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If you are viewing this document digitally (in pdf form), it is worth noting that there is a link to the main
Table of Contents at the very top centre of every page ( in faint grey).

All text in blue underline is hyperlinked to other parts of the plan or to external reference sites.

All Tables of Contents provide links for navigation.

Liability Disclaimer

This document has been produced and disclosed in
accordance with the disclosure requirements under
subpart 9 of Part 4 of the Commerce Act 1986 (Electricity
Information Disclosure Determination 2012).

Any information contained in this document is based on
information available at the time of preparation.
Numerous assumptions have been made to allow future
resource requirements to be assessed. These
assumptions may prove to be incorrect or inaccurate
and consequently any of the future actions that are
identified in this document may not occur.

People use information contained in this document at
their own risk. EA Networks will not be liable to
compensate any person for loss, injury, or damage
resulting from the use of the contents of this document.

If any person wishes to take any action based upon the
content of this document, they should contact EA
Networks for advice and confirmation of all relevant
details before acting.
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EXECUTIVE SUMMARY

Key points to take from this plan are:

e The network is relatively new overall and in good condition, as a result of investment in
subtransmission and 22kV conversion to supply the increased irrigation demand over the last 20 years.

e Fault frequency has generally been better than the average of peer companies and generally better
than the average of all companies. Fault restoration time is similar to the average of peer companies.

e Increased levels of SCADA distribution automation and control will occur over the next ten years, with
the objective of increasing network reliability and ensuring that the network is equipped to respond to
increasing penetration of distributed energy resources and two-way power flows.

e The core modules of the new Advanced Distribution Management System are commissioned and
working well. Advanced modules will be progressively configured and commissioned through 2023
and beyond, to improve customer communications related to network outages, digitise network
management processes, and ensure optimal management of distributed energy resources.

e Capital expenditure is declining rapidly from historical highs. Operational expenditure is rising.

e New technologies will play a greater role in future network management and operations and an
allowance has been made to invest in these. This includes continuing the development of the
Advanced Distribution Management System and replacing the current Geographic Information
System. Integration of data and systems will continue in order to improve efficiency and effectiveness
throughout the organisation.

e  Customer satisfaction continues to be good, based upon a recent survey.

e Urban underground conversion will conclude within the plan horizon but has been spread over several
more years as overhead line condition permits.

e 11to 22kV conversion will conclude within the plan horizon.
e 33to66kV conversion (to the extent intended) will be complete within 2 years.

e EDBs across New Zealand are aware that they have a key role to play as their networks enable the
decarbonisation and electrification of society, particularly in the transport and industrial sectors. As
EDBs confront this challenge, they recognise the importance of providing clear signals to their
customers, communities, and other stakeholders, of the likely medium to long term implications of
this transition. It is important for stakeholders to understand that this is not ‘just’ an electric vehicle
story — different EDBs will experience increased demands for investment in their networks for a range
of different reasons. The drivers listed in section 5.2.3 describe what are anticipated to be the most
significant sources of this demand that EA Networks anticipates will occur over the next three decades,
out to 2050. Lastly, readers should appreciate that while certain elements of the transition are well-
understood and reasonably well-fixed (e.g. the net zero by 2050 target), other elements which may
have a significant impact on EDBs (e.g. the phase-out of reticulated gas for home heating, hot water
and cooking), are still uncertain. EA Networks has made an educated assessment of what might be
expected on their network, but there are significant uncertainties and assumptions built into this. The
EDB sector will, via its association the Electricity Networks Association, be developing a more rigorous
and structured set of demand forecasts and scenarios out to 2050 in the coming months.

e Given the climate of decarbonisation driven by climate change targets, the electricity sector expects a
diversity of network investment drivers out to 2050. These drivers include the decarbonisation of
transport, process heat conversion to varying degrees between biomass and electricity, population
growth resulting in both greenfields and infill development, new commercial or industrial point loads
(e.g. data centres, hydrogen infrastructure), residential and commercial gas conversion (only to a
minor extent in Mid-Canterbury), utility scale solar generation, climate adaption requiring changes to
assets, and the need for investment to improve LV visibility and implement Advanced Distribution
Management System functionality to manage the influx of distributed energy resources, making best
use of network capacity. These are largely new drivers that the sector has not experienced before to



the greater extent expected. There is still significant uncertainty related to the timing and scale of
these drivers, which affects EA Networks’ ability to predict load growth and investment requirements,
particularly further out in the future.

Irrigation load growth is static and irrigation load may reduce in future. Residential load growth is
modest and typical for provincial New Zealand. Process heat load growth is projected to be significant,
but not momentous.

Some existing customers have indicated they are looking to convert process heat presently supplied
from fossil fuels to electricity and this has a notable demand impact on the GXP and some zone
substations. It is unlikely more/larger significant assets will be required to service this additional load.

Grid/utility scale solar generation is imminent based on a significant amount of connection applications
being processed in the last year and will provide significant amounts of energy from within the EA
Networks network and possibly lower the peak demand from Transpower.

Rural zone substation and 66kV overhead line projects in the Montalto area that rely on further
irrigation load growth to proceed have been removed from the last two years of the planning period.

Electric vehicles, batteries, and solar PV have yet to make a measurable impact on demand. EV usage
could grow rapidly depending upon Government policies and reducing EV prices. EA Networks are less
likely to face widespread issues than some other networks assuming intelligent charging is used.

Rural distribution capacity will be sufficient for the security of existing and forecast load once 11 to
22kV conversion is complete.

Urban 11kV distribution capacity will be sufficient for the security of existing load and forecast load
once the 11kV core network is complete.

Reliability, resilience, and load security increases during the plan period because of programmes and
projects included in this plan.

The electricity network represents an acceptably low safety risk to staff and the public and is lowered
further with some of the projects included in this plan.

The systems used to document and manage the electricity network are being constantly improved and
upgraded.



1 Our Business

The Asset Management Plan is a cornerstone EA Networks Network:
document, which guides the work of all EA

Networks personnel. Maximum Demand 156 (Nov2o22) MW

This particular plan was completed on 22 March
2023 and covers a planning period from 1 April
2023 through to 31 March 2033. The next plan is Delivered Energy 535 o122 GWh
due for release by 31 March 2024.

Annual Load Factor 41 o2y %

. ) Subtransmission Lines/Cables 420 km
This summary is prepared for people who may not
be involved within the business of electricity  ny Distribution Lines/Cables 2204 km
distribution networks and associated services, but
who understand and have an interest in efficient LV Distribution Lines/Cables 503 km
management.

Distribution Substations 6643

EA Networks” Evolution (Data as at January 2023)

Starting life as a privately-owned generator based in Ashburton township, the Ashburton Electric Power Board
(AEPB) was established in 1921 and took supply from the Government in 1923. After that time, the AEPB grew
through a variety of operating voltages which included 230 volts DC, 3.3kV, 6.6kV, 11kV, and latterly, 33kV AC.
During the 1970s, irrigation demand caused growth to accelerate dramatically, expanding the 33kV
subtransmission network to all corners of the Ashburton District. A small hydro generator, Montalto Hydro, was
also built during the early 1980s. EA Networks (as the AEPB became) has more recently introduced 22kV and
66kV as voltages on the network. A large capital works programme during the late 1990s and the early part of
this century now has the almost all subtransmission lines operating at 66kV and a significant portion of the
distribution network operating at 22kV. EA Networks relinquished the 33kV supply from Transpower in 2019.

In the 1990s, EA Networks transitioned from a Power Board to a cooperative company (Electricity Ashburton
Ltd), and these two corporate structures share some similarities. They have both served the community via an
ownership and governance structure that is democratic and local. They have also provided efficiencies in
strategic decisions (owner and customer are one and the same) and community benefits.

EA Networks supply electricity line services to approximately 20605 consumers using about 3127km of lines in
Mid-Canterbury (see plan cover) — both underground cables and overhead lines. Other pertinent statistics (As
at January 2023) are shown above. EA Networks also develop and operate an open access fibre optic network
in Mid-Central Canterbury (EA Networks Fibre) which also serves internal functions.

Objectives of this Plan

This plan aims to document the approach EA Networks intends to take in managing EA Networks’ electricity
assets.

EA Networks has the following Asset Management Plan objective:

To provide a systematic approach to asset management, which is intended
to ensure that the condition and performance of the electricity network and
associated assets are being effectively and efficiently maintained or
improved to satisfy stakeholder requirements.

This plan clearly defines the service objectives and gives a strong focus on life cycle management by presenting
operations, maintenance and renewal policies and programmes by asset type. Asset management planning
processes should effectively integrate best practice features. These establish the service standards and future
demands to meet business, legislative and other needs, while developing optimum lifecycle asset management
strategies and cash flow projections based on assessing non-asset solutions, failure modes, cost/benefits, and
risk.

The Asset Management Plan has been fashioned so that it meets the requirements for disclosure of AMPs
outlined in the Commerce Act (Electricity Information Disclosure Requirements) Notice 2004 and amendments.

The disclosure regulations stipulate that the disclosed plan must include certain mandatory sections. This plan
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does not necessarily follow the order or grouping that the requirements are laid out in the regulations. An
attempt has been made to flow the document through logical steps rather than the arbitrary nature of the
regulation. It should however be noted that every effort has been made to permit simple identification of the
mandatory sections.

It is hoped that the chosen layout and style allows the widest possible audience (including all stakeholders) to
take advantage of the information it contains. The stakeholders in the plan include:

e EA Networks shareholder/consumers e Transpower

e Energy retailers e Landowners

e Embedded generation owners e Financial institutions

e Ashburton District Council e Regulatory agencies

e Employees and contractors e Distributed generation proponents

Period Covered

This Asset Management Plan covers the management of EA Networks’ electricity network assets for a period of
10 years from the financial year beginning on 1 April 2023 until the year ended 31 March 2033. The main focus
of analysis is the first 5 years and for this period, most of the specific projects have been identified. Beyond this
time, analysis tends to be more indicative based on long-term trends and it is possible that new development
project requirements will arise in the latter half of the planning period that are not identified here.

The Planning Process

The process used to formulate the Asset Management Plan and other supporting documentation is as shown in
the below diagram.

Set Asset Management Drivers:
e Safety,
e Environmental,

e Consumer service - Quality,
- Reliability,

- Resilience,

Shareholder Interests

e Economics,
e Legislation.

’ Prepare Asset Management Improvement Plan ‘

o

—

’ Set Target Levels of Service ’ Monitor Asset Performance ‘

]!

—

’ Predict Future Demand and Conditions ‘ ’ Prepare Financial Plans ‘
’ Assess Risk ‘ ’ Options to Manage/Mitigate Risk ‘

I}

Prepare Asset Lifecycle Management

* Determine required asset performance
e Evaluate condition

¢ Develop management strategies

¢ Develop, analyse, and select solutions
¢ Put chosen solution into effect

—

Asset Management Drivers

Drivers for this Asset Management Plan (set in consultation with stakeholders) include:

e Safety for staff and public e Environmental responsibility
e  Consumer service — reliability e Legislative compliance

e Consumer service —resilience e Economic efficiency



e Consumer service — power quality

Asset Management Practices

The management of an electricity network requires a broad range of information systems and applications to
store, process and analyse the characteristics and location of electrical assets. EA Networks have a number of
mature applications to facilitate some of this work. Some aspects of asset management are not so well served
and improvements in systems and processes are occurring to bring these up to an acceptable standard.

Processes

Processes exist for most aspects of asset management in the EA Networks network division. A number of these
processes require refinement to ensure optimal decision-making. One of the major processes still requiring
additional documentation and formalisation is the design, inspection, and testing regimes. Currently these are
known and partially recorded but cannot be reproduced or easily modified. The risk management process
requires revisiting and a feedback mechanism that triggers reassessment of risk before and after network
changes.

The outstanding process documentation is being addressed as resources permit. Recent clarification of roles
with specific asset responsibilities has focussed this effort. There are now systems in place that support
progress: asset management system and advanced distribution management system (ADMS). While capital
workloads are high, progress towards completion is likely to be incremental over the next few years.

Systems

EA Networks have a range of systems available for asset management and some are more capable than others.
The main systems/applications that are in use are:

e Asset Management System e  GIS Asset Mapping System

e SCADA System e Work Management System

e Financial/Accounting System e Network Modelling and Analysis

e  Connection System e Fault Recording System

e Standards Documentation System e Advanced Distribution Management System

An asset management system has been implemented and the data from the previous asset register has been
converted into it. This new system provides full asset lifecycle management (physical/financial) and will be
maturing in functionality over the next few years. Inspection and testing regimes will be attached to assets so
that these activities are rigorously adhered to. The Geographic Information System (GIS) is functional, and the
capture of geoschematic data is complete. Functionality and integration will be progressively enhanced over
the coming years with the intention to migrate to a new GIS platform. An emphasis on improving documentation
of various processes and assets will require extensive access to a comprehensive document management system
(not yet implemented). The ADMS will provide a significant increase in visibility of asset utilisation. Simple
access to real-time, historical, predictive loading, and fault data will allow assets to be managed in a much more
systematic fashion and machine intelligence will help to limit risk to both personnel and assets.

Other systems are also being updated or implemented and these include a customer relationship management
system, a billing system for handling network/retailer reconciliation, a system to handle co-operative
shareholder management, and a data warehouse to provide an integrated repository of normalised data. These
systems will all provide ancillary support to effective asset management.

EA Networks will continue to invest in systems that provide good benefit/cost and strengthen the ability of EA
Networks to provide enhanced customer service, asset management, network management, and risk
management functions.



2 Managing Risk & Resilience

Introduction

The EA Networks network is periodically exposed to events or incidents that subject elements of the electrical
network to a high risk of failure. If the location of these events coincides with a critical component of the
electrical network, the result is a high risk to the integrity of the electrical network. This risk of failure can in
turn lead to high risks for consumers, either as individuals or as larger collective groups.

EA Networks has assessed risk from four distinct perspectives.

e The first is risk to people and private property from the construction, operation, and condition-related
failure of the electricity network.

e The second is the risk to the environment from the construction and operation of the electricity network.

e The third is the risk to the network from people, the environment, and High Impact Low Probability
events.

¢ The fourth is commercial risk.

Risk Management Framework

A comprehensive risk assessment has been undertaken on both individual pieces of major equipment and
categories of plant with common failure modes. These assessments have been entered into a risk register
database for ease of update and prioritising. Some of the key risk factors that emerged, and the mitigation
undertaken are:

Risk Factor Actual/Proposed Mitigation

of seismic restraints of

Design
various network equipment

Loss of 220/66kV GXP transformer

leaving un-served load

Security of Ashburton township load

Lightning exposure of major plant

QOil spill management

SFe gas management

Weather exposure of overhead lines

11kV switchgear failure

Distribution transformer failure

Ripple plant failure

Adopted recommendations from seismic experts, especially improved
restraint for ground mounted equipment.

Three 220/66kV transformers are installed (220MVA continuous firm GXP
capacity and 250 MVA cyclical firm GXP capacity).

Two substations supply Ashburton, ensuring no on-going loss of supply.
Reinforcement of 11kV network to increase transfer capacity is underway.

Assess each item for exposure and address in most effective manner for each
item.

All major oil volumes have been bunded, training has been provided, and
emergency response kits are accessible from all locations.

Acknowledge potential harm to the environment and manage according to
industry best practices.

Network design standards, underground conversion, network renewal,
emergency stocks, and closed subtransmission rings.

Affected model largely replaced and remaining unit disabled to prevent
operation.

A universal spare distribution transformer (1MVA, 22-11kV/415V) with cables
is in storage ready for deployment, along with a variety of other smaller spare
transformers.

Configured plants so that loss of one of the two plants does not prevent
effective control. Plant uprating will also occur.



Reassessment of risk occurs every day, and the adoption of sound procedures and minimum acceptable design
standards provides mitigation from the conceptual design stages of all development or enhancement work.

High impact low probability events are treated by emergency contingency and response planning as well as
being reduced by a variety of asset-based projects. The majority of these plans have been reviewed in the last
24 months.

Commercial risk is becoming an issue that will require consideration — largely due to the rise of disruptive
technologies that could drive financial impacts, both in terms of revenue and stranding of historic assets. The
risk of assets being under-utilised if widespread solar PV and battery technology occurs is real. The need to
carefully consider the type of asset employed in new construction will be necessary to mitigate the risk of asset
stranding. There is also some risk electric vehicles will become a major source of uncontrolled load that cannot
be adequately supplied without additional assets and/or could cause network performance issues. To ensure
adequate return over the assets’ lifetime, the consumer pricing methodology may need to have a greater
demand component to ensure economic viability and fair cost recovery. Another commercial risk is that of
Government policy limiting nutrient discharge to land. This could cause a significant reduction in irrigation
demand over time, heavily reducing the commercial return on the last two decades of rural network
development.

Our Customers

Service is about satisfying all stakeholders, including safety aspects and environmental responsibilities.

It is EA Networks’ goal to perform better in reliability indices than the industry median for comparable line
companies and it is targeting an on-going quality improvement with a consistent price path.

Consumer Expectations

As a co-operative company, the vast majority of consumers are also shareholders, and they directly elect a
Shareholders” Committee who in turn appoint the directors. Also received/scrutinised by the Shareholders’
Committee is the Statement of Corporate Intent, which identifies a range of financial and reliability performance
targets. In conjunction with this form of consultation, EA Networks management welcomes any dialogue with
the energy retailers to determine the expectations of their customers and quantify these in terms of desirable
reliability indices.

EA Networks surveys their consumers regularly. Recent internet surveys have concluded that only 4% of
consumers are prepared to pay a slightly increased charge in order to ensure a timelier restoration of supply
following an unexpected outage. Overall, the survey showed very good satisfaction with EA Networks
performance.

Future Performance Targets 2022-31

Indicator 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 |eraultQualit

Path Limit ?
SAIDI Planned (mins) 120 120 120 120 120 <120 <120 <120 <120 <120 275
SAIDI Unplanned (mins) 90 90 90 90 90 <90 <90 <90 <90 <90 922
SAIFI Planned (#/yr) 040 040 040 040 040 <0.40 <0.40 <0.40 <0.40 <0.40 0.98
SAIFI Unplanned (#/yr) 1.25 125 125 1.25 1.25 <1.25 <1.25 <1.25 <1.25 <1.25 1.28 2
Faults/100km 10 10 10 10 10 <10 <10 <10 <10 <10

1 These are the Commerce Commission default quality path limits. 2 The values are normalised to remove aberrant events.
The targets shown above are non-normalised and include all faults and planned outages.

It is anticipated that as EV penetration increases, there will be expectations for higher reliability from customers.

Network Service Levels

EA Networks have aligned their targets to be similar to those of the Default Quality Path Limits. In 2022-23 the
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targets look likely to be met due to a combination of a realistic forecast and largely benign weather.

When compared to other New Zealand lines companies, the targets are almost all below the average forecast
performance. What this information infers is that EA Networks (on average) target to have fewer, shorter
outages than the average lines company. Irrespective of the performance relative to other companies, on
average, it is intended to outperform previous performance year by year. These targets assume severe weather
events (admittedly undefined) are excluded from the averages.

Actual Raw SAIDI| Actual Raw SAIFI

otal Target

023 Unplanned Target

2023 Planned Target
2023 Total Target
Unplanned

2023 Planned Target

Planned

INTERRUPTIONS PER CUSTOMER

2023 Unplanned Target Unp’lgnned

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

The higher than target 2017-18 SAIDI and SAIFI was a consequence of the suspension of live line working causing
many more planned outages. Live line work is now being undertaken again, but not at the same level as
previously. The large spike in 2013-14 was caused by a windstorm that caused some significant outages.

EA Networks comfortably met the normalised Default Quality Path limit for 2021-22, with values of 61.09
minutes of unplanned SAIDI and 0.985 unplanned SAIFI frequency. In 2022-23 the forecast is to again meet both
limits with some comfort.

Our Network

The area EA Networks serves is largely rural land used for cropping and dairy farming. The weather and these
two uses encourage a high level of irrigation in the district. The summer demand for irrigation water is in almost
all cases served by electrically pumped systems. lIrrigation represents the largest single group of loads that EA
Networks supply. Other significant loads are vegetable and meat processing facilities, dairy sheds, and a ski-
field.

There is a significant amount of distributed generation on the EA Networks network. The largest is Highbank (a
hydro generator) at 26 MW. Several smaller generators also contribute, and they collectively provide about 20-
25% of the energy needs of the district. Unfortunately, they are very seasonal and cannot be relied upon for
back-up supply. Large scale solar connection to EA Networks system is imminent.

EA Networks has one geographic supply point from Transpower at 66kV. The 33kV supply was relinquished in
2019. An extensive 66kV subtransmission network (with some small 33kV spur lines) supplies 21 zone
substations varying in size from 2.5MVA to 40MVA. The distribution network is a mixture of 22kV, 11kV, and
LV with both overhead and underground variants of each. Overall, the distribution system is about 31%
underground cable by circuit length (including street lighting pilot cables, 25% without).

Distribution transformers and substations come in a variety of forms and EA Networks” modern ones are
modular and flexible.

The LV network is extensive in urban areas but not so in rural areas. Underground conversion in urban areas is
removing a lot of older overhead LV lines.

EA Networks have a range of secondary assets that perform critical functions in the network and range from
ripple injection to protection and voice/data communications.

The 2022 closing Regulatory Asset Base (RAB) was $321.94 Million.
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5 Planning Our Network

Dramatic load growth has occurred in the Mid-Canterbury region over the last two decades. The summer
maximum demand has more than trebled since 1996 and more than doubled since 2003. The 2022-23 summer
peak was 156 MW. The previous maximum summer peak was 181MW in 2017. Irrigation load has doubled
since 2005 and now is about 147MW. This growth drove very significant capital development on the EA
Networks network. Annual peak demand is very dependent on rainfall and temperature which determines
irrigation diversity.

It is important to assess the future load as accurately as possible, since network investment is required before
the load arrives, not after. Incorrectly assessed, the absence of load can leave expensive assets under-utilised
and conversely the presence of un-forecast load can leave it un-serviced. The philosophy has traditionally been
to ensure EA Networks was not a barrier to economic development of the region. Future demand also comes
in the form of security and resilience requirements that require additional or larger assets so that the network
is more fault-tolerant.

A continuation of the historic high rates of irrigation load growth are at an end. Irrigation load growth has
markedly slowed to the point of no growth occurring for five consecutive years. A combination of gravity
pressurised irrigation schemes, groundwater abstraction limits being reached, potential new water storage
schemes, and particularly nutrient discharge limits, has influenced the options of farmers. A cautious approach
to rural electricity network capacity increases is warranted. Intelligence gathering investigating future on-farm
irrigation demand will continue to minimise the risk of new underutilised assets. The international price for dairy
products also has an impact. Decarbonisation loads will potentially provide step increases in demand but may
not contribute their entire rating to increased GXP demand, especially if they are interruptible. Electric vehicle
charging is another potential source of (mainly off-peak) demand increase.

Given the climate of decarbonisation driven by climate change targets, the electricity sector expects a diversity
of network investment drivers out to 2050. These drivers include:

e the decarbonisation of transport,
e process heat conversion to varying degrees between biomass and electricity,
e population growth resulting in both greenfields and infill development,
e new commercial or industrial point loads (e.g. data centres, hydrogen infrastructure),
e residential and commercial gas conversion (only to a minor extent in Mid-Canterbury),
e  utility scale solar generation,
e climate adaption requiring changes to assets,
and the need for investment to:
e improve LV visibility, and

e implement Advanced Distribution Management System functionality to manage the influx of DER and
make best use of network capacity.

These are largely new drivers that the sector has not experienced before to the greater extent expected. There
is still significant uncertainty related to the timing and scale of these drivers , which affects EA Networks’ ability
to predict load growth and investment requirements, particularly further out in the future.

The impact of domestic solar and electric vehicle charging is not yet significant, and it is likely that this will not
be a major factor in peak demand for some time, assuming it is adequately managed. Utility scale solar is likely
to have a significant impact on daytime GXP demand and may be able to decrease anytime GXP demand slightly.

There are a broad range of assumptions that must be made when predicting future parameters. This makes
confident prediction very challenging. The following is an incomplete set of assumptions that EA Networks have
considered.

Uncertainty Potential Effect of Uncertainty Potential Impact

Load Growth Increase: Advance of planned projects. Funding risk. Low




Decrease: Delay of projects.

Low

Irrigation Water

Increase in water availability. Load increase.

Medium

Nutrient discharge limits. Load/revenue decrease.

Low-Medium

Statute/Regulation

Change in statute/regulation. Business risk.

Low

Regional Demand

Regional peak demand summer. Pricing risk.

Medium to High

Consumer Increase/decrease in consumer expectation. Low
Expectations Risk of insufficient or excess asset investment.
Natural Disaster Widespread equipment damage. Low — High

Funding, resourcing, and reputational risks.

severity dependent

Distributed Widespread and dense distributed generation. Low
Generation Power quality, capacity, commercial risk.
Large Loads Large new loads. Resource/timing risk. Low

Electric Vehicles

Rapid/widespread uptake of electric vehicles. Power

quality/capacity risk, then network reinforcement.

Low — Medium
(add 15-20% CapEx)

District Plans

Rule changes restricting activity. Cost to business. Low

Agricultural commodity price volatility. Low — Medium

Project timing risk.

Commodity Prices

Planning &
Monitoring

Late-stage AMP volatility. Low
Funding and resource risks.

Widespread/major equipment failure. Low
Funding and reputational risk.

Equipment Failure

Ownership Altered ownership structure. Change of strategy. Low — Medium

Load Forecasting

Future load projection is a difficult task and is based on a complex multivariate environment. A careful and
rigorous approach must be taken to developing future load projections based on historical trends, available
information and estimates on future changes.

Forecasts of maximum demand on the subtransmission system have been derived from internal modelling work.
The forecast is based on estimating the future load likely to occur on each zone substation. Separate summer
and winter demands are estimated for the next ten years. The results of this estimate are shown in the diagram
above.

Extrapolating a moving four-year average growth linear regression line into the future for ten years is no longer
valid. The results of this forecast have become hopelessly optimistic (it continues to show rapid growth) and
cannot take account of changes to the environmental regulations and dairy market, or recent impetus to convert
process heat to carbon neutral sources.

EA Networks are taking a cautious approach to the future summer system maximum demand with the inclusion
of all known electrical process heat conversion. It will possibly exceed 200+MW by 2033, and that is the
presumed system maximum demand.

Future modelling will consider the utility-scale solar generation which will be connected to the EA Networks
system. This is likely to significantly reduce the energy offtake from Transpower but leave the peak power
demand from Transpower at similar values to those that occur currently (irrigation runs 24/7 during dry summer
periods whereas solar PV does not). As a consequence, the same assets will be required to deliver that peak
power demand.
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Strategic (Development) Plans by Asset

Transpower Grid Exit Points

At Transpower’s Ashburton substation, 66kV GXP load has historically exceeded 180MW on the 66kV bus (the
only supply voltage — having relinquished 33kV in 2019). Three 220/66kV 100/120MVA transformers are
installed providing 220 MVA of continuous firm capacity and 250 MVA of cyclical firm capacity. It is unlikely
further development will be required at this GXP. Any extra capacity would probably be provided at a new
geographically remote 66kV GXP site.

Subtransmission Network

The subtransmission network will come under increased pressure if the load grows more than predicted. Most
of the residual 33kV system will be converted to 66kV for capacity reasons or 22kV for security reasons. By the
end of the planning period, it is possible that a second, geographically separate, 66kV GXP may supply some of
the 66kV subtransmission network. This development depends upon significant load growth.

Zone Substations

There now remains only three 33kV zone substations and two of these are planned to be decommissioned within
the next three years (recent zone substation work and planned 22kV conversion would make them
unnecessary). By the end of the planning period, only one zone substation (Mt Hutt) will be untouched by the
66kV developments.

Rural HV Distribution Network

Emphasis on conversion to 22kV as the best solution to capacity and voltage problems has given ample benefits
for EA Networks. This approach will be followed wherever it makes commercial and engineering sense to do so.
Increasing the conductor size of 11kV lines will still be an option for specific short-term problems that are not
widespread. Some key 22kV lines on state highways have been placed underground in cooperation with NZTA.
This is a programme that is continuing and should conclude within the planning period (2028). A programme to
install rural ring main units is largely complete and assists safety and reliability by using remote control.

