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09:00

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

09:30

Introduction by GREEN Grid Director
Dr Allan Miller
Director of the Electric Power Engineering Centre, University of Canterbury

GREEN Grid is a six year research programme that is using modelling of future
trends in renewable electricity generation and household demand, together
with in depth knowledge of electricity networks and power management,
to ensure that New Zealanders have access to reliable, safe, and affordable
renewable energy. Officially titled ‘Renewable Energy and the Smart Grid’,
GREEN Grid has been operating for three years, and this conference will
present some of the results gained over this period. Uniquely, GREEN Grid
brings together social science research with technical engineering research to
understand the changes in electricity generation and use as a socio-technical
transformation.
The conference will begin by reviewing new technologies at the edge of the
grid and household demand and potential for demand response, both work
streams led by the Centre for Sustainability at the University of Otago. The
conference will then look at modelling of photovoltaic solar power (PV)
in distribution networks. This will include discussion about guidelines for
deployment of PV, and a tool developed by the EPECentre at the University
of Canterbury to understand which parts of the distribution network may
be subject to congestion, as well as how much power each house in the
network can inject before congestion occurs. The University of Auckland
will present findings from PV field trials with distribution company Vector, as
well as protection and safety with PV systems in distribution networks. The
conference will finish with an update on the status of electric vehicles in New
Zealand and their impact on power quality. Each presentation is planned to
take 20-30 minutes, leaving opportunity for questions and discussion during
the conference.
The GREEN Grid team would like to thank the primary funder of GREEN Grid,
the Ministry of Business Innovation and Employment, as well as the Electricity
Engineers’ Assosication and Transpower for their funding. Other contributors
to the research include Orion, WEL Networks, Northpower, Powerco, Unison,
Vector, Meridian Energy, and the Electricity Authority.
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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Consumer Demand and
Behaviour
09:50

Smart Grid Edge Technologies in New Zealand
Dr Rebecca Ford, Deputy Director of CSAFE, University of Otago

The decreasing cost of edge technologies such as solar generation and battery
storage, and improvements in ICT, smart appliances, and energy management
technologies, are enabling consumers to interact with the grid in entirely new
ways. Changing market dynamics, policy settings, and grassroots innovations
are creating a shift of power, driving toward a pathway where customers are
able to engage more dynamically with a smarter grid in how they generate,
use, and manage demand.
In this presentation we draw from a meta-review of international literature
on prosumers, interviews with early adopters of edge technologies across
households, businesses, and communities, and an online survey exploring New
Zealanders’ interest in smart home technology. We explore how prosumer
communities are developing in different political and geographical contexts,
identify the actors involved, the drivers, barriers and enablers of transition,
new expectations and norms around energy, and the policy, infrastructure
and business model changes that have supported transition and emerged
from it. We also look at New Zealanders’ interest, more broadly, in smart
homes and associated technologies, and discuss the implications that this may
have on infrastructure, the industry, and future energy strategies, pathways
and policies.
Dr Rebecca Ford is an interdisciplinary scholar whose research focuses on complex
systems and the emerging technologies that encourage and enable sustainable energy
transitions. She is the Deputy Director of the Centre for Sustainability at the University
of Otago.
Rebecca’s research interests are on: (1) how people interact with data and technology,
(2) how systems approaches can be drawn upon to better understand complex issues,
and (3) how to pull these together to solve WICKED problems. Rebecca leads the
demand side stream of the 6-year GREEN Grid research programme, which is looking
at the future of New Zealand’s electricity system. She has also undertaken research in
the Energy Cultures 2 interdisciplinary research programme looking at the adoption
of more sustainable transport in New Zealand, and has co-led a project in Vanuatu
exploring their rapid transition from kerosene to solar lamps.
Before moving to New Zealand, Rebecca trained as an engineer, completing her DPhil
in the Department of Engineering at the University of Oxford. She is also an Honorary
Research Associate at Victoria University of Wellington.
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10:30

Household Demand and Demand
Management Opportunities
Dr Michael Jack, Senior Lecturer, University of Otago

