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09:00

Arrival, Tea & Coffee
Room G02 and G03, MBIE, Wellington

Introduction
09:30

Introduction by GREEN Grid Director
Dr Allan Miller, Director of the EPECentre, University of Canterbury

In the past year the GREEN Grid project has transferred three research results to industry. These are:
1. The Guide for the Connection of Small-Scale Inverter-Based Distributed Generation (in particular photovoltaic
solar power, or PV), released as an EEA Guide for consultation in May 2016;
2. The DGHost™ model and service, which gives electricity distribution businesses (EDBs) an understanding of the
ability of their distribution networks to host PV; and
3. The EECA energywise™ Solar Calculator, which enables the New Zealand public to understand and learn more
about PV, applied to their home.
In addition, GREEN Grid has released reports on field trial results with solar power, and grid safety and protection
with inverter-based distributed generation. It has also released a system dynamics model to understand factors that
influence the uptake of electric vehicles in New Zealand, and developed a rapid EV charger prototype, to understand
this technology. Much of this research and results have been communicated to industry and other researchers through
the various GREEN Grid working groups and other industry forums, such as the Network Analysis Group, Consumer
Technology Advisory Group, Industry Advisory Panel, EEA Conference, Smart Grid Forum, and other dedicated
meetings. This GREEN Grid conference is held to give the industry further opportunity to learn about GREEN Grid
research and its results.
The conference will begin with a brief presentation on the third research result transferred to New Zealand: the EECA
energywise™ Solar Calculator. EECA will discuss the public’s reaction to and use of the model, and the EPECentre will
discuss some of the lessons learnt around making such a model available to the public. Following this, in Part 1 of this
conference, researchers from CSAFE, University of Otago, will present research on understanding the potential of,
and issues around, household demand response, which may prove useful in managing some aspects of renewable
variability, as well as changes to household load profiles brought about by new technologies, such as electric vehicles
and solar power. Following this, researchers from the EPECentre, University of Canterbury, will present results from
studies that look at the impact of increasing variable renewable generation on system frequency quality. It is from
this work that the potential for demand response as a method, other than hydro generators, for managing this
variability can be seen. There may also be value in demand response to be a provider of increased interruptible load
for contingency management, which may increase in importance as variable renewable generation increases.
Part 2 of the conference looks specifically at the first two research results transferred to industry. Firstly, the EEA and
the EPECentre will discuss the Guide for the connection of small-scale inverter-based distributed generation. This will
be followed by a presentation by Orion on how they intend to use the Guide, and the EPECentre on the DGHost™
model to determine hosting capacities of distribution networks. Finally, researchers from the University of Auckland
will present results from their studies on safety and protection related to small-scale inverter-based distributed
generation. This presentation will be preceded by Northpower, who will discuss some of the safety and protection
practicalities of operating a distribution network with small-scale distributed generation.
The conference has been organized to precede most research presentations with an industry speaker, to discuss the
research and its application to their company. The EPECentre thanks all presenters and the industry speakers for their
contribution, and the primary funder of GREEN Grid, the Ministry of Business, Innovation and Employment, as well as
the Electricity Engineers’ Association and Transpower for their funding. Many other companies have contributed to
the GREEN Grid research, and the EPECentre thanks the sponsors of this conference today: Powerco, Orion, and the
Ministry of Business, Innovation and Employment.
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09:45

Update on EECA energywiseTM Solar Calculator
Allen Davison, NABERSNZ Technical Specialist, Energy Efficiency Conservation Authority
(EECA)
Dr Allan Miller, Director of the EPECentre, University of Canterbury

In November 2016 EECA launched a solar calculator on its energywise™
website. The target audience of the calculator is the New Zealand public, and
its purpose is to educate the public about PV solar power, and to provide them
with a way of understanding the potential value of solar power. Through this it
also aims to help people understand the many influences on the economic value
of solar power to a household. The solar calculator technology was developed
by the EPECentre, with the website developed by EECA, in consultation with
the EPECentre. In this presentation EECA will discuss the uptake and use of
the solar calculator, while the EPECentre will discuss some of the feedback
received to date, and some of the lessons learned from the transfer of this
research to provide a publically available calculator that functions reliably.