Urban HV Distribution

Urban distribution feeders are restricted to Ashburton, Methven, and Rakaia townships. Other townships are



typically connected to a rural overhead feeder with additional network segregation using line reclosers to offer
the township a more secure supply.

Urban reinforcement solutions are typically implemented by adding additional cable routes from a zone
substation, although a point is reached when congestion makes this impractical. Ashburton substation was in
this situation and the chosen solution introduced Northtown substation. The next phase of reinforcement is
beginning, with an additional, larger, 11kV Core cable network needed in Ashburton township.

The underground conversion programme has the widespread support of the consumers/shareholders, which
lends additional weight to the other less obvious advantages that accrue from this work. The additional security,
capacity, flexibility, quality of supply, and low maintenance characteristics all contribute to greater
consumer/shareholder satisfaction. Other stakeholders are also encouraging of this work. The plan shows the
urban underground conversion programme to be complete by 2029.

Urban LV Distribution

The urban underground LV network ranges in age from the 1960s to brand new. The majority has been installed
since 1980. The urban overhead LV network is planned to all be replaced with underground cable by 2029. The
relatively young age of the underground LV network has provided reasonable capacity for growth. Some early
subdivisions may need reinforcement should demand from new loads such as electric vehicle charging arrive,
but provided slow charging is off-peak, then most of the underground LV network should be adequate for the
duration of the planning period. Beyond the end of the planning period, additional reinforcement work may be
required as electric vehicle numbers and battery capacities increase. Extensive solar PV may also cause some
need for urban LV reinforcement or export curtailment.

SCADA

The SCADA system at zone substations is ubiquitous. Self-healing network automation is now being considered.
Communications to zone substations has improved to allow data, voice, and video communication. This
communications development is largely complete, with some video cameras awaiting installation. Extra
communication to distribution devices beyond the zone substation boundary has also been allowed for.

Distributed Generation

EA Networks already has significant distributed generation connected in the form of four hydroelectric
generation plants, one at Barrhill (0.5MW), one at Cleardale (1.0MW), one at Montalto Hydro (1.6 MW), and
one at Highbank (26 MW). New distributed generation of any scale is encouraged and will be connected subject
to suitable commercial and technical arrangements made according to industry rules and guidelines governing
these activities.

A significant number of distributed generation proponents have had informal discussions with EA Networks. A
range of generation projects are possible, and they vary from small to quite large over various fuel/energy
sources. The economic environment for new generation investment is becoming more favourable with the Tiwai
smelter looking less likely to close. Utility scale (multi-MW) solar connections are imminent. The possible
projects are detailed in section 5.4.12.

EA Networks are always reviewing the feasibility of connecting local distributed generation that would enhance
the security and profitability of both the company and the community. Several preliminary studies have been
undertaken and this has identified some promising options that will be detailed in the Asset Management Plan
if they become a commercial proposal.

Managing Our Assets

When considering the priorities for maintenance of a lines company network, it becomes apparent that the
subtransmission level lines and substations require the highest priority. These represent the backbone of supply
and the long-term loss of any one of these assets would have a potentially devastating effect on service levels.
Lower voltage level assets are treated with the same rigour but slightly lower priority and less intensive
diagnostic testing.

Overview

The management plans for each asset category detail how EA Networks intends to operate and manage the
assets so that they meet the required performance standards. The focus on optimising lifecycle costs shapes all



the processes involved.

Maintenance on all equipment is condition-based rather than time-based. The condition is measured by
inspection, testing, and/or the duty a device has experienced (measured in operations or interrupted current).

Life Cycle Plans by Asset

Subtransmission Lines

This asset class is rapidly becoming younger as 66kV lines
replace older 33kV lines. Little maintenance work is 5°ft“°’°°d 0%
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Supporting Our Business

In late 2012, EA Networks relocated its operational base to a purpose-built complex. This site and buildings offer
an integrated solution with IL4 seismic resistance and self-supporting storage infrastructure for diesel fuel,
drinking water and on-site back-up power generation.

Other assets include vehicles, test equipment, computer network, radio-communications infrastructure, and
various technical software systems. Some of these assets will incur significant expenditure during the planning
period.

Most policies regarding non-network assets are understood but not formally documented. As opportunity
permits, they will be recorded. The vehicle policy is documented and includes acceptable use and vehicle
replacement criteria.

There will be continuing information technology investments in the next few years to ensure a solid footing for
asset management, future customer engagement, and improved service levels.

Financial Summary

The following chart and tables summarise the projected asset management expenditure over the next ten
financial years on the EA Networks electricity network.




The amount of baseline capital and maintenance expenditure forecast in the plan has been revised to more
accurately reflect the actual base levels that have been experienced over the last few years. Categorisation of
expenditure is now more accurate and consistent than previous plans.

The costs stated here are in constant 2023-24 dollars (not adjusted for inflation).

Overall Network Capital 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

TOTAL (2023-24 $k) 17160 15322 15167 12910 13917 13151 12644 11535 9697 9697

The first 3 years of the capital forecast are dominated by: consumer connection, underground conversion,
overhead line rebuilding, some zone substation work, and by a series of development projects that are driven
by security, condition, or information technology requirements. Please refer to the chart below for a visual
representation of the expenditure by asset grouping. During the following 5 years, the capital expenditure drops
as various programmes run to their conclusion — particularly the underground conversion programmes (2 xred,
1xblue) and 11 to 22kV conversion programme (2 x purple). The level of baseline expenditure is in the range of
$9-10M (which includes on-going routine activity associated with consumer connections). The green
unscheduled projects category (post 2024) includes scheduled, but unidentified, overhead line rebuilds (light
green), which will be individually identified in future plans as resources allow reducing the unscheduled expense.
The magenta zone substation and light blue rural subtransmission line expenditure will only happen if demand
grows.

Capital Expenditure by Programme
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Network Maintenance 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

TOTAL (2023-24 $k) 4699 4708 4687 4742 4690 4699 4708 4671 4671 4671

The operational (maintenance) expenditure is shown as stable over the entire planning period. Random natural
events will undoubtedly cause periods where significant repairs will be required. The planned operational
expenditure will be more predictable as additional actual condition data is gathered (currently condition is
inferred from age for many assets). The basis for the annual operational expenditure is historical performance
combined with anticipated resourcing needs. Details of financial expenditure are available here.

Network and business support are the main operational costs and reflect the cost of running the business from



a staff and plant perspective.

Non-Network

. 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
Maintenance

TOTAL (2023-24 $k) 16028 16028 15328 15328 15328 15328 15328 15328 15328 15328

The support costs of EA Networks are predicted to initially rise to cover a large GIS project and then reduce to a
stable level as capital expenditure reduces and asset management support becomes more data driven/intensive
transferring existing resources for analysis and development.

Delivering On Our Plan

Improvements

EA Networks are always looking for opportunities to improve or refine asset management systems, processes,
and the supporting environment. EA Networks continue to look at industry best practice and actively engage in
industry discussions in these areas. Where there is a business case for investing in improved asset management
systems/processes, EA Networks look to commit investment to enable these system/process improvements.
This approach is aligned with taking proactive responsibility for the management of the network with reference
to all stakeholder objectives.

Examples of planned improvements over the AMP period are:
e advanced distribution management system implementation and development,
o replacement geographical information system with improved data structure and field availability,
e risk management and detailed system security evaluation,
e data warehouse development,

e field-based systems to support accurate asset data capture/reporting.

Network Service Improvements

A range of service improvement initiatives have been identified and either implemented or plan to be
implemented. Areas that initiatives have targeted include:

e Subtransmission configuration e New equipment specifications

e Diagnostic inspections e Substation configurations

e Protection upgrades e Underground conversion

e Tree control e Continuing SCADA development

e Rural distribution switchgear e Harmonic limitation policy

e Distribution management software e State Highway underground conversion
e 11to22kV conversion e Ashburton core network development

For 2022-23, the reliability performance will meet the targets and limits. The main factors influencing the
performance of the EA Networks network so far during 2022-23 were two significant wind events and otherwise
rather benign weather. While live line working has returned, it is still not at the levels used prior to 2017. This
causes additional planned outages for work previously needing none. The only practical and affordable method
to complete most essential planned work is by having interruptions. These outages are required to permanently
repair or maintain assets after fault repairs, attend to regular condition-based maintenance work, or build
development work associated with load or security requirements. Planned work such as 11-22kV network
conversion, new work, rebuilds, and maintenance combined contributed 115 minutes (64%) of the total SAIDI
(forecast to 31 Mar 2023). In comparison, the unplanned SAIDI is 64 minutes (36%). Adverse weather has not
been a major contributor whereas defective equipment, and trees were significant. Most other interruptions
were the result of foreign interference, human element, or wildlife. The overall performance is quite satisfactory
for this financial year and is better than many of the forecast targets. SCADA system expansion is continuing. It
is expected the expanding SCADA system will significantly improve fault restoration times (and to a lesser degree



planned restoration times) in the future.
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Capability to Deliver

History has shown that the EA Networks business structure has provided a robust and resilient platform to
implement the strategies outlined in the annual Asset Management Plan through times of unprecedented asset
development and load growth.

In recent years, EA Networks has grown, and additional roles/skills have been employed to provide added rigour
to a number of internal processes.

The next 5-10 years will require an increased focus on succession planning to ensure the personnel who will
retire have mentored new staff to fill their role.

In future, it is planned to use the decrease in development workload to refine systems and processes that do
not currently form part of a documented procedure.
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1 OUR BUSINESS

1.1 EA Networks’ Evolution

In 1908 a private company, Craddock & Co, began
supplying  electricity to Ashburton township
consumers at 220 volts DC. The source of this supply
was a 30kW generator driven by a steam traction
engine. 3.3kV AC was soon introduced, and this was
the distribution voltage of choice until around 1923.

In 1921, the Ashburton Electric Power Board came into
existence, and it took over the operation of the
generators and began implementing one of the
options for connecting to the national grid. The new
Public Works Department Ashburton substation (the
present Ashburton zone substation is on the same
site) began supplying electricity to the Ashburton
urban area in 1924. The AEPB initially had both 6.6kV
and 11kV supplies from Ashburton substation (having
quickly retired the 3.3kV and DC supplies). This
system evolved gradually over the next twenty years
until second and third 11kV points of supply from the
national grid were established near Methven and
Springfield Road. During this time (1932) Mr Kemp
(the founding engineer at A.E.P.B.) devised an electric
tractor. The photo at right shows the mobile
substation used to supply the tractor. Six tractors
were built, and they each did over 4000 hours of
cultivation during an eight-year period.

During the post-war years, the Power Board became
the Power and Gas Board — supplying coal gas to a
large percentage of Ashburton township. Gas production ceased in 1973 as it had become uneconomic.

As the load continued to increase, it became apparent in the early 1960s that a true subtransmission network
would be required. Planning began and once 33kV had been settled upon as the correct subtransmission
voltage, the first 33/11kV substations were commissioned in 1967. These substations were supplied from three
AEPB owned 5MVA step-up transformers (11/33kV) located at the Ashburton substation.

The final portion of 6.6kV distribution was converted to 11kV in 1971. The popularity of pumped irrigation
began to increase, and general electricity use continued to rise. As a result of the increased irrigation load and
other industrial loads such as snowmaking, animal processing plants and vegetable processing, the number of
33/11kV substations increased. By the early 1980s the three step-up transformers were overloaded, and relief
came in the form of a 33kV point of supply at Ashburton and another at Cairnbrae (5km south-east of Methven).
This arrangement allowed the creation of a 33kV ring network that initially allowed individual 33kV line faults to
be tolerated without extended loss of supply.

A small (1.6 MW) hydro power station was constructed by the AEPB during the 1980s at Montalto Hydro. This
induction generator continues to operate but is now owned by an electricity retailer.

During the late 1980s and early 1990s, Transpower proposed decommissioning the 110kV circuits between
Timaru and Hororata. This required shifting one of the points of supply from the Ashburton township site to a
site about 7km south-east of Ashburton. Once the two parties agreed on commercial arrangements, the new
220/33kV substation was built, and EA Networks took 33kV supply from it in 1992.

Around 1995, what was the Ashburton Electric Power Board was transformed into the co-operatively owned
company Electricity Ashburton Ltd. Options for this transition, from a quasi-governmental entity with undefined
ownership to a limited liability company, were comprehensively researched and what was considered the fairest
and most stable ownership option was instituted.



The subtransmission and point of supply rearrangement had assisted in extending the life of portions of the
33kV ring network, but the huge increases in irrigation load were beginning to tax the rural 33kV network
beyond its capacity. The same problem was facing the 11kV distribution network in places, so a bold decision
was made to begin converting portions of the 33kV network to 66kV and some of the 11kV network to 22kV.
The change to 66kV introduced an opportunity to provide a 66kV connection to the Highbank Power Station
that had historically been connected to the Transpower network. This option was duly negotiated and a more
extensive 66kV conversion undertaken to connect Highbank. The subtransmission development also enabled
the Cairnbrae 66/33kV point of supply to be relinquished and there is now only one physical location for EA
Networks’ connection to the national grid.

Transpower’s Ashburton substation (actually 7km
from Ashburton) supplies an EA Networks
substation called Elgin immediately adjacent to it.
Elgin then connects to seven lines in the EA
Networks 66kV subtransmission network. In
2019, EA Networks relinquished the 33kV
connection to Transpower (leaving only the Elgin
66kV  supply). Simultaneous  with the
subtransmission conversion was the conversion
from 11kV to 22kV of some distribution lines. This
was also very successful and offers much
Christchurch improved voltage regulation and capacity, thereby
increasing power quality to those rural consumers
supplied via 22kV. 22kV conversion has continued
to progress in many rural 11kV areas where
additional capacity is needed. The plan is now to
convert the entire rural area to 22kV (excluding
the Upper Rakaia Gorge — supplied at 11kV from
the Orion network).

Tasman
Sea

Pacific
Ocean

The area EA Networks directly services is
approximately 3500km?. The extents of the area
are the Rangitata River in the south, the Rakaia
River in the north and the foothills of the Southern
Alps in the west. Three distribution lines run up
remote river valleys into the foothills, but these
form a very small portion of the entire network.

The network comprises of some 27676 poles, 2 274km of high voltage overhead lines, 336km of high voltage
underground cable, 21 zone substations and switchyards, 6 693 distribution substations, one control room, and
a communications network.

There are four hydro generating stations embedded in the network. The newest generator is a 0.5MW unit near
Barrhill. Cleardale is a 1MW station, Montalto Hydro is a 1.6MW station, and Highbank is a 26MW station. The
Barrhill unit is owned by Barrhill Chertsey Irrigation, Cleardale is owned by Mainpower, while Montalto Hydro
and Highbank are owned by Manawa Energy.

EA Networks’ distribution lines have a variety of different capacities, dependent upon local demands and
geographical considerations. Operating voltages include 66 000 volts (66kV), 33kV, 22kV, 11kV and 400 V.

The rural distribution network configuration is predominantly long radial overhead feeders with a number of
interconnections to adjacent feeders and substations. This arrangement is largely driven by economics and is
the method of supplying rural consumers that offers best value at acceptable levels of reliability. Typically, the
capacity of a rural feeder is limited by voltage drop and not the thermal rating of the conductors.

The urban 11kV distribution network is based upon a similar principle to the rural arrangement except the
network is largely underground cable, the interconnections are more frequent, and the overall feeder lengths
are significantly shorter. The capacity of urban feeders is thermally constrained by the maximum current rating
of the underground cable.

Now trading as EA Networks (as of 2012), the company also operate and develop an open access fibre optic
network in Mid-Central Canterbury (https://www.eafibre.co.nz).



https://www.bciwater.co.nz/
https://mainpower.co.nz/about-us/renewable-energy
https://www.manawaenergy.co.nz/highbank-power-scheme
https://www.eafibre.co.nz/

Summary of Network Assets

(As at February 2023). Circuit voltage is rated voltage (operating voltage quantity in brackets).

Network Inputs and Outputs:

Active Connections
Maximum Load Demand
Delivered (Injected) Energy
Annual (Injected) Load Factor

Annual Loss Ratio

Network Components:

Overhead Lines (circuit km)

Poles

Underground Cables (km)

Zone Substations

Distribution Substations

* The energy volumes, and hence load factor and losses, differ from information disclosure schedules due to a one-off change in retailer
reporting method that affected billed volumes. The above values have been sourced from the reconciliation manager in February 2023.

The future of EA Networks will focus on a 66kV subtransmission network, a largely 22kV overhead line rural
distribution network, and an 11kV urban underground cable distribution network in Ashburton and Methven
townships. An additional layer of larger 11kV underground cable distribution is planned to be added in
Ashburton, as many of the existing urban feeders have reached security or thermal rating limits. The values of
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some broad asset categories are detailed in section 4.4.

(31 Feb 2023)

MW (Nov 2022) (Historical)
GWh (2021-22)*

% (2021-22)*

% (2021-22)*

66kV Subtransmission
33kV Subtransmission
22kV Distribution
11kV Distribution
400V Distribution

Street Lighting

All types

66kV Subtransmission
33kV Subtransmission
22kV Distribution
11kV Distribution
400V Distribution

Street Lighting

66/11kV or 66/22kV

33/11kV

Pole Mounted

Ground Mounted



1.2  Overview of EA Networks Organisation

EA Networks operates as a stand-alone co-operatively owned lines business — EA Networks. This business
incorporates an asset management function (the Network Division) and an asset construction and maintenance
function (the Field Services Division). EA Networks owns, operates, and maintains the infrastructure assets. The
Network Division plans and controls the asset management function.

EA Networks offers network line services as its core activity. Ancillary to this function is the Field Services
division, which offers services to the Network Division, other line owners, and the general public. Other business
activities include a fibre optic data network.

There are 30401200 shares issued in EA Networks. The Ashburton District Council holds 28 750000 of these
sharesin a non-rebate/non-voting form. The consumer/shareholders hold 1 385 000 rebate shares at 100 shares
per consumer (some consumers have more than one connection). There are 266 200 unallocated rebate shares
available for new consumers as they connect to the network. Existing consumer/shareholders who add
additional connections are not entitled to additional shares.

The Asset Management Team in the Network Division holds the technical knowledge and is responsible for
technical decisions concerning the asset. The Asset Management function remains associated with the Field
Services function within one corporate body. The company oversees EA Networks assets and personnel —hence
the requirements of equipment and personnel safety remain within one corporate body. The upper tiers of the
company structure are shown below.

EA Networks
Consumers/Shareholders

|

EA Networks
Shareholders’ Committee

}

EA Networks
Board of Directors

v

Chief Executive
Officer

! } ' ' '

GM — Customer & ili
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Commercial Division Field Services Division Network Division Finance Division Corporate
(Stakeholder Contact (Asset Construction & (Asset Management (Asset Accounting (Human Resources
& Negotiation Function) Maintenance Function) Function) Function) Function)

The key functions and responsibilities of the groups are:
Consumers/Shareholders

The end users of electricity supplied over the EA Networks network. All new consumers choose whether to be
a shareholder in the cooperative company. Almost every new consumer chooses to retain the shareholding and
only a handful of existing consumers opt out as shareholders. Each shareholder (consumer) has one vote to
elect a Shareholders’” Committee. This is irrespective of the size/scale of their electrical connection(s) or
contribution to the company’s income or profit. The shareholders have the responsibility to consider their
choice of committee member carefully to ensure they faithfully represent their views both in appointing
directors and influencing the performance of the company. Ultimately, shareholder dissatisfaction with either
the Shareholders’” Committee or the Board will firstly result in changes to the Shareholders” Committee by the
ballot and then a different emphasis in the Board members appointed by the Committee.



Shareholders’ Committee

Representatives of all shareholders. Represent the interests of the shareholders/consumers (to be a
shareholder one must be a connected consumer). They appoint Directors, undertake intense scrutiny of the
Statement of Corporate Intent (including performance targets), and carry out monitoring and reporting of
performance of the company and directors to the shareholders. The Shareholders’ Committee can also provide
a significant influence to resolve long-term philosophical conflicts between asset management practices and
stakeholder interests. Three of the seven members of the Shareholders’” Committee are appointed by the
Ashburton District Council, the remainder are elected by a one vote per shareholder ballot.

Board of Directors

Review and approval of the Annual Budget and the Asset Management Plan as official company documents that
accurately reflect the state and desired direction of EA Networks for the short and medium term.

Chief Executive Officer

Provision of company secretariat and attaining of revenue streams and a key contact point with electricity
retailing companies wishing to use the EA Networks network for the distribution of electricity. Provides
corporate policies that influence asset management philosophies. Monthly reporting of significant Asset
Management Plan project progress and annual summary presentation of progress and plans for asset
management to the Shareholders” Committee and Board. The Safety and Compliance Manager reports directly
to the Chief Executive Officer, as does the Executive Assistant. The Chief Executive Officer has 127 staff under
him.

General Manager - Network (Asset Management Function)

Managing the network including Subtransmission, Distribution, Services, LV Reticulation, Zone Substations,
Distribution Substations, SCADA/Communications, Protection systems, and Distribution Transformers to
maximise system availability. Develop maintenance strategies, set and manage priorities, set and manage
standards, and issue works orders to ensure target reliability is achieved at minimum cost. The GM - Network
has 33 staff.

The Network Division completes almost all designs. Only when the scope of a project exceeds the capabilities
of the internal staff in resource availability or expert knowledge is an external designer engaged.

General Manager — Field Services (Asset Construction and Maintenance Function)

Carry out the plans and works orders of the GM - Network satisfying the appropriate statutes, regulations,
standards, and industry guidelines. Additionally, the Field Services function offers suggestions for innovative
work techniques to increase safety, security, and reliability while minimising capital and on-going maintenance
costs. The GM - Field Services has approximately 67 staff.

The maintenance of the network is primarily carried out by the EA Networks Field Services Division as the
preferred contractor. They are engaged to undertake the servicing and testing, along with fault callout and fault
repair work. Most line replacement, enhancement or development projects are also handled by the Field
Services Division but when the scope of a project exceeds the capabilities of the Field Services Division, either
sub-contractors will be sourced, or the Network Division will offer the complete construction project for
competitive proposals from other contracting companies.

General Manager — Customer & Commercial (Stakeholder Contact, Negotiation, and Pricing)

Provides the interface between EA Networks and the external stakeholders — particularly major consumers.
Facilitates discussions on changes to capacity and security with major consumers often assisted by technical
personnel from the Network Division. The GM — Customer & Commercial has eight staff.

General Manager - Finance (Asset Accounting Function)

Financial accounting of network assets and management. Ensures compliance with relevant legislation
governing financial activities of EA Networks including financial disclosures. The GM - Finance has 12 staff.

People and Capability Manager (Human Resources Function)

Employee lifecycle management. Ensures compliant planning, recruitment, and selection of new employees.
Also monitors the performance and wellbeing of existing employees while ensuring fair, equal, and consistent
opportunities and treatment of all staff. The People and Capability Manager has four staff.



1.3 Objectives of This Plan

This plan aims to document the intended approach EA Networks take in managing EA Networks’ electricity
assets. As a regulatory requirement, an Asset Management Plan must be published annually (with few
exceptions). With this document, every effort has been made to comply with the requirements for disclosure
of AMPs outlined in the most recently determined information disclosure requirements for Electricity Lines
Companies set by the Commerce Commission under the Commerce Act 1986. To assist readers who have an
interest in the regulatory aspect of this plan, Appendix D offers cross-reference to the mandatory disclosure
items of the Electricity Distribution Information Disclosure Determination 2012.

This plan clearly defines the service objectives and gives a strong focus on life cycle management by presenting
operations, maintenance, and renewal policies and programmes by asset type. Asset management planning
processes should effectively integrate best practice features. These establish the service standards and future
demands to meet business, legislative, and other needs, while developing optimum lifecycle asset management
strategies and cash flow projections based on assessing non asset solutions, failure modes, cost/benefits, and
risk.

Asset Management Plans must address growth. The EA Networks network saw dramatic load growth over 2000-
2016. This was predominantly caused by various types of rural irrigation. This source of growth has now
subsided. There are no additional water use consents issued in areas which would cause unsustainable nutrient
leaching into ground water. This directly affects the use of water for agriculture. The consequent decrease in
forecast rural load growth is reflected in this plan.

Carbon emission reduction is the next frontier that the electricity network will have to assist in tackling. This will
take the form of additional solar photovoltaic generation, more battery storage, more electric vehicle charging,
and conversion of some coal-fuelled heating to electrically powered heating. These technologies will change
the demands placed upon the network and the way it is operated. There is also an ongoing interest in reducing
electrical losses which can provide an improvement in network electrical energy efficiency.

EA Networks has the following Asset Management Plan objective:

To provide a systematic approach to asset management, which is intended to ensure that
the condition and performance of the electricity network and associated assets are being
effectively and efficiently maintained or improved to satisfy stakeholder requirements
while optimising long-term shareholder value.

1.4 Stakeholders

Stakeholders are defined as those parties with interests in EA Networks' asset management from a financial or
operational point of view. The principal stakeholders are:

Shareholders

EA Networks” shareholders (who, since EA Networks is a co-operative company, are all consumers) wish to
ensure, as owners of the assets, that their financial capital is protected in the long term, by ensuring that the
operating capability of the network is maintained, and that the system is maintained efficiently so that they earn
a sufficient return on their investment.

The interests of shareholders are actively sought by the Shareholders” Committee. As elected committee
members (or Ashburton District Council appointed members as is the case for three of the seven), they are all
members of the local community and they individually and collectively seek feedback from shareholders and
shareholder/consumer groups.

The shareholders also have a direct interest in how EA Networks provides customer service and how it meets its
obligations to other parties (as described below).

The shareholders elect a Shareholders” Committee and this group not only appoints the Board of Directors but
also provides a consultative role for the Board and management. The Shareholders’ Committee review the
Statement of Corporate Intent, the Annual Report, and other relevant company disclosures and statements. The
Asset Management Plan is also available for reference, to inform, and to comment on. This process provides



shareholder feedback and provides the principal means of managing conflicts between most stakeholder
interests and asset management practices. The shareholders are also able to address any specific issues at the
Annual General Meeting, but more commonly they would use the Shareholder’s Committee as the conduit to
resolve any issues of principle. Section 3.2 details the representative voice that the Shareholders’ Committee
provides between all shareholder/consumers and how this influences the asset management philosophy of EA
Networks. Other stakeholders are typically consulted on an issue-by-issue basis as and when required.

It is noteworthy that EA Networks shares/shareholders are not a straight-forward vehicle for raising additional
capital. Unlike a listed company, raising capital is largely limited to borrowing from banks or similar institutions.
The cooperative company structure makes it very challenging to raise capital outside this avenue.

Consumers

These are EA Networks’ directly connected end-use consumers (more than 99% are shareholders, and those
that are not have made a conscious choice not to be).

The Shareholders’ Committee actually serve as a de facto Consumers” Committee, as all shareholders must be
current consumers on the EA Networks network. They seek the opinions and balance the interests of the
shareholders from a prudent financial management perspective as well as considering the level of network
performance that is required to maintain a high level of satisfaction from the consumer/customer base.

EA Networks management also encourage individual consumers and representatives of groups of consumers to
engage in constructive dialogue to further refine the focus of EA Networks in satisfying their needs and interests.
A biennial consumer survey of consumers takes place, and they are asked a range of questions including
preparedness to pay for additional reliability, ownership of on-property lines (in Mid-Canterbury on-property
lines are privately owned), and satisfaction with advice and dialogue with EA Networks personnel. The survey is
also provided to the Shareholders” Committee for their consideration. A selection of the larger consumers are
interviewed as part of the survey to gauge their interests and concerns. These concerns can be addressed with
individualised solutions in most circumstances, and it generally comes down to presenting the price/quality
trade-off options clearly and in a timely manner so that they can evaluate them objectively.

Generally, the consumers wish to receive a safe, adequate, and suitably reliable network service, and to be
assured of being able to receive this over the long term, at minimum cost.

Customers (Retailers and Generators)

The retailers and generators (many of the larger ones are both and are colloquially called gentailers) active on
EA Networks’ network number about twenty (and increasing) and are always prepared to share their opinion of
EA Networks’ business focus and methodologies. Meetings are held with representatives of some retailers while
others (typically those with few customers on the EA Networks network) do not appear to seek regular
engagement.

