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Arrival, Tea & Coffee

09:30

The GREEN Grid (Gathering Renewable Energy in Electricity Networks) research project, led by
Associate Professor Alan Wood (previously led by Dr Allan Miller), focuses on modelling future
trends in renewable electricity generation and household demand, and managing their effects
to ensure all New Zealanders have access to reliable, safe and affordable renewable energy.

Introduction
—

Associate Professor Alan
Wood, GREEN Grid Principal
Investigator, Electrical and
Computer Engineering,
University of Canterbury

Firstly, we are delighted to announce that the GREEN Grid research team struck gold again,
receiving MBIE’s Gold Status for the second year running. This is mainly due to the collaborative
approach that has been developed between industry and academia, which has resulted in focused
and informed research efforts, and effective communications strategies. Secondly, we are also
pleased to launch the on-line version of DGHostTM, an impact assessment tool to help manage
the Distributed Generation application process. The official team includes researchers and
postgraduate students from UC EPECentre, UC Electrical and Computer Engineering Department
and University of Otago’s Centre for Sustainability (CSAFE). The unofficial, but equally important
team comprises our industry supporters who have provided scholarship support, co-supervision,
data and key insights into network issues. The focus in the past year has been to both finalise and
further develop tools and guidelines related to local distribution network issues, and to quantify
the national implications of a more renewable energy sourced electricity system.
The conference will start with an update from CSAFE on residential demand and demand
flexibility. Also in the morning, updates will be given on progress on quantifying national level
impacts of variable renewable generation and on the effects on distribution networks – in
particular the effect on protection systems and of battery storage under simple tariff structures.
Electric Vehicle uptake is accelerating, which has led to the afternoon being dedicated to this
subject, with a mix of research and industry speakers.
The EPECentre thanks all presenters for their contribution, the Ministry of Business, Innovation
and Employment (primary funder of GREEN Grid), as well as the Electricity Engineers’ Association
and Transpower (co-funders). Many other companies have contributed to the GREEN Grid
research, and the EPECentre thanks the sponsors of this conference today: Orion, ETEL
Transformers and EECA.
Associate Professor Alan Wood
Alan Wood completed his BE and Ph.D at the University of Canterbury,
Christchurch, New Zealand, in 1981 and 1993. From 1982 to 1989 he
worked for the Electricity corporation of New Zealand, and then for
Mitsubishi Electric in the UK and the Middle East. He is presently a
Senior Lecturer at the University of Canterbury. His interests are based
around renewable energy technology, analysis and solutions.
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Demand Flexibility

09:45

Insights on
Residential
Demand A High-level
Summary of
Otago’s Work
in the GREEN
Grid Project
to Date
—

Dr Janet Stephenson,
GREEN Grid Research Associate,
CSAFE, University of Otago

Potential Future
Changes to
Residential
Electricity
Load Profiles –
Findings from
the GridSpy
Dataset
—

Dr Michael Jack,
GREEN Grid Research
Associate, Physics
Department, University
of Otago

The interdisciplinary team at Otago University has been investigating current and future changes
in residential electricity use, and the resulting challenges and opportunities for the management
of the electricity grid. For example, householder interest in PV and EVs identified in the research
in 2012 has transpired to surprising rates of adoption for both. We outline findings on the
implications for changing demand profiles at household and grid levels, and key opportunities
for peak demand management within households.
Dr Janet Stephenson
Dr Stephenson is the Director of Centre for Sustainability, (CSAFE) at
University of Otago, New Zealand. She is a social scientist with an
interest in energy cultures and socio-technical transitions. She was
the science leader of the recently-completed Energy Cultures research
programme, which examined energy and mobility behaviour through
a cultural lens. She also a researcher in the GREEN Grid programme
on the future of New Zealand’s electricity grid, part of the Otago
University team which is examining the implications of changing
consumer expectations and technology uptake. She is the chair of the
Board of the National Energy Research Institute.