Allen Davison is part of the Strategy and Programme Portfolio team at the Energy
Efficiency and Conservation Authority, where he has worked for the last 13 years on
policy, technical and operational issues. Prior to this he worked on environmental and
energy efficiency policy at Housing New Zealand Corporation. He has a varied industry
background which includes roles in the engineering and HVAC industries.

Dr Allan Miller is the Director of the Electric Power Engineering Centre (EPECentre)
and the GREEN Grid research programme. He has worked with a number of electricity
utility companies in New Zealand, Australia, and Europe. His work with these companies
includes power quality measurement, economic analysis, product development, and
information systems. Most recently Allan has held the position of Managing Director,
Allied Telesis Labs Ltd., a software and hardware development centre for Allied Telesis
Global, developing Internetworking products and solutions. In this position he led the
transformation of the organisation, its product range, and its underlying technology, to
ensure continued market relevance and protect its key intellectual property.
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Part 1: Demand Flexibility and
Renewable Variability
10:00

Impact of new technologies and demand
management on residential electricity demand
Residential demand management with thermo-electric
appliances
Dr Michael Jack, Senior Lecturer, University of Otago 1

Thermoelectric appliances hold considerable promise as passive storage
devices for residential demand management in New Zealand. For example,
electric hot water cylinders have a large storage capacity (10 kWh) and
widespread ownership (>90% of households) and could be relatively easily
fitted with smart controllers for a variety of demand management uses. In
this talk we consider two thermoelectric appliances, hot water cylinders
and heat pumps. We present an evaluation of the demand management
performance of these thermoelectric appliances under a variety of control
scenarios. The control scenarios are evaluated by their impact on daily
electricity peak reduction, self-consumption of solar photovoltaic generation
and service provided to the household. This work is based on physical models
of the thermoelectric appliances plus simulated user behaviour to estimate
electricity demand.

Dr Michael Jack is a Senior Lecturer in the Physics Department at the University of
Otago and the Director of its Energy Management Programme. His research is focused
on new technologies for renewable energy production and energy efficient processes,
and also understanding technological uptake and potential impact in future energy
systems. Michael originally trained as a theoretical physicist and prior to moving to
Otago in September 2014, spent 9 years at the New Zealand Crown Research Institute
Scion.
1

Research also conducted by:

Jefferson Dew, Honours Student, University of Otago
Nathan Williams, Summer Student, CSAFE, University of Otago
Dr Kiti Suomalainen, Postdoctoral research fellow, CSAFE, University of Otago
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Residential electricity data and the reliability of selfreported use
Dr Kiti Suomalainen, Postdoctoral research fellow, CSAFE, University of Otago 2

The residential sector accounts for roughly a third of New Zealand’s electricity
demand and contributes significantly to daily demand peaks, particularly
in winter, and increasingly in summer. The adoption of new technologies,
such as solar microgeneration or heat pumps, may create further disparity
between peaks and troughs of demand. One solution is to install more
generation capacity that can quickly ramp up to meet peak demand, along
with upgrading line capacity to handle the consequent changes in maximum
loads. Another option is to manage household demand more effectively. To
assess the potential of residential peak management at appliance and user
levels, we have (1) monitored electricity consumption at over 40 households
at appliance level and (2) investigated the energy consumption behaviour of
the occupants of each house through time-use surveys. This unique data set
offers the ability to look at ‘both sides’ of residential consumption: measured
electricity use and self-reported behaviours. In this talk we share some
insights gained from comparing these two data sets, including the reliability of
self-reporting and the patterns of behaviours associated with hot water use.