The EA Networks Default Distributor Agreement (based upon the Electricity Authority’s June 2020 template)
provides the major vehicle for translating retailers’ interests into the performance required of the EA Networks
network. Equally, it provides a standardised path to communicate the requirements EA Networks place on a
retailer to use the electricity network. There is no review process available for the Default Distributor
Agreement, as the intent is to retain standardisation. The Default Distributor Agreement superseded the Use of
System Agreement in April 2021.

Among other things, the retailers want stable business practices, robust network performance, and justifiable
charges for use of the EA Networks network. Other issues of interest include timely responses to information
requests and, where needed, follow-up actions.

In recent times, it has become apparent that retailers and generators can have diverse viewpoints on issues.
Typically, this will be in situations where the retailer with no generation is apprehensive of the market power
held by large generators who are almost all gentailers. Retailers want the lowest possible market energy price,
whereas generators want the highest possible market energy price.

Others

Other parties with a potential interest in EA Networks’ asset management include:



Transpower who have an interest in the existing and future utilisation of their assets. Management
have regular meetings with Transpower representatives on various issues. Commercial negotiations
tend to arrive at a satisfactory resolution of any issues.

Other lines companies in the region with whom common problems and solutions can be shared. This
engagement takes place as a matter of course, and there are many examples of a unified approach to
identifying, researching, and resolving issues of common interest. These can be in the form of common
equipment specifications, design standards, or even principles of application of similar policies.

Employees and contractors who design and build the system, have an interest in the future work that
is available, and the safety of the assets. Every time a contractor is engaged, they are fully briefed on
EA Networks’ safety requirements and, although the level of work contracted out is less than many
other lines companies, any request for information is answered promptly and candidly.

Suppliers who provide products and services to EA Networks and financially succeed as a result.

The public on whose land the network may be built. EA Networks are fortunate not to have significant
guantities of assets on private property. Whenever private land must be entered, permission is sought
well in advance unless it is an emergency when all efforts are made to contact the owner and minimise
the impact of any required work.

Tree owners who have a requirement to keep their trees clear of power lines. A full-time employee
actively manages the required dialogue with tree owners to minimise the conflict between trees and
power lines. This process is typically amiable and very few dialogues become formal exchanges of
letters. The tree owner typically has an interest in minimising the impact of tree control work on their
tree and subsequently preventing any fiscal or reliability implications of the tree interfering with the
line.

Regulatory agencies with which EA Networks comes into contact. The governmental agencies that EA
Networks are required to deal with tend to make their interests quite clear by inviting comments on
discussion papers or draft regulations that indicate the intent of any future regulation or legislation.
Any interaction is typically very formal and open so that all interested third parties can gauge for
themselves the validity of the opinions expressed by the regulatory body and EA Networks.

Financial institutions who may be called upon to fund aspects of asset development or maintenance.
The financial institutions that EA Networks both borrow money from, and deposit money with, have an
interest in ensuring that EA Networks continues to be a viable and profitable business that can service
any debt as contracted. These financial institutions always advertise their interests at an early stage
and ensure they continue to be well known.

Local Electrical Contractors who are required to comply with EA Networks’ connection standards. These
standards control a range of performance measures including, but not limited to: safety; the impact the
connection has on the reliability of other consumers; the impact the connection’s load has on the power
quality of other consumers and on the EA Networks network; and the timing/advance notice needed to
provide the connection.

Interest groups such as Federated Farmers, Grey Power, irrigation representatives, and electric vehicle
owners. These groups are really consumer groups from whom EA Networks actively seek opinions on
issues that will impact their members. Obviously, these groups are not the only consumer groups with
whom EA Networks seek to engage, and the vested interests of each group are balanced by presenting
the Board and Shareholders” Committee with both the interest group’s opinions as well as the technical
and fiscal implications for EA Networks should they choose to heed any or all of these opinions.

Distributed generation (DG) proponents. These individuals and organisations are encouraged to
communicate their interests to EA Networks at the earliest opportunity. As with all lines companies, EA
Networks has a published policy and guidelines for the connection of DG to the network. The nature of
potential DG connections is that they can be completely unknown to EA Networks and because of
commercial sensitivity the proponents do not wish to engage in dialogue until the last stages of any
development. This obviously makes it difficult to determine their interests in advance. EA Networks
believe the DG policy in place satisfies most DG proponent’s interests.

Ashburton District Council as a major shareholder and the body that controls access to the road
corridor. Many of the interests of a local body are enshrined in legislation and are therefore very
transparent to EA Networks. Unique local interests that are specific to either district development or



planning are typically dealt with in management-to-management dialogue and, on occasion, formal
consultation for issues such as District Plan reviews and amendments. There are issues in the political
domain that are discussed at Board, Shareholders’ Committee, and District Councillor level. Asset
management personnel are generally aware of the outcomes of these discussions rather than the
content. While a significant shareholder, the Ashburton District Council has no greater power as a
shareholder than any other individual shareholder.

1.5 Scope of This Plan

This Asset Management Plan covers the management of EA Networks’ electricity network assets for a period of
10 years from the financial year beginning on 1 April 2023 until the year ended 31 March 2033. The main focus
of analysis is the first 5 years and, for this period, most of the specific projects have been identified. Beyond this
time, analysis tends to be more indicative based on long-term trends. It is likely that new development project
requirements will arise in the latter half of the planning period that are not identified here. Hopefully, most new
projects would only affect the timing of development funds by displacing a project which has goals that can be
mostly solved by the new project.

To provide a framework for asset management within the planning period, it is necessary to determine the
longer-term direction in which the system should be developed. For example, it would not be prudent to invest
heavily in enhancing a system at a particular voltage if, beyond the planning horizon but well within the life of
those assets, it was likely that they would be overlaid by a new higher voltage system. A case in point is the
augmentation of supply to the area bordering the foothills of the Southern Alps where currently 11kV is the
distribution voltage, but 22kV is the voltage of choice for new lines/equipment. Furthermore, strategic
development planning must be responsive to a range of scenarios that might occur.

The regulated timing of Asset Management Plan disclosure coincides with the beginning of a new financial year.
A consequence of this is that the data used for comparison with other Electricity Lines Companies is as of the
date of the previous disclosure — exactly one year ago. The disclosed full year data used in this plan is as of 31
March 2022. Where newer data is available it is used for forecasting/trending (such as power quality, load
projections, asset quantities, asset ages, etc) or internal comparisons so that there is as little planning lag
incorporated as possible.

1.6 Plan Structure and Approach

This plan uses a consistent set of defined activities and asset types to categorise work programmes and their
associated expenditure. Budgeting and financial reporting within EA Networks allows actual programme
achievement and expenditure outcomes to be compared with the plan. Consistent use of this framework will
facilitate comparisons over time.

It should be noted that the activity and asset definitions are independent of accounting classifications of
expenditure (i.e. between maintenance and capital expenditure). Therefore, trends over time should not be
altered by any changes in the application of accounting policies regarding the accounting treatment of
expenditure. However, it should be noted that, under the current application of accounting policies, all activities
could be classified as either entirely revenue expenditure or entirely capital expenditure.

Similarly, the activity and asset type definitions are also independent of EA Networks’ organisational structure
and responsibilities, although they are closely aligned with the present structure. In the long run, adherence to
the definitions will ensure that the plan remains meaningful despite any changes in organisational structure or
responsibilities.

The asset and activity planning categories are defined in Appendix A. Asset Types and Activity categories, known
as the Job Costing Tree Structure, are included. It should be noted that not all asset types and activity
combinations are used. In addition, maintenance activities generally can be planned at the detailed asset level
(e.g. servicing of transformers or circuit-breakers etc). Development projects or programmes, which typically
involve a combination of different asset types (e.g. lines, transformers, circuit-breakers, protection,
communications, and network management) are kept intact rather than attempting to allocate the expenditure
against the component asset types. While no historical breakdown exists, the disclosure requirements will mean
that this dissection can occur in the future. Since the same workforce often does different tasks, it is often a



relatively arbitrary breakdown between asset classes. For example, in the process of laying cable for an
underground conversion, the same staff lay two cables. Backfill and reseal applies to both cables, along with
additional works associated with installing pillar boxes and substations. It is not practical or cost efficient to
expect field staff to split labour and common materials across asset classes.

One further definition distinction is made throughout this plan: between projects and programmes. The word
programme is used to define a generic or larger scale activity with a generic or holistic justification, but which
may apply at several different sites. Replacement of defective insulators or fitting vibration dampers to lines are
therefore classed as such programmes. On the other hand, projects are site (or asset) specific; for example,
adding a second circuit to a particular line, or upgrading a particular transformer bank.

The process used to formulate the Asset Management Plan and other supporting documentation is as shown in
the following diagram.

Asset Management Plan — Relationship with Other Plans and Approval Processes
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The plan interacts with other EA Networks working plans. Of particular importance are:

e The Statement of Corporate Intent, which is required by law and sets out the business intentions of EA
Networks, and

e Annual budgets, which set out the specific resources required for asset management activities. Those
parts of the annual estimates relating to the asset management of the electricity network are closely
based on the annual Asset Management Plans.

Authorisation of expenditure results from approval of the annual estimates by the Board of Directors and from
specific approvals. The Asset Management Plan does not represent an authorisation by EA Networks to commit
expenditure, nor does it necessarily represent a commitment on the part of EA Networks to proceed with any
specific projects or programmes.

Governance

Any significant addition or alteration to the asset management philosophy of EA Networks is always thoroughly
developed at management level using engineering focus groups before being tested for acceptability with the
Board. If necessary, the Board will seek further clarification of the implications of any change and this may
include workshops with management to permit less formal open exchanges of information and opinions in both
directions. Once an understanding has been reached, the approach will be adopted and documented in Board
motions or policy documents and this plan. Alternatively, it can be rejected and either another option is
developed, or the status quo remains.



An example of this process is the policy to enforce all new connections to the network to be placed underground.
This has significant implications for both EA Networks and the consumer. Once the proposal was instigated,
management developed a draft policy that encompassed the philosophical background and rationale along with
the necessary technical requirements. The fiscal implications were also assessed and together they were
submitted to the Board for consideration. After consideration of the pros and cons of the proposal, the Board
adopted it as policy, and it now influences significant areas of the asset management philosophy at the
distribution level.

The Board are provided with the schedule included as Appendix B of this plan (which individually identifies all
significant projects) at the time of annual budget submission. This ensures that the Board can assess the
complete evolution of any multi-stage project that they may be committing to in the budget they are
considering. This was certainly the case when the initial conversion from 33kV subtransmission to 66kV
subtransmission was proposed, as it committed the Board to more than a decade of expenditure with dozens of
future projects worth tens of millions of dollars. This conversion process is nearing its end after more than 20
years. A similar consideration was made with the commitment to embrace 22kV as the preferred rural
distribution voltage.
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Large projects or programmes that are not part of a previously considered concept draw particular attention
from the Board, and the individual justification required is significantly more comprehensive than a project that
fits into a pre-approved concept.

Feedback and Forewarning

Disclosure
(August)

The Board take an active interest in asset management. This encompasses not only the direct financial cost of
the projects and programmes triggered by a decision, but also the overall outcome achieved projects and
programmes. An example of this interest within the last few years was a proposal presented to rebuild as
underground cable two rural overhead 22kV lines (which had reached the end of their useful lives). Both lines
occupied State Highway corridor. The positive decision was undoubtedly influenced by the previous decision to
enforce new connections to be underground as well as a commitment to reliability, road/public safety, and
general aesthetic values of the Ashburton District. The Board made it clear that it would be a pilot project to
examine the feasibility of more widespread use of underground cable in the rural area. The projects were
studied, and further underground conversion projects have been completed. 2023-24 will see more of these
state highway conversions completed.

Moderate to minor asset management decisions are left in the hands of management. These decisions tend to



be influenced more by technical knowledge than overarching fiscal or policy matters. As an example, these
items include the preparation of methodologies to set internal performance criteria, the inclusion of new
techniques and products (within approved budgets) that enhance the performance of the network, and any
decision that has a low fiscal and/or reliability impact on the consumers and customers served by EA Networks.

EA Networks” management has responsibility for the day-to-day management of the company and its assets and
for carrying out company policies. They are therefore the owners of the Plan — responsible for its creation and
for using it as a tool for improving the efficiency and effectiveness of the management of EA Networks’ assets.

1.7 Asset Management Drivers

The factors that drive asset management activities and their relationship to EA Networks’ performance are
derived from the external performance required of EA Networks by its consumers, staff (including contractors),
shareholders, and the public.

EA Networks’ 2022-23 Statement of Corporate Intent identifies the following long-term objective:

“Sustainably provide infrastructure products and related services to our local community
while adding value beyond the simple connection through innovation and customer focus”

“To sustainably build, operate, and maintain a resilient electricity network that is fit for
purpose. The reliability of the network meets the needs of consumers/shareholders and is
delivered in the most economically efficient manner balancing cost and quality of supply.”

The Statement of Corporate Intent also encompasses the drivers that have been determined for this plan which
are in the following sections.

Set Asset Management Drivers:
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- Reliability,
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e Economics,
* Legislation. ’ Prepare Asset Management Improvement Plan ‘
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1.7.1 Safety

Safety is determined by a combination of asset design, asset location, maintaining the assets in a safe condition,
preventing unauthorised access, and the use of safe operating and work practices.

The Electricity Act 1992, section 61A sets out requirements for companies such as EA Networks to provide a
Public Safety Management System (PSMS).



The PSMS requires reasonably practicable steps to be taken to prevent the electricity supply network from
presenting a significant risk of:

e Serious harm to any member of the public
e Significant damage to property owned by someone other than the electricity generator or distributor.

The Electricity Safety Regulations 2010, Regulations 47 to 56 set out the application detail of the PSMS and that
it shall comply with either NZS 7901 or Regulations 49 and 50. The regulations required that the PSMS was in
place and audited by 1 April 2012. EA Networks has continued to fulfil this requirement annually with
compliance to NZS 7901.

The Electricity Safety Regulations 2010, the Health and Safety at Work Act 2015 and the Health and Safety in
Employment Regulations 1995 contain additional legal drivers for EA Networks’ safety related asset
management. These standards require EA Networks to operate as a reasonable and prudent operator.

The Electricity Regulations 2010 have a realigned focus and are less prescriptive than previous versions. The
emphasis is now on risk analysis for safe outcomes of design and operation rather than general technical
requirements, and considerations for new lines and substations are couched in language that reflects that.

The Regulations also require existing assets to be maintained in good order to assure high immunity from danger.

The Building Act 1991 puts in place a building maintenance regime that is aimed at ensuring the existence of
essential safeguards for the users of buildings; specifically, that buildings are safe, sanitary and offer adequate
means of escape from fire.

The Health and Safety at Work Act 2015 and the Electricity Act 1992 (Electricity Amendment Act 1993 and
Electricity Reform Act 1998) now dictate the legislative framework with a performance-based regime which puts
the onus on EA Networks as the Person Conducting Business Undertaking (PCBU) and the employer, to take
control for ensuring the safety of workers and others in the work place.

The Health and Safety at Work Act's main objective is to provide for the prevention of harm to workers,
contractor’s workers, and the public. EA Networks has the responsibility for putting in place preventive
measures.

1.7.2 Consumer Service

EA Networks’ consumer service objective is to manage the network reliably, efficiently, and economically to
meet the needs of its consumers.

Capacity (Adequacy of Service)

EA Networks’ policy is to provide sufficient capacity to meet current and future consumer's requirements,
subject to satisfactory arrangements to cover the additional costs associated with any consequential capacity
additions. EA Networks plan to provide timely capacity so as not to hinder the development of Mid-Canterbury.

For asset management planning purposes, projected demands, security, and capacity criteria are analysed
assuming the additions and modifications to the network which have been projected in the plan take place.

Large step changes in load cannot always be accurately predicted, as these are often associated with large
industrial projects whose promoters are notoriously loath to make firm commitments until the latest possible
point in time. Nevertheless, EA Networks keeps up regular dialogue with these ventures whenever possible so
that it can take potential changes into account when carrying out its regular planning activities. Decarbonisation
and electrification are significant future trends with important implications for capacity required on electricity
networks, but unfortunately have a large degree of uncertainty related to the extent and timing of the load
increases that may result.

Reliability (Continuity of Service)
Reliability is a function of:

Asset design, the most important mechanism being built-in equipment redundancy (referred to as the security



level) so that, for example, failure of any one component does not lead to a supply outage.?
Asset condition, where this affects the likelihood of failure of a component.

e Efficient operation and maintenance practices (i.e. minimising the effects of planned equipment
outages).

Within the network, EA Networks’ policy is to focus expenditure on areas that give reliability improvements
where the greatest benefits can be achieved for its consumers in the most economical manner. Generally, this
involves focusing attention on distribution automation to reduce restoration times. This includes the installation
of:

e  Modern reclosers for automatic fault isolation; and

e Remote-controlled disconnectors, SFes gas switches, and ring main units for fault indication and
sectionalising.

Resilience

The resilience of a system characterises its ability to absorb or recover from a potentially damaging event. This
event can stress the system or its components beyond the original design limits. The essence of creating a
resilient system is to ensure that:

e thereis sufficient redundancy built in to allow alternatives in the event of a component failure,
e there is no common-mode failure that will impact many components simultaneously,

e there is an adequate awareness of the risk sources that can cause component failure and the context
in which that failure can compromise the system’s resilience,

e the mode of failure is not catastrophic — repair is achievable in a modest timeframe without full
replacement of the component (it may be possible to continue using the component),

e there is acceptance that non-system alternatives may be an effective means to provide resilience (a
mobile generator may be adequate while repairs are undertaken).

The effect of having a resilient system is that consumers experience less disruption to the service provided (an
improvement in reliability) during/after an event that is high impact, but low probability. Changes in weather
intensity are expected in future as a result of climate change, and EA Networks is commencing a review of line
design standards with reference to NIWA 50 year geographically referenced climate forecast data to ensure line
design parameters are adequate for the expected environmental conditions over the intended life of the line. A
lot of the capital-intensive projects in this plan will assist in increasing the resilience of the electricity network.

Power Quality

With the rapid development of modern irrigation systems incorporating variable speed drives, EA Networks
experienced a rapid increase in harmonic levels on its network. This was accentuated in some areas where load
growth occurred on relatively weak parts of the network with lower than current design fault levels. EA
Networks has put in place a standard for connecting new loads which requires the limitation of harmonic current
generation to acceptable international standard levels. EA Networks implemented a subsidy scheme (now
ended) to encourage existing variable speed drive users to mitigate the harmonic distortion they created on the
distribution network. A generous 50% subsidy of the cost of a suitable filter was available for the first year and
this subsidy reduced to 25% over the following years in conjunction with the introduction of a differential
(costlier) tariff for non-compliant installations. This scheme gave incentives which fairly and economically
encouraged consumers to correct existing loads to acceptable levels. After this grace period, where consumers
are incentivised to comply, EA Networks may require disconnection if the installation remains non-compliant
after 1 October 2018. As of January 2023, 8 connections are non-compliant (a reduction of 1 from 2021).

Transient Effects

Where problems are identified in relation to short-term voltage variations, EA Networks works with individual
consumers to identify the best economic and engineering solution.

This is referred to as an n-1 security level. Security in which failure of a single component causes a supply outage is referred to as n level security, while design
which allows for any 2 components to fail without causing a supply outage is referred to as n-2.


https://www.eanetworks.co.nz/power/network-harmonics/

Voltage Profile

The present terms and conditions of supply specify voltage levels and tolerances at points of supply.

EA Networks generally adopts the policy that the supply bus voltage will not vary from the nominal voltage by
more than +3/-4% for supplies at 11kV or 22kV. The maximum voltage variation at a consumer's LV connection
point is + 6%. Specific values are agreed with individual consumers where required.

1.7.3  Economic Efficiency

Economic efficiency is an important driver for maintenance and development work. A large proportion of repair
work, refurbishment, and asset replacement work is undertaken only after analysis to determine the most cost-
effective solution. This frequently involves the choice between a development option and continued
maintenance.

With the increase in consumer choice of energy sources (solar PV and battery storage in particular) this driver
will become more significant. If peak demand is going to decrease in some parts of the network, then
consideration will need to be given to replacement asset design and whether the existing high level of network
availability is required during the asset’s lifetime as this may affect asset maintenance.

1.7.4  Environmental Responsibility

EA Networks’ policy is to act in an environmentally responsible and sustainable manner, and as required under
legislation.

The Resource Management Act 1991 is a major legal driver for EA Networks, which is supplemented by the
Hazardous Substances and New Organisms Act 1996. The provisions relating to the discharge of contaminants
into the environment, the duty to avoid unreasonable noise, and the duty to avoid, remedy, or mitigate any
adverse effect on the environment are of particular relevance to EA Networks.

1.7.5 Amenity

Many of EA Networks’ network line assets, distribution substations, and some zone substations, are in high
public profile areas and the design/condition of these assets reflects on the public perception of EA Networks as
a responsible manager of local assets. Similarly, the condition of assets is readily observable by consumers, who
have a strong vested interest in their reliability. Owing to its co-operative structure, many customers have a
sense of ownership of EA Networks and its assets.

Maintenance programmes recognise the need to preserve visual appearance in conjunction with economic and
efficient management. For example, a review of the land around substations has shown that appearances are
largely reasonable and only a few can be improved, reducing maintenance costs, by appropriate landscaping
and/or revising the land usage.

EA Networks’ policy is to develop and maintain assets in a way that reflects well on the organisation, and to
adopt a socially responsible attitude towards community impacts. While this is not a major driver of asset
management work, it is a consideration in all work.

1.7.6  Legislative Compliance

Although implicit in the philosophy of the company, the accomplishment of legislative compliance can be greatly
assisted by documenting its interaction with the management of the assets of an electricity lines business.
Achieving compliance with legal obligations under the following legislation (and all other legislation — the list is
not exhaustive) is a driver for EA Networks” asset management activities:

e Building Act 2004 and current Building Code

e  Civil Defence Emergency Management Act 2002 and associated Regulations
e Commerce Act 1986

e Contract and Commercial Law Act 2017

e  Construction Contracts Act 2002

e (Cooperative Companies Act 1996



e Consumer Guarantees Act 1993

e Electricity Act 1992

e  Electricity Industry Act 2010 and associated Codes

e Electricity (Safety) Regulations 2010

e Electricity (Hazards from trees) Regulations 2003

e Fair Trading Act 1986

e Financial Reporting Act 2013 and associated Regulations
e Fire and Emergency New Zealand Act

e Fire and Emergency New Zealand (Fire Safety, Evacuation Procedures, and Evacuation Schemes)
Regulations 2018

e Hazardous Substances and New Organisms Act 2015 and associated Regulations
o Health & Safety at Work Act 2015 and associated Regulations

e NZElectrical Codes of Practice

e  Privacy Act 2020

e Resource Management Act 1991 and associated Regulations

e  Utilities Access Act 2010

e  Worksafe Approved Codes of Practice

1.8 Asset Management Processes and Systems

The electricity distribution system is comprised of assets with long lives. The management of these assets
(comprising maintenance of existing assets and development of new assets) is EA Networks’ primary focus in
providing an effective and efficient distribution service to its consumers. Further, because distribution is only
one part of an integrated electricity system, consultation and co-ordination of plans is an essential ingredient
for the effective functioning of that system.

This plan is an annually produced plan covering the next 10 years and documents likely or intended asset
management requirements. The plan provides a focus for on-going analysis within EA Networks aimed at
continuously improving the management of the distribution system and it provides a vehicle for communicating
Asset Management Plans with consumers.

In many cases, particularly where asset development is involved, the work will be driven directly by consumer
requirements and associated financial commitments. This plan is based on EA Networks’ present understanding
of its consumers' requirements. The plan is part of the process of communication with consumers, and EA
Networks will be responsive to consumer input, with regard both to actual expenditure commitment and to long
term future planning.

The plan is also intended to demonstrate responsible stewardship of assets by EA Networks to its consumers
and shareholders. The plan shows the maintenance and replacement requirements which are intended to
maintain the operating capability of the system over the long term. Each year an internal assessment is carried
out which reviews EA Networks” achievement with respect to this plan.

This section broadly outlines the current and desired asset management practices and specific improvement
initiatives of EA Networks’ Network Division. It then goes on to discuss proposed asset management
improvements (section 9.6).

To identify and prioritise the asset management practices and needs of the Network Division, asset management
improvement tasks are discussed under broad headings of Processes, Information Systems, and Data.

Processes (below) are the business processes, analysis and evaluation techniques needed for life cycle asset
management.

Information Systems are the information support systems used to store and manipulate the data.

Data is required for effective decision making (i.e. for manipulation using information systems).



The following tables broadly describe the current EA Networks asset management practices and possible future
(desired) business practices it is intended to ultimately develop. The Asset Management Improvement Plan
(section 9.6) discusses improvement priorities, timetables, and resources for the next 3 years.

Processses Appraisal

Process

Current Business practice

Desired Business Practice

Level of service

* Most performance standards in place.

¢ Consultation undertaken in association with
specific developments and enhancements
requested by consumers.
Shareholder/consumer input via Board and
Shareholders’ Committee.

e Complete range of performance measures.

* Additional logic for service level review process
implemented.

¢ Regular consumer feedback & consultation.

¢ Greater understanding of consumer preferences.

Knowledge of Assets

construction so as-built location and quantity
can be quickly added after construction.
¢ Some extra data capture for validation of RAB
database occurs.
Attribute and condition information
collection process from maintenance
activities not comprehensive.

Planned assets are captured by GIS prior to

e Process for complete collection of maintenance data.
¢ Draft proposals captured digitally for later inclusion in
Geographic Information System (GIS) so that double

entry is minimised.

Condition
Assessment

Minimal condition feedback requirement
from contractors.

¢ Routine maintenance inspection.

Testing of specific sites undertaken where
performance is suspected to be outside
targeted level of service.

¢ Enhance programme for condition assessment of

critical assets.

*Create, document, and implement structured asset
inspection and testing regimes for all significant
assets.

Risk Management

Fundamental Risk Analysis is concluded but
not refreshed regularly.

Critical assets monitored, failure modes and
effects understood and used for
contingency planning and asset
management prioritisation.

e Establish review process to monitor risk — closing the

loop.
e Ensure network risk register covers asset specific and
stakeholder/environmental risks and controls.
Enhance risk management contingency plans.
e Create resilience monitoring process that tracks
changes over time.

Accounting/

Financial systems record costs against

Forecast renewals used to measure the drop in

Economics maintenance activities. service potential.
e Maintenance expenditure allocated against = ® Robust process for tracking and reviewing projects
individual assets. and asset groupings.
e Valuation based on ODV principles. e Closed loop model of assets from initial budget
proposal to end of life.
Operations ¢ Substantial documentation of operational ¢ On-going training/updating programme.

processes.
¢ On-going training of operators.

Maintenance

¢ No formal contractual relationship with in-
house service providers.

Develop cost-effective processes for all maintenance
work with internal contractor.

Process for on-going review of maintenance needs
and delivery.

Performance
Monitoring

System faults recorded in Advanced

Distribution Management System (ADMS).

e Power quality monitoring at individual
installations at consumer request or
complaint.

¢ Feeder metering at all zone substations
(including power quality).

¢ SCADA evolving beyond zone substations.

Greater range of performance standards.

Process for monitoring compliance of contractors
with performance standards established.

More power quality monitoring close to consumer
interface.

¢ More analytics of gathered data to gain insights.

¢ Energy load loss modelling and some monitoring from
grid entry points to consumer.

Optimised Life Cycle
Strategy

¢ Replacement of assets based on assessment
by experienced staff.
e Formal risk management strategies.

¢ Develop rolling 10-year renewal programme with
budgets based on predicting failure for critical assets,
just-in-time replacement of non-critical assets.




o Statistical failure modes not well
understood.

e Life cycle and risk costs considered in optimisation
process.

Project Management

e Contract management process in place.
® Project management procedures reasonably
well documented.

¢ Document project management procedures to

optimise lifecycle costs established.

Asset Utilisation

¢ Capacity of network assessed by load flow

monitoring and computer modelling.

¢ Introduce real-time load flow analysis (state

estimation by ADMS).

