commissioned, according to the Guideline for 
the connection of inverter based small-scale distributed 
generation (SSDG), developed by the EPECentre under the 
GREEN Grid programme.

Power quality concerns addressed by the standard include 
voltage rise caused by reverse current flow from Installation 
Control Point (ICP) to sub-station and harmonic distortion 
caused by the imperfect current waveforms produced by 
power electronic inverters, as well as other issues. Voltage 
rise can be mitigated by volt-VAr response, in which the 
inverter sources reactive power when the voltage is low 
and sinks it when the voltage is high. However many current 
inverters either do not have this capability built in, or else 
require considerable expertise to configure the response 
recommended by the Guideline. For this reason the team 
is actively engaging with manufacturers and suppliers to 
obtain fully compliant new models for testing.

Safety concerns include the possibility of islanding, where 
the PV inverter continues to inject current into the network 
when other generators have tripped due to system voltage 
or frequency excursions beyond agreed limits. This results 
in sub-networks being livened even when isolated by a 
circuit-breaker. All inverters tested achieved satisfactory

The Guideline also shows how to simply evaluate LV 
network congestion in order to satisfy Electricity Industry 
Participation Code requirements.  Congestion is when 
over-voltages or over-loading occur due to a critical level 
of DG export being exceeded. Key technical requirements 
for all IES, appropriate for New Zealand conditions, are also 
summarized in the Guideline.

A half day workshop on the Guide is being held on the 
morning of the 22nd of June in Wellington as part of the EEA 
asset management forum ahead of the EEA Conference. 
The consultation on this draft will run until the 30th of July 
to allow for feedback submissions after the pre-conference 
workshop – see www.eea.co.nz for details.

The Guideline provides a streamlined connection 
application evaluation process that enables EDBs to 
efficiently categorize DG connection applications into a 
three tier traffic light system, as shown in figure 2. The first 
tier, i.e. the green light, encompasses applicants that are 
expected to have only minimal network impact (less than 
the first hosting capacity threshold, H1).  The second tier 
(amber light) may have moderate network impact, but with 
adequate inverter technology these applicants – as well as 
those in the green tier – can be auto-assessed (this tier falls 
between the first and second hosting capacity thresholds).  
Applicants in the third tier, i.e. the red light, may have 
significant impact on the network and therefore require 
a manual assessment (greater than the second hosting 
capacity, H2). These categories are determined by looking at 
the DG hosting capacity specific to the LV network that the 
DG is connecting to. DG Hosting capacity describes the LV 
network’s capability to cope with DG power exported into 
the network, on a per installed distributed generator basis. 
Mitigation measures for the amber category are prescribed 
in the Guideline. 

Figure 2. The three tier ‘traffic light’ system for assessing DG connection 
applications based on hosting capacity thresholds.

≤ H1

> H1 

≤ H2

> H2

Application Approved

Approved subject to DG 
installing an inverter with 

volt-response modes 
activated

Requires a manual 
assessment

http://www.eea.co.nz
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anti-islanding performance. 

In addition to standards compliance, the inverters have 
been tested for harmonic behaviour in the presence of 
pre-existing voltage distortion and for their response in the 
presence of ripple control signals, at all frequencies used in 
New Zealand. They have also been tested for ride-through 
capability during a grid under-frequency event. 

The test circuit for the inverters is built around a 15kW DC 
PV Solar Array Simulator (SAS) (Chroma 62150H-600S) and 
a 45kVA AC Grid Simulator (GS) (Ametek MX45). The SAS 
can simulate any likely PV array up to 15kW, while the GS, 
when employed in single-phase mode, can source or sink 
up to 50Arms at 230V.

Dr Bill Heffernan and Patrick Chen, of the EPECentre, with the test system 
in the power electronics laboratory.

News 
IEEE Mock Interview Night
The UC Institute of Electrical and Electronics Engineers 
(IEEE) branch extends an open invitation to any companies 
interested in participating in their mock interview night on 
the 27th July 2016, at the University of Canterbury.

Interviews will run from 12-6pm, in 15 minute sessions 
with breaks scheduled throughout, and will be followed 
by social drinks at the University staff club. Students will 
come from the Electrical Engineering, Mechatronics and 
Software Engineering programmes.

UC IEEE asks that students be interviewed as if they were 
applying for a real position. Students will also provide CVs 
in advance. 

Please email Andrew Berry at ajb335@uclive.ac.nz if you 
have any questions or would like to take part. 

New Transformers
In May, the University of Canterbury’s new ETEL transformers 
arrived in the UC High Voltage Laboratory. They will be used 
primarily by students and staff working in the lab. They will 
also be used by the Joule Log Heating team (led by Dr Bill 
Heffernan), which includes EPECentre research engineer

Left to Right: Ryan van Herel, Dr Bill Heffernan, Dr Andrew Lapthorn (lab 
manager) and Paul Agger (lab technician) with the new transformers in 

the HV lab.

Shaping the Future: the GREEN Grid Team Presents at the 
2016 EEA Conference

The UC GREEN Grid team will be presenting more than 10 
papers and posters at the 2016 EEA conference – Shaping 
The Future – held from 22-24 June 2016 in Wellington.

The presentations are as follows:
Dr Alan Wood - EECA Energywise PV Tool
Dr Allan Miller - PV Connection Guidelines
Dr Sharee MacNab - The Uptake Potential of PV Based on 
Economics
Dr Bill Heffernan - Inverter Test Results
Tim Crownshaw (Transpower) - Distributed Generation 
Hosting Capacity in Low-Voltage networks

GREEN Grid PhD students and other students:
Josh Schipper - The Cost and Value of Frequency Keeping 
and Governor Response to New Zealand
Michael Campbell - Impacts on Load Profiles from New 
Technologies
Dougal McQueen - Quantifying the Benefits of Wind Power 
Spatial DIversity in New Zealand 
Ben Jar - Constructing an Electric Vehicle DC Rapid Charger
Hans Wijaya (With Professor Neville Watson) - Power 
Quality Trending

Additionally, Dr Andrew Lapthorn, who is on the EPECentre 
Board of Directors, will present Mind the Gaps - based on a 
study of demographic trends in the electricity industry and 
engineering education.