Dr Kiti Suomalainen is a postdoctoral research fellow at the Centre for Sustainability,
with a background in engineering physics, industrial ecology (MSc) and sustainable
energy systems (PhD). She is working on the GREEN Grid project to explore changing
patterns of energy demand in New Zealand, with focus on residential electricity
consumption patterns and demand side management. Her research interests also
extend to themes around sustainability assessment methods, such as sustainability
indicators, material flow analysis and life cycle approaches.
2

Research also conducted by:

Dr Janet Stephenson, Director, CSAFE, University of Otago
Dr David Eyers, Senior Lecturer, University of Otago
Dr Michael Jack, Senior Lecturer, University of Otago

11:00

Morning Tea
Generously sponsored by Powerco
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11:30

Impact of renewable generation on frequency
quality
Dr Alan Wood, Senior Lecturer, Electrical and Computer Engineering, University of
Canterbury
Josh Schipper, PhD Student, EPECentre, University of Canterbury

This presentation looks at modelling undertaken as part of the GREEN Grid
project to understand the impact of system inertia during contingencies, and
variability on frequency quality. It also looks at the dispatch of generation
as more wind generation enters the power system. The presentation will
first introduce a model of the grid, constructed to understand the impact of
variable renewable generation on frequency, and the response of governor
systems, especially hydro governors. It will then look at a dispatch model of
the grid, to understand how more wind generation might affect the utilisation
of the remaining thermal stations and hydro generators. Results from the
model will be presented, showing the performance on steady state frequency
and during a contingency, as wind generation increases from the current level
to over 3,000 MW.
Dr 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.

Josh Schipper is a PhD student at the University of Canterbury, EPECentre, with the
GREEN Grid Project. He is researching in the areas of power system stability, and the
impacts of variable renewable energy (VRE) on power system security. He completed his
Bachelors 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, so as to benefit the general welfare of the country.

12:30

Lunch
Generously sponsored by Orion
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Part 2: New Technologies in the
Distribution Network
13:30

Guide for the Connection of Small-Scale InverterBased Distributed Generation
Juliet Clendon, Technical Adviser, Electricity Engineers Association
Dr Allan Miller, Director of the EPECentre, University of Canterbury

The connection of PV solar power (PV) to distribution networks continues
across New Zealand distribution networks. Approximately 48 MW of PV
generation capacity had been installed in New Zealand as at 31 December
2016, consisting of 12,497 separate installations. 90% of this total capacity
is made up of small-scale systems, while 99% of installations are small-scale
systems. This uptake has taken place without the large incentives employed
in other countries around the world that have led to very high penetrations
levels. The high penetration levels in some countries have caused issues with
overloading of existing networks, as well as voltage quality, and have led to
the introduction of connection rules and technical guidelines to manage these
issues. Given the uptake in New Zealand, the EEA commissioned the production
of a Guide to promote a consistent approach to managing connection of PV
inverter systems in a safe, efficient and equitable manner throughout New
Zealand. In this presentation Juliet Clendon will introduce the EEA’s reason for
the Guide, and the aims of the Guide. Allan Miller will then discuss how the
Guide works, and some of the feedback from the consultation on the Guide,
held in 2016, and actions taken as a result of consultation feedback.
This presentation will be followed by Glenn Coates from Orion, who will discuss
how Orion intend to apply the Guide, and Sharee McNab from the EPECentre
who will discuss a model that can provide information required to implement
the Guide. Finally, Nirmal Nair, from the University of Auckland, will discuss
protection with Small-Scale Inverter-Based Distributed Generation.
Juliet Clendon joined the EEA as the technical advisor in June 2015. At the EEA she
works with the Asset Management Group (AMG) to provide leadership and guidance for
effective asset management for the electricity supply industry. The development of the
Guide for the Connection of Small-Scale Inverter-Based Distributed Generation has been
overseen by the AMG and Juliet has been involved with the industry consultation on the
draft guide. Prior to joining the EEA Juliet spent 4 years working as a graduate engineer
at AECOM, working in Transmission & Distribution and Generation teams. Juliet has a
BE(hons) from the University of Canterbury in Electrical and Electronic Engineering and
was a recipient of the EEA, Power System Consulting (PSC) and Energy Education Trust
scholarships.
Dr Allan Miller (see biography page 3)
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14:30

Application of the Guide and Hosting Capacities
Low voltage network managment
Glenn Coates, Network Growth and Planning Manager, Orion NZ Ltd