Continuous ¢ Some inspection of work undertaken, but no | e System of quality checks on all key asset management
Improvement formal process for quality assurance of activities in place.
decision-making, management procedure,
and data.
Systems Appraisal
System Current Business Practice Desired Business Practice

Asset Registers

e Current database is an integrated
financial/physical model with good data
linkage from GIS.

¢ Asset database system established and
working.

e Close integration of Asset database and GIS database
as there are strong relationships between financial,
GIS, asset management, and disclosure.

Financial System

¢ Financial system provider is the same as

Asset system and adds financial
transactions to assets.
e Depreciation based on age of asset.

¢ Open financial system recording asset transactions

and integrated well with other systems.
e Maintenance costs always allocated against individual
assets in Asset Management System.

Maintenance

¢ Maintenance history of major network

e Critical and non-critical assets explicitly identified.

Management equipment assets is being recorded. ¢ Service Maintenance Management system
¢ Service Maintenance Management system consistently used for cyclic/duty-based maintenance
in place. programmes.
Condition ¢ Some basic condition monitoring systems  Condition monitoring systems extended for key
Monitoring for asset types. assets.

e New SCADA system is implemented, and
historical reporting is established.

¢ Condition data is loaded into asset
management system database.

e Predictive modelling capability available for critical
assets.

e SCADA system data fully integrated with other
systems.

Consumer Enquiries

. New system being established to record

consumer enquiries and relationships.
e Approaching production release.

e Electronic records of all consumer enquiries.

e Asset links to consumer enquires.

e Integrated with many other corporate systems.

Risk Management

e Risk data in the Asset Management System

underdeveloped.

e Stand-alone risk assessments.

e Failure modes, probabilities, and risk cost available
from Asset Management System.

Optimised Renewal
Strategy

* Renewal on systematic basis.
e Life cycle costs considered in assessing
renewal options.

e Comprehensive renewal strategy in place considering

future technology and consumer needs.

Forward Works
Programme

¢ 10-year forward maintenance and renewal

programmes based on historical/condition
data.

¢ Development needs based on known future
demands.

e Optimised future costs based on various scenarios for

new technology and consumer needs.

Integration of
Systems

e Limited integration of consumer database,

Service Maintenance Management System,
or Asset Management System.

e Full interoperability between all systems to allow

additional knowledge extraction from existing data.

Plans and records

¢ Overhead records all in GIS.

e Geoschematic UG cable records in GIS.

¢ UG cable location records scanned and
being vectorised gradually (CAD).

e Fully digital record system in one system allowing on-
line access and linkages to other databases and
systems.




Operations and
Maintenance

e Some dependence on worker knowledge.
¢ Operations well documented for access to
network by others.

e Basic manuals available for all significant assets.

Manuals
¢ Maintenance manuals for limited number of
zone substations.
Document ¢ Primitive system available for capture of e Comprehensive document management system with
Management documents. integration to asset management system, Financials,

Maintenance, and other corporate systems.
Faithful archiving and versioning of all documents
that record an asset’s lifecycle.

Levels of Service

L. Reported continuously by ADMS.

¢ No non-electrical performance measures
logged in real-time.

More fully developed ADMS with data shared with
other discrete operational systems.

Consumer relationship management system more
developed.

Contingency
Management Plans

e Procedures for operational activities

documented.
¢ Key contingency plans have been created.

Comprehensive procedures for high impact
contingencies affecting system performance.
Maintain the currency and relevance of contingency
plans in a changing electricity network.

Asset Management
Plan

¢ Documented Asset Management Plan

process but not sufficiently widely read.

Mature Asset Management Plan used for all forward
planning and stakeholder consultation.

Geographical
Information System

¢ All major electrical assets have been

captured into the GIS. Fibre network assets
are being progressively captured.

¢ Present GIS is an open system with limited
New Zealand based vendor support and
reducing New Zealand user base.

Replacement of outdated and limited functionality
GIS with a modern industry standard GIS based on
the EPRI Utility Network Common Information Model
for enhanced integration with other corporate
systems and greater availability of GIS data access
within the business, including field mobility and
digital data capture.

Data Appraisal

Data

Current Business Practice

Desired Business Practice

Asset Classification

e Network asset hierarchy established.
* Asset categories identified for asset cost
records and disclosure reporting.

e Coherent multiple-use categorisation established to
satisfy Disclosure, Valuation, AMP, Tax, and other
uses.

Asset |dentification

e Unique ID numbers allocated in Asset

database and/or GIS system for all major
network assets.

e Comprehensive asset register being
implemented.

* Asset register data complete and comprehensive.

¢ Asset data correlates to that held in other corporate
systems.

Asset Textual/ Spatial

Data

Quality and completeness satisfactory.
Data stored in different forms that does not
make for simple integration.

¢ Appropriate spatial/textual data available on

GIS/plans via direct storage or system integration.
e Improve attribute data accuracy.

Maintenance Tasks

Manual check sheets for Zone Substations
and other major assets.

¢ Documented maintenance tasks for network.

e Documented maintenance programmes for Zone
Substations.

Historical Condition
& Maintenance Data

asset management system now storing all
available data.

Limited history available for some assets, but

e Full maintenance data history in Asset Management
System used for maintenance scheduling.

Future Prediction
Data

Predicted future growth data limited.
Simulated future load flows from computer
model based on theoretical growth.

¢ Simulated future load flows from computer model

based on growth predictions.
¢ More authoritative future load growth data.

Life Cycle Costs

asset.

Life cycle costs beginning to be collected per

o Life cycle cost data used for renewal decision-
making.




Network Operational Support

EA Networks uses the internal Field Services division as its preferred maintenance contractor for all network
associated inspection, servicing and testing, faults response, fault repair, maintenance, replacement, and
network enhancement. Some development and maintenance work is put out to external tender where internal
capacity or expertise is insufficient or, alternatively, the Field Services division may arrange sub-contractors to
assist.

Information Systems Development

An asset management system is fully commissioned, and development of its functionality continues. This system
is used to record and manage all significant assets. This system forms the core data repository for current and
historical data. The new asset management system shows much more promise as a partner for asset
management than the previous legacy system. These advances should help track expenditure by activity, asset
type, and other categories.

The capture of asset information has been carefully considered, and EA Networks are content that the level of
detail and accuracy presently stored is close to optimal. Additional information could be gathered, but the
cost/benefit ratio for doing so is not particularly favourable. Some additional asset types will be captured as
time permits.

The asset management system records information about a range of equipment including poles, cables,
transformers, substations, switchgear (HV and LV), plus miscellaneous assets such as battery chargers and relays
etc. Ancillary to the asset management system is a Faults system that records interruptions, and a Competency
register that records an individual’s competency for tasks that need to be performed on the network. An
Advanced Distribution Management System’s (ADMS) core functions have been implemented and additional
features continue to be configured. This system supersedes the Faults, Competency, SCADA, and several other
ad-hoc systems to form an integrated system. The ADMS is from Open Systems International (OSI) and called
multi-platform open network architecture (monarch™).

The GIS system currently installed at EA Networks is called G/Technology. This system is very open (stored in
Oracle™ RDBMS) and all its data is accessible by other applications (including the asset management system).
EA Networks have converted all data held in the previous GIS into this system and are capturing all new GIS data.
The previous GIS was used to capture all primary asset information from paper and digital work-plans and maps.
The data is being used for RAB and asset management. In conjunction with the asset management system,
G/Technology keeps information on types of equipment installed at a site. The asset management system
records engineering and financial details of assets and tracks maintenance history of those assets and other
associated equipment. The G/Technology and asset management system databases are continually expanding
to accommodate new sources of information. EA Networks can geographically locate any uniquely identifiable
asset via G/Technology and the asset management system can provide all available data on that asset.

GIS viewing software provides users information which is drawn from data stored in many different systems.
Information from external agencies, the asset management system, GIS, GPS units, and other open data sources
can be drawn together for a spatial view of data that can reveal previously hidden relationships. It is hoped to
integrate the ADMS data to the GIS so that improved spatial analysis can be performed on fault statistics and
other real-time data can be visualised/analysed.

It is planned to change the current GIS to an alternative system that offers a much broader range of features
and support options. In 2023-24 a scoping exercise will be undertaken to assess the feasibility, functionality,
and cost of a replacement system. Should a system change prove to be viable, a project will be established to
migrate all of the GIS data and functionality to the new platform.

The linking together of GIS, asset management, and the financial system, enables data concerning network
assets to be accessed in a multitude of ways and from multiple applications, resulting in better decision-making
processes.

EA Networks have a range of in-service systems available for asset management and some are more capable
than others. The main systems/applications that are in use are:


https://www.osii.com/
https://www.osii.com/solutions/technology/index.asp
https://www.hexagonsafetyinfrastructure.com/products/utilities-and-communications-products/advanced-utility-gis/intergraph-gtechnology

Network Information Systems Description

System/Application

Capabilities

Asset Management System

Supplied by Technology One. It offers an integrated solution for storing and analysing
asset information. Financial, engineering and maintenance data is all stored in the one
database. Due to the multitude of corporate systems being implemented, integration
with other key decision software is not complete.

GIS Asset Mapping System

G/Technology is a capable modelling tool for the maintenance of spatial and electrical
data but its utility is limited by expensive licencing preventing access across the
organisation. Open data storage enables access by many other GIS tools for detailed
spatial analysis. Data linking and exchange with other systems is achieved through
connections to the Oracle RDBMS.

Data is complete, consistent, and spatially fit for purpose. High performance electrical
connectivity analysis tools have vastly increased the value and use of the data.

Replacement of G/Technology with ESRI ArcGIS will provide enhanced functionality and
productivity, including wider access directly to the GIS across the organisation. Field
mobility will allow access to GIS data by the field teams, and as data gathering interfaces
are developed, asset condition, maintenance, inspection, and project As Build feedback
will be digitised.

SCADA System

A new OSI ADMS incorporating the monarch SCADA system has been implemented and
is now in production use. The platform this provides is robust, versatile, and
comprehensive. Ongoing development and roll out of additional modular functions
within the ADMS continues.

Work Management System

System is part of enterprise resource planning system which includes the financial
system. The asset management system integrates with the work management system at
the work order level (assets are assigned to the work order for either creation or
maintenance).

Data is captured for all projects and permits reporting in multifaceted ways.

Financial/Accounting
System

System is in place and detailed reporting permits useful insights. The use of an industry
standard database engine can potentially lead to better availability of data.

The potential for close integration of GIS with asset management and financials should
now provide significant analytical benefits.

Network Modelling

and Analysis

DIgSILENT software is easy to use and provides for day-to-day analysis of network fault
levels and power load flows. Future prospects for real-time analysis exists by
integrating/linking with ADMS and GIS. This would make technical analysis much timelier
and more productive.

DigSILENT network models are prepared as required. The overhead of maintaining a
complete model in an accurate state cannot be justified. In the future, restructuring the
GIS data architecture to the EPRI Utility Network Common Information Model will allow
direct importation of network data to DigSILENT for network analysis. This will provide a
useable model of the entire network without additional data entry.

The ADMS has built-in network modelling (using the GIS network model) and analysis
(using an internal calculation engine) that is updated in real-time — giving alarms for
loading and voltage violations in un-metered locations. Many of the routine engineering
needs will be satisfied by the data output of this ADMS analysis. The key limitation of
ADMS network modelling is that it cannot model network additions (e.g., future network
extensions or distributed generation) that do not exist in the GIS network model. Hence,
off-line analysis for future developments is still required in DigSILENT.

Connection System

All connections are recorded and linked via unique identifier to the GIS. History of
connection changes and occupation are available as is the interruption history, which is



https://www.technologyonecorp.com/asset-intensive-industries
https://www.hexagonsafetyinfrastructure.com/products/utilities-and-communications-products/advanced-utility-gis/intergraph-gtechnology
https://www.esri.com/en-us/industries/utilities
https://www.osii.com/
https://www.osii.com/solutions/platforms/monarch.asp
https://www.digsilent.de/en/powerfactory.html

integrated with the Faults system.
Data is complete and as accurate as required. Access is readily available and widely used.

A replacement Customer Relationship Management system (called Stream internally) is
being implemented to provide a platform for recording and reporting all customer
interactions. It will also form the repository for data about, or related to, connections.

Fault Recording System All interruptions, both planned and unplanned, are recorded in this system and a full
history is available that permits anytime calculation of performance indices and any other
parameter of interest.

Data is reasonably complete. Additional benefit would derive from data capture of fault
location to the nearest pole or faulted asset.

The ADMS is currently operating in parallel with this system and the remaining technical
and operational issues preventing its full adoption are being worked on.

Standards Documentation There is a minimal intranet-based system for storing documentary standards. A more
Svstem robust and substantial document management system is needed to provide a framework
t for storing, versioning, and accessing documentation as it is developed.
Once a system is installed that allows storage and access to a wide range of
documentation, the desire to commit more information to standards will grow.
Public Safety Management As required by legislation, a safety management system has been implemented. The
System supporting processes and systems for the PSMS help underpin other necessary systems

that have historically lacked robust structure.

Specification, Procedures and Manuals

EA Networks has spent considerable effort in preparing a set of drawings which provides information to staff
and contractors on EA Networks standard overhead line and underground cabling construction techniques.
Further work is still required to extend these publications into documented design standards. Documentation
for levels of competency, Network Releases and access to sites is now complete but additional work is still
required to provide a completely integrated approach. An underground design/build/operate/maintain manual
is in the final stages of preparation. A project is underway with Network Waitaki to jointly develop an overhead
line design standard with specific location and 50-year climate change derived parameters to ensure long-term
resilient line assets are designed. This project is expected to be completed in mid-2023.

Procedures have also been completed which are deemed to be mandatory for contractors who wish to carry
out work for EA Networks or on EA Networks’ network.

EA Networks have licensed a set of procedures and standards from PowerCo which assisted in initially developing
the significant quantity of documentation required to support asset management and a Public Safety
Management System (PSMS). This initiative helped overcome the historic difficulties EA Networks have
experienced with high load growth causing rapid network development which prevented adequate resource
being available to develop documentation. EA Networks have begun to transition away from the purely PowerCo
documents and, as time allows, staff are developing/evolving standards to better suit EA Networks.

1.9 Responsibilities

Within the network division of EA Networks, staff are allocated distinct responsibilities for asset management
functions. The General Manager - Network oversees the process and takes direct responsibility for the asset
decisions which are made. The smaller size of EA Networks asset management team requires multiple
responsibilities by all staff, and this helps to provide perspective on many tasks and assets that would otherwise
quickly become foreign.

The modest scale of EA Networks means that planning/analysis/asset management/design/
procurement/standards are all managed by a small core team of personnel. There are no departments that
separately handle these functions and consequently there is no distinct structural separation.

The entire network group work in close proximity in an open plan environment. This working arrangement



encourages the free flow of information and ideas between members of the group and encourages the
dissemination of information. A weekly Engineering Meeting is an open forum for discussing all aspects of asset
management, work processes, ideas, and the general dissemination of information. The communication paths
established, and the relatively small number of people involved in the asset management process, alleviates the
need for some of the more formal documentation that would be required in a larger organisation.

The key staff have the following responsibilities specific to asset management, although these are also shared
to some extent:

General Manager - Network:
e Electricity network information systems — development and maintenance
e Overall responsibility for asset management and asset performance
e Preparation of documented standards for areas of responsibility
Engineering Services Manager (currently vacant):
e Graduate engineer management
o ADMS/SCADA — development, maintenance, operation, enhancement, and expansion

e Electrical protection — detailed design, settings, maintenance planning, test plans on various equipment,
and procurement of some equipment

e Performance monitoring and analysis of network
e Fibre network IP provisioning and engineering management

e Reporting and analysis of network and planning options using engineering software (load-flow and fault
analysis)

e Power quality — investigation and analysis

Operations Manager:
o Network operations — day to day network control and performance
e Vegetation control management

o Network performance — capture, analysis, and disclosure of faults statistics and consequently offering
engineering recommendations for improvement or investigation of assets

e Proposed work —drawing and issuing
e As-built records — capture, documentation, and recording of records as they are returned
e Geographic Information Systems — operation and maintenance
e Fibre network records
e Radio communications systems
e Zone substation construction —scheduling and project management
e Zone substation — major equipment specification and procurement
e Zone and distribution substations — maintenance planning and management
e Distribution transformers — specification and procurement
Overhead Manager:
e Overhead lines — detailed design and maintenance
e Overhead line construction and maintenance projects — scheduling and management
e 11kVto 22kV conversion — design, scheduling, and management
e Rural new connection interface — network design and specification
e Network stores management

e Overhead distribution equipment — procurement and specification



Planning Engineer:

Network planning — preparation, analysis, and documentation of medium-long term and medium-large
scale network development concepts

Preparation of Asset Management Plan
Technical resource for other staff
Geographic Information Systems — oversight of architecture and development

Electrical protection — architecture, specification, design oversight, some procurement of major
equipment, and interpretation of fault events

Zone substation — conceptual design & aspects of detailed design
Engineering analysis — incidental load-flow and fault analysis (shared responsibility)
New technology — investigation and analysis

Distributed generation approval and technical integration (residential rooftop to multi-MW farms)

Underground Manager:

Underground cables — detailed planning, design, and maintenance

Underground cable construction and maintenance projects — scheduling and management
Underground distribution equipment — specification

Subdivision development — electrical reticulation negotiations and design

Urban new connection interface — network design and specification

Land interests and requirements — negotiation, procurement, and maintenance

Health & Safety, Environmental Management Team:

Personnel competency — documentation of individual competencies
Safety and Training — management of the safety and training regimes run by EA Networks
Public Safety Management System (PSMS) — coordination of implementation

Environmental Management — Oversight of normal business practices

1.10 Information Sources, Assumptions and Uncertainty

As a forward-looking planning document, this publication relies on a considerable pool of information sources,
assumptions, opinions and known facts. Other than facts, these considerations have a degree of uncertainty
associated with them which needs to be at least described and wherever possible quantified.

1.10.1

Information Sources

It is impractical to list every source of information used to prepare this document. The items listed below
represent the principal foundations upon which this plan is built. They are:

EA Networks’ 2022-23 Statement of Corporate Intent.
EA Networks’ 2023-24 Business Plan and Budget.
EA Networks’ Default Distributor Agreement.

EA Networks’ New or Modified Connections and Extensions Policy (17 April 2018).

EA Networks’ 2022 Shareholders’ Committee Report.

EA Networks’ January 2022 Customer Survey Report.
EA Networks’ large user consumer interviews.

EA Networks’ asset database.


https://www.eanetworks.co.nz/disclosures/information-for-retailers/
https://www.eanetworks.co.nz/assets/Uploads/Policy-New-Modifed-Connections-Extensions-170418.pdf
https://www.eanetworks.co.nz/assets/PDFs/Disclosures/Annual-Reports/EA-Annual-Report_2022_Web.pdf

1.10.2

EA Networks” Consumer Connections database.

EA Networks” equipment loading records.

Retailers’ generation and energy consumption data.
Retailers’ reports on EA Networks performance.
Transpower’s and EA Networks’ GXP energy data.
Transpower’s disclosed development documents.

Ashburton District Council’s District Plan.

Ashburton District Council population projections.

Environment Canterbury’s strategy and policy documents as they relate to home heating and water
availability for irrigation. Resource consent data (water) is also supplied from this source.

Environment Canterbury’s flood risk modelling documents.

EA Networks” internal discussions regarding commercial and technical options for managing security,
reliability, increased load, and the value of these considerations.

External discussions with existing and prospective consumers regarding new electrical load and/or
security requirements.

Deta Consulting’s report Thermal Fuel Transition Impact Assessment (December 2020)

EECA Regional Energy Transition Accelerator draft report for South Canterbury (final version due for
release in March 2023).

Correspondence with shareholders (consumers) regarding issues that can be addressed within the scope
of asset management techniques.

Documents by The Treasury such as Half Year Economic and Fiscal Update 2022.

Significant Assumptions

It is important for stakeholders that the manner and basis upon which the Asset Management Plan is intended
to operate is clearly understood. For the purposes of clarity, and in order to avoid any confusion, the following
underlying assumptions need to be taken into account by the stakeholders in dealing with the Asset
Management Plan:

As an Electricity Distribution Business, EA Networks will continue to be a going concern under the
regulatory regime in place now or in the future.

Asset Management, System Control, and Corporate Services functions will be provided internally and be
based in Ashburton.

EA Networks will have access to skilled and experienced staff.
The Electricity Distribution Business will continue to operate an internal Field Services Division.

The Electricity Distribution Business must satisfy the twin constraints of providing a risk-adjusted normal
profit for its shareholders sufficient to retain investment, while performing within the regulatory limits
set by government regulations.

As a non-exempt entity, the EDB will continue to meet the requirements of the price quality
determination.

The Electricity Distribution Business will continue to meet the requirements of its
consumers/shareholders as a co-operative.

The prevailing regulatory and legislative requirements mandated by central and local government remain
unchanged for the duration of the planning period. This ensures that the environment which influences
reliability targets, as well as governing industry codes of practice, health and safety, design and
environmental standards is stable.

The predictions and estimates of load growth are timely, and of reasonable and prudent scale. This
ensures that the level of investment to cope with additional load is not unreasonably small or large and


https://www.ashburtondc.govt.nz/our-services/planning-guidance-and-resource-consents/district-plan/Pages/default.aspx
https://apps.canterburymaps.govt.nz/FloodInvestigationAshburton/
https://www.eeca.govt.nz/co-funding/regional-decarbonisation/about-reta/
https://www.treasury.govt.nz/publications/efu/half-year-economic-and-fiscal-update-2022-html

occurs in advance of the additional demand occurring.

The availability of ground water for irrigation will not increase above that presently consented in ECAN
red-zoned aquifers, but significant water will continue to be available for irrigators.

Existing irrigation water use is not significantly constrained by national or regional policies. The
Government has released an Essential Freshwater national direction package that implements changes
to National Environmental Standards. These revised Standards could result in less irrigation demand on
the EA Networks distribution network. ECAN will be responsible for implementing these Standards.

There are no significant unidentified uncertainties, errors, or omissions in the internal records and
databases (they contain suitably accurate information).

The focus, policies, and key business strategies of EA Networks remain consistent for the duration of the
planning period.

The value of future projects and programmes is not affected by the value of the New Zealand Dollar or
the cost of constituent raw materials (particularly copper, aluminium, steel, and oil) by more than the
official rate of CPI. In reality, these costs will change. The impact of these changes will be reflected within
12 months when a subsequent plan is issued with updated cost projections.

Wage rate movements are not significantly greater than the prevailing CPI. Significant expenditure has
been approved by the Commerce Commission via Customised Price Paths applied for by other EDBs and
this may put pressure on resources and therefore wages. Wage rate movements continue to be
manageable within EA Networks allowable revenue.

The availability of sufficient capacity (as described by projected load growth in this plan) from both the
existing Ashburton GXP and any new Transpower Grid Exit Point will not be unreasonably constrained by
220kV operational limits. This applies under steady state and fault conditions.

The Transpower Pricing Methodology (TPM) remains in its current form which does not emphasise GXP
or regional demand. Most of the charges are assigned via an annualised average volume network demand
from all sources (including embedded generation). Load management of summer peaking consumers
(such as irrigation pumps) is not a necessary commercial consideration under the TPM.

The consistent pattern of responses exhibited by consumers surveyed annually by EA Networks continues
in future surveys. This will ensure satisfaction, expectations, and willingness to fund improved reliability
remain within narrow bounds and do not fundamentally change the current asset management
strategies.

EA Networks assets are not exposed to extraordinary natural disasters during the planning period. In
particular, events such as a major earthquake caused by a rupture of the Alpine Fault, further Canterbury
earthquakes, a massive flood of record proportions, a snowstorm of record proportions, or a windstorm
with sustained speeds exceeding 140 km/h (900 Pa). Any of these events is outside the reasonable design
parameters for the electricity network to survive without significant damage.

The impact of electric vehicle charging on peak demand is not significant during the planning period. The
moderate initial uptake of electric cars due to high cost is likely to dampen the immediate impact on the
network. It is also inevitable that charging will be subject to some form of load control or incentives for
off-peak charging. The option to source significant amounts of stored energy from electric cars into the
network has not been considered as consequential during the planning period.

A review of Ashburton and/or Timaru District Plans covering EA Networks’ network does not materially
affect the ability of EA Networks to manage the network assets using the strategies outlined in this plan.

The replacement of the Resource Management Act does not affect the ability of EA Networks to manage
the network assets using the strategies outlined in this plan.

Any distributed generation that is commissioned during the planning period is of sufficiently small scale
as to not materially affect the demand estimates or permit the postponement or cancellation of any
planned projects or programmes.

The climate during the planning period is within the normal range of precipitation, temperature, wind
speed, and humidity. Significant changes in any of these parameters could not only affect the assets but
also the characteristics of electricity demand placed on those assets.

The changing retail cost of electricity does not materially affect the rate or pattern of consumption


https://www.mfe.govt.nz/essential-freshwater-new-rules-and-regulations
https://www.mfe.govt.nz/fresh-water/freshwater-acts-and-regulations/national-environmental-standards-freshwater

exhibited by consumers or groups of consumers representing significant demand on the EA Networks
network.

e The international price of agricultural commodities remains close to current values. This is particularly
relevant to dairy products and irrigated crops. A major drop in price could see less irrigation demand and
a major increase in price could see a dramatic increase in irrigation demand.

e No significant agricultural event, such as an outbreak of foot and mouth disease occurs, which could
materially affect the value of agricultural production in Mid-Canterbury. An outbreak of Mycoplasma
Bovis has occurred and been managed. There are currently several farms in Mid-Canterbury being
actively managed because of Mycoplasma Bovis detection. The current strategy continues to be
containment, with the ultimate goal of elimination looking likely to occur.

e A global pandemic does not cause a long-term (multiple year) significant downturn in economic activity.
COVID-19 has become widespread globally and the medium-term impact is still somewhat uncertain.

e The performance characteristics of technologies and equipment types new to the EA Networks network
are as represented to EA Networks during the equipment approval process. History has shown that on
rare occasions vendors have misrepresented the products they sell (generally unknowingly). EA Networks
have an expectation that any such technology or equipment performs as specified.

e The consumer uptake of solar photovoltaic generation and battery storage is not sufficient to cause
widespread disconnection from the distribution network. If prices for this technology fall sufficiently,
then the commercial risk of network earnings being insufficient to earn an acceptable return may exist.

e That the load growth and new connections forecasts will be close to those predicted.

1.10.3 Future Changes to the Distribution Business

Any change in the scale, scope, structure, or focus of EA Networks as an electricity distribution business could
considerably affect the validity of many information sources and assumptions used to prepare this plan.

There is no intention to change the ownership or structure of the electricity distribution business that is EA
Networks. As such, the prospective information and assumptions used here are consistent with the current
scale, scope, and structure of EA Networks.

For completeness, it should be noted that EA Networks are currently involved in one other utility activity:

e A fibre optic communications network (www.eafibre.co.nz). Initially for EA Networks’ use as inter-
substation communication, but also built with the intent of provision of broadband services to other
users.

The primary focus of EA Networks for the foreseeable future remains the electricity distribution function.

During 2017, EA Networks divested itself of an interest in a piped and gravity pressurised water distribution
network for irrigation from the Rangitata Diversion Race.

1.10.4 Factors Affecting Information Uncertainty

The information sources that have been used in this plan are all subject to a greater or lesser degree of
uncertainty. A high level of uncertainty in a parameter is not necessarily problematic unless the plan exhibits a
high degree of sensitivity to that parameter. What follows is a description of the information sources that do
have a moderate to high degree of sensitivity on the plan’s projections and outcomes. Should the uncertainty
prove to be significant, it could materially affect any comparison of predictions with future actual outcomes.
The factors are as follows:

e The load growth is significantly greater or less than predicted in the plan.
e Water availability for irrigation significantly increases from either ground or storage sources.

e Significant agricultural event, such as an outbreak of foot and mouth disease occurs, would materially
affect the value of agricultural production in Mid-Canterbury.

e The regulatory environment changes, requiring EA Networks to achieve different service standards,
different design standards, and/or different security standards. This could also affect the availability of
funds for asset management.


https://eanetworks-my.sharepoint.com/personal/plindsay_eanetworks_co_nz/Documents/AMP/www.eafibre.co.nz

1.10.5

Consumer expectations change and/or they are prepared to pay a different amount for a significantly
different level of electricity network reliability.

