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Director’s Column
By EPECentre Director, Dr Allan Miller

Some of the EPECentre’s highlights from 2015 are: (1) the very successful 
completion of the GREEN Grid research project mid-term review, (2) two awards 
for papers from the EEA conference, (3) a successful careers convention and 
R&D Expo, and (4) two very well attended public lectures on photovoltaic solar 
power and electric vehicles. Some of these are covered in more detail later in this 
newsletter.

2015 is the second year the UC Electric Power Engineering Centre scholarship 
has been offered to high-school leavers, and it proved popular again, with nearly 
forty very high calibre applications. In addition to this scholarship, the EPECentre 
will retain some of its existing EPECentre Scholarships, which will be offered to 
final year students undertaking electric power engineering courses. All EPECentre 
scholarships are funded by our members, and I welcome Network Tasman as a 
new member. If your company is interested in joining the EPECentre to support 
scholarships, outreach, and our events such as field trips, please let me know – I 
can be reached via the contact details on the back of this newsletter.
 
As well as scholarships, the EPECentre continued its educational and promotional 
activities of arranging field trips to our members’ sites, events, and outreach. We 
also developed more content for the Electrical Systems Field Guide, introduced in 
our last newsletter, and available on our website. This, and other functions held 
for high-school teachers, are summarised in this newsletter, along with events we 
have held.

Our research with the GREEN Grid and the Joule Log Heating projects also 
continues – see Get Smart - Power to the People and the EPECentre’s Joule Log 
Heating website for more information about these.
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Some key outputs from GREEN Grid in the latter part of 
2015 have been: 
•  development of distributed generation hosting      
    capacity estimation methods and tool
•  release of the ‘Electric Vehicle System Dynamics   
    Model’
•  initial assessment of the potential impact of electric     
    vehicles on distribution network power quality.      
 
All three are summarised in articles in this newsletter.  
 
In 2016 we will be holding a GREEN Grid conference on 10 
February in Wellington; working on a draft of the guidelines 
for connection of small scale distributed generation, 
through the GREEN Grid project; and holding our careers 
convention, field trip, and R&D Expo. The draft time table 
for some of these events is given in this newsletter. I would 
like to thank all of our members for their vital support in 
2015 and thank the EPECentre staff and students for their 
hard work and excellent contributions. I wish you all a 
merry Christmas and safe and happy New Year. 

Welcome To
We welcome two new staff members who joined us in 
November. They are - Ryan van Herel and Dr Sharee McNab, 
as Research Engineers for the Joule Log Heat Project and 
the GREEN Grid project respectively.
 

Public Lecture on Solar 
Photovoltaic Energy Systems
Allan Miller and Shreejan Pandey gave a public lecture 
titled “What if you had solar power on your home?” to 
350 members of the public.  The most subscribed “What 
If” lecture of the year was a part of the fortnightly lecture 
series held at the University of Canterbury.  The presentation 
introduced solar Photovoltaic (PV) technology, examined 
the worldwide solar PV market and solar PV in New Zealand 
including an economic and environmental perspective, and 
shared experiences from installing PV on schools in Tonga. 

Outreach
By Shreejan Pandey

NCEA Guide Teachers’ Workshop
In the June issue of our Newsletter we explained why 
secondary students find electrical systems difficult to 
understand. Approximately 50% of students enrolled in 
secondary school NCEA Physics courses are either not 
achieving, or choosing to not participate, in the NCEA 
3.6 “Demonstrate understanding of electrical systems” 
examination. Insufficient numbers of Physics graduates, 
with interest in electrical systems, will subsequently 
mean insufficient numbers of electric power engineering 
graduates for the future of our industry. 

In addition to our undergraduate scholarships programme 
and our online NCEA guide for secondary school students, 
we have started hosting secondary school teachers’ 
workshops.  In August, we hosted 25 Physics teachers from 
various schools around the Canterbury region to participate 
in a workshop.  We demonstrated our online learning 
resources and provided an opportunity for teachers to set 
up and trial “The Motor Effect” experiment, which explains 
the magnetic force on a current-carrying wire.  Teachers 
were provided with materials and a guide for “The Motor 
Effect” experiment, to be set up and demonstrated to NCEA 
Physics students in schools.

Dr Martin Allen (left) demonstrating The Motor Effect experiment to 
NCEA physics teachers.