Electricity demand management strategies work to reduce peak demand and
therefore avoid over investment in transmission infrastructure and centralised
generation. In New Zealand, while many industrial and commercial users
practice demand management, the opportunities for demand management
in households are relatively unexplored. With new technologies such as smart
meters and appliances that are able to respond to price signals, there is a
growing potential for increased demand management in households. At the
same time, future expansion of solar PV, electric vehicles and battery storage
create additional challenges and greater opportunities to manage electricity
at the household level.
In this presentation, based on insights into household electricity demand
gathered from detailed monitoring of a number of houses, we investigate
the current opportunities for demand management in individual households.
These opportunities are assessed via a number of criteria, including their
ability to lead to a reduction in network peaks and what impact demand
management will have on level of service. We will also present an outline of
future work aimed at developing a modelling tool capable of exploring possible
scenarios for household demand and demand management that incorporate
future technologies.
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 is working with Dr Rebecca Ford and and Dr Janet Stephenson on the GREEN
Grid research programme. This work aims to understand current patterns of energy
use in households, and how new technologies like smart appliances, smart meters
and photovoltaics might influence these patterns. He believes there is huge scope
for greater energy efficiency and renewable energy uptake in households, and hopes
that this research will contribute to understanding how to make this happen. Michael
originally trained as a theoretical physicsist and prior to moving to Otago in September
2014, spent 9 years at the New Zealand Crown Research Institute Scion.

11:10 – 11:30

Morning Tea
Generously sponsored by WEL Networks
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Photovoltaic Systems and The
Electric Grid
11:30

Evaluating Hosting Capacity and Congestion
in Low Voltage Networks with Distributed
Generation
Dr Sharee McNab (Presenter), Senior Research Engineer, Electric Power Engineering Centre,
University of Canterbury and Timothy Crownshaw, Analyst, System Operations, Transpower

The growing trend of distributed generation in Low-voltage (LV) networks
requires Electricity Distribution Businesses (EDBs) to consider how their
networks will perform with this new technology. Of particular interest is the
level of distributed generation that can be supported until power quality
issues or overloading of assets results, collectively referred to as network
congestion.
The concept of Distributed Generation (DG) hosting capacity is introduced.
This defines how much power can be injected, per DG system, at a selected
penetration level, before steady-state voltages at the point of supply and/or
the current ratings of equipment are likely to be exceeded. An approximate
technique called DGHost is described, which requires only a few basic network
parameters to accurately estimate the DG hosting capacity. It leverages results
from full power-flow simulations of over 20,000 LV networks in New Zealand
by using a k-nearest neighbour algorithm to identify a subset of “similar”
simulation states within the results database. The impact of phase imbalance
is addressed in the model and the tool has been expanded to incorporate
network variables such as undersized neutral conductors and single phase
transformers - factors identified by the GREEN Grid Network Analysis Group
(NAG) as needing separate consideration.
Cross-validation techniques were used to optimise the method and to
determine its practical estimation accuracy. Hosting capacities estimated
by DGHost resulted in a better than two-fold reduction in error compared
to alternative methods that rely on the same simplified network data inputs.
The DGHost approximation technique provides EBDs with a short to mediumterm solution for managing increasing levels of small-scale DG, without the
need for complete asset data collection and power-flow modelling, which
may be impractical or cost-prohibitive. It is demonstrated how DGHost can
be applied to streamlining the application process for small-scale DG, such
as rooftop solar photovoltaic systems, and how it can identify parts of the
distribution network vulnerable to congestion.
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Dr Sharee McNab is currently a Senior Research Engineer for the GREEN Grid project
exploring the incorporation of distributed generation systems and their effect on
the electrical grid. 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 McNab holds a
PhD and a 1st Class Honours Bachelor of Engineering from the University of Canterbury.
Tim Crownshaw recently completed a six-month secondment from Transpower
(System Operations), assisting with several GREEN Grid initiatives related to distributed
generation. Tim’s background is in Physics, Mathematics and Energy.