Understanding residential electricity daily demand profiles is important for planning future
generation and transmission infrastructure. Rapidly reducing costs are driving the uptake of a
variety of new household appliances, such as EVs, PV, and heat pumps, that could have a significant
impact on these profiles. In this work we simulated the impact of each of these appliances on
individual and aggregated household demand profiles based on a detailed residential demand
data collected in the GREEN Grid project. The results show a significant effect at high levels of
penetration. In particular, high penetration of PV or EVs could increase the daily winter variation
of aggregated demand by 2 kW per house.
Dr Michael Jack
Dr Michael Jack is Director of its Energy Management Programme in
the Physics Department at the University of Otago. He is a theoretical
physicist with a broad range of interests in both fundamental and
applied topics. Prior to moving to Otago in 2014 he spent 9 years
at the New Zealand Crown Research Institute Scion carrying out
commercially-focused energy research. He currently leads the
residential energy stream of the MBIE-funded GREEN Grid research
programme. This work aims to understand current patterns of
electricity use in households, how new technologies like smart
appliances, smart meters and photovoltaics might influence these
patterns, and how flexibility in energy end use might enable greater
uptake of variable renewables.
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Renewable Variability

Impact of Wind
Generation on
Demand for Fast
Instantaneous
Reserves, and
Recommendations
for Ancillary
Services

This presentation gives the final results on analysing the impact of wind generation on the
demand for frequency control ancillary services, reserves, and then considers recommendations
for Ancillary Service markets under higher penetrations. The details of this research will be
shortly presented in a report. Higher penetrations of wind generation, there are two effects
when combined have the greatest impact on the New Zealand power system. 1) In order to
achieve the best utilisation of New Zealand’s wind energy resource requires geographic spread
of wind farms across the North and South Islands, this creates greater HVDC transfer north.
Coupled with 2), the reduced inertia in the North Island, as thermal units exit the market and are
replaced by asynchronous generation, there is a greater demand for fast acting Instantaneous
Reserve. The demand for Frequency Keeping is also considered.
Josh Schipper
Josh Schipper is a PhD student at the EPECentre, with the GREEN Grid
Project. He is researching in the area of power system stability, and the
impacts of variable renewable energy (VRE) on power system security.
He completed his Bachelor of Engineering, Electrical and Electronic,
at the University of Canterbury with First Class Honours in 2013. He is
passionate about how complex systems are designed and maintained
in an efficient manner, within the complex decision processes of a
deregulated industry, to benefit the general welfare of the country.

—

Josh Schipper,
Postgraduate student,
EPECentre, University
of Canterbury

10:45

Morning Tea
Kindly sponsored by ETEL Transformers

11:05

Capacity and
Energy Risk in
New Zealand’s
Electricity
System
—

Luke Schwartfeger,
Postgraduate student,
EPECentre, University
of Canterbury
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This presentation covers an investigation into the operation of New Zealand’s electricity
system replacing large thermal generation with different proportions of wind and geothermal
generation. The current version of an implicit stochastic optimisation modelling tool was used
to simulate the management of hydro reservoirs such that thermal generation and unserved
energy were minimised. For each generation portfolio, the capacity shortfall and unserved
energy determined for a range of inflow sequences.
Luke Schwartfeger
Luke is a PhD student at the EPECentre, with the GREEN Grid project. His
research is investigating the implications of New Zealand’s electricity
system having 90% or more renewable generation. New Zealand
depends on hydro generation with storage to supply its electricity
demand. With greater amounts of renewable generation, the hydro
storage resource will be relied upon more and more to manage the
temporal and geographical variability of new renewable generation.
There is also compounding uncertainty from wind on top of hydro
inflows. Luke’s research is focusing on these variability and uncertainty
aspects. Prior to being a PhD candidate, Luke was a research assistant
for 6 months working on a variety of GREEN Grid related projects. He
completed a Bachelor of Engineering with First Class Honours at the
University of Canterbury in 2013.