The Transpower Pricing Methodology is altered to change the behaviour of consumers via electricity
distribution business pricing signals.

A significant natural disaster occurs.
Significant amounts of distributed generation and/or battery storage are commissioned.
Large and unforeseen loads require connection to the network.

The uptake of electric vehicles is much faster and widespread than anticipated and load control, smart
charging and off-peak incentives are not effective in shifting EV charging into off-peak periods.

The District Plans covering the EA Networks network introduce significant new restrictions or
requirements on new or existing network.

The Resource Management Act replacement legislation creates an environment that makes it significantly
more difficult and expensive to construct and maintain electricity distribution infrastructure.

International markets for agricultural commodities boom or collapse causing changes in irrigation or
processing industry demand.

Advances in condition assessment and research in network planning generate additional development
and maintenance requirements that are significantly different from current strategies.

A major item of equipment may fail without warning requiring significant repair or replacement
expenditure.

The ownership of EA Networks may change with new owners requiring different service, design, or
security standards to meet business objectives not embodied in this plan.

Assumptions Surrounding Sources of Uncertainty

Itis possible to subjectively quantify uncertainty and, in some cases, even objectively quantify uncertainty. Even
if the actual degree of uncertainty is open to debate, the effect of the uncertainty can often be evaluated in a
much more rigorous manner that establishes the sensitivity of the assumption to uncertainty and ultimately its
impact on any information based on the assumption. What follows is a generalised description of the effects of
uncertainty on the assumptions of section 1.10.2.

Uncertainty

Potential Impact
of the Uncertainty

Source of Potential Effect of Uncertainty

Load Growth A general acceleration or deceleration in load growth would
(as has happened in previous plans) advance or retard the Low
enhancement and development project(s) that had been
earmarked to accommodate it.
Irrigation In the unlikely event that significant additional irrigation water Medium — High
Water sources were made available, the projected demand could

(estimated 10-25%
increase in capital
expenditure
depending on water
guantity and
location).

increase well above the level expected during the planning
period. The rate of increase could also be dramatic as the
allocation is likely to be prioritised by the sequence of
application. Significant additional network reinforcement
(capital expenditure) would be necessary to support the extra
load.

Alternatively, a significant move from deep well pumped
irrigation to gravity fed/surface water could result in
significant load reductions. Retention of the deep well water Medium
consent and electrical connection could cause very large
peaks in drought years (hidden/unused load in average years).




A statutory/regulatory restriction on either the volume of
water permitted to be extracted or a restriction on the
farming practices (e.g. nutrient discharge) would cause
changes in the ability of farmers to irrigate. This would pose
a significant risk of underutilising assets.

Low — Medium

Regulatory
Environment

While most network lines companies remain natural
monopolies, it is highly likely that the level of regulation will
persist at current levels or increase. Regulatory compliance
costs are therefore likely to increase. The Regulator is best
placed to quantify the likely impact.

Low

Regional
Demand

If the regional demand peak period changes to mostly
summer, pressure would come on to control that peak or pay
for Transpower network reinforcement. Presently the
irrigation consumers have indicated they prefer to pay the
peak penalty than accept load control. If peak charges
increase, irrigators may accept control capping peak load.
This could defer some scheduled capital expenditure.

Medium to High

Consumer
Expectations

If the annual consumer survey reveals a change in service
quality expectations and/or a preparedness to fund this
change, the altered service levels would result in variations in
capital expenditure.

Low

Natural
Disaster

Widespread equipment damage (potentially irreparable)
would require significant funding for repairs and
replacements not allowed for in cost projections.

Low — Medium —
High
severity dependent

Distributed
Generation

Widespread small-scale distributed generation could cause
localised issues that would need resolution as well as network
wide issues. Depending upon generation availability it could
defer some development costs. Small quantities of medium-
large (0.5-5.0MW) individual distributed generators can
generally be accommodated without major service level or
network development cost implications. Analysis of large (10
to 50 MW) distributed generation solar farm connections to
the 66kV sub-transmission network has been shown to be
manageable, depending on the location chosen. The
increased capital investment required by distributed
generation connections is funded by the generation
developer.

Low

Large Loads

Large new loads (typically industrial) will change the load
growth estimates by step amounts. Beyond the GXP,
additional dedicated investment required to service a new
load is typically borne by the new load. This funding can be in
the form of a long-term contract requiring EA Networks to
initially find the capital. This would change the capital cash-
flow projected in the plan.

Low

Electric
Vehicles

Rapid and widespread uptake of electric vehicles could
require significant network development in dense urban
areas. This would be new capital expenditure not allowed for
in the plan.

Low — Medium
(estimated 15-20%
increase in capital

expenditure)

District Plans

A dramatic change in the District plan rules or land zoning
would typically only impact on new network (existing use
rights would protect existing network). A tightened set of
controls would increase new network capital cost.

Low




Commodity A significant rise or fall in agricultural commodity prices would

Prices raise or lower existing and new irrigation demand. This would )
. . . Low — Medium
in turn advance or defer planned network capital projects and
programmes.

Planning & The development and maintenance requirements differ from

Monitoring those currently projected, particularly for years 6-10 of the Low
planning period, and generally involving the 22kV, 11kV and
LV networks.

Equipment Widespread or major equipment failure and subsequent

Failure repairs or replacement are not factored into current Low

projections. Largest individual item does not exceed 1% of
network value.

Ownership An altered ownership structure or new owners outright could
alter the business objectives of the company and therefore
the drivers of this plan. This could result in significant changes
to service levels and expenditure.

Low — Medium

Weather affects the fault expenditure through the level of storm damage experienced. The budget for fault
expenditure can only be an estimate based on historical averages and general knowledge of the asset condition,
this average cost will account for an expected amount of storm damage.

The sensitivity of the network to storm damage has greatly reduced over the last 15 years as major
subtransmission and distribution feeders have been progressively upgraded with better quality materials. A
continuing distribution automation programme is reducing the amount of time and effort required for fault
location and repair. The Canterbury and Kaikoura earthquakes have shown the unpredictability of major events
and the extent of damage that can occur in a significant earthquake.

EA Networks is regulated using a default price-quality path under Part 4A of the Commerce Act 1986 that applies
to 17 electricity distribution business in NZ. The price-quality path reset for a five-year period from 1 April 2020
to 31 March 2025 has the following components:

e The maximum prices/revenues that are allowed at the start of the regulatory period.
e The annual rate at which maximum allowed prices can increase — expressed in the form of CPI-X
e The minimum service quality standards (SAIDI & SAIFI) that must be met.

Penalties may be incurred for breaches of the price-quality path.

If prices are forced downward, profit or costs will have to be reduced accordingly through reduced maintenance
expenditure. The most likely area for attention would be that of Inspection, Servicing, and Testing, as this has
little immediate effect on system performance and can be deferred for short periods to smooth out expenditure.

GDP in the Mid-Canterbury area has a direct effect on EA Networks’ revenue stream through increased demand
from large consumers. It also has an indirect effect as secondary and tertiary level consumers in the commercial
and domestic area expand. As for price control, any reduction in revenue must be reflected in cost savings or
deferred maintenance if profitability is to be maintained.

Several major projects have been mooted for Mid-Canterbury over recent years involving irrigation, agricultural
processing, and industrial processing. Any large additional loads could require major system reinforcement with
associated increased expenditure on development and enhancement projects. This activity would also highlight
the potential shortage of skilled labour which could either delay or price-escalate projects. This expenditure will
have to be at least partially funded by the end user, either as a capital contribution or through a longer-term
contractual arrangement. Maintenance expenditure will not be directly affected, except insofar as competition
for resources may slightly reduce the level of non-critical work carried out. These major consumer developments
can have significant economic benefits to the community.


https://comcom.govt.nz/regulated-industries/electricity-lines/electricity-lines-price-quality-paths/electricity-lines-default-price-quality-path

1.10.6 Price Inflator Assumptions

The majority of costs quoted in this plan are in constant price 2023 calendar year New Zealand dollars (2023-24
financial year). There are some disclosures associated with the plan that require nominal dollar values. To
convert forecasts made in constant price dollars to nominal dollar values, a set of assumptions must be made
about future economic conditions. The obvious factors that would influence future costs include:

e The consumer price index (CPI)

e NZD/Foreign currency exchanges rates

e New Zealand labour rates

e International commodity prices (aluminium, copper, steel, oil, plastic etc)
e Export/import tariffs and taxes

Although all of these factors are valid, there are very few authoritative forecasts freely available for periods
exceeding a few months to a year. The CPI includes most of the other factors to some degree. Consequently,
EA Networks have decided that the only price inflator that will be factored into the nominal dollar multiplier is
the CPI forecast issued by the New Zealand Government Treasury at:

https://www.treasury.govt.nz/publications/efu/half-year-economic-and-fiscal-update-2022

This Half Year Economic and Fiscal Update 2022 published in December 2022 includes a CPI forecast (June
years/quarter) to 2027 and EA Networks will use the 2027 value of CPI for the following 6 years, extending the
forecast to 2033. The values are as follows:

Financial Year

. 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
(ending March)

Treasury CPI

4 . 2. 2. 2. 2. 2. 2. 2. N/A
Forecast (%) 6 3.5 5 0 0 0 0 0 0 /

Cumulative CPI

. 1.0000 | 1.0640 | 1.1012 | 1.1288 | 1.1513 | 1.1744 | 1.1979 | 1.2218 | 1.2463 | 1.2712
Price Inflator



https://www.treasury.govt.nz/publications/efu/half-year-economic-and-fiscal-update-2022-html
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2 MANAGING RISK & RESILIENCE

2.1 Introduction

This section of the plan will consider the risks that EA
Networks’ electrical network faces from all sources and
the risks it presents to people and the environment. ‘ 3 5.

EA Networks explicitly recognises that the company must
take some risks in undertaking its core functions and
pursuing opportunities.

EA Networks manages risk by anticipating reasonably
foreseeable risk, understanding risk criteria, analysing,
and evaluating risk,

e determining risk tolerance,

¢ implementing risk controls and mitigation, and - S e R A

¢ ongoing monitoring and review of effectiveness.
Throughout this process EA Networks communicates and consults with affected stakeholders.

High impact low probability (HILP) events such as catastrophic events, complete failure of critical infrastructure,
natural disasters, pandemics, or cyber-attacks necessitate situation specific reporting and responsibility
structures. Each HILP event will be different, so EA Networks use a high-level planning framework rather than
event-specific plans.

2.2 Risk Management Framework

The purpose of risk assessment is to provide empirical knowledge and analysis to make informed decisions on
the treatment and method of resolution of particular risks.

EA Networks’ risk management processes use the methodology outlined in International Standard NZS/ISO
31000:2009 Risk Management — Principles and guidelines for use.

Establishing the context: This considers company
objectives, key drivers, the operating parameters,
external environment, and risk criteria. ESTABLISHING THE CONTEXT

Risk identification: This is the process of finding,
recognising, and identifying risks, which is undertaken by
a variety of methods including (but not limited to the
following):

RISK ASSESSMENT

e Engineering assessment
¢ Inspection and Maintenance outcomes

e Defect reports

MONITORING & REVIEW

e Accident/near miss reports RISK EVALUATION
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e External advice

e Audits and safety observations
RISK TREATMENT

Risk analysis: This is undertaken using both qualitative
and quantitative assessment to produce a risk score.

The risk score is calculated by multiplying the Likelihood (FrequencyxExposure) by Consequence. The
established risk score is an indication of the severity of the risk, which, in turn, assists in the evaluation and
treatment of the risk.



Recognising that risk analysis is a subjective process, EA Networks encourage staff to seek support in performing
initial risk assessments before registering a risk on the register. All registered perceived risks are evaluated by a
selection of staff experienced in performing such assessments.

Consequence Weighting

Important Serious Catastrophic
0.5 1 1.5 4 5
Almost . .
| certain 5 High High
()]
3 4 High
S
s/| Possible | 3 High
=
o . .
= | Unlikely | 2 High
1 High

Risk evaluation: This is used to determine the most effective methods of treating risk, as well as setting priority
of execution.

Risk treatment: This is the process to modify risk by either avoidance, reduction by implementing controls, or
mitigating the outcome.

A series of comprehensive risk registers feed into the

corporate Risk Management Policy, which provides EA Risk Management Interconnectivity
Networks’ philosophy to risk management and risk appetite

at a Governance and Corporate level.

The purpose of the Policy is to explain EA Networks’
underlying approach to risk and risk management and
ensures that a systematic and strategic approach to
identifying and managing risk and meeting business
objectives is taken.

Corporate Risk Register

e Theidentification and management of risk is linked to
the achievement of EA Networks’ strategic goals.

e Risk management is embedded in normal business
processes.

e Everyone is held accountable for considering risk in
all decisions

e Delegated authority for accepting risk is defined.

e A risk capability appetite and tolerance statement is
maintained and reviewed regularly by the Board
Audit and Risk Committee

During 2023, in response to a review of risk management
practice by Deloitte, a set of critical corporate risks were
identified and analysed using the bow tie technique.
Similarly, in response to a Cosman Parkes safety review,
critical safety risks have had bow tie analysis completed to Risk Management Standard
record safety risk controls and mitigations.

The EA Networks network is periodically exposed to events

or incidents that subject elements of the electrical network to a high risk of failure. If the location of these
events coincides with a critical component of the electrical network, the result is a high risk to the integrity of
the electrical network. This risk of failure can in turn lead to high risks for consumers, either as individuals or as



larger collective groups.

The range of events that can place the network at risk are extensive and range from a mouse entering a
protection panel in a substation to a commercial aircraft crashing into the Transpower substation. These two
examples could have similar immediate effects (loss of supply to a wide area) but the likelihood of each one
happening is particularly disparate.

Natural disasters are assessed by evaluating the risk cost for each event (probability times the consequences of
failure cost) and developing appropriate contingency plans and procedures to ensure business continuation and
mitigation of impacts respectively.

Note that the risk of non-supply of electricity is managed by way of service agreements/insurance cover and is
outside the scope of this plan.

Network risk assessment identifies:
e the category or specific equipment at risk,
e the supply at risk,
e the risk elements and the likelihood of each element depriving the network of the equipment,
e the initial deprival time and quantity delayed (initial consequences of the risk event),
e the delayed deprival time and quantity (repair time or delayed consequences of the risk event).

This information is then used to form a maximum risk score, which combines the maximum risk element score
with the duration and quantities of deprival.

The network risk register details:
e the risk treatment decisions that have been made,
e who is responsible for acting on them, the risk score after treatment,
e the timetable for treatment action,
e the monitoring technique, and
e the date of the most recent review.

A site summary details the risks facing the site overall and any co-ordinated mitigation that is necessary to reduce
the risk to an acceptable level.

Widespread (common-mode) risks to a particular type of equipment that could be affected by an area-wide
event are assessed without reference to any particular site.

The recent rapid rate of network development has resolved some of the most critical historical risks that have
been identified in the past. During 2024, a complete review of the network risk register will be carried out to
ensure the evaluation of risks is consistent with the current version of the EA Networks risk management
standard.

2.3 Environmental

Some level of adverse environmental effects needs to be accepted to recognise the necessity for electricity
supply. It is also recognised that EA Networks may have limited choice in locating assets and facilities, given
logistical or technical practicalities.

The objective is to provide for the construction, installation, operation, maintenance and decommission of
electricity infrastructure where adverse effects on the surrounding environment can be appropriately avoided,
remedied, or mitigated.

Network assets are mainly situated on land that has been previously modified. On the Plains, EA Networks do
not have any known highly significant ecological, archaeological, or environmental areas within their network
footprint. In the foothills, there are a number of sensitive sites and areas that require due consideration and
compliance with District and Regional Plan rules.

Fortunately, most of EA Networks’ technical infrastructure has been either renewed or upgraded to modern
requirements so legacy environmental issues such as PCBs and Asbestos are minimal.



The EA Networks Environmental Management Standard (last reviewed October 2019) specifies how
environmental assessments are undertaken, manage possible environmental impacts arising as a result of
electricity network activities, and provides detailed information to support the EA Networks’ Environmental
Policy.

This is supported by Standards relating to:
¢ Sulphur Hexafluoride management (last reviewed November 2019),
e Legacy Asbestos management (last reviewed October 2019), and
e Specific spillage procedures (last reviewed September 2019).

The three most critical environmental risks are as follows:

2.3.1  Sulphur Hexafluoride (SFs) gas

SFe has unique physical and electrical properties making it a very efficient dielectric and arc-quenching gas.

It has mainly replaced oil-filled circuit breakers (which contained PCBs) and reclosers in some 33kV and all 66kV
switchgear. The last 33kV oil-filled circuit breakers are scheduled to be decommissioned before 2025.

EA Networks is committed to adopting best practice with respect to minimising SF¢ emissions when installing
new equipment, during maintenance and during retirement of old equipment:

¢ EA Networks voluntarily follow the International Standard IEC 60694 requirement of less than 1% leakage
from equipment per annum

e SFs reserves are stored in an approved and secure purpose-built storage bunker. EA Networks are
participating in the Emissions Trading Scheme due to holding more than 1 000kg of SFe.

At this time, there is no intention to remove SFs from the network. Switchgear containing SFe is still actively
being purchased.

However, techniques to decrease the volume of SFe held in reserve are being actively pursued.

23.2 Oil

The majority of zone substations have been built or rebuilt in the last two decades, and they are subject to
stringent contemporary Resource Consent conditions.

Due to most zone substation transformers holding between 14000 and 19000 litres each, the risk to the
environment is from the volume of oil that could be released in the case of an accidental spillage, rather than
the likelihood of that spill occurring.

All in-service zone substation transformers are in a bunded enclosure. The previous solitary unbunded
transformer has now been upgraded to a bunded arrangement. The bunded enclosures are designed to contain
the full volume of oil in the transformer plus 24 hours of the heaviest historical rain. All bunds have level
monitors to detect modest amounts of fluid in the bund and are monitored by SCADA. When a level alarm goes
off, personnel are dispatched to examine the bund and, provided no oil its present (during or after a rainfall
event), they will drain the bund onto the surface of the substation ballast. Every zone substation and every EA
Networks heavy truck (capable of carrying a distribution transformer) has a spill response kit stored with it and
personnel have been trained on spill mitigation. Oil spills are very rare, and when they occur a rapid response
using spill kits ensures minimal environmental impact occurs.

2.3.3  Fire

One of the most common effects any electricity network has on the rural environment is initiating small brush
or grass fires. To date, any fires caused by the network have been very infrequent, small volume, and very
localised. The fire is often out by the time FENZ arrive.

It is normally external factors such as airborne debris, vegetation, farm machinery etc. hitting live lines, which
causes either drop out fuses to operate or live wires to contact the ground.

Both hot fuse elements and sparks from live contact are a common source of ignition in dry conditions.

Every effort is made to ensure the network is as fault resistant as possible and minimises fire initiation risk.



Active network mitigation methods include:

¢ Permanently configuring the reclose function on the automatic circuit reclosers to permit only one and
at most two reclose attempts before lockout (from the default setting of three attempts).

¢ During dry weather disabling the reclose function on the automatic circuit reclosers using meteorological
data from FENZ and NIWA as trigger points.

Other network projects that benefit fire mitigation include:

¢ Ongoing overhead to underground conversion projects decreasing the likelihood of live lines or hot fuse
elements falling to the ground.

¢ Removal of significant quantities of in-line drop-out fuses, replacing them with pole-top SFs Gas switches
or RMUs

e Bird-proofing the pole-top SFs Gas switches.

¢ |Installation of Neutral Earthing Resistors in the zone substations, which limits earth fault current to 300
Amps maximum (decreasing the amount of energy available when live wires contact the ground).

To completely eliminate these fire risks would be extremely costly and could not be justified by the reduction in
likelihood of environmental harm. There has been a concerted effort to identify situations of increased fire risk
and mitigate these where possible. Significant focus and consideration of options will continue in this area.

2.4 Commercial

The key areas of commercial risk affecting EA Networks focus largely on risk to income from electricity demand,
in terms of both volume and capacity. Technology and customer choice can materially affect these, though the
speed at which this could occur is not (currently) considered fast.

Seasonal demand variation affects gross revenue and prices. EA Networks has already seen some of the 100
highest regional peaks shift to summer, and under the previous Transmission Pricing Methodology (TPM) this
caused dramatic swings in the charges received from Transpower. Ultimately, these charges were passed onto
the consumer, but the volatility presented to consumers was not welcomed. Under the new TPM, transmission
charges are based on four-year average anytime energy volumes delayed by four years. So, annual average
energy volume will determine EA Networks’ future transmission charges, but the methodology makes those
charges much more stable year to year.

2.4.1 Irrigation

The conversion of some irrigation schemes to gravity-pressurised pipe (surface) networks has allowed farmers
to consider whether they can forego the deep well electric pump. In many cases, they have retained wells only
for back-up in case of a very dry year or to retain the water-use resource consent. If farmers decide it is not
worth retaining the electric pump, then rural load could decrease, risking the income used to earn a return on
relatively new rural electrical assets. To date, there have been relatively few disconnections, but some have
chosen to reduce the pump size. Much of this electrical load has been converted to Highbank pumping load.

A December 2020 economic study commissioned by the Ashburton District Council considered the impacts of
land and water management legislation and government policy statements. This showed considerable negative
impacts from water reforms that could damage the GDP of Mid-Canterbury and the local farming community
that drive this. The report highlighted the long terms risks that EA Networks is exposed to with respect to dairy
and irrigation in the region.

2.4.2 New Technologies

In terms of new technologies, the global electricity industry is entering a new era where the end-user has more
choice. The choice between retailers of energy has existed for many years and energy consumers choose
between energy sources (gas, electricity, wood, coal, etc) and within that energy source they have choice of
provider (Contact, Meridian, Trustpower, etc). Consumers can now generate their own electricity using solar
PV, and once generated, can store this in batteries within their premises. The batteries can also be used stand-
alone to store off-peak energy. This gives consumers choice over their provider of not only electrical energy but
also electrical power (capacity). If they wish, they can decide to completely self-generate and disconnect from
the network — though this is a marginal exercise and one that is not considered to be a substantive risk at this



point. At this time, it is not economic to completely disconnect from the existing electricity network, and it may
never be truly economic, but that opportunity still exists.

Assuming most consumers choose to retain a network connection, the complexity of power flow through the
distribution network is going to increase over time and there will be a need to manage that complexity with
additional assets and resources. These assets and resources (along with the existing assets) will require a
financial return on them, and the mechanism to charge for the facilities provided to consumers must be simple
and transparent. The existing energy-based charging is unlikely to be adequate in that regard. Some form of
demand/capacity charge is necessary to signal the consumer their fair contribution to charges that will be
imposed upon EA Networks by Transpower and reflect their use of the shared distribution network assets.

EA Networks is investigating options for providing data capture and control options for charging, monitoring,
and controlling the capacity required by each connection. This would be one piece of the wider puzzle to allow
the distribution network to facilitate bi-directional power flow and localised energy trading. It is still not clear
how it will be possible to properly coordinate the myriad appliances that generate into, store energy from, and
load the network (an AC battery does all three). As the way becomes clearer, EA Networks will look to provide
the necessary infrastructure to remove barriers to economic and efficient use of the distribution network. EA
Networks' development of a suite of Advanced Distribution Management System applications is a proactive
measure in preparation for managing the distribution network in this future, complex environment.

2.4.3  Self-generation and Disconnection from the Network

One of the risks to the distribution network owner is that sufficient consumers choose the self-
generation/disconnection option and the return on fixed assets must then be recovered from the remaining
consumers. The price of capacity will increase to the connected consumers, and this will encourage more to
disconnect, leading to an upward spiral of cost to those that remain. This may seem unlikely as asset write-
downs would undoubtedly occur, but ultimately the viability of the business is then put at risk.

There are a range of options for mitigating this risk, some of which are within the control of EA Networks, while
others lie in the hands of government agencies, and some are unknown. One option already provided for is an
accelerated depreciation recovery, allowing up to 15% reduction in asset lives. EA Networks are not able to
provide sufficient evidence of asset underutilisation at this time. However, there has been some evidence that
even energy efficient appliances have started to reduce individual household energy consumption (but not
necessarily peak demand).

2.5 Network Risk

2.5.1 Equipment Risks

Risk assessment has identified a number of pieces of equipment that have a sufficiently critical place in the EA
Networks network that the consequences of failure is seen as worthy of further investigation. In most cases,
the risk had been informally identified prior to the risk assessment exercise and consideration was already being
given to appropriate mitigation.

The following table gives a summary of the highest scoring risks for critical pieces of major equipment which
would have implicitly high consequences if they were unavailable.

Summary of highest risk type (words) and severity (colour) for major substations

Site Building & Contents Power Transformers Switchyard Equipment
Ashburton 66/11 Seismic = Low Equipment = Low Lightning = Low
Carew 66/22 Seismic = Low Equipment = Low Lightning = Low
Coldstream 66/22 Seismic = Low Equipment = Low Lightning = Low
Dorie 66/22 Seismic = Low Equipment = Low Lightning = Low

Eiffelton 66/11 Seismic = Low Equipment = Low Lightning = Low



Elgin 66/33
Fairton 66/22/11
Hackthorne 66/22

Lagmhor 66/22
Lauriston 66/22
Methven 33/11
Methven 66/22/11
Mt Hutt 33/11
Mt Somers 66/22
Montalto 33/11
Northtown 66/11
Overdale 66/22
Pendarves 66/22
Seafield 22/11
Seafield 66/11
Tinwald 66/22/11
Wakanui 66/22

Seismic = Low
Seismic = Low
Seismic = Low
Seismic = Low
Seismic = Moderate
Seismic = Low
Seismic = Low
Seismic = Moderate
Seismic = Moderate
N/A
Seismic = Low
Seismic = Moderate
Seismic = Low
Seismic = Low
Seismic = Low
Seismic = Low

Seismic = Low

Seismic = Low
Equipment = Low
Equipment = Low
Equipment = Low
Equipment = Low
Equipment = Low
Equipment = Low

Equipment = Moderate
Equipment = Moderate

Seismic = High
Equipment = Low
Equipment = Low
Equipment = Low
Equipment = Low
Equipment = Low
Equipment = Low

Equipment = Low

Note: Equipment refers to the risks involved in equipment failure.

Risk Rating Rationale

Lightning = Low
Lightning = Low
Lightning = Low
Lightning = Low
Lightning = Low
Seismic = Low
Lightning = Low
Seismic = Moderate
Seismic = Moderate
Seismic = Moderate
Lightning = Low
Lightning = Low
Lightning = Low
Lightning = Low
Lightning = Low
Lightning = Low
Lightning = Low

2.5.2

While engineered to a good standard, the Lauriston and Overdale Substation buildings are considered moderate
seismic risk due to their proximity to the Mitcham fault system?.

Mount Hutt and Mount Somers Substations are considered moderate seismic risk due to their close proximity
to the Geraldine—Mt Hutt Fault system. Both sites have been engineered to a good standard.

Montalto33 is considered high seismic risk due to being a temporary site (not built to the same engineering
standards) and its proximity to numerous fault systems. Remediation work is planned when the substation
surrounds are converted to 22kV in the near future, making the Montalto33 Substation redundant.

External Risks

Seismic events, flooding, snowfalls, high wind, and wildlife are the key natural risks faced by the road-side
electricity network. A consequence of typically being by the roadside means that vehicles, vandalism, and fire
are the significant man-made risks to the electricity network.

Different items of plant will respond in different ways to the same risk. A flood is unlikely to cause major
problems for a pole-mounted transformer, but a kiosk-mounted unit will undoubtedly have a higher risk of
failure during a flood.

The following table identifies the risks facing different components of the network and the consequences of
being exposed to that risk.