12:20

Medium Voltage Network Modelling
Scott Lemon, PhD Scholar, Electric Power Engineering Centre, University of Canterbury

Solar photovoltaic (PV) generation is increasingly being installed in distribution
networks worldwide, presenting new challenges for network operators and
planners. In particular, the introduction of PV generation at the low voltage
(LV) level has highlighted the ongoing need for more detailed modelling and
simulation to quantify the full extent and nature of potential impacts. However,
while many approaches have been developed for simulating distributed
PV across multiple future scenarios, much of this research has focused on
modelling the LV network in isolation.
In practice, the detailed probabilistic simulation of an entire distribution
network at both the low- and medium voltage (MV) levels remains a significant
computational challenge. Consequently, in many studies the MV network is
considerably simplified before simulation, is only modelled fully for a small
number of specific test cases, or is not modelled at all.
To address this, an approach has been developed for the computationally
efficient simulation of PV generation across an entire distribution network.
This new methodology incorporates detailed models of both the LV and MV
network, allowing the effects of reverse power flow in the MV network and
the operation of on-load tap changers (OLTCs) to be fully analysed.
Results are presented showing the differences that arise due to the inclusion
of the MV network model, and the effect that it has on LV hosting capacity
and voltage results. For each network the impacts of PV generation across
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multiple uptake scenarios are discussed, thereby highlighting situations in
which network operators could expect to encounter power quality issues.
The utility of different mitigation measures for managing these issues is also
examined.
Scott Lemon holds a B.E. (Hons) in Electrical and Electronic Engineering. He is currently
a PhD scholar at the University of Canterbury, involved with research into renewable
energy systems as part of the GREEN Grid programme.

13:00 – 13:40

Lunch
Generously sponsored by Orion

13:40

Key Findings from Vector’s Residential
PV trials
Kate Murphy, Engineer, University of Auckland

In 2013, Vector initiated the SunGenie programme, a residential solar PV/battery storage system, to assess customer uptake and the effect on the grid of
a solar integrated battery solution. This was the first of its kind in New Zealand and after extensive studies and design work Vector started the rollout of
SunGenie to a total 289 homes (2015 figure) on their network.
The idea behind the programme was to investigate new methods of dealing
with fluctuating grid demand and to come up with a price competitive battery storage solution. As part of the GREEN Grid programme, the University of
Auckland’s Power Systems group (PSG) was responsible for closely following
the initiation, design, data collection, testing & monitoring phases of Vector’s
PV trials and to record the experiences and lessons learnt that will prove to be
useful for all New Zealand utilities.
The experiences recorded from PSG’s involvement in Vector’s SunGenie trials
will be included in this presentation, aimed at not only the utilities, but also to
inform the general public & potential customers with the key findings & ideas
taken from the initiation, design, testing and operation stages of Vector’s solar
PV/battery (i.e. inverter based energy system) trials.
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Kate Murphy Is an engineer, currently pursuing her Masters in Energy at the University
of Auckland. She has a keen interest in renewable energy and power systems and has
chosen to complete her thesis on the GREEN Grid topic of voltage control in distribution
networks with increasing PV and battery storage systems. Kate received her Bachelor of
Engineering, in Energy Engineering, at University College Cork, Ireland.
She worked then as a research engineer for MaREI (Marine and Renewable Energy Ireland)
until coming to Auckland. During her time in MaREI she worked in the coordination of
proposal stage Horizon 2020 projects around ocean energy technology development.
Whilst with MaREI, Kate also was part of the management of “Drive4Zero”, an electric
car initiative that was put together, in conjunction with the Irish government and electric
vehicle providers, in order to increase the number of electric vehicles on Irish roads.

14:20

Protection and Safety of People, the LV
Network, DG Systems and Homes
Dr Nirmal Nair, Associate Professor, University of Auckland

Due to increasing penetration of IES/DG (Inverter-based energy system/
distributed generation) from PV, storage and EV technologies there is a need
for critical assessment of its impact on existing electrical safety of homes
and protection of low and medium voltage grid assets. The existing NZ IES/
DG grid connection guidelines, mostly factoring traditional rotating machine
based DG, require revisiting to ensure that future IES penetration can safely
integrate and also aligns with internationally recognised standards. The work
stream of GREEN Grid dealing with protection and automation is targeted
towards achieving this objective.
This presentation will firstly discuss inverter tests carried out with the
EPECentre to test their robustness/compliance of protection settings and
better understand its potential interactions between the inverter control/
islanding grid setting guidelines and existing grid protection devices and
their actions further upstream from homes. This will be followed by detailed
exposition on the protection and automation work carried out for IES/DG
on modelling, analyses, testing, surveys of NZ industry asset information
(protection) and understanding NZ grid ICT (information and communication
technologies) practices to develop guidelines for safety and protection
for homes and distribution networks (LV/MV) across New Zealand. The
architecture of a GREEN Grid interconnection platform that incorporates
international protection and automation standards (IEEE, IEC) for substation
automation, LV/MV Smart Grid devices and IES will be discussed.
Finally, we will discuss motivation for work on novel fault location isolation
and service restoration (FLISR) methods and voltage control techniques/
automation due to IES presence will be shared.