Impact of New Technologies in the Distribution Network

Impact of
Inverter Energy
Systems on
Protection of
LV Networks
—

Dr Bill Heffernan,
Senior Research Engineer,
EPECentre, University of
Canterbury
Ryan Van Herel,
Research Egnineer,
EPECentre, University
of Canterbury

With the introduction of inverter energy systems (IES) to distribution networks, it is important for
electricity distributors to know in detail the nature of the new problems likely to be encountered
as the degree of penetration of IES in distribution networks increases. For any feeder on a low
voltage network containing IES, fault currents will have a contribution from both the upstream
source and from the IES connected on that same feeder. The clearing times of upstream fuses
can be affected by the additional current contribution from IESs. We will discuss how fuse
coordination might be preserved in LV networks with high penetrations of IES, so that cables are
still protected. We will also examine how IES will shut off under fault conditions either because
the voltage dips below 180 volts, or the upstream fuse clears the fault.
Dr Bill Heffernan
Bill Heffernan received his B.Sc.(Hons) in Electrical Engineering from the
University of Manchester, U.K., in 1984 and his Ph.D. from Birmingham
University, U.K., in 1995. A U.K. Chartered Engineer and member of the
IET, he is currently Senior Research Engineer with the Electric Power
Engineering Centre at the University of Canterbury, New Zealand. His
interests include high frequency power electronics and magnetics,
industrial instrumentation and electric power applications.

Ryan Van Herel
Ryan graduated with a Bachelor of Engineering with Honours from
the University of Canterbury in 2008. He completed a Master of
Engineering in Electrical and Electronic Engineering at the same
institution in 2011, with the help of scholarship support from the
EPECentre. From September 2011 to January 2015 Ryan was with
DNV-GL Energy in the capacity of Test Engineer at the (formerly
KEMA) High Power Laboratory in Arnhem, The Netherlands. Currently
he is a Research Engineer with the Electric Power Engineering Centre,
working in support of the Joule Log Heating Project and the GREEN
Grid programme.

To Charge or
not to Charge?
Optimising
Home Battery
Storage
Operation
—

Michael Campbell,
Postgraduate student,
EPECentre, University
of Canterbury

The uptake of home energy storage systems, in particular battery systems, is likely to be driven
largely by the financial benefit to consumers. For consumers with photovoltaic (PV) generation,
battery storage aids in maximising self-consumption. For consumers without PV generation,
batteries can be charged during periods of cheap electricity, and the energy used during more
expensive periods. The question then is how big are the potential savings? Is the investment
worthwhile?
A battery management optimization model has been developed which simulates the bestcase operation of a household battery. This presentation will look at initial results of applying
this optimization to 2000 households in Canterbury. The results show the basic economics of
household battery systems operating under current tariff structures. I will show the potential
savings to a household’s annual electricity bill from installing a battery system both with, and
without, PV generation. I will also explore the effect of different tariff structures on the economics
of battery systems, as well as the effect of battery sizing. Finally, the aggregated effect of many
households with battery storage systems on the electricity network will be examined.
Michael Campbell
Michael is a PhD student at the EPECentre, with the GREEN Grid
project. Michael’s research is around the impact of new technologies
such as photovoltaic generation, electric vehicles, and home energy
storage systems on consumer load profiles and grid power flows. In
particular, Michael is working on methods of optimizing the control of
home energy storage systems to bring maximum benefit to consumers.
Michael was awarded a Bachelor of Engineering with First Class
Honours in Electrical and Electronic Engineering from the University
of Canterbury in 2015.
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Conclusion
and Q&A

Facilitated by Associate Professor Alan Wood.