Summary of highest risk type and severity (colour) for major asset categories

Category Highest Risk Consequences Treatment
UG 66kV & 33kV Seismic High Emergency Spares
UG 11kV Cable Seismic Medium Emergency Spares
UG LV Cable Seismic Low Accept & Design

2 GNS: General distribution and characteristics of active faults in the Ashburton District, Mid-Canterbury.



2.6.1

OH 66kV Line Wind/Snow Medium Emergency Spares & Design
OH 33kV Line Wind/Snow Medium Emergency Spares & Contingency Plan
OH 22kV Line Wind/Snow Medium Normal Spares & Design
OH 11kV Line Wind/Snow Medium Normal Spares & Design
OH LV Line Snow Low Normal Spares & Design
Circuit-Breakers Seismic Medium Emergency Spares
Ring Main Units Seismic/Flood Low Normal Spares & Contingency Plan
Disconnectors Seismic Low Normal Spares & Contingency Plan
HV Fuses Lightning/Seismic Low Normal Spares
Pole Mount . W|r-1d/Sno-w ) Medium Normal Spares & Revise Design
Transformer Lightning/Seismic
Kiosk Transformer Seismic/Flood Medium Normal Spares & Revise Design
LV Boxes Vehicle/Flood Low Accept

Design = Ensure Adequate Design
Accept = Accept the risk and repair any damage in a routine fashion
Emergency Spares = Spares set aside for emergency use only

Ashburton District Council’s Civil Defence Emergency Management defines a major earthquake as one which
closes road access into the Ashburton District for up to 72 hours and severely disrupts Lifeline Utilities within
the district. This equates to a 1 in 300-year event?.

External consultants reviewed the seismic risk to the network after the Christchurch earthquakes. Since then,
their recommendations have been adopted — in particular, improved seismic restraint for ground-mounted
equipment.

Recent flood protection works to Ashburton’s major stop banks (to prevent a 1 in 100-year inundation event)
have reduced the risk of major flooding to Ashburton township during the design life of network assets to a very
low percentage*.

2.6 Risk Mitigation Proposals

Procedural Responses

EA Networks can control some aspects of risk. Gathering information about potential risks and proactively
planning responses to it can alleviate the likelihood of an event occurring in some cases or, alternatively, lower
the consequences to EA Networks if the event does occur.

The following procedures will be adopted to assist in managing risk:

e Minimise critical equipment failure risks by early identification of issues and subsequent prudent
management and maintenance to ensure equipment availability.

e Liaise closely with regulatory agencies and neighbouring electricity companies to compare preparedness
and co-operate with technical information

e Ensure design standards are compatible with a risk profile deemed acceptable by the community

e Safety aspects of risk have been addressed in section 2.2 and section 3.7.

3 Ashburton District Earthquake Initial Response Plan
4 Environment Canterbury — Ashburton River (Hakatere) Flood Hazard Management Strategy.
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2.6.2

Risk to the environment has been addressed in section 2.3 and section 3.8.

Development of a range of emergency response plans has been addressed in section 2.8. The majority
of these plans have been reviewed in the last 24 months.

Engineering Responses

A certain amount of physical work can be undertaken that helps mitigate the risk faced by EA Networks if that is
an element of the chosen treatment for those risks. The following items are engineering responses to distributed
risks that are significantly mitigated by this treatment.

2.6.3

Emergency stocks: Specific items have been reserved in the stores system for use in emergencies. These
items are typically items that are long delivery, obsolete items, or potentially difficult to transport in the
aftermath of a natural disaster.

Emergency spare distribution transformer: A universal emergency distribution transformer has been
established. Itis 1000kVA and can be connected to 22kV or 11kV, overhead line, or underground cable.
This is useful for covering critical individual transformers for failure (hospital, water supply, etc).
Reasonable stocks of transformers are kept in common smaller sizes.

Distribution transformer restraint:  Revision of the mounting arrangements for all distribution
transformer mechanical restraint has ensured lower risks for people as well as lower risk of interruption
during an earthquake.

All new transformers larger than 100kVA are now ground mounted on seismically secure precast
foundations. A standard holding down arrangement has been established that offers high seismic
security.

Staff awareness: Education of staff has heightened awareness of risk, and solutions are now becoming
part of the way of working. Staff are actively promoting risk reduction where they see issues.

Network renewal: By renewing the network (for other reasons) a lot of the riskiest network components
are being removed or replaced.

Containerised autotransformers: The portable 5MVA autotransformers that are required at the junction
of 11kV and 22kV distribution are housed in lined shipping containers to ensure no oil spill risk.

Specific Solutions

Some of the risks that scored the highest in the risk register have been specifically treated by engineering a
solution to minimise the likelihood and/or consequences. The following items are the most relevant responses.

Northtown Substation: The security of Northtown substation has been further enhanced by the addition
of the EGN-FTN 66kV circuit in 2019-20. In conjunction with FTN 66/22/11kV substation, this provides
two full capacity in-feed 66kV lines.

Closed Sub-transmission Rings: The risk of spur lines failing in adverse weather and then not being
accessible for repair has caused the fundamental design requirement of virtually all zone substations to
be on a closed sub-transmission ring. Those sites that are not on a ring must have alternative HV
distribution voltage alternatives available that do not share the same pole line as the sub-transmission
supply (Mt Hutt Excluded). Sections 5.4.2 and 5.4.3 outline a variety of projects that advance this
objective.

Pendarves and Carew Substations: decrease in risk of transformer fire affecting neighbouring
transformer, due to rated firewall built between them.

Ashburton Substation: substation control room being upgraded to Importance Level 4 (IL4) seismic rating.

Ripple plant configuration: The possibility of ripple plant failure allowing an uncontrolled system peak
has significant risks for EA Networks — both reputationally and electrically. The configuration of the two
ripple plants has been engineered to allow the GXP to be partially covered by another plant in the event
of a failure. This was relatively inexpensive to achieve and has reused 33kV ripple plants when the 66kV
GXP was introduced. The commissioning of a new 220/66kV transformer (T9) has reduced the ability to
cover for ripple plant failure. Future projects will ensure the security of load control signalling (see section
5.4.11).
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2.7 Health and Safety

Electricity is a familiar and necessary part of everyday life; however, failure of the electrical infrastructure or
uncontrolled release of electricity can kill or severely injure people and cause significant damage to property.

All participants in the electricity supply industry have an obligation to ensure their workers, contractors and the
public are kept safe, and are well informed of risks and how to eliminate or mitigate them.

2.7.1  Health and Safety Management

With many work practices underpinned by relevant legislation, standards and industry best practice health and
safety cannot simply be a matter of compliance.

EA Networks equips its workers with the necessary equipment tools, and plant to undertake their work tasks
safely.

Worker competency is a fundamental requirement for all work on and associated with the network. EA
Networks, as a member of the Electricity Networks Association, has committed to the Common Competency
Framework (CCF). The CCF is intended to provide a nationally transportable competency standard across the
New Zealand electricity supply industry. The commitment to increasing both knowledge, skills by education and
training of all staff is a core obligation of EA Networks’ approach to safety.

An ongoing culture of continuous improvement is practiced by constantly evaluating new technologies,
improved work practices, and adopting better methodologies and behaviours. A review of EA Networks’ health
and safety practice by Cosman Parkes in 2022 resulted in the following changes being implemented:

e Development of a health and safety strategy, supported by Key Performance Indicators.

e Review the health and safety governance capability of the Board and consider opportunities for further
development around contemporary health and safety thinking.

e Review the arrangements for worker participation, engagement, and participation in order to enable
them to be fully involved in matters affecting their own health and safety, including training of health and
safety representatives.

e Review the whole critical health and safety risk approach against a recognised framework, develop bow
tie analysis of critical health and safety risks, and identify controls and mitigations.

2.7.2  Public Safety Management

The Electricity (Safety) Regulations 2010 require electricity network companies to implement and maintain a
Safety Management System for public safety. EA Networks is fully committed to this requirement by achieving
compliance with annual external audits conducted by TELARC to verify compliance with NZS 7901.

The EA Networks Public Safety Management System (PSMS) covers all aspects of asset management including:

e management of risk, hazards, and change,

e equipment specification,

e procurement,

e network design,

e network construction,

e network operation,

e public awareness including:
a) regular radio and newspaper advertising of electrical hazards.
b) safety presentations to emergency services personnel and other targeted audiences.
c) extensive warning labelling of EA Networks equipment.

EA Networks provide a free condition assessment to owners of HV service lines connected to the network,



highlighting any problems to them in writing. If these recommendations were ignored, a copy of the letter was
initially forwarded to the Energy Safety Service (ESS) but, after receiving no support from ESS, the letter is simply
kept on file. On at least one occasion, EA Networks has isolated the line without the consent of the owner due
to their inaction and the severe safety hazard.

Regularinvestigations and review of all publicincidents are undertaken including, but not limited to the following
incident types.

¢ Vehicles hitting poles or ground-mounted equipment.

¢ Mobile plant, irrigators or equipment contacting overhead conductors.
e Excavation damage to underground cables.

e Operation of network assets causing damage to private property.

Where network assets have materially contributed to a public incident, consideration is undertaken to either
reconfigure, relocate, mitigate access, or remove the asset.

As a means of further improving supply security, reliability, and public safety, EA Networks has adopted the
following policies and initiatives.

e Policy: New Connection and Extensions; As from February 2009 all new installation connections to the EA
Networks distribution network at less than 33kV have been by underground cable.

¢ An industry-leading undergrounding initiative across the EA Networks distribution network has led to
improvements not only in reliability but also in public safety.

This ongoing programme of removal of overhead lines and power poles has led to improvements in public safety
by decreasing the likelihood of contact with overhead assets (less mobile plant and equipment contact with
overhead conductors, or vehicles hitting poles) as well as decreasing the likelihood of outages from weather,
vegetation, or wildlife impacting overhead conductors.

EA Networks regularly collaborate and cooperate with other stakeholders to work together to improve safety.
Examples of this are:

e Partnering with NZ Transport Agency to remove overhead lines and poles from State Highways 1 and 77.

e Canterbury based Electricity Networks undertaking joint public safety messaging campaigns via multiple
channels including print, radio, and online. The focus is to increase the effectiveness of all joint public
safety campaigns through the provision of consistent messages, irrelevant of consumer location.

2.8 Resilience and Emergency Response

It is recognised that the local economy depends on a secure and reliable supply of electricity, and that a
catastrophic event such as an earthquake, landslide, tsunami, flood, wind and snowstorms, and terminal failure
of key assets can have a significant impact on both the network and the local economy.

Resilience is the ability to withstand, respond to, and recover from significant emergency events.

EA Networks have developed emergency response plans for dealing with widespread abnormal situations
created by either asset failure or catastrophic natural events. All emergency response plans are regularly
reviewed to ensure that unique risks arising from emergency response have been identified. This has included
training relevant staff in the Coordinated Incident Management System (CIMS) and preparing to stage regular
simulation exercises to emergency scenarios. As such, EA Networks is improving the capability to deliver on our
lifeline utility obligations.

Mutual Assistance Agreements have been signed with peer electricity distribution networks. These agreements
were successfully implemented when aiding Orion during the Canterbury earthquakes in September 2010 and
February 2011, and to Westpower in the aftermath of 2018’s cyclones Gita and Fehi. Following the Cyclone
Gabrielle event, EA Networks sent control room staff to Powerco to assist in operating their control room during
the immediate aftermath. The benefits of exercising control staff with other EDBs have been recognised, and
this will be continued during BAU conditions to encourage interoperability.

2.8.1 Business Continuity Planning

The EA Networks building at JB Cullen Drive is constructed to Importance Level 4 seismic standards.



The site is well provisioned with standby generation, water tanks, and EA Networks’ own communications
pathways to support critical infrastructure.

Regular electronic backups of mission critical records for retailer billing and consumer identification are carried
out. The backup copies are securely stored offsite by EA Networks’” web host.

All ICT servers are virtually hosted across the Ashburton substation data centre and JB Cullen site.

ADMS is similarly distributed across the above sites as well as an independent disaster recovery site at
Westpower in Greymouth.

A 20000 litre bulk diesel fuel tank and pump in the J B Cullen Drive yard decreases reliance on external fuel sites.
The diesel tank is restocked once it drops to half full. 200 litres of petrol are held for portable plant and
generators. The diesel storage is sufficient to run the fleet and the site generator for a minimum of one week
(assuming tank is half full). The tank would, on average, be 75% full and the diesel vehicle use not as high as
originally planned (working hour limits).

Non-perishable food and water are provisioned for essential staff.

For further details refer to:
e Emergency Preparedness Standards (last reviewed January 2020)
¢ Pandemic Planning Standard (last reviewed November 2019)

e Critical Infrastructure — Ancillary Services Standard (last reviewed December 2019)

2.8.2  Emergency Contingency Planning
Emergency contingency planning covers any emergency event situation that is the result of any:
e earthquake, eruption, tsunami, landslide, flood, storm, tornado, cyclone,
e explosion, fire, leakage or spillage of any hazardous gas or substance,
e infestation, plague, epidemic, or

e technological failure, complete failure or major disruption to an emergency service or lifeline utility which
cannot be dealt with by emergency services as business as usual, or otherwise requires a significant and
coordinated response.

For further details refer to:
e Health & Safety Manual Section 7: Emergency Management
e Emergency Preparedness Standards (last reviewed January 2020)

e Building Evacuation (last reviewed November 2019)

2.8.3  Specific Network Contingency Plans

Specific contingency plans for the restoration of supply to essential services and individual major industrial and
commercial consumers exist to complement and supplement the Participant Rolling Outage Plan. The majority
of EA Networks’ contingency plans have been reviewed in the last 24 months.

These include, but are not limited to the following:

e Network isolation and reconnection of embedded Hydro-stations (Highbank, Montalto Hydro, and
Cleardale).

e Alternate network supply pathways after complete failure of a Zone Substation.

e |dentification of critical third-party infrastructure and alternate supply pathways.

2.8.4  Participant Rolling Outage Plans

The Electricity Industry Participation Code 2010 Part 9 requires all specified Electrical Distribution Businesses to

prepare and publish a Participant Rolling Outage Plan (PROP) for audit and approval by Transpower’s System
Operator.



The PROP is required to conform with the requirements set out in the System Operator Rolling Outage Plan
(latest version 19 June 2016), and details how electricity distributors will assist the System Operator in managing
either a total outage or rolling outages of up to 25% of normal load if there is a national or regional electricity
shortage.

EA Networks’ most current PROP was updated in October 2021. A copy of the current Plan can be found on the
EA Networks website: https://www.eanetworks.co.nz/assets/PDFs/Disclosures/2022/EA-Networks-Participant-
Rolling-Outage-Plan-2021.pdf.

2.8.5 Civil Defence Emergency Management

EA Networks are a member of the Canterbury Lifelines Utilities Group which promotes resilience to risks and
develops contingency measures for Civil Defence Emergencies arising from disasters.

As a lifeline utility, EA Networks participates in the development of both regional and local Civil Defence
Emergency Management plans. EA Networks also provides technical advice to local authorities and other lifeline
utilities as requested.

In the event of a Civil Defence Emergency, nominated staff members are sent to liaise with the local district
council’s Civil Defence Emergency Operations Centre.

Delegated senior management staff have also attended workshops where the South Island regional
preparedness for a magnitude 8 Alpine Fault earthquake was discussed.

Designated staff have been trained in Coordinated Incident Management System (CIMS) protocols to improve
EA Networks interaction with Civil Defence Emergency Management.

2.8.6  Post Critical Event Reviews

A post-critical review is carried out after every major emergency event —however, the event may not necessarily
impact directly on EA Networks (e.g. the Canterbury earthquakes).

The post-critical review process acts as an effective tool to identify areas of improvement, and lessons learnt
from the post-critical review are incorporated into EA Networks’ operations.

The most recent review was undertaken after the July 2022 and August 2022 wind events.
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3 OUR CUSTOMERS

3.1 Introduction

EA Networks is required by statute to take all reasonable precautions to secure continuity of service. A certain
level of outages is inevitable, and they occur in all utilities. As a predominantly rural electricity supplier with
several townships, it is not always reasonable to compare EA Networks directly with a predominantly urban
supplier. It is EA Networks’ goal to ensure that it continues to perform above the industry average for
comparable line companies and it is targeting an on-going quality improvement with a consistent price path.

Service is about satisfying all stakeholders, and this includes safety aspects and environmental responsibilities
as well.

This section outlines: stakeholder expectations; past, current, and desired network performance; and goes on
to detail service improvement solutions that are either proposed or have already been implemented.

3.2 Consumer Research and Expectations

To set reasonable security standard targets that are compatible with end user expectations, appropriate
research must be carried out.

The needs of electricity users have changed greatly over the last decade or so with the rapid introduction of
technology into the domestic market. Appliances using the internet, personal computers, and security/fire
alarm systems are ubiquitous in homes and have greatly increased the sensitivity of householders to power
outages and minor interruptions.

The degree to which modern society has come to be reliant on a secure supply of electricity was clearly
demonstrated during outages in the Auckland area in recent years. While EA Networks’ area cannot boast a
similar level or density of critical business users, this perception is merely a matter of degree. The small gift shop
owner in Ashburton, running on small margins and high overheads, is just as reliant on electricity to power cash
registers and EFTPOS terminals as the largest multinational company is for power to its multi-storey tower office
block. There is of course an argument that they both should have some degree of backup for critical systems (a
UPS for the cash register, EFTPOS terminal, and phone system would be sensible in the case of the small retailer).

EA Networks’ 2022-23 Statement of Corporate Intent Objective (see section 1.7) details the governance
philosophy of the business. This approach has been crafted by embracing the feedback received from the
community of consumers that the company serves.

Words used in the Statement of Corporate Intent such as efficient and reliable are relative terms that are subject
to personal perceptions. These perceptions must be viewed from the consumer’s perspective, which must be
actively sought.

A consumer engagement survey has been undertaken annually from 2006-2013. A one-year gap then occurred
with no survey until 2015. Since 2017, the survey has been significantly different than prior surveys. It was
undertaken by a different company, using a different set of questions, and different analysis technique. The
most recent survey was completed in December 2021 utilising email invitations to an online survey and the
results reported in January 2022.

The most recent (2022) survey provided a worthwhile response to the different questions posed, with overall
satisfaction being very high.

Local Ownership Importance

Number of Important -

respondents

Important Unimportant change
from 2019

Importance of EA Networks 1,498 92% 2% 0%

remaining locally cowned



Power Outages

Number of A Di Agree - change
g S
respondents B Setlins from 2019
Power restored within a o
510 90% 4% +6%

reasonable timeframe

Ease to get information about 450 61% 16% +2%

the outage

Accuracy of information 425 69% 6% -|-4%

received about the outage

Overall, EA Networks: Does a

good job of minimising 1,493 87% 0% +4%

power outages

Customer Perceptions

Agree -
Number of 9

respondents

Agree Disagree change from
plo) ]

Overall, EA Networks: Does a
good job of minimising 1’493 87% 0% 'I'4%

power outages

Overall, EA Networks: |s a

reliable and trustworthy 1,474 84% 0% +4%
organisation
Owverall, EA Networks: Uses 1,482 68% o% +2%

maodern technaology

Owerall, EA Networks:
Communicates well with 1,477 66% 6% +5%

Consumers

Overall, EA Networks: Uses

efficient operating 1,478 64% 1% 'I-z%

procedures

Overall, EA Networks: Cares 1,469 58% 2% +'|%

about the environment

Balancing Prices and Service Levels

Willing to Keep the
. - - Reduce
Number of Keep things increase bill same —
I

respondents the same bill change since
amount
amount 2019

Willingness to pay

higher lines

charges to reduce 1'494 74% 4% 8% +l%
potential for

outages

Willingness to pay

a higher lines

charge in order to 1'487 75% 4% 8% +2%
reduce time

without power
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EA Networks’ Services

Positive -
Number of

respondents

Positive Negative change from
2019

New power connection - 82 88% 4% +3%

satisfaction

Mew power connection -

ease to interact with EA 84 88% 5% +12%

Networks

Tree vegetation/trimming

- ease to interact with EA 41 86% 7% +24%
Networks
Other service - ease to

0, 0,
interact with EA Networks 170 85% 8 /0 +7 A
Tree vegetation/trimming o o
- satisfaction 41 83% 15 /0 +.|2 A
Other service -

0, =20,
satisfaction 169 82% 13 /0 2/6
Fibreinstallation - ease to

0, 0,
interact with EA Networks 84 81% 8 /c' +3 A
Fibre installation - 84 74% 197 8%
satisfaction o
Complaint - satisfaction 20 68% 14% +23%
Complaint - ease to

y 22 50% 23% 0%

interact with EA Networks

Overall Satisfaction

Number of SalSHEdS

respondents

Satisfied Dissatisfied change from
2019

Overall satisfaction:
electricity and fibre

networks, reliability of supply, 1496 88% 1% 'I'z%

communication, and
reputation

How People Would Prefer to Receive Power Outage Updates

T — Would use this Would use -
& information source change from 2019
Text message 1’489 73% +4%
Pre-registered
email 1’489 44% +l%
Phone app 1’489 40% '2%

The key action points and messages from this survey are:

e The communication from EA Networks about planned and unplanned outages needs to be better and
preferably by SMS text message or email.



e EA Networks’ complaint management and communication needs to be improved (although this
satisfaction measure will always tend to be lower than others).

e EA Networks needs to change the customer’s perception of the technology used in the distribution
network and communicate the efficiency this brings to the organisation.

e EA Networks’ environmental impact needs to be communicated more effectively.
e Retaining local ownership remains very important for the vast majority of survey respondents.

e A significant majority of survey respondents are content to pay the same line charges for similar or
better levels of reliability and fault response.

Managing Conflicting Stakeholder Interests

Issues of Safety, Security, Quality, Cost and Service

Consultation by Management and
Shareholders” Committee

Stakeholders

Opinions
Conflict Consensus |
Stakeholder Liaison Prepare Technical
with Shareholders’ || Strategic Proce‘ Options and
Committee, Board and Financial Evaluation
Management

Rejection with Consideration by
Feedback to Board

Stakeholders —

Inclusion in Asset
Management Plan

As a co-operative company, the vast majority of consumers are in fact shareholders (more than 99%), and they
directly elect a Shareholders’” Committee who in turn appoint the directors. When shareholder viewpoints are
required, the Shareholders’ Committee provides the effective voice for consumers/shareholders. Regular
consultation occurs between the Board and the Shareholders” Committee where any issues that concern either
party are discussed. Examples of the type of discussion that occur are:

e the cost implications of various network performance improvements (price/quality trade-off)
e the conflict of the differing scale of urban versus rural reliability/cost/capacity/aesthetic impact

e the balancing of asset management practices with potentially conflicting shareholder interests

the path of proposed network development and the consumer price implications



e major projects that are proposed and the impact they will have on EA Networks and consumers

e the Statement of Corporate Intent which documents targeted financial and reliability performance
indices into the future (the Shareholders’ Committee receive/scrutinise the Statement of Corporate
Intent).

The Shareholders’ Committee provide a commentary on the performance of EA Networks for inclusion in the EA
Networks Annual Report each year. In short, it continues to endorse the general direction of the company’s
performance. The company have taken this endorsement as concluding an appropriate method of reconciling
stakeholder/shareholder interests and asset management practices.

Perhaps the most potential for tension tends to exist between company owners and customers. The co-
operative by its nature self-manages this to an extent, given that EA Networks’ owners are also EA Networks’
customers (generally). As such, if one group is favoured over the other, ultimately the same person benefits.
The balance is between consumer service levels and shareholder financial return — both benefitting the same
person. Between the Shareholders’ Committee and the Board of Directors, the interests of these two groups
are considered and managed appropriately.

When an obvious conflict between significant stakeholders’ interests arises, the technical and strategic elements
are separated. The technical options are conceptualised, and approximate costs prepared along with the pros
and cons for each option. These are presented to the Board for consideration alongside the strategic
ramifications of the technical options that exist to address the conflict. Once in the realm of socio-strategic
evaluation, the process of reconciling the technical and social aspects is left to the Board and Shareholders’
Committee to reach a consensus. The decision is then passed back to management for implementation.

In conjunction with the abovementioned forms of consultation, EA Networks is always available to liaise with
the Energy Retailers to determine the expectations of their customers and quantify these in terms of desirable
reliability indices as well as other relevant system or process improvements.

The EA Networks control centre accepts calls from consumers (but does not actively encourage them) and this
inadvertently forms another useful avenue for consumer research. Although the consumer is generally
contacting EA Networks to report a power outage, the consumer’s attitude is almost always courteous and
understanding. There are relatively few instances of angry callers, and where appropriate the caller’s concerns
are documented and passed on to the relevant staff member. Field staff also pass on any constructive comments
from consumers to the relevant staff members.

When requested, large users of electricity are contacted to ascertain their satisfaction with current service
levels. The Commercial Division of EA Networks undertake this consultation. When service issues are raised, a
range of alternative solutions are prepared to encourage the consumer to consider the service/cost trade-off.
Typically, this has resulted in relatively minor changes to the status quo.

3.3 Customer Service Practices

This section is included in preparation for content to be incorporated into this document in 2024 but provided
as a separate document in June 2023. The June 2023 document will be found here.

3.4 Strategic and Corporate Goals

EA Networks is committed to an open and neutral policy of operation. Its prime responsibilities are to manage
the distribution system reliably, efficiently, economically, and to meet its users' needs in providing quality
electricity supply services. EA Networks operates to meet those needs effectively and efficiently, recognising its
position as Mid-Canterbury's dominant provider of electricity distribution services. Minimisation of operational
costs is sought through the introduction of distribution automation as appropriate and the strict management
of all projects to set standards of safety, performance, budget, and timing.

The present condition (and by implication reliability) of any distribution line is largely a factor of its age and the
environmental aggression of the locations it traverses. Maintenance is becoming largely proactive rather than
the historical reactive approach.

One aim of the Asset Management Plan is to normalise the age profile of the system as much as possible by
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maintaining the average age of the network at approximately half of the weighted service life of the assets. At
the same time, the condition of all lines will be carefully monitored to make sure that the integrity and reliability
of the network is not unduly compromised.

Network performance indices, such as measured by SAIFI and SAIDI (among other performance indices), are key
parameters in determining whether sufficient maintenance expenditure is being provided to sustain a
satisfactory level of network reliability.

The underground conversion programme is primarily driven by the condition of urban overhead lines and the
need to either convert them to underground cable or rebuild them overhead. It must be noted however that
additional considerations were involved in the Board decision to allocate these funds. One of the significant
influences was (and still is) the desire to provide fairness in the degree of investment provided in rural versus
urban areas. The many millions of dollars spent in developing the rural network to accommodate irrigation
demand are being counterbalanced by the allocation of additional discretionary funds for urban development
for additional safety, reliability, capacity, security, and environmental appeal. The outcome of this strategy
continues to be satisfied consumers/stakeholders in both the rural and urban areas.

3.5 Network Service Levels

The overall level of system reliability can be measured in many ways that are combinations of the number of
interruptions, the length of interruptions, the frequency of interruptions, the number of consumers affected by
the interruptions, the total number of consumers, and the total length of lines. These parameters are used to
disclose a range of performance measures which are used for comparison with other, similar, companies.

The following published parameters are used to measure EA Networks’ performance in comparison to other
Power Companies (see Appendix A for explicit definitions):

Consumer Service Levels:

System Average Interruption Duration Index

Sum of (number of interrupted consumers x interruption duration)
Total number of connected consumers

SAIDI =

System Average Interruption Frequency Index
Sum of (humber of interrupted consumers)
Total number of connected consumers

SAIFI =

Customer Average Interruption Duration Index
Sum of (number of interrupted consumers x interruption duration)
Sum of (number of interrupted consumers)

CAIDI

Total Interruptions Sum of (number of interruptions)

The above indices reflect a measure of continuity of supply and supply restoration time to individual consumers.
While SAIDI largely depends on restoration time, SAIFI is a measure of outages — which depend on the planning,
design, and condition of assets. While it is possible to control these indices to an extent, it is not always feasible
or practical to do so. As examples, extreme weather conditions and vehicle vs. pole collisions can significantly
influence these parameters.

Asset/Financial Performance Levels:

Faults per = 100 x Sum of faults at a particular voltage and line type
100km Sum of (length of particular voltage and line type) in km




Fault = Maximum time taken to restore power to the EA Networks
Restoration network after an unplanned interruption.

Electricity (Information Disclosure) Regulations are designed to ensure that Network Line Companies provide an
appropriate level of reliability and security of supply to their consumers.