8

GREEN Grid 2016
Associate Professor Nirmal Nair is currently with Electrical and Computer Engineering
department at University of Auckland (UoA) and is the Energy Theme leader for
Engineering. He received his B.E. in Electrical Engineering. from M.S. University,
India; M.E (Gold Medal) in High Voltage from Indian Institute of Science, Bangalore
and a PhD in Electrical Engineering from Texas A&M University, USA. Previously, he
had held several professional, research and academic positions in India and USA. His
interests are in power system protection, automation & optimisation within the context
of smart grid, electricity markets and integration issues of DG/renewable resources.
Power Systems Group (PSG) that he leads contributes towards engineering practice
alongside publications, patents, working group reports, public submissions on energy
and prototype design. The group is active in exploring commercialisation of its designs,
prototypes and algorithms through Uniservices.
Nirmal holds leadership positions in IEEE Power & Energy Society (PES) and CIGRE whose
technical outputs feed into global standards of IEEE and IEC. He co-leads the Impact
Statement “Cost-effective, functional and safe distribution network” for MBIE’s six year
Renewable Energy and Smart Grid (GREEN Grid) research programme.

15:00 – 15:20

Afternoon Tea
Generously sponsored by Northpower

Electric Vehicles and
The Grid
15:20

EV Update in New Zealand
Dr Janet Stephenson, Director of CSAFE, University of Otago

Electric vehicles (EVs) may have an important role to play in New Zealand’s
transport future. EVs are more cost-effective to run than cars that use diesel
or petrol. They produce far less greenhouse gas emissions due to the fact
that NZ’s electricity is largely generated from renewable sources. EVs are
also well aligned with the government intentions to develop a more energy
efficient transport system. The global predictions are that the falling cost of
EVs together with technological advancements (including improving battery
storage) will lead to exponential uptake internationally over the next couple
of decades.
What might this mean for New Zealand, where EV numbers are still low (800
in Sept 2015) but have doubled in the past year? Using findings from the
GREEN Grid and Energy Cultures projects I discuss New Zealanders’ appetite
for EVs, and barriers to uptake. I outline the findings from system dynamics
modelling of EV uptake over time, and the results of policy analysis on what
interventions could increase the rate of uptake.
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Dr Janet Stephenson is a social scientist with a particular interest in societal responses
to environmental challenges. She is the Director of the Centre for Sustainability at
the University of Otago, which carries out interdisciplinary collaborative research in
agriculture, food, energy and environment.
Janet’s research interests are in three main areas – energy and society, perceptions
of landscapes, and indigenous resource management. In the energy field, Janet leads
the 4-year interdisciplinary research programme Energy Cultures 2 which examines
opportunities to support energy-related behaviour change in households, businesses
and transport. She is also a research team member in the 6-year GREEN Grid research
programme, which is looking at the future of New Zealand’s electricity system; her
work is specifically focused on the impact and potential of changes in household energy
behaviour.
Janet has also carried out research on the social acceptance of renewable electricity
developments in New Zealand. She is a member of the Trust Board of New Zealand’s
National Energy Research Institute.

16:00

EV and their Impact on Network Power
Quality
Prof. Neville R. Watson, University of Canterbury

The desire to reduce our reliance on fossil fuel and reduce the emission
of greenhouse gases has led to an increasing interest in the use of Electric
Vehicles (EVs), whether all-electric or plug in hybrid electric vehicles (PHEV).
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. To identify these potential issues simulation studies are
required. To enable simulation studies to be performed accurate data is
required.
In this presentation a brief introduction to Power Quality will be given, then
the measurement results obtained for different charger technologies and
different cars presented. These were obtained at New Zealand’s first public
EV charging station in Whangarei. This data, along with realistic low voltage
(LV) distribution feeder data, is then used to perform studies on different LV
networks to identify the penetration level of EV chargers that a typical system
can withstand without adverse effects.
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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 when 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.

16:40

Closing Remarks by the GREEN Grid Director
Dr Allan Miller
Director of the Electric Power Engineering Centre, University of Canterbury

16:50

End
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