PV system being installed at Takuilau College,Tonga, by JH Electrical & UC

Events
By Shreejan Pandey

We run a number of events throughout the year to 
promote Electric Power Engineering (EPE) education, 
increase the interaction between professional engineers 
and our students, and communicate our research findings.  
While some of our events are open to a wider audience, 
most are exclusively offered to UC Electrical and Electronic 
Engineering (EEE) students and our industry members.  Key 
dates and details for our events in 2016 are published on 
the back of this newsletter.

https://youtu.be/6Ff9H6sw0jI
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In July, 30 EEE students travelled around North Island and 
visited generation plants (wind, geothermal, hydro, coal and 
gas), substations and switchyards (including the Haywards 
HVDC site), and the power system control centre owned by 
our industry members, as part of the power systems field 
trip.  Our multi day field trips are an extremely popular and 
rare opportunity offered to EEE students.                                                                                                                            

economically efficient design solutions that are likely 
to gain popularity with our customers.  EPECentre and 
PEET Chairman Peter Berry formally awarded EPECentre 
scholarships to 21 undergraduate and postgraduate EEE 
students at the event. 

2015 North Island Field Trip 

This year’s Careers Convention provided a platform for 
approximately 200 EEE students to meet professionals and 
learn about career opportunities in the electricity industry.  
Guest speaker, Dr Wade Enright, provided an overview of 
the electricity industry structure (past and present) and 
provided case examples of different types of careers UC EEE 
graduates have chosen to pursue.  Dr Enright explained the 
change our industry is experiencing, structurally with the 
privatisation of assets and technically with the rising uptake 
of distributed generation and network-connected smart 
devices. This followed an interactive panel discussion and a 
Q&A session with panel members Chris Baldwin (Meridian), 
Jennifer Wen (Orion), Nicholas Claridge (Transpower), 
Yanosh Irani (EPECentre PhD scholar), Rebecca Stewart 
(Mitton Electronet) and Wade Enright (Viva).  The panel 
discussed the diverse range of technical and leadership 
opportunities available to EEE graduates, importance of 
finding good mentors for growth opportunities, and the 
balanced lifestyle and a socially rewarding career an EEE 
degree can enable.     

EPECentre Careers Convention 2015

Guest Speaker Albert Brantley, Genesis Energy CEO, at the EPECentre 
R&D Expo 2015

Distributed Generation 
Hosting Capacity in Low-
Voltage Networks
By Tim Crownshaw
Research team includes Scott Lemon, Dr Richard Strahan, 
Shreejan Pandey and Dr Allan Miller

Why do we need DG hosting capacity?
The growth of distributed generation (DG), particularly 
rooftop solar photovoltaic systems, is a major emerging 
trend in the electricity industry worldwide. This trend 
is driven largely by falling technology costs and growing 
consumer preferences for energy self-sufficiency, and 
for energy supply options with reduced environmental 
impacts. Integration of this new generation capacity into 
distribution networks is a major technical and economic 
challenge, which will require careful planning and analysis, 
to enable the rise of a new class of electricity ‘prosumers,’ 
while avoiding unacceptable impacts on electrical power 
quality and reliability of supply.

Existing electricity distribution networks were originally 
built for the unidirectional flow of power from the national 
high-voltage transmission grid to end users: businesses and 
households. This generally means that while low-voltage 
(LV) networks have some capacity for DG installations, their 
ability to host reverse power flows caused by DG is typically 
less than their ability to deliver power to customers. Power 
export by DG systems can cause network congestion, 
typically as a result of excessive voltage rise along LV feeders 
(see figure over page) or the overloading of equipment in 
the network.
The specific ability of each LV network to host DG power 
export can be quantified using the concept of DG hosting 
capacity – the uniform net real power injection, per 

The EPECentre R&D expo is an annual event that showcases 
new and innovative ideas researched and implemented by 
UC electrical engineering students and EPECentre staff. At 
this year’s R&D Expo in September guest speaker Albert 
Brantley, Genesis Energy CEO, spoke to EEE students 
and industry guests. Albert emphasised the value of 
understanding consumer preference and implementing
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Effect of DG on voltage in an LV network (higher voltages occur at 
connection points with DG)

connection point with DG installed, on a LV network at 
which a critical magnitude of either voltage or current 
occurs in the network. This capacity is dependent on DG 
penetration level, i.e. the proportion of customers who will 
eventually install grid-connected DG systems in a particular 
LV network. At higher penetration levels, LV networks host 
less DG power per connection point on average, but can 
often allow more DG power export in aggregate.

Understanding DG hosting capacity helps Electricity 
Distribution Businesses (EDBs) accurately determine 
the maximum amount of DG they can allow on each LV 
network, without adversely affecting network operation 
or breaching regulatory requirements. EDBs can use this 
to specify appropriate connection requirements for DG 
applications and to identify where detailed connection 
studies are necessary. DG hosting capacity can also assist 
EDBs in meeting Electricity Industry Participation Code 
(EIPC) requirements to make information publically 
available regarding which parts of their network are 
currently subject to congestion, or are expected to become 
congested in the near future.