—

12:15

Lunch
Kindly sponsored by Orion

During lunch and afternoon
breaks, the UC Motorsport 100%
Electric Formula SAE race car will
be on display, and you will be
able to race the car yourself in
their VR simulator.
During the breaks, the stands
available are DGHostTM tool
(EPECentre), Flip the Fleet and
EVNEX.
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Electric Vehicle Seminar

13:00

Introduction
—

Professor Neville Watson,
Electrical and Computer
Engineering, University of
Canterbury

Accelerating
the Uptake of
EVs in New
Zealand
—

Elizabeth Yeaman,
Transport Development
Manager, EECA

Neville will introduce the Seminar, the main objectives and speakers. He will also give a brief
introduction to electric vehicle charging technology and present the measurement results
obtained for different EV charging technologies.
Professor Neville Watson
Prof. Neville R. Watson (SMIEEE) received the B.E. (Hons) and PhD
degrees in Electrical Engineering from the University of Canterbury,
Christchurch, New Zealand. He is currently a Professor with the
University of Canterbury. His interests include power quality and
steady-state and dynamic analysis of AC/DC power systems. Neville
was appointed to the academic staff at the University of Canterbury
in September 1987, since then he has been teaching and performing
research into various aspects of power systems and power electronics.
Neville’s main areas have been; computer modelling of electrical
power systems, HVDC, power quality, harmonics and electromagnetic
transients. He has co-authored seven books, three chapters of books
and over 200 technical papers.

The number of electric vehicles in New Zealand is more than doubling every year. This presentation
will look at who are buying what EVs and where, and who the likely future buyers are based on
EECA’s market research. You will find out about progress with EV projects funded through the
Low Emission Vehicles Contestable Fund, for both heavy and light EVs. The presentation will also
give a glimpse of what electrification technology is coming next globally for the domestic marine
and domestic aviation sectors.
Elizabeth Yeaman
Elizabeth Yeaman is the Transport Development Manager at EECA,
where she has worked for over twenty years. She holds a Masters
degree in Natural Resource Engineering and is a chartered member of
Engineering New Zealand and a member of the Chartered Institute of
Logistics and Transport New Zealand.
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EV batteries technologies and efficiency

EV Storage
Technologies
and Range
—

Leatham Landon-Lane,
Postgraduate student,
Chemical and Process
Engineering, University
of Canterbury

Northpower’s
EV Journey
—

Russell Watson,
Network Engineering
Manager, Northpower

EV Projects in
ECE: From the
Farm to the
Racetrack
—

Associate Professor Paul Gaynor,
Head of Department, Electrical
and Computer Engineering
University of Canterbury

8 | GREEN Grid 2018

Information regarding electric vehicles is not always clearly and accurately portrayed to the
general public. This presentation provides a holistic view of the worldwide vehicle market,
focussing on the current and future capabilities of vehicles powered by different fuel sources.
The types of vehicles chosen for case studies in this paper are: Internal Combustion Engine (ICE),
Hydrogen Fuel Cell (HFC), and Battery Electric Vehicles (BEVs).
Leatham Landon-Lane
Leatham is studying towards his PhD degree under the supervision
of Aaron Marshall towards his thesis titled “Enhancing the Electron
Transfer Kinetics in Redox Flow Batteries”. His research interests
cover Grid Scale Energy Storage in the form of Redox Flow Batteries,
the Kinetics of Electrode Reactions and Electric Vehicle Technology
Development

The sharing our learning and experiences from driving tests that have been conducted over
several years. These cover EV range measurement, behaviours of EVs as they run out completely
of electrical; driving efficiency and what affect, speed, hills and vehicle loading has on the
efficiency. Finally looking at battery aging.
Russell Watson
Russell Watson is currently the Network Engineering Manager at
Northpower. Russell has a Master’s degree in Electrical & Electronic
Engineering from the University of Canterbury Russell has had 34 years
of experience with Northpower and has had a number of engineering
and engineering management roles covering most aspects of electrical
distribution. A key aspect of his current role involves the potential
impact and application of new and emerging technologies on the
electrical distribution network, including electric vehicles. Russell is
also an EV owner.

UC’s Department of Electrical and Computer Engineering EV project history and current projects
will be covered. This includes three road cars dating back to the 70’s, go-karts, a 4-wheel drive
race car, an urban concept eco car, and a farm vehicle.
Associate Professor Paul Gaynor
Paul is the current Head of the Department of Electrical and Computer
Engineering, UC. He has an ongoing interest in electric vehicle
technologies and has supervised a number of associated student
projects. His technical expertise lies with applications of power
electronics in the kW, kV, and MHz area.