Emerging technologies will affect electricity flows on the distribution network.
In particular, many scenarios suggest greater utilisation of the low voltage
network with bi-directional power-flows.
Real time low voltage network data is almost non-existent for most distribution
network businesses and access to historical data is often limited to maximum
demand indicators only. Daily and seasonal load profiles can be determined
from 11kV SCADA data, historic surveys and new revenue metering data.
However, understanding power-flows on the low voltage network is only
useful if the capability of the low voltage is known.
A low voltage distribution network engineer needs to be able to forecast
the network impact of electric vehicle charging, PV generation and battery
storage. The impact of these technologies is largely dependent on the
utilisation level of the existing network. Traditional planning methods for the
11kV and subtransmission network involve establishing network capability/
capacity and monitoring and forecasting load growth to determine the need
for reinforcement and upgrades.
The challenge with the low voltage network is the scale involved with many
thousands of feeders which makes a per feeder manual assessment impractical.
Furthermore, forecasting is problematic with many future scenarios to
consider. New tools are required to better understand low voltage network
capability. DGHostTM and the DG full simulation model are good examples of
the new tools needed by planning engineers.
This presentation summarises how Orion intends to use these tools to efficiently
manage the connection of DG to the network. It also explores the medium
term ‘tool’ needs of distribution network businesses in an environment where
customer and regulatory expectations are growing.

Glenn Coates has been in the electricity sector for 27 years, including 2 years with
Transpower system operations. He has been responsible for Orion network planning
since April 2004. His role also includes responsibility for core business growth including
the purchase of Transpower spur assets and providing strategic insight for Orion’s
demand side management systems. Glenn has been a member of many industry
working groups and work-streams over the years and is currently a member of the
Industry Advisory Panel for the MBIE sponsored GREEN Grid research project and the
ENA Smart Technology Working Group. Following a few years of network earthquake
recovery planning, Glenn’s focus has shifted to strategy development around emerging
technologies and the impacts and opportunities this presents for Orion and the wider
power industry. Glenn is an electrician by trade and later a University of Canterbury
qualified electrical engineer, but has a strong interest in the commercial and economic
aspects of the power system including emerging technologies and the new business
models that may evolve.
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Using DGHostTM to find Hosting Capacities for Low Voltage
Networks
Dr Sharee McNab, Senior Research Engineer, EPECentre, University of Canterbury

DGHostTM is a commercial service to aid Electricity Distribution Businesses
(EDB’s) in the determination and management of distributed generation
hosting capacity for low voltage networks. The DGHostTM service provides
EDBs with a pragmatic approach to analysing their low voltage networks in the
absence of complete, digitised network records, a common problem for many
EDBs. Employing an approximate method to calculate the hosting capacities
of networks, DGHostTM leverages full power flow simulations from over
twenty thousand New Zealand low voltage networks. As DGHostTM requires
the input of only a minimal number of network parameters the determination
of network hosting capacities is straightforward.
Various network examples are described that show how DGHostTM can be
used to implement the Small-Scale Distributed Generation Guide (SSDG)
to streamline DG applications. Aspects, such as monitoring the installed
aggregate distributed generation to inform about potential congestion issues
and the potential for using hosting capacities as another input for network
reinforcement upgrades, are also discussed.

Dr Sharee McNab is currently a Senior Research Engineer for the GREEN Grid project,
exploring renewable generation and the effect of increasing amounts of distributed
generation on the electricity network. Sharee was a Research Staff Member in the
Nanofabrication and Exploratory Devices group at the IBM T.J. Watson Research
Center in Yorktown Heights, NY working on Photonic Crystals, and prototyping SRAM
devices for exploring CMOS scaling and device stability studies. She has also worked as
a Systems Requirements Engineer responsible for identifying product features for Allied
Telesis’ switch and router portfolio. Between undergraduate and postgraduate studies
Sharee worked as a software engineer for the consultancy The Technology Partnership
in Cambridge, UK on prototype development projects for the pharmaceutical industry,
ink-jet printing and other projects. Sharee holds a PhD and a 1st Class Honours Bachelor
of Engineering from the University of Canterbury.
.