3.5.1 Target Level of Service

While ultimately it is consumers' requirements and financial commitments that drive work, possibly altering
system reliability, the Asset Management Plan is based upon meeting or exceeding a set of predetermined
targets.

It should be noted that the statistics used to measure performance against these targets could vary significantly
from year to year due to the random occurrence of a single major outage, seriously weighting the overall
statistic. Further analysis by EA Networks will seek to identify trends in underlying system reliability so that
appropriate management responses can be taken.

2023-24 Reliability Forecast : Target

Index Unplanned Planned Total
SAIDI (min) 90 120 210
SAIFI (p.a.) 1.25 0.40 1.65
CAIDI (min) 72.0 300 127

Faults/100km 10

Note: These non-normalised targets were set in March 2023.

The targets are set by:
e examining the historical performance of EA Networks,
e aligning planned outage performance with the level of work planned on the overhead network,

e evaluating historical performance when compared with all lines companies, separately with similar lines
companies, and then defining a position close to the desired performance relative to the other
companies,

e taking account of consumer feedback from surveys and shareholder/consumer representatives,
e ensuring the target dictated by industry comparisons is both desirable and ultimately achievable,

e recognising the improvements made to the network infrastructure and the positive impact that will
have on system performance.

EA Networks justify setting targets in this manner because it not only ensures that consumer/shareholder
preferences are accommodated, but any movement in performance by the whole industry will cause a shift in
emphasis for EA Networks. Performing above or below the normal bounds of the group of peer companies
highlights areas where, as a minimum, an explanation is required and, in the worst case, significant alteration to
asset management or operational methodology is necessary.

History has shown that the performance targets quantified are less ambitious than previously. Once the targets
are being consistently achieved, they will be reviewed to ensure they continue to match stakeholder
expectations. This review may result in changed targets which will be published in applicable documents. This
review is likely to establish a more rigorous methodology to quantitatively set and review future targets.

While significant amounts of capital are being spent on development, it does not necessarily follow that
dramatically higher levels of reliability will occur. In fact, at times through the 11kV to 22kV conversion process,
security is temporarily lowered as previous tie points must remain as an open point because of the voltage
difference. In the long term, security will increase for most consumers and EA Networks are confident this will
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Actual Raw SAIDI

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Actual Raw SAIFI

2023 Total Targe:

Target
Unplanned

2023 Planned Target

Planned

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Faults per 100km

Subtransmission

have a positive effect on reliability (all
new assets are designed to meet
security standards while a range of
existing ones do not meet them).
There has however been no effort
made to mathematically quantify the
likely increase in reliability in this plan.
Future plans may attempt to provide
analysis of this data thereby influencing
targets.

The unplanned SAIDI & SAIFI targets
have been based on the average of the
years ending 2016 to 2022. The
planned SAIDI and SAIFl have been
calculated using long-term averages
with a variable component based upon
the amount of overhead line work
planned in that year. These values
form the two components of the
overall SAIDI and SAIFI targets. This
approach ensures that achievable
targets are set while still challenging
the asset manager to make the best
planned and unplanned historical
performances coincide as often as
possible.

The targets are reviewed annually by
management, the Board, and the
Shareholders” Committee to ensure
that they are relevant and reflect
consumer feedback accurately. These
targets assume severe weather events
(admittedly undefined) are excluded
from the averages.

The Hexagon Geographic Information
System  (G/Technology) that EA
Networks use, can trace the network to
determine which connections are
without power for any open/close
combination of switches and fuses.
The OSI  advanced distribution
management system can also do this.
The results of these analyses are fed
into the Faults system (to be
supplanted by the OSI system) that
records each outage against individual
connections. This system can then be
interrogated to establish performance
over any time scale at each connection.

EA Networks have additional detailed targets. The following tables provide some of these.



Faults per 100km: Target

Year 66kV & 33kV Lines 11kV & 22kV Lines All Lines
2023-24 3 11.5 10
2025 -2028 3 11.5 10
2029 -2033 <3 <11 <10

Number of Interruptions: Target

Year Unplanned Planned Total
2023-24 230 270 500
2025 -2028 230 270 500
2029 -2033 <230 <270 <500

Actual Interruptions - Actual Interruptions -
Unplanned Planned

344

240 289

2oL a3 275 282 304
219
226
167 170

The number of interruptions is an absolute value that varies with both unplanned activity (fault) as well as
planned activity (construction or maintenance). The marked increase in planned outage numbers in 2017 and
2018 was caused by a suspension in live line working which also impacted the 2018-19 year. EA Networks has
now returned to live-line working for specific high-impact work which would otherwise have significant impacts
on customers. EA Networks’ revised live-line risk assessment justification has safety and customer impact at its
core. The criteria for live line use is now more stringent and this will mean higher ongoing level of planned
outages than seen historically. The 2020 year saw lower levels of planned outages as the risk of a breach became
apparent. During the last quarter of the 2020 year, most planned work was suspended.

The number of interruptions is probably the simplest measure of reliability available, as zero interruptions means
SAIDI and SAIFI would also be zero.

Network Performance Target Comparisons

The performance achieved by the EA Networks network is acceptable within its peer network line companies.
Although EA Networks can improve its performance, the medium-term target for the critical indices is to be
better than the median performance of all New Zealand power companies and in the top third amongst its
predominantly rural peers (measured by percentage of urban network and percentage of underground cable).

The following table compares EA Networks’ 2023 performance targets with the industry performance as a whole
and then peer companies. The Industry Average is the average value for all disclosing distribution lines
companies. The rural average is the average value for those companies that have:



a) underground peers (10 EDBs) have between 17% and 30% of Total Circuit Length for Supply as
underground. EA Networks have 24.7% underground supply network.

b) between 1% and 12% of their overhead network in urban areas. EA Networks have 2.9% of their
overhead network in urban areas. These have been termed urban peers (15 EDBs) and all except one
are also underground peers.

Comparison of Target Performance Indices: 2023

2016-22 % of 2016-22 % of Rural
EA Networks
2023 Tareet Industry Industry All Peers Peer
g Average Average Average Average
SAIDI Total (mins) 210 204 103% 235 89%
120 Planned
90 Unplanned
SAIFI  Total (interruptions) 1.65 2.22 74% 2.44 67%
0.40 Planned
1.25 Unplanned
Faults/100km Total 10.0 15.35* 65% 14.60 68%

* This value is calculated by summating all faults from 2016-2022 (110911) multiplying by 100 and dividing by 7 years then dividing
by the sum of all Total Circuit Length (non-LV) from 2022 (103233 km).

The predominantly rural group of 17 peer companies supply 37% of the total consumers in New Zealand using
57% of the total lines in New Zealand that have 41% of the total distribution network value. The % of average is
an indication of EA Networks target level (lower is better, and better than average is less than 100%).

Comparing EA Networks 2023 targets with the actual industry performance (disclosed in March 2022), it is
apparent EA Networks’ reliability targets are appreciably better than the average performance of peers and all
other companies except for total SAIDI. If the targets can be achieved regularly it will reflect in a newly revised
target the following year. This will probably reflect in a lowering of the average score percentage when
compared to the industry average. This will provide useful feedback to the stakeholders allowing them to
consider how much reliability is sufficient or even what the added cost of reliability well above the industry norm
may be and whether they wish to pay that cost in the future.

There continues to be reasonable amounts of planned development and maintenance work. Planned SAIDI and
SAIFI is one of the few outage reasons that EA Networks has direct control over. If stakeholders indicate that
the duration or frequency of planned outages are above tolerable levels, then EA Networks could use less
efficient but lower outage duration approaches to doing planned work. These approaches could include:

e employing additional contractors or staff to get much more done during any given outage or shortening
the outage,

e using live line working techniques to do some work that is currently done de-energised,

e more widespread use of generators to supply load that would otherwise be interrupted,

e building new lines on routes not occupied by the existing lines (for example the other side of the road),
e converting more of its rural network to underground.

Although all these approaches are possible, there must be demonstrable advantages to employing them.
Several of the approaches have been used — not always for lower outage duration during construction, but that
has become a side benefit.



It must be remembered that the industry-wide All average values above, include all of the urban network data
which are not considered to be typical of EA Networks’ peer companies. Another aspect of the EA Networks
network is that one Transpower substation serves the entire EA Networks area. This is uncommon for the size
of network load EA Networks carry. One of the consequences is that EA Networks takes the risk of fault on the
additional length of subtransmission lines and the energy losses that are borne by Transpower in most other line

Faults per 100km - Distribution OH (Avg/EDB)

EA Networks Peers Urban === Peers UG

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
SAIDI - Raw Total (Avg/EDB)

EA Networks Peers Urban == Peers UG

AN

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

SAIFI - Raw Total (Avg/EDB)

EA Networks Peers Urban === Peers UG

P .

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

facilitate these improvements.

company networks.

Historically, EA Networks has undertaken
a lot of planned development work and
this is reflected in traditionally high
planned SAIDI values. This will change as
66kV line development work decreases,
although 11kV to 22kV conversion work
still has an impact.

EA Networks averaged 9.53 planned
interruptions per 100km of lines in 2021-
22 compared to an average of 12.00 for
the industry (79% of the industry
average). This is an increase for both EA
Networks and the industry generally.
Much of this increase has been caused by
the backlog of planned work caused by
COVID. It is anticipated that this planned
outage rate will vary in proportion to the
level of overhead line development work
and line maintenance. Line development
is largely dictated by on-going load
growth.

Internal reporting and targeting of
performance indices are more detailed
than those discussed here. EA Networks
management report performance against
these to the Board each month and they
take an active interest in not only the
nature of the targets but also how they
are influenced by a variety of factors.

There are other financial and technical
indices published as part of the disclosure
process, but these can be very misleading
without a great deal of technical analysis
using background information about each
company’s load types, locations, profiles,
and seasonality. In future plans, more
detailed cross-company comparisons may
be attempted if significant asset
management benefit is seen by using
these indices.

As part of its on-going commitment to
improve system performance, the
Company is in the process of
implementing an advanced distribution
management system (ADMS). This system
has the potential to reduce response
times significantly. Future plans will detail
when and how these new features

As part of this effort to improve its service performance, EA Networks has started to implement an analytical



approach to identify various network trends. Several initiatives will be possible as the ADMS system becomes
fully implemented. Granular analysis will be possible at ICP level upwards. In future, feeder performance
comparisons will be included as part of a regular reliability analysis.

Distributor Agreement

As of 1 April 2021, EA Networks use the Electricity Authority’s Default Distributor Agreement with energy
retailers. This outlines a number of connection service standards that EA Networks undertake to meet.

Service guarantees to consumers include:
e To provide written notice 4 business days in advance of planned maintenance interruptions.

e To electrically connect a new connection to the network within 5 working days, provided all necessary
equipment is in place and a certificate of compliance and record of inspection is completed.

e Toadvise requirements for new connections within 5 working days and connect on agreed day provided
all requirements are met.

e Todisconnect or reconnect for safety at an agreed time, or within 8 business hours for urban addresses
and 12 business hours for rural addresses from request — subject to safety approvals.

e To respond with findings to a complaint of power quality within 25 working days of notification.

e Foreach network connection point, to limit the annual quantity of unplanned outages and the delay to
restoring power supply after an unplanned outage to:

Location Unplanned Outage Service Standard
Outage Duration Annual Outage Count
Urban <3 hours <4
Rural <6 hours <10
Remote <12 hours <20

3.5.2 Notices Advising of Interruption

This section is included in preparation for content to be incorporated into this document in 2024 but provided
as a separate document in June 2023. The June 2023 document will be found here.

3.5.3 Forecast Level of Service

The targets set in the previous section indicate the level of service that EA Networks would expect to deliver in
ayear when the impact of external influences is at about average and planned work is at a normal level. Meeting
these target levels of service would be considered a good, although not extraordinary, year.

A normal year will have external influences impact on the level of service EA Networks delivers and it is 50%
probable that the target will be exceeded.

In order to provide a realistic expectation of future performance, a set of forecast performance indices have
been calculated based upon historical fault performance and future network expenditure (see table below).

The unplanned SAIDI and SAIFI reflect the average actual performance over the last five years. The planned
SAIDI and SAIFI are simple estimates based upon the most recent actual performance (2016-22), known planned
work, and with the return to live-line working factored in.
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Future Performance Target/Forecast (non-normalised): 2024-33

Default Quality

Indicator 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 ",
SAIDI Planned (mins) 120 120 120 120 120 <120 <120 <120 <120 <120 27512
SAIFI Planned (#/yr)  0.40 0.40 040 040 040 <0.40 <0.40 <0.40 <0.40 <0.40 0.98 12
SAIDI Unplanned (mins) 90 90 90 90 90 <90 <90 <90 <90 <90 91.981

SAIFl Unplanned (#/yr) 1.25 125 125 125 125 <125 <1.25 <1.25 <1.25 <1.25 1.2861
SAIDI Total (mins) 210 210 210 210 210 <210 <210 <210 <210 <210
SAIFI Total (#/yr) 165 165 165 165 165 <165 <1.65 <1.65 <1.65 <1.65
Faults/100 km 10 10 10 10 10 <10 <10 <10 <10 <10 =

1These are the Commerce Commission Default Quality Path (DQP) limits. These limits are normalised and remove a proportion
of aberrant fault events. The performance targets are non-normalised and include all events.
2 These are 5-year cumulative limits averaged over each of 5 years.

Over recent years, EA Networks has had a program of installing additional remote controllable switching points
within the Network. Considerable effort has been expended to enable the remote-control of these devices.
While some devices are installed specifically to improve network segmentation, most are installed as part of
other works —most commonly an overhead line requiring rebuilding (either overhead or by underground cable).
As a result of this approach, devices tend to be scattered around the network rather than concentrated in
specific areas. While each device helps to improve reliability, large improvements are not seen until the
population reaches a critical mass or a specific area is completed. EA Networks are hopeful of a general
improvement in reliability due to the increase in switching points. The population is on the cusp of being
extensive enough to see wholesale improvements, particularly with remote-control and indication available.

It has already been noted that a lot of the Quality of Supply expenditure in this plan will increase security of
supply for relatively rare but very consequential events. If none of these events have occurred in recent years
or occur in the disclosure year, then the future impact on the level of service of this expenditure may not be
particularly measurable/visible. Having said that, it is expected that the increases in security will have
considerable advantages to the consumer in service level improvements, but those improvements are difficult
to directly quantify.

For many years, EA Networks experienced load growth well above the national average load growth. This has
resulted in rapid expansion of the network’s load-serving capability. In meeting this huge load growth, it has
often not been possible to fully complete the finer details of the job. For example, fuses are uprated to gas
switches or reclosers and this new equipment has remote-control capabilities. Unfortunately, time and the
pressure of other load growth requirements meant that effort could not be devoted to completing the remote-
control aspect. As load growth tails off, time and resources are becoming available to complete these projects
with high returns in reliability and safety.

Similarly, load growth has bought about the requirement to convert parts of the network from 11kV to 22kV
operation. Again, time and resource constraints mean that only the practical minimum is converted to meet the
increased load at that time. This has resulted in what was once a highly meshed network having open points
introduced because of the different voltages. With the reduced new connection growth currently being
experienced, EA Networks are now in a position where resources can be allocated to go back and rectify the
reduced security introduced by the former load growth requirements. As this work is not directly caused by
load growth, it is classified as a reliability improvement. In reality, it is only returning security to previous levels.

In a similar vein, EA Networks has a policy of converting urban overhead lines to underground when they fall
due for condition-based replacement (the Urban Underground Conversion Programme). This work is classified
as Asset Replacement, however, at times it is appropriate to go further than the absolute minimum, e.g. convert
a further section of line so the underground area become contiguous or extend it further to remove the risk
from a significant tree plantation. These extensions are classified as Reliability Improvement when often they
are Asset Replacements done in advance of the actual need.

There are many types of faults that are almost impossible to prevent without disproportionate cost — particularly
in rural areas. Trees falling through overhead lines is one; as the tree regulations do not permit obligatory tree



control beyond a set radius of the line. Atall tree can fall from across the road (well outside the trim radius) and
cause considerable damage to any overhead line. The only way to avoid this risk is to build outside the road
corridor (easements and associated cost and access difficulties) or underground conversion of the line (cost).
EA Networks are currently talking to tree owners where an overhead line is within the fall distance of their tree.
EA Networks are encouraging these tree owners to consider the ramifications if their tree damages EA Networks’
line and encouraging them to take appropriate action.

3.5.4 Significant Recent Events

It is considered worthwhile to document any recent events that have had a significant impact on network
performance and asset management strategies. The following events are ones that have caused sufficient
impact as to cause (or potential to cause) network performance to exceed targeted values.

December 2019 Lightning Event

In December 2019, a significant lightning event took place that caused many small-scale outages. This had a
significant SAIDI impact for the month (22 minutes compared to about 6-10 minutes for an average month). The
event was the longest and most intense lighting in living memory and lasted about 12 hours continuously. Large
lightning events are rare in Mid-Canterbury and there is a low benefit/cost ratio in attempting to make the
network more lightning resistant.

December 2019 Rangitata River Flood

Around the same time as the lightning storm, torrential rain in the headwaters of the Rangitata River caused an
extremely flood event. The two 11kV crossings of the river were washed away (having stood for around 40
years) and Transpower also had at least one tower washed away and significant damage to eight others.

Generators were introduced to supply the network beyond the
failed 11kV crossings. The total SAIDI cost is in the order of 10
minutes. Repair of one of the crossings was achieved within weeks
while the second much longer crossing was considerably more
challenging. The second crossing was eventually reinstated in May
2020 after several engineering challenges and the COVID-19
lockdown difficulties.

Now that the network is fully restored, options for increasing the
resilience of the affected network are being examined.

Click picture for link to article.

January 2021 Wind Event

In January 2021, a moderately strong wind blew through the Ashburton District and this caused a poplar tree to
fall over a roadway and contact the 66kV line on the other side of the road. The line is one of two supplying
Northtown substation, and, under normal circumstances, this would have caused the line to trip and the other
line feeding Northtown to supply the load. Unfortunately, a setting error in a line relay at Northtown triggered
the Northtown 66kV bus to trip and this caused about 5000 consumers to lose supply. The SAIDI impact was
low as it only took about 10 minutes to restore supply, but the SAIFI impact was 0.254 (non-normalised) and this
represents about 20% of the annual maximum limit. Remedial processes were implemented as a consequence
of this event and include: peer review of setting changes before application, more systematic application of
standardised setting files to relays, and a review of existing in-service setting files to ensure anomalous settings
are detected.

July 2022 Wind Event

A significant wind event from 17 to 19 July occurred, with strong winds impacting the plains resulting in outages
totalling 12.92 SAIDI minutes and 0.083 SAIFI. Normalised to the 24-hour cap this resulted in SAIDI of 1.88
minutes and 0.017 SAIFI.

August 2022 Wind Event

A major wind event occurred on 6 August, with high winds funnelling out of the Rakaia and Rangitata gorges.


https://www.stuff.co.nz/timaru-herald/news/118354486/flooddamaged-transpower-pylons-at-rangitata-months-away-from-being-fixed

The event started on the night of 5 August and continued on 6 and 7 August, causing numerous outages, many
tree related. This caused outages totalling 32.93 raw SAIDI, our biggest single event for several years but
normalised to 1.17 SAIDI minutes. Raw SAIFI of 0.080 was normalised to 0.012.

3.6 Network Security Standards

3.6.1 Introduction

Electrical supply security can be generally defined as the ability of a portion of the electrical network to resist
loss of supply to consumers. EA Networks have adopted a security standard that is comparable to the Security
of Supply in NZ Electricity Networks — 2013 prepared by Electrical Engineers Association of New Zealand Inc. It
is EA Networks’” assessment that the comprehensive standards that have been adopted meet, and in some
circumstances exceed, the above-mentioned standards.

As previously discussed, security is normally defined in terms of n-a where n is the number of possible supplies
for a particular consumer or group of consumers, and a is the number of these supplies whose loss can be
tolerated while still keeping full capacity available. If nis one, then the loss of one supply (a=1) means no supply.
If nis two, the loss of one supply (a=1) will mean at least 50% of the total capacity is still available, and if the
load is less than 50% of the total supply capacity it can be said to have n-1 security. If the load is more than 50%
of the total supply capacity, then only a portion of the load has n-1 security (some load will be turned off). For
example, Ashburton zone substation has a nominal total supply capacity of 40MVA (twox10/20MVA
transformers), allowing for loss of one transformer means this substation has a firm capacity of 20MVA. For all
practical purposes, this substation is considered a 20MVA substation, so following the loss of any one item
(transformer, incoming line etc) to be at n-1, then a full 20MVA of load can be supplied. Where additional
switched capacity is available, the firm capacity can be considered as the overload capacity of the smallest
transformer or line (if there is more than one) for the duration of switching excess load to other substations.
This overload capacity can easily be 20% for typical switching times (24 MVA for a 20MVA transformer).

Very secure loads can be configured to have n-2 security, which means two supplies can fail and the supply
capacity can still be greater than the load. EA Networks have no consumers with any assurance of n-2 security.
The more secure a system is, the more reliable it tends to be.

Another term that requires definition is the firm capacity available to a consumer. The firm capacity is the total
supply capacity with the largest of any possible supplies out of service. Firm capacity can be either no-break or
break/switched. No-break would infer that two supplies are operating in parallel, and no loss of supply is
experienced when one supply fails. Break/switched firm capacity is when the supply fails and the alternative
unit/supply must be switched into service to restore the supply. For the purposes of this plan, no-break firm
capacity is generally only used when referring to parallel zone substation transformers and firm capacity without
a qualifier will be the alternative supply capacity available after switching.

Environmental security has two aspects: (1) the effect of the environment on the electricity network and (2) the
effect of the electricity network on the environment. Both are considered under the environmental security
standards.

The resilience of the network is typically increased with additional security. Some projects are driven solely by
the need to improve resilience and do not result in any additional security of supply but do ensure the system
components can more adequately resist failure or recover from it.

3.6.2 General

When the EA Networks network is maintained or upgraded, the electrical configuration of the network can
change. This rearrangement could lead to individual connections or groups of connections having a different
level of security of supply. An example of this is with the continuing conversion of the distribution network from
11kVto 22kV. This work was initially triggered by increasing loads. As parts of the network have been converted,
the lack of 11 to 22kV conversion on the boundaries of the converted area led to a temporary reduction in
security until further parts of the network are converted.

The security level of any one connection will not permanently decrease over time. The only exception to this is
at dedicated, high voltage, single user connection points, where security can be varied by agreement. For the
purposes of this guideline, the term permanent means any period greater than 24 months.



The term critical load describes load that would be severely disadvantaged by an outage of more than about 90
minutes. Examples of critical load would include diabetics, hospitals, milking machines on dairy farms,
retirement homes, lighting at night, refrigerated food storage, processing plants, etc. Non-critical load would
include all air-conditioning, pumped irrigation, some types of industrial load (where they have discretion),
commercial heating, and all water heating etc. For the purposes of this standard, critical load will be taken as
50% of the peak through/busbar load unless more authoritative information is available.

A significant proportion of the EA Networks network meets the adopted security standards. Proposals to
improve the remaining portions are included in Section 5 — Planning Our Network. The dynamic nature of the
subtransmission and distribution network in recent years (caused by significant development) has made
thorough analysis of the areas that do not meet the security standards difficult. Engineering staff have been
diverted to load-driven development rather than assessment tasks. All development will ultimately improve
security levels. Additional effort will be required to identify non-compliant portions of the network and these
results will appear in future plans as they are completed.

3.6.3  Transpower Grid Exit Points

The main on-going requirement for Grid Exit Points (GXPs) will be that the firm transformer, or alternative feed
capacity, will match or exceed the any-time GXP maximum demand. This criterion will mean that the failure of
any single item of Transpower plant will not lead to on-going loss of supply under any conditions. Depending
upon the Transpower failure, restoration of all load by switching within the EA Networks will occur within 90
minutes.

3.6.4  Main Subtransmission Ring Systems

Sufficient redundancy shall be designed into the subtransmission system to ensure no on-going loss of supply
should certain credible contingency events arise. The following criteria define these contingencies:

e All load must be restored within 90 minutes of any single circuit becoming unavailable.

e Forasingle point failure affecting 2 circuits, critical load must be restored within 90 minutes and all load
within the designated Connection Service Standard target time limit.

o No single point failure will affect more than two circuits.

Subtransmission system design shall allow for maintenance (including major component replacement e.g.
transformers, circuit-breakers, poles, and conductors) to be carried out at appropriate times, without the above
criteria being violated to any significant degree or for any significant length of time.

The precise level of redundancy built into specific parts of the subtransmission system depends on the likelihood
of contingency events occurring, the costs of reinforcement, and the desired level of resilience. Each situation
shall be treated on its merits and subject to financial/engineering analysis.

3.6.5 Radial Subtransmission

The radial subtransmission system comprises those parts of the network that act as spur supply systems for
specific sites or connections. Currently these spurs include:

e Methven 33kV Zone Substation (unloaded), Montalto Hydro Power Station, and Montalto33 Zone
Substation,

e Mt Somers Zone Substation (n-1 subtransmission security in the plan),
e Highbank Power Station and Pumps (by agreement),

e Dorie Zone Substation,

e Mt Hutt Zone Substation.

These sites have a single circuit supply (some in common with adjacent substations) and any failure will result in
the need for a back-up supply via the 11kV and/or 22kV distribution system. The restoration of all load, after
any one failure, must occur within the designated Connection Service Standard target time limit (unless agreed
otherwise with the connected consumer e.g. Highbank, Mt Hutt, Seafield).



3.6.6 Zone Substations

The zone substation’s function is to provide transformation from the subtransmission voltage to the distribution
voltage. In performing this function, it is a critical element in the path from the GXP to connection. If it fails, the
conseqguences are seen over a wide area and there are relatively few parallel paths to provide back-up supply.
To minimise the risk at these substations, the following criteria have been developed:

e The capacity of any subtransmission or distribution busbar within a zone substation will not limit the
operation of the network for credible network configurations.

e Except for bus-coupling devices, all zone substation switchgear can be worked on with only one other
circuit element (i.e. electrically adjacent transformer, line etc) out of service.

e All zone substations normally supplying less than 2000 connections shall permit restoration of critical
load within 90 minutes and the balance within 72 hours under all credible n-1 contingencies.

o All zone substations normally supplying greater than 2 000 connections shall have a no-break supply for
all load under all credible n-1 contingencies.

e Zone substations dedicated to an individual connection will have a security level negotiated with the
electricity user supplied using that connection.

o All zone substations must be able to deliver nominal secondary voltage for n-1I scenarios whilst
delivering supply (except for Highbank, Mt Hutt, Seafield).

e The distribution voltage substation bus must be able to be used as a through/linking bus when the
transformation is out of service.

In lieu of a second transformer at many of the high seasonal load, low consumer count, rural substations, a
second spare 66/22kV transformer was purchased (CRW) that can be relocated at any time to replace a failed
unit. This unit also provides cover for a second failure while a faulty unit is either replaced or repaired. These
types of repairs can take up to 12 months and a new transformer will typically require 9-12 months for delivery
from order placement.

The resilience of zone substations is of critical importance and significant effort has been undertaken to ensure
as many known risks as possible have been considered and factored in during design.

3.6.7 22kV and 11kV Distribution System

The overhead line distribution system is typically less reliable than the subtransmission system. There is
significantly more length of distribution line, it is lower to the ground, and there are significant numbers of
privately owned distribution lines connected to the same system (which are outside EA Networks’ direct control
for maintenance and tree control purposes). Rural underground cables offer a higher level of reliability, but they
are still subject to reliability issues arising from being supplied via overhead lines or overhead lines being supplied
from the cables. The urban underground reticulation has a much higher reliability than the rural overhead lines.
The urban network is also heavily interconnected which typically allows faster restoration times.

EA Networks’ policy of requiring all new connections (under 33kV) to the network to be by way of underground
cable is helping to improve the reliability of the rural distribution system. Many consumers who now see the
reliability and safety gains of having their on-property lines underground are voluntarily converting existing
overhead lines to underground cable.

The only performance requirement for the distribution system is that the restoration of all load, after any one
failure, must occur within the designated Connection Service Standard target time limit.

3.6.8 Low Voltage System

The low voltage system has levels of switched back-up in urban areas, with link boxes allowing low voltage
feeders to be back fed for planned or unplanned outages. In rural areas, typically only a single LV feeder is
available and interconnection to alternative transformers is not provided.