Accelerated
Battery Capacity
Loss in 30 kWh
Variants of the
Nissan Leaf
—

A convenience sample of 1,382 measures of battery ‘State of Health’ (SoH) from 283 Nissan
Leafs, has demonstrated rapid loss of energy-holding capacity in the 30 kWh model. At two years
of age, the mean rate of decline of SoH of 30 kWh Leafs was 9.9% per annum (95% uncertainty
interval of 8.7% to 11.1%; n = 82). This was around three times the rate of decline of 24 kWh Leafs
which at two years averaged 3.1% per annum (95% uncertainty interval of 2.9% to 3.3%; n = 201),
and much faster than Nissan’s expected rate of degradation. Premature battery capacity loss
undermines the environmental and financial benefits of the 30 kWh Leafs, and more generally,
threatens to erode confidence of prospective purchasers to switch to electric vehicles.

Daniel Myall, Flip The fleet

EVNEX, Electric
Vehicle Charging
Systems

Daniel Myall
Other Flip the Fleet members are: Authors: Daniel Myall, Mark Nixon,
Walter Larason, Dima Ivanov, Joe Barnett, Henrik Moller and Donald
Love. Flip the Fleet is a “citizen science” coalition of EV owners that
submit data to a communal database each month to measure the
constraints and benefits of electric vehicles in New Zealand conditions
(www.flipthefleet.org). This paper summarises the results of their
paper on battery health findings published at: https://www.preprints.
org/manuscript/201803.0122/v1 The senior author is Daniel Myall, a
statistician at the NZ Brain Research Institute.

EVNEX builds safe and cost effective cellular connected charging solutions for electric vehicles.
We enable our enterprise customers to cost effectively manage and monitor these and other
assets from anywhere in the world via our intelligent cloud management platform.
Ed Harvey
Ed Harvey converted his own car to electric drive during his time at
the University of Canterbury. Since then Ed has worked as a hardware
engineer at Dynamic Controls and more recently founded EVNEX. Ed is
passionate about using IoT technology to solve global issues, especially
in the clean energy and agricultural sectors.

—

Ed Harvey, CEO, EVNEX

14:25

Afternoon Tea
Kindly sponsored by EECA
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EV and impact on the grid or network

14:45
“Driving Change”
Issues and
Options to
Maximise the
Opportunities
from Large-scale
Electric Vehicle
Uptake in New
Zealand
—

Eric Pellicer,
Network Transformation
Manager, Powerco
Stephen Godfrey,
Opportunities and
Developments Manager,
Orion

Eric and Stephen will provide an overview of the report done by Concept Consulting with the
three network companies who have sponsored it (Orion, Powerco and Unison). They think
electric vehicles (EVs) have the potential to be a fantastic opportunity for New Zealand, both
in terms of massive gains to the environment, and in terms of delivering genuinely cheaper
transport services. However, they believe that current electricity supply arrangements will
frustrate realisation of these benefits – and will also result in EV uptake causing unnecessary
costs. There is the potential to change our electricity supply arrangements to maximise the good
outcomes from EV uptake and minimise the bad. However, there are some real challenges to
overcome before we get there, with some difficult choices and industry coordination challenges.
Further, with mass EV uptake just around the corner and greenhouse reduction targets getting
ever-more urgent, there is a real time imperative to resolving this issue. This report will likely be
a useful contribution to the broader industry and consumer / political discussion about how we
can make the changes to deliver the best outcomes for New Zealand.
Eric Pellicer
Eric is the Network Transformation Manager at Powerco, New
Zealand’s second largest electricity utility. He leads the future network
evolution and innovation side of the electricity business and is focused
on understanding and defining the future environment our network
will operate in to inform investment decision today. Eric is also
accountable for Powerco’s research programmes which range from
technology to consumer behaviours which aim to understanding what
New Zealander’s are looking for from their distribution utility now and
in the future. Eric has been with Powerco (and in New Zealand) for
over 7 years and prior to joining Powerco, worked as a management
consultant for 10 across a number of sectors focusing on business
transformation and strategic planning.
Stephen Godfrey
Stephen is the Opportunities and Developments Manager for Orion,
the central Canterbury electricity networks business. He’s been
with Orion for 19 years across a number of differing roles. His
current position sees him keeping abreast of medium and long term
developments and external environmental changes, particularly in the
emerging technology area. He then helps determine Orion’s business
strategy response and how this should be integrated into the business.
Stephen is a firm believer in electric vehicles being a key contributor in
the fight against global warming.