Ryan van Herel, as well as EPECentre PhD scholars Nurzhan 
Nursaltanov and Thomas Smart. 

Each of the three transformers is rated at 150kVA. They 
have a 230V primary and a nominal 11kV secondary, with 
multiple taps, giving an operating range of 7kV to 11.5kV.
The HV windings have uprated bushings to allow series 
operation. The transformers are suitable for a wide range 
of single and three phase connection options, providing the 
laboratory with additional research and teaching capability.

mailto:ajb335%40uclive.ac.nz?subject=IEEE%20Mock%20Interview%20Night
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Postgraduate Scholar:  
Michael Campbell 
I completed my Bachelor of Engineering with Honours at UC 
in 2014. During my undergraduate degree I completed two 
summer research projects at the EPECentre, investigating 
hydro generator offer behaviour, as well as the power 
quality measurement capabilities of smart meters. In July 
2015, I began my PhD with an EPECentre GREEN Grid 
scholarship. 

My research is based around the changes to household 
load profiles caused by emerging technologies such as 
solar photovoltaic generation, electric vehicles, and home 
energy battery storage systems. These load profile changes 
will then be used to model the impacts of these 

Former Scholar:  
Marc Gulliksen

My problem at Uni was being interested in too many 
things. I graduated in 2010, having completed papers 
in electromagnetics, systems, communications, and 
embedded systems (amongst others). 

A cold call to the Unison head office in Hastings led to 
being offered a graduate rotation program with Unison. 
The rotation program got my PPE dirty, and I thoroughly 
enjoyed the opportunity. Following the grad program, I 
was employed full time as a new technology engineer. This 
role saw me designing, trialling and managing the rollout 
of remote sensors and automated switches on Unison’s 
network. 

These days I am still at Unison, working in the Network 
Development team with a future thinking and planning hat 
on. However, I still am interested in new technologies and 
have a couple of new projects on the go.

Marc Gulliksen, former EPECentre scholar, Integration Engineer, Unison 
Energy

Michael Campbell, EPECentre PhD scholar

EPECentre Undergraduate 
Scholars
By Kirsten Marsh

Now in its second year, the EPECentre undergraduate 
scholarship scheme continues to attract high achieving 
students to the Electrical and Electronic Engineering degree. 
Once again, we received a high quantity of applicants from 
students around the country. Following careful evaluation 
of each applicant, we selected and awarded scholarships to 
our eight scholars, based on a combination of their interest 
in Electrical Engineering, academic merit and character.

This year’s undergraduate scholars are:
Michael Brorens, Jozef Crosland, Thomas Morrison, Jessica 
Watson, Laura Harding, Rick Sanders, Alexander Ryde, and 
Oliver Quarmby.

technologies on power flows and network assets. 

A key focus of my work is studying the potential for 
intelligent charging methodologies to manage the impact 
of electric vehicle charging on our grid.  

2016 scholars, clockwise from left: Rick Sanders, Michael Brorens, 
Thomas Morrison, Laura Harding, and Alexander Ryde.
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UC Electric Power Engineering 
Centre Scholarships
Up to eight scholarships are available for school leavers
interested in pursuing the Electronic Engineering degree at
the University of Canterbury. Each scholarship provides up
to $15,000.

Applications close 15 August 2016.

More information about the scholarship and application
process is available via our website.

Key Dates in 2016

Contact Us
The EPECentre is currently located on the ground floor of the ICT building 
at the University of Canterbury.  Access is off University Drive, Ilam.

P: 3 364 3057
F: 3 364 3783
E: info@epecentre.ac.nz
www.epecentre.ac.nz

Date Event Detail

15 August 
 
 

27  
July 

Careers 
Convention

Up to 8 scholarships are available 
for school leavers interested 
in pursuing the Electrical and 
Electronic Engineering degree at the 
University of Canterbury.

EPECentre/PEET members 
promote summer and graduate 
opportunities to Electrical and 
Electronic Engineering students. 
This event includes an industry 
panel discussion about career 
opportunities in the electricity 
industry.  

R&D Expo An event where EPECentre 
scholarships are awarded, projects 
by Electrical and Electronic 
Engineering students, EPECentre 
staff and associates are presented 
to the industry.  

21 
September

15 
February 
2017

GREEN Grid 
Conference

The GREEN Grid research 
conference, to be held at MBIE G1 
and G2 (to be confirmed).

22 June Workshop 
prior to 
the EEA 
Conference

Half-day workshop on the EEA 
Guideline for the Connection 
of Small-Scale Inverter Based 
Distributed Generation, prior to the 
EEA conference in Wellington.

30 June Up to 5 scholarships are available 
for 2nd and 3rd pro engineering 
students enrolled in Electric Power 
Engineering courses.

EPECentre 
Undergraduate Scholarships
Up to 5 scholarships are available for students in their 2nd 
or 3rd Pro year of BE(Hons) in Electrical and Computer 
Engineering, and who are enrolled in Electric Power 
Engineering courses. Each scholarship provides $5,000.

Applications close 30 June 2016.

More information about the scholarship and application
process is available via our website.

EPEC 
Undergraduate 
Scholarship 
Application 
Deadline

UC EPEC 
Scholarship 
Application 
Deadline

http://epecentre.ac.nz/students/scholarships.shtml
http://epecentre.ac.nz/students/scholarships.shtml