Why do we need DG hosting capacity?
DG hosting capacity values for a distribution network are 
primarily determined by low-voltage network modelling 
and power-flow simulations, by iteratively increasing 
DG power injection until voltage or current limits are 
encountered. The main downside of this approach is 
that it requires complete line geometry, conductor and 
connectivity information for the LV networks to be studied.

Electricity distribution network assets have long operational 
lives and were mostly installed before the age of digital 
information storage and communications.  Collating 
detailed information from networks to perform detailed 
simulations and determine available DG hosting capacity 
values would require some time.  While this information 
will eventually be collected, the challenge of determining 
DG hosting capacity in the short to medium term remains.

To address this problem, the EPECentre has developed 
an approximation tool provisionally called, Network 
Injection Capacity Estimator (NICE). The tool is designed to 
determine DG hosting capacity using only simple, readily 
available network parameters. NICE utilises a proprietary 
regression algorithm, and requires much less input data 
than full network modelling to carry out an analysis and 
produce useful values.

NICE relies on a reference data set of simulation results 
derived from available LV network model data provided 
by several New Zealand EDBs. To date, the reference data 
set consists of DG hosting capacity outputs for 20,427 
individual LV networks simulated in over 20 million distinct 
states, covering three EDBs and almost 300,000 customer 
connection points.

How well does NICE work?
The median absolute estimation error produced by 
NICE, over all LV networks and all simulated penetration 
levels, is around 400 Watts. However, greater accuracy is 
often achieved in practice, particularly where expected 
penetration levels are higher. According to GREEN Grid 
analysis, NICE performs considerably better than direct 
calculation of DG hosting capacity via simplified circuit 
models, which typically produces mean absolute error 
exceeding 1,500 Watts.

The figure below shows distributions of NICE estimation 
error as a percentage of actual simulated DG hosting 
capacities for all LV networks tested, by penetration level. 
The percentage error is relatively consistent across most 
penetration levels. This means that the estimates remain 
accurate in situations where hosting capacity is lower and 
export congestion is a greater concern. In addition, NICE is 
designed to provide optional conservative estimates, which 
reduce the real risks associated with over-estimation of DG 
hosting capacity.

Percentage estimation error distributions by penetration level (red 
line - median, red cross – mean, blue box – 25th and 75th percentiles, 

whiskers - 10th and 90th percentiles)

NICE effectively delivers the advantage of accurate working 
estimates of DG hosting capacity for LV networks, without 
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Electric Vehicle System 
Dynamics Model
By Dr David Rees, CSAFE, University of Otago

David has been researching with the GREEN Grid project 
through the Centre for Sustainability at the University 
of Otago. In this article he discusses the Electric Vehicle 
System Dynamics model for investigating the potential 
uptake of electric vehicles.  A draft version of the model 
can be found at this link.

Over the past two years there has been a growing interest 
in the role that Electric Vehicles (EVs) may play in driving 
a sustainable transport system for NZ. Their potential to 
help achieve emissions reductions and greater energy 
security, along with improved productivity from cheaper 
running costs, mean that EVs have become central to any 
discussions about New Zealand’s transport future.

EV sales, while still very low, are rising as purchase costs are 
decreasing, performance is improving, and model range is 
broadening. But it is not easy to predict how quickly they 
will be adopted into NZ’s light vehicle fleet. Our research 
aimed to shed some light on this issue through developing 
a System Dynamics (SD) model of the light vehicle fleet 
which is capable of exploring a range of plausible scenarios 
for the uptake of EV.
 
The model, a simplified version of which is shown on the 
right column, tracks the inflow and outflow of new and used 
vehicles in the light vehicle fleet. These cars are grouped 
according to 3 fuel types - internal combustion engines 
(ICE), hybrids (HEV) and electric (EV) - and 5 age bands. 
New vehicle registrations are split into fleet and private 
purchases. Data from “The New Zealand 2013 Vehicle 
Fleet: Data Spreadsheet (2014)” is used to set parameters 
for new and used vehicles coming into the fleet, and for the 
discard rates out of the fleet, according to fuel type and age 
categories. 

Building the model this way enables a variety of ‘what if’ 
scenarios to be run. This helps to explore how the uptake 
of EVs may be influenced by factors such as changes in 
the price of EVs; tougher emission standards; increases in 
range; or shifts in fleet purchasing regulations. 