Ashburton –
EV Ready!
—

Yee Mei Vong,
Electrical Engineer,
EA Networks
Shaneel Singh,
Engineering Services
Manager, EA Networks
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There is a major concern for EA Networks (EA) about the uptake of EVs in the urban area, and
whether it could put excessive stress on the existing low voltage network assets. To carry out
the investigation, EA have developed a low voltage network model which best represented
the existing state of the network. The model included the installation of typical residential EV
chargers for analysis. The analysis was carried out using DIgSILENT and data obtained from
various sources. Based on the findings, EA has concluded that it does not require to upgrade its
LV distribution network to accommodate for any initial residential charging uptake. Working in
with Ashburton District Council (ADC), EA has delivered 2 EV fast chargers to Ashburton district.
The increase number of charging sessions from these chargers has encouraged EA to install
another 3 fast chargers in the district over this financial year.

Yee Mei Vong
Yee Mei completed her BE Honours from the University of Canterbury
in Electrical and Electronics Engineering. She spent 3 years working
as a planning engineer for Waipa Networks. Since Feb 2017, Yee Mei
joined EA Networks as an electrical engineer. Her areas of interest
are power distribution technologies and network automation. Her
past projects include pole-top devices loop automation, studies on
100% photovoltaic subdivision and studies on the use of disruptive
technologies as an alternative solution for BAU.

Shaneel Singh
Shaneel is currently the Engineering Services Manager at EA Networks.
Prior to this he worked as Network Operations/Control Centre Manager
and Electrical Engineer. In the 8 years at EA, he has had the privilege to
work on EA’s power distribution grid, fibre optic broadband network,
electric vehicle charging infrastructure and business support systems;
SCADA, GIS, Digital Mobile Radio, Outage and Works Management.
He is the proud owner of two untamed canines – Ice (Norwegian
Elkhound) and Cruza (German Shephard).

Impact of EV on
an EDB Network
—

Professor Neville Watson,
Electrical and Computer
Engineering, University of
Canterbury

From an electrical utility perspective there are questions regarding the potential impact to the
network of wide spread adoption of Electric Vehicles (EVs). To identify these potential issues
simulation studies are required. The impact of widespread electric vehicle charging is presented
using a large-scale model of the Orion distribution network. The purpose is to identify the
penetration level of EV chargers that a typical system can withstand without adverse effects.
The EV charger characteristics used for these studies were obtained from measurements made
at New Zealand’s first public EV charging station installed by Northpower in Alexander Street,
Whangarei. Both fundamental and harmonic issues are addressed.
Professor Neville Watson
Prof. Neville R. Watson (SMIEEE) received the B.E. (Hons) and PhD
degrees in Electrical Engineering from the University of Canterbury,
Christchurch, New Zealand. He is currently a Professor with the
University of Canterbury. His interests include power quality and
steady-state and dynamic analysis of AC/DC power systems. Neville
was appointed to the academic staff at the University of Canterbury
in September 1987, since then he has been teaching and performing
research into various aspects of power systems and power electronics.
Neville’s main areas have been; computer modelling of electrical
power systems, HVDC, power quality, harmonics and electromagnetic
transients. He has co-authored seven books, three chapters of books
and over 200 technical papers.

Closing Remarks
of the EV Seminar

Facilitated by Professor Neville Watson.

—

16:00

End
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