15:30

Afternoon Tea
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16:00

Grid Safety and Protection with Small-Scale
Distribution Generation
An Electricity Distributor’s Perspective
Russel Watson, Network Engineering Manager, Northpower

With increasing penetration of Inverter-Based Energy Systems (IES), those
managing electricity distribution networks need to understand what additional
safety and protection issues these systems pose. The parts of the electricity
network that most consideration has been given to are the LV network and,
to a lesser extent, the MV distribution network. The two key issues are: the
impact that these IES have on the protection systems and the risks to staff
that are expected to work on the distribution network.
In regard to the Network protection there needs to be understanding of how
the protection works and its limitations and the key question is: do these IES
materially affect the protection system at the maximum hosting capacity?
In regard to current practices for working on energised electricity networks
there needs to be an understanding of the existing risks and the mitigation
measures applied to manage these risks. Again we need to ask the question:
do the IES pose a significantly increased risk?
At the hosting capacities we have on our LV network, there are impacts to the
existing protection systems and the way work is carried out on the network.
We need to remember, with IES being almost completely dominated by PVs
without storage, mostly connected into residential installations, the ability to
connect significant amounts of PVs without experiencing voltage rise beyond
the regulatory Voltage limit is very unlikely.

Grid Safety and Protection with SSDG up to 10 kVA
Associate Professor Nirmal Nair, Electrical and Computer Engineering, University of
Auckland

With increasing penetration of Inverter-Based Energy Systems (IES), it is
necessary to investigate the impact of integrating Small-Scale Distributed
Generation (SSDG) up to 10kVA on the safety and protection of the distribution
network. This presentation discusses key highlights and learnings from the
report “Protection and Automation of Distribution Network with Inverter
Based Energy Systems (IES) Rated up to 10 kVA” that has been compiled as part
of GREEN Grid project objectives relevant to realistic New Zealand distribution
grids.
In order to analyse the impact of IES, the distribution network can be
categorized into three zones – Home zone, LV zone and MV zone. This
presentation concentrates on the home zone and 415/230 V LV zone, to which
SSDG up to 10 kVA can be interconnected. Factors like penetration levels,
placement of the SSDG in the network and value of arc fault resistances have
been progressively varied and their impacts assessed comprehensively.
The analysis, carried out using commercial power system simulation software,
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shows that there are no major impacts on existing LV feeder protection during
three-phase LV grid faults, since fault contribution from the upstream grid stays
significantly larger than fault contribution from the downstream inverters of
the LV IES cluster. However, for LV single line to ground faults, the existing
protection scheme will have to be re-evaluated for fuse insensitivity and miscoordination issues in the LV feeders, particularly when the IES penetration
reaches around 50% of transformer rating. The simulations and modelling
used for protection have been better informed through the realistic tests
conducted on different models of inverter, reported during the 2016 GREEN
Grid conference presentation.
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 33 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 improving asset
management, including understanding the potential impact and application of new
technologies on the electrical distribution network. Technologies that have become
significant recently are inverter-connected distribution generation and electric vehicles.

Associate Professor Nirmal Nair is currently with Electrical and Computer Engineering
at University of Auckland (UoA) and is the Energy Theme leader for Engineering.
Previously, he has held several industry, research and academic positions in India and
USA. He received his B.E. in E.E. from M.S. University, India; ME (Gold Medal) in High
Voltage from Indian Institute of Science, Bangalore and PhD in E.E. from Texas A&M
University, USA. His expertise is in electricity markets, voltage security, blackouts and
integration of renewable energy sources focussing on protection, economics (DSM,
volatility), innovations (Smart Grid, Storage, Large-scale EV & PV integration) and energy
policy. Power Systems Group (PSG) that he leads contributes towards power system
engineering practice through publications, patents, working group reports, public
submissions on energy and prototype design. This group is active in commercialization
of its designs, prototypes and algorithms through Uniservices. Nirmal holds leadership
position in IEEE Power & Energy Society (PES) and CIGRE whose technical outputs
directly feed into global standards of IEEE and IEC.

16:45

Closing Remarks by the GREEN Grid Director
Dr Allan Miller, Director of the EPECentre, University of Canterbury

17:00

End
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