The model also provides a platform to test assumptions 
around EV uptake, by outlining the changes in vehicle 
purchase that are needed to achieve various levels of 
penetration. 

New and Used Vehicle Flow Model

Per Unit EVs in Light Vehicle Fleet

These findings suggest that the uptake of EVs into the light 
vehicle fleet will be very slow for many years to come, even 
if EV prices drop considerably. To achieve a higher level of 
uptake, such as a 20% penetration of EVs within 20 years, 
intervention is needed to alter both the flows into and out 
of the fleet. 
For example, Run 1 on the graph over page (the blue line) 
represents a simulation in which EVs make up 20% of the 
light vehicle fleet in 20 years. However, to achieve that 
figure, the registration of EVs had to rise to 40% of fleet 
purchases, 35% of privately registered vehicles under 
5 years of age and 20% of privately registered vehicles 6 
years or older, all within a 10 year timeframe. 
Run 2 (the black line) shows the same uptake assumptions 
combined with tougher emission standards, resulting in a 
50% increase in the discard rate of older ICEs.

placing an excessive burden on EDBs for the provision of 
data. Using DG hosting capacity analysis, the connection 
of increasing amounts of small-scale DG to distribution 
networks can be achieved, with minimal cost and disruption, 
to the benefit of EDBs, DG owners and New Zealand.

The scenario in the figure below assumes that price parity is 
achieved within 24 months and that price parity increases 
current sales of EVs tenfold.  Furthermore, the scenario 
assumes that EVs make up 20% of fleet sales within three 
years. Even with that significant increase, EVs only make up 
5% of the light vehicle fleet within 20 years.

http://netsimapp.cloudapp.net/netsims/david.rees/evfleetmodel_betaversion/index.html
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Achieving a target such as 20% of the fleet in 20 years will 
require interventions that make a significant impact upon 
EV inflows as well as discard rates. Given that around 60% 
of new vehicles are fleet purchases, interventions will need 
to target businesses as well as the general public who are 
more likely to purchase used cars.
  
The modelling suggests that the most effective intervention 
would be to reduce the initial cost of purchasing an EV, and 
in particular to change the relative costs of EVs compared 
to ICEs.  Discard rates of ICEs will also need to be sped up, 
allowing more EVs to enter the market.  

EVs are very unlikely to become a significant part of the 
NZ light-vehicle fleet within the next 20 years unless the 
government takes a role, as market mechanisms alone will 
be insufficient. Interventions such as emissions standards, 
to increase discard rates of older ICE vehicles and 
mechanisms to reduce upfront cost of purchase could be 
effective in speeding up uptake, with consequential benefits 
to productivity, energy security and the environment. 

station. This data, along with low voltage (LV) distribution 
feeder data, was used to perform impact studies on typical 
LV systems from a NZ distribution company. This identified 
the penetration level of EV chargers that a typical system 
can withstand without adverse effects.

EV Charger Characteristics
For the tests both fundamental frequency quantities as well 
as harmonic information were recorded for the onboard EV 
charger and the fast DC charger. The table below gives a 
summary of the RMS level and the THD of the current drawn 
from the AC supply. The harmonic content is small relative 
to many other nonlinear loads. Moreover, for the Nissan 
Leaf and MiEV the 3rd harmonic current is dominant, and 
although this will generate 3rd harmonic voltage distortion 
on the LV, it is unlikely to present a problem on the MV 
system.

Impact of Electric Vehicle 
Chargers on a New Zealand 
Distribution System
By Prof. Neville Watson, University of Canterbury

Introduction
The potential benefits of adopting electric vehicles (EVs) 
(whether all electric or plug in hybrid electric vehicles 
(PHEV)) are immense, provided they can be introduced in a 
way that does not adversely affect the electrical distribution 
system. New Zealand is ideally suited for the uptake of EVs 
since most of the electricity generation is from renewable 
resources. The main barriers from a customer perspective 
to the uptake of electric vehicles are: price, lack of charging 
infrastructure and range anxiety. From an electrical utility 
perspective there are questions regarding the potential 
impact to the network of wide-spread adoption of EVs. In 
order to assess this, the characteristics of the various EV 
chargers needed to be obtained.  This was achieved by 
measurements taken at Northpower’s EV charging station 
Whangarei, which is New Zealand’s first public EV charging

Impact Studies
Maximum Demand information was available at the supply 
transformer. Due to lack of more detailed information this 
was evenly allocated to the ICPs on the feeder. On top of 
this maximum loading the EV charger loading was added. 
The impact studies used a Monte Carlo statistical approach 
due to the uncertainty of the position of the EV chargers. 
Therefore EV charger locations were selected at random, a 
power-flow was run and the impact assessed, then a new 
scenario selected by randomly distributing the EV chargers 
again and reassessing. This was performed sufficient times 
to get adequate statistics. Since interest is on the impact of 
EV chargers on the network, the proportion of additional 
under-voltages and overloads caused by the addition of EV 
chargers to the network is calculated (Total violations to 
violations without EVs), and this is referred to as calibrated 
results.   

Per Unit EVs in Light Vehicle Fleet

Summary of AC Charging Systems

 Calibrated In-Line Charger with MiEV (Maximum Loading)
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The figure on the previous page gives an overview of the 
impact of EV chargers on different types of networks for 
the in-line AC charging system on top of maximum loading, 
while the figure below shows the impact for both in-line 
and wall chargers when the system loading is 50% of 
maximum. Clustering is used and numerical references 1, 
2 & 3 indicate that the selected LV network of the relevant 
cluster is: on periphery (strong side), at centre (typical) or 
on periphery (weak side), respectively. The lower figure 
displays a typical histogram of the Voltage magnitude 
that this type of simulation can provide for the different 
scenarios. Of note is that although under-voltages (<-6%) 
are evident for the various scenarios looked at, few are 
more than 10% below nominal, which is the limit for most 
electronic equipment to operate satisfactorily (ITIC Curve 
requirement).

 AC Charger with MiEV (50% Maximum Loading)

In-Line Charger (100% Maximum Loading and 45% Penetration of EVs)

Postgraduate Scholar:  
Thomas Smart
I completed my Bachelor of Engineering with Honours in 
2014 and was awarded summer research scholarships at the 
EPECentre in 2013. I received an EPECentre postgraduate 
scholarship and began working on my PhD in May of this 
year. 

My research involves the use of non-invasive imaging 
techniques to determine the distribution of power 
dissipation and conductivity throughout an object 
undergoing Joule heating. This will be applied to the 
development of a safe method of sterilizing Radiata pine 
logs at an industrial scale, as an alternative treatment to 
methyl-bromide fumigation.

Thomas Smart, EPECentre PhD scholar

The results have shown that the New Zealand distribution 
system is able to cope with the future foreseeable EV 
penetration levels with few problems. With some type 
of load control the electrical system can even cope with 
reasonably high levels of EV penetration. 

Due to the variation in strength of the network at different 
locations, and the nature of the Urban and City networks, 
it is desirable to limit the charging in the Urban networks 
to in-line chargers. The results clearly show under-voltage 
is more of an issue for Urban networks than City networks. 
Typical urban network (Urban-1) can cope with 40% 
penetration of in-line chargers without under-voltage 
issues or line overloading. The City networks are far less 
susceptible to under-voltage issues. Only the peripheral 
City-3 network displayed problems with hosting EV 
chargers, with overloaded lines being the problem.

Former Scholar:  
Cameron Chapman
I completed my Bachelor of Engineering with Honours in 
2009 and went on to complete a Master of Engineering 
Management in 2010.  My Master’s degree saw me 
undertake a project on a Geothermal Power Plant in the 
Philippines. 
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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 

Scholarship 
Application 
Deadline

Careers 
Convention

Up to 8 scholarships are available 
for school leavers interested in 
pursuing the 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

23 
November

GREEN Grid 
Conference

EPECentre hosts the GREEN Grid 
research conference at UC.

Cameron Chapman, Former EPECentre Scholar, Electrical Engineer, 
Genesis Energy

I was then involved in the design and construction of Te 
Mihi Geothermal Power Plant, near Taupo, while working 
for Parsons Brinckerhoff. Currently, I am an Electrical 
Engineer at Genesis Energy where I am responsible for 
Thermal Generators and Power Transformers. 

Power engineering presents all sorts of challenges in some 
of the most scenic parts of the world. I regularly engage 
with Operations and Maintenance staff at Genesis Energy’s 
hydro power plants in Waikaremoana, Tekapo & Turangi 
and at New Zealand’s largest power plant in Huntly.

10 
February

GREEN Grid 
Conference

Postponed from November 2015 
- EPECentre hosts the GREEN 
Grid research conference at the 
Ministry of Business, Innovation & 
Employment in Wellington.  Keep 
an eye on our events page on our 
website for further information.

31 March EPECentre 
Scholarships 
Deadline

Up to 5 scholarships are available 
for students enrolled in UC electric 
power engineering course(s).

26 - 29 
April

South Island 
Field Trip

Electrical and Electronic Engineering 
students visit power generation, 
transmission and distribution sites.

http://www.epecentre.ac.nz/events/index.shtml