The only performance requirement for the low voltage system is that the restoration of all load, after any one
failure, must occur within the designated Connection Service Standard target time limit.



3.6.9 Protection

The systems that detect and isolate either faulty equipment or external interference with electrical equipment
have a large influence on the outcome of any incident. The systems that detect and isolate electrical plant when
undesirable electrical situations arise is generically known as Protection. Protection systems generally measures
AC currents and voltages to determine when an undesirable situation has arisen.

As a policy, new or rebuilt nodes on the subtransmission network will have protection systems that are in line
with modern standard practice.

Protection systems for the EA Networks network will be designed to:
e detect faults between phases or between phases and earth,
e allow plant to carry rated maximum load without disconnection,
e disconnect faulty plant from the system with minimum damage,
e disconnect faults quickly enough to avoid system instability,
e minimise the likelihood of personal injury or property damage,
e minimise supply interruptions,
e detect abnormal operating conditions which could result in plant damage,
e disconnect only the plant item affected,
e prevent damage due to through faults,
e operate with a level of reliability that can be economically justified,

e operate with a level of sensitivity that will not result in tripping of circuit-breakers at normal load levels.

Abnormal Conditions

For zone substation transformers the protection will be set to detect conditions that may lead to significant
overheating and possible failure of equipment. Overload protection will be provided for subtransmission circuits
only where potential system configuration could lead to sustained overload conditions.

Selectivity

The protection will be set so that when all protective relays and circuit-breakers are functioning as designed, the
protection system will clear only the faulted equipment from the system.

If a circuit-breaker fails to operate correctly, it is desirable that the remaining equipment operates selectively.

Fault Clearance Time

Clearance times will be:

e limited so that damage at the point of fault is reduced to that economically justified by the increasing
protection expenditure,

e such that the short time rating of equipment is not exceeded,

e short enough to ensure that system stability is maintained for all foreseeable fault conditions, where
the fault is cleared by the main protection. It is desirable that this time is also short enough even when
the fault is cleared by backup protection.

Risk to People

The protection system will always comply with the Electrical Supply Regulations. Particular attention will be paid
to providing fast and reliable protection in urban areas.

Protection Reliability

Protection systems will be designed to have a high degree of reliability because of the extreme consequences
of failure to operate.

Protection Security

Protection systems will be designed with a form of backup protection should the primary protection fail for some



reason. This backup protection will be in line with industry standards.

3.6.10 Reliability by Design

To ensure some emphasis is placed on minimising the extent of any one outage, the target maximum number
of connections on any one continuous section of network (no isolation within the section) has been defined.
This provides guidelines limiting the number of consumers who have an extended outage while a fault is repaired
(reducing SAIDI). In addition, the maximum number of consumers on a distribution feeder limits the impact of
a feeder circuit breaker tripping on a fault (reducing SAIFI).

These design parameters ensure that the network can be restored as quickly as possible after a fault with as few
consumers left without supply as possible. It also provides a degree of determinism about how many consumers
should be affected by any on-going outage for the duration of a repair. This determinism does assume that the
network can provide adequate back-feed capacity at every location on every feeder at all times of the year. This
is not currently possible. Provided the repair does not exceed the Connection Service Standard target time limit,
the performance standards have still been met.

The table below identifies the current guidelines for design.

Target Number of Consumers per Electrical Asset

Design Maximum

Urban Rural Urban Rural
Radial Subtransmission 1500 1500 2000 2000
Zone Substation 1000 1000 2000* 2000*
Distribution Feeder 200 200 250 250
Distribution Segment 45 45 50 50
Distribution Substation 45 5 60 5
LV Feeder 20 4 25 4
LV Segment 10 3 15 3

Design — Maximum number of consumers connected to asset when asset is designed.

Maximum — Maximum number of consumers connected to asset during steady state operation.
Once exceeded, redesign/reconfiguration required to reduce to design level.

* For single transformer zone substations. Once zone substation consumer count exceeds the
maximum limit, a second transformer is required.

These parameters also drive useful increases in resilience as the number of connections on a failed section of
network will directly influence the impact of a significant event if it causes that section of network to fail. The
resilience of neighbouring sections is therefore increased with the ability to isolate the failure and restore supply.

3.7 Network Power Quality Standards

The principal aspects of quality are voltage variation and control, and the voltage waveform. Ideally, it is EA
Networks’ intention to supply a pure sinusoidal voltage to all consumers and for consumers to take a pure
sinusoidal current from the network.

EA Networks is judged by the quality of electricity delivered to consumers. There are some aspects of power
quality that are outside the control of EA Networks. It is not the responsibility of EA Networks to condition the
supply voltage waveform it receives from generators either directly or via Transpower. Transpower are
contracted to supply an appropriate level of power quality performance at the GXPs.

The network is designed to remain within the normal tolerance voltage ranges for the forecast loading conditions



considered. For the various credible contingency situations identified and studied for security purposes, the
voltage should not go beyond the voltage range prescribed by the regulations.

3.7.1 Steady State Voltage

Programmes and projects are typically justified on the basis of the following benefits from improved voltage
level or controls:

e the ability to meet any legal or contractual requirements with respect to voltage standards,
e specific consumer requirements which the consumer is willing to pay for,
e improvements in circuit capacity and the consequential deferment of capital expenditure.

Most consumers are connected to the system at LV (230 or 400 volts) and EA Networks undertakes to control
this within a range of £ 6% as per legal requirements.

For 11kV and higher voltage consumers, the design voltage range is from 96% to 103% of rated voltage.

In recent years, the number of voltage complaints have consistently reduced. This can be attributed to much
better harmonic distortion controls and the extent of 11-22kV conversion improving voltage regulation. When
a complaint does occur, it is investigated rapidly and typically resolved either by confirming:

e thereis no problem,
e the problem is within the consumers wiring,
o the problem is with EA Networks and the necessary adjustment or other work is completed.

There are currently no unresolved voltage issues on the network under normal operating conditions.

3.7.2 Transient Voltage Disturbances

EA Networks design to limit transient voltage disturbances in accordance with the AS/NZS 61000.3.5 (LV) and
61000.3.7 (MV) standards. Motor starting is controlled according to The Electric Supply Engineers' Institute of
New Zealand Inc. Committee Report on Motor Starting Currents for AC Motors — February 1982.

3.7.3  Harmonic Voltage and Current Distortion

Harmonics are non-sinusoidal currents or

voltages produced by nonlinear loads. Sinusiodal and Distorted AC Current
Nonlinear loads such as Variable Speed Drives
(VSD), switch mode power supplies (SMPS),
electronic ballasts for fluorescent lamps, and
welders inject harmonic currents into the
power distribution network. These harmonic
currents couple with the system impedances
creating voltage distortion at various points on
the network. As a result, equipment such as
computers, digital clocks, transformers, motors,
cables, capacitors, and electronic controls
connected to the same point, can suddenly — Distorted
malfunction, or even fail completely — beyond

economic repair.

Sinusoidal

As harmonics are produced by the end users, it is important that these harmonics are controlled at the end user
connection. This is considered good practice, as by controlling the emission levels of individual sources of
harmonics, the flow of harmonics into the network is restricted at the point of common coupling (PCC) with
other consumers. This will, in turn, limit widespread effects of harmonics in the entire network.

EA Networks endeavours to ensure that the quality of voltage in the network is always maintained at an
acceptable level. In recent times, EA Networks has observed network voltage problems that are associated with
harmonics. EA Networks acted and took all the necessary measures to minimize the widespread effects of
harmonic pollution. The end result has enabled EA Networks to provide better voltage quality to all consumers.



EA Networks have implemented measures to control harmonic currents (and therefore voltages) in the network.
The network standard that has been implemented requires all new rural loads to meet current distortion limits
(typically 8% maximum). It is expected that the network design practices, equipment procurement for the
network, and customer connection standards will continue to meet the requirements of EA Networks” harmonic
standard by limiting harmonic voltages at consumer connection points.

There are about 1600 irrigation connections to the network, and they constitute most of the summer peak load.
About one quarter of these loads are active harmonic producing loads. This assessment is based upon a full
survey completed during 2013-14. EA Networks realised that it is not easy to track the exact number of variable
speed drives because the consumer’s equipment can change over time and any new equipment’s characteristics
are not necessarily provided or available to EA Networks. The number of variable speed drives increased steadily
between 2000 and 2015 and some more may be connected in future. The per substation irrigation load shown
in Section 4.2.3 provides an illustration of the potential scale of distorting irrigation loads on each substation.

A scheme to subsidise the mitigation of harmonic distorting equipment was introduced (April 2014). Under this
scheme the cost of a filter or other form of mitigation was heavily subsidised for the first year of the scheme’s
operation and this rolled back to no subsidy over the subsequent two years. Owing to the economic downturn
in the rural area a differential tariff that was to operate from April 2016 was delayed. Some discretion may be
exercised with the loads that have not been corrected by October 2018. Without compelling reasons, these
distorting loads will be disconnected for non-compliance. The zone substation power quality monitoring devices
have shown a worthwhile reduction in peak harmonic distortion since 2014-15 summer (see chart above) during
which, an all-time peak demand was experienced. This programme will continue until all rural pump loads
comply (only a handful remain unfiltered). Overall, the harmonic reduction scheme has been very successful.
Monitoring of the 1000+ connections with VSDs to ensure filter effectiveness is an ongoing process requiring
site visits. Anecdotally, there is evidence of filter failures that individually may not increase voltage distortion
appreciably beyond the ICP but collectively will eventually cause an issue. Consideration will be given to
installing monitoring equipment at each filtered site to allow real time remote indication of all major electrical
parameters (voltage, current, power factor, current distortion, and voltage distortion) alleviating the need for
site visits. Filter failure would be immediately obvious with such a system. It would also allow the ADMS to run
more accurate load flow modelling with knowledge of actual site loading.

Lauriston Harmonic Distortion - 22kV Voltage

Generally Accepted 5% Limit




3.7.4  Monitoring Power Quality

This section is included in preparation for content to be incorporated into this document in 2024 but provided
as a separate document in June 2023. The June 2023 document will be found here.

3.8 Safety

Electricity is potentially dangerous. All participants in the electricity industry have an obligation to ensure staff,
contractors and the public are well informed of potential hazards and how to avoid them. Industry participants
also have an obligation to minimise the exposure of all people to hazards by designing to an appropriate safety
level for the environment in which the electrical equipment is installed.

In general terms, the safety standards are determined by relevant legislation and industry best practice on any
particular issue.

The commitment to education and training of all staff is a core obligation of EA Networks’ approach to safety.
EA Networks are committed to having appropriately competent persons working on and operating the network.
All work is carried out in accordance with nationally accepted regulations, guides, codes, and rules. Records of
worker competency levels are held on file with regular refresher training undertaken to maintain current
competence. EA Networks work closely with the industry training organisation (Connexis) to promote worker
competency standards.

The general public are kept informed of safety issues by regular radio and newspaper advertising of the hazards
of all electrical equipment — particularly overhead lines. Safety presentations are regularly made to emergency
services personnel to ensure safe behaviour of all people in emergency situations. EA Networks are always
available to educate on safety matters. Extensive warning labelling of EA Networks equipment is undertaken
where public access to kiosks, poles or other safety perimeters is possible. All accidental line contacts are
recorded, and informative letters sent out to those involved in the event.

EA Networks are aware of increasing safety issues with privately owned lines. Aging overhead lines are creating
potential hazards by contacting trees, sagging lower than legal heights, and component failure. A free condition
assessment is offered to owners of HV service lines and this highlights any problems to them in writing. The
outcomes of this process is currently under review.

EA Networks have a Public Safety Management System (PSMS) in place that covers all aspects of asset
management including:

e management of risk, hazards, and change,
e equipment specification,

e procurement,

e network design,

e network construction,

e network operation,

e public awareness.

3.9 Environmental

Impact of Electricity Operations on the Environment

EA Networks is committed to being environmentally responsible and strives to minimise the effects of its
activities and actions on the environment.

Statutory Obligations

The electricity network has an influence on the environment. To control this influence, certain statutes apply to
EA Networks in its operation and maintenance of the distribution network.


https://www.eanetworks.co.nz/disclosures/

These include the Resource Management Act. Section 9 of RMA relates to Restrictions on use of land -

“(1) No person may use any land in a manner that contravenes a rule in a district plan or proposed district plan
unless the activity is

a) Expressly allowed by a resource consent granted by the territorial authority responsible for the plan; or
b) An existing use allowed by section 10 (certain existing uses protected).”

EA Networks” Network currently crosses land governed by two different Territorial Authorities, each with their
own District Plan and each slightly different in the rules governing the construction of new distribution lines.

EA Networks’ protection of existing works is covered by Section 22 of the Electricity Act 1992 and the rights of
entry in respect of these works are covered in Section 23 of the Act. Prior to commencement of any construction
or maintenance of works, EA Networks must give notice to other utility owners and the appropriate Territorial
Authority of its intention to commence construction or maintenance on its works.

EA Networks’ distribution network generally runs along the roadside throughout the Mid-Canterbury plains area.
Mid-Canterbury is predominantly a farming area and historically the most cost-effective means of supplying
these farms with electricity is via overhead power lines. The installed cost of underground cable is now
comparable in some circumstances. In the future, for specific applications, EA Networks may be required to use
alternative methods of construction to minimise the effects on the environment. An example of this was the
supply to Mt Hutt ski-field. The impact on the environment would have been too great had an overhead line
been constructed. An underground cable was installed in that case. District Plan rules require consultation with
the Council when installing lines in areas of high scenic value and EA Networks consults and works with the
District Councils when working in these areas. This consultation may be required for tree trimming, agreement
on line routes or just general distribution line upgrades.

Other sections of the Resource Management Act also help shape EA Networks’ approach to network design and
construction. As an example, the urban underground conversion programme is a way EA Networks chooses to
improve the urban environment with no assistance from external funding sources.

There are two significant materials used in the electricity network that can have a negative environmental
impact: insulating oil and SFe.

Oil Containment

It is policy to provide oil containment facilities at substations with oil filled equipment or storage facilities
containing 1500 litres or more of insulating oil. The standard design incorporates a bund wall around
transformers with manually controlled storm-water drainage to a field drain or to the surface (where there is no
risk of the discharge entering waterways).

QOil spill kits are maintained at certain strategically placed zone substations and any discharge from the bund is
controlled by strict guidelines stipulating no contamination.

If oil is spilled, all the contaminated earth is collected and disposed of at authorised disposal facilities.
SFs Gas

SFe is @ major greenhouse gas and each kg of gas has a global warming potential over its lifetime equivalent to
22800 kg of CO,. A typical car will release about 4000 kg of CO; in a year from its exhaust.

As a major user of SFe gas, EA Networks is a participant in a monitoring regime to ensure annual loss of gas is
kept below 2%. To date there has been no loss detected that is outside the measuring tolerances. EA Networks
have also registered with the New Zealand Emission Trading Scheme as a major user of SFs (greater than 1 000kg
of SFg in use and storage).

Carbon Footprint

There is a sustainability plan in preparation, and this is likely to provide additional guidance on reducing the
carbon footprint of EA Networks and Mid-Canterbury. Some deliberate actions already assist in this area such
as reducing the electrical losses by using larger conductors and particularly increasing the operating voltage from
11kV to 22kV and 33kV to 66kV. EA Networks intend to pursue the following activities to promote
sustainability:

e Sustainability group. Form an internal group comprising a variety of people from around the business
that will look at ways to monitor and improve EA Networks’” environmental performance.



e Measurement of EA Networks’ environmental footprint. This will focus on EA Networks’ scope 1 and 2
emissions.

e Reduction of EA Networks carbon footprint. EA Networks will install up to 120kW of solar generation
on the EA Networks JB Cullen Drive building(s).

e Renewable distributed generation (e.g. solar farms). EA Networks will strive to be the easiest network
in the country to deal with for renewable distributed energy developers.

e Converting the large boilers in the region away from fossil fuels. EA Networks will follow up with all the
major Mid-Canterbury boiler owners to see what other information they might need from EA Networks
to help them with decisions around moving away from fossil fuels.

e Energy advice. EA Networks will continue energy advocacy to help customers reduce their electricity
consumption and costs.

e Dairy sheds. A study to identify opportunities to reduce energy costs for dairy sheds will be completed
focusing on initiatives that can be applied to a wide range of sheds.

e Electric vehicles. EA Networks will work with charging infrastructure companies and EECA to ensure
that there is sufficient charging capacity to meet the needs of EVs in the region. EA Networks will set
out clearly and transparently where there is network capacity available which allows new EV chargers
to be readily connected. Further, EA Networks will seek electric vehicles where possible for its fleet.

e Electric energy losses. A study will be completed that explores ways EA Networks can economically
reduce electrical losses on the network.

The sustainability plan is still a work in progress, and it is anticipated that as it matures there will be additional
activities that focus EA Networks on further sustainability outcomes.

Impact of the Environment on Electricity Operations

A range of environmental phenomena have an influence on the security of the electricity network. The following
environmental factors are considered significant in electricity network performance and impact:

Seismic

EA Networks has taken expert advice on seismic design and a design standard has been prepared for structural
design of foundations, supports, structures, and buildings. The level of seismic resistance incorporated into the
standard is at least 50% higher than the general building requirement.

The standard has been reviewed because of the Canterbury earthquakes. A revised standard based upon
NZS1170 Part 5 methodologies and updated risk factors has resulted. Typical seismic horizontal load coefficients
inuseare1.0—-1.1g.

Pollution

Where harsh environmental conditions exist, such as saline pollution in coastal locations, appropriate provision
is made in specifications for anti-corrosion protection of surfaces, and for insulation performance.

Acoustic

EA Networks currently requires certain equipment to meet international and district plan standards on noise
levels, and in locations adjacent to urban areas will require plant to be installed to meet defined criteria at the
site boundaries.

Climate

The summer peak of EA Networks’ network demand requires careful consideration of the specifications of major
transformers and the sag and clearance design of network overhead lines. Climate change may influence future
specifications. This will be investigated further in the coming year, with reference to NIWA’s 50-year forecast
climate data gridded to specific locations in our network area. This will be used in a review of EA Networks’
overhead line design standard and will inform design standards for other climate sensitive assets such as
underground cables, switchgear, and transformers.
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4 OUR NETWORK

4.1 Service Area Characteristics

The Mid-Canterbury area (see AMP cover) has a number of activities that in some way contribute to the demand
on the EA Networks electrical network or influence the design and operation of the network.

The activity that Mid-Canterbury is most known for is farming. The patchwork quilt effect when flying over the
district illustrates the various crop types that are growing, each crop having a distinctive shade of colour. The
variety of colours are reducing as more farms are converted to grow grass which feeds dairy cows. The
productivity of Mid-Canterbury dairy herds is amongst the highest in New Zealand. To grow enough grass,
thereby ensuring an economic level of milk production, it is essential to irrigate the grass. This irrigation demand
influences the design, capacity, and maximum demand of the EA Networks electricity network. Irrigation occurs
throughout the Plains area of Mid-Canterbury. Currently, EA Networks have about 1600 irrigation connections.
The dairy sheds associated with these farms also place a significant demand on the network. Farmers are very
keen to have high electrical reliability to these dairy sheds as a couple of missed milking cycles can cause the
cows to dry off (cease producing milk) and this can have a catastrophic impact on the farmer’s income.

Another feature of the district is the meat and vegetable processing facilities. There is one meat-works supplied
by EA Networks as well as a vegetable processing factory (with the possibility of another in the next year or so).
These facilities either have dedicated electricity substations or a dedicated supply from a substation. The key
issues these consumers have are capacity and reliability.

Mt Hutt ski-field is also located in the district, and it has electric lifts and snow-making facilities. The location of
the field means that the electricity supply is both electrically and environmentally challenging. The supply to the
ski-field requires dedicated 33kV power lines from Methven to a 33/11kV substation above the Rakaia Gorge.
From the substation, a pair of 11kV underground cables wend their way up a steep slope across the main
ridgeline and descend into the Mt Hutt basin. This cable route was the only one that was acceptable to the
Department of Conservation and overhead lines were not acceptable from an environmental perspective or
from a viewpoint of serviceability. In winter, the route can be covered by several metres of snow and winds on
the ridges regularly exceed 160km/h. This is no place for an overhead line.

The main settlement in the district is Ashburton township and it holds about 20000 people. Smaller towns of
Methven (1900 people) and Rakaia (1500 people) are also significant in terms of electricity consumer count.


http://www.ashburtondistrict.co.nz

The district has a total population of about 35000
people.

In the early 20th century, the Government decided to
build an irrigation canal that takes water from the
Rangitata River and transports it across the Canterbury
Plains as far as the Rakaia River. This canal is called the
Rangitata Diversion Race (RDR). During summer, the
RDR is used as an irrigation water canal and several
downstream irrigation schemes are supplied from it.
These schemes distribute water onto farms using
various sizes of irrigation races. In recent times, some
of these races have been converted to piped schemes

which eliminates evaporative and ground losses as well
as providing gravity pressurised water to the farm gate. To reduce the risk during dry periods, many farmers on

open race schemes have constructed large storage ponds on their farms. The farmer may then take their full

allocation of water at any time it is available, and any water not required at that moment is stored for later use.
The farmer can pump the water from the pond at any rate they choose.
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One of the uses for the RDR is power generation. There are two hydro generators on the RDR, one at Montalto
Hydro and another at Highbank. The Montalto Hydro generator provides variable output all year round while
Highbank can only generate if most irrigation schemes are not taking water (during autumn, winter, and early
spring).

There are several other small hydro generators in the district at Cleardale (Rakaia Gorge), Barrhill, and on an



irrigation canal at Ealing.

The electrical demand
needed to irrigate a Irrigation Connections in 10kW Bands
hectare of land at a rate of
0.6 litres/second/hectare
(the generally accepted
rate) varies depending on
the source of water and
irrigator type. A modern
centre  pivot irrigator
supplied with water from a
surface pond will require
about  0.55kW/hectare.
So, a 900m radius centre
pivot will require a pump
of approximately 140kW
to drive it. If the water
comes from a deep well,
the pump must also
overcome the additional
gravity head of the well. If
the same 900m centre 839825 <
pivot is supplied with » » PUMP SIZE (KW)
water from a 120m deep
well, another 0.71kW/hectare must be added. This would mean the installation would need a 320kW electric
pump to drive it. This type of load places considerable demand on a rural electricity network. The average size
of EA Networks’ irrigation connections is 86 kW.
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The Highbank Hydro Power Station has been equipped with an array of six 1.5 MW pumps that allow it to take
water from the Rakaia River and pump it up the power station penstock (a height of about 100m) into the RDR.
The water is then available for irrigators to use. This scheme is generally referred to as the BCI scheme
(www.bciwater.co.nz). This load is typically coincident with the summer peak demand (dry years cause low
diversity of irrigation demand). There is an understanding in place that should a 66kV subtransmission circuit
be unavailable because of a fault, the supply to these pumps will not be available (i.e. the Highbank pump load
is interruptible). This is a condition negotiated before the load was initially supplied.

The following table depicts the major loads supplied by EA Networks.

Significant Load e i(f\;lv\lilr;;ergy Pe?II:VI;/c))ad %2?:;:
Meatworks #1 30000 6000 All Year
Ex -Meatworks (Refrigeration only) 3000 900 All Year
Vegetable Processor 26000 4600 All Year
Plastic Goods Manufacturer 4900 1600 All Year
Ski-field 2200 2500 Winter
BCl Irrigation Scheme 5800 8000 Summer
Irrigation (District-wide) 220000+ (rypical vear) 143000 Summer
Other Load 250 000+ (rypical vear) 65000 All Year

TOTAL 600 000+ (rypical vear) 181000



https://www.trustpower.co.nz/our-assets-and-capability/power-generation/highbank-pumping-station
http://www.bciwater.co.nz/

More than 50% of the energy transported by EA Networks is delivered to 8% of the connected consumers. The
magnitude and timing of the peak demand (which occurs in summer) is almost entirely determined by the
amount of rainfall, which in turn influences the amount of irrigation that takes place. The winter peak demand
is approximately 40% of the summer peak and is largely determined by the harshness of the winter and low
temperatures driving residential heating. The winter load is concentrated in the townships, particularly
Ashburton, and the urban underground network is designed with this in mind. Mt Hutt ski-field is also peaking
its electricity usage in winter and the early part of winter can see the snow-making systems working at full
capacity, particularly overnight when it is colder. The diverse types of loads do cause low asset utilisation when
viewed by various system-wide metrics. The transformers and lines that supply irrigators are largely idle during
winter and the urban transformer and lines are much less loaded during summer. This means measures such as
(GXP peak demand) / (total distribution transformer capacity) does not compare favourably to networks with
year-round load types.

The diagrams in section 4.2.3 show the seasonal variation in load between rural/urban zone substations as well
as the seasonal load/generation balance.

4.2 Network Configuration

This section describes the general arrangement of each major section of the EA Networks electricity network.

4.2.1 GXP and Generation

EA Networks take supply from the national grid company (Transpower) at a site approximately 7km south-east
of Ashburton township. The Transpower Ashburton Substation (known as Ashburton220 or ASB — since EA
Networks also have an Ashburton substation) supplies EA Networks with 66kV subtransmission voltage. This
supply point is also known as a Grid Exit Point (GXP). The following diagram illustrates the configuration of the
Transpower ASB substation.

EA Networks Grid Exit Point Configuration

Ashburton 220kV (ASB)

T10
120MVA 3
120MVA
66kV
To To

EA Networks EA Networks

T8
100MVA

66kV

To
EA Networks
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The orange lines represent 220kV (the national grid transmission voltage). The blue lines are 66kV. The capacity
of each transformer is shown above. The 66kV GXP has a peak load below the combined rating of T8 (the
smallest of the three 220/66kV transformers) and one other of T9 or T10. T9 was commissioned during 2013.
This configuration ensures 66kV loads have n-1 security up to 220 MVA steady state or 250 MVA cyclic.

Typical Summer Daily Demand Curve 0 Typical Winter Daily Demand Curve

SYSTEM DEMAND (MW)

TIME OF DAY TIME OF DAY

The 66kV GXP supplies all of EA Networks” consumers. The load charts above illustrate the irrigation vs
residential/commercial nature of the load on the GXP. It is important to note the different vertical scales on the
two charts. In summer, the large irrigation base swamps the daily residential variation, while in winter the
residential/business variation is clear to see (and significant generation is present). The daily load variation is
very marked during morning and evening mealtimes with both heating and cooking loads being heavily used.
The chart below illustrates the seasonal and weekly load variation which can be clearly seen with significant dips
at the weekends during winter. It is at these times that water heating load control is used to ensure both the
Transpower grid and EA Networks assets’ required capacity can be minimised to meet a controlled peak load,
where water heating load can be shifted a few hours without consumer impact.

System Demand 2022 : Generation and GXP Demand

Generation Output

GXP Demand

SYSTEM DEMAND (MW)

Irrigators do not tend to have a daily or weekly load variation. Once the water is required, the irrigator is left to
run for possibly weeks on end. The irrigation is predominantly used in the summer although a farmer’s growing



season can extend into April in some years. Equally, a dry winter can cause early irrigation demand to occur in
August or September, as happened in 2014. A wet spell during December 2022 reduced that demand for several
weeks and even allowed some hydro generation. The load on the 66kV GXP varies from a maximum of 180 MW
in summer to a minimum of 25MW in winter.

The Highbank Hydro Power Station
Highbank Hydro Power and is rated at about 28 MW output. It
Pumping Station has a single turbine with a head of
® 104m. The RDR race has a flow of
31m3/s at peak times when no
water is being used for other
purposes. There is no ability to
store water in the RDR and
Highbank is considered a run of the
river station. The output diagram
for 2022 can be seen below and
when irrigation demand begins in
September and October, the water
supply becomes less consistent and
daily peak generation output can
vary significantly. Being a single turbine station with no water storage facilities, EA Networks cannot rely on
Highbank operating at any particular point in time (see Apr-May below). As such, EA Networks do not factor in
Highbank output during supply security studies.

Highbank Generation and Load 2022 (1.4 GWh Load / 108 GWh Gen)

Pump

S N

Load/Generation (MW)

Highbank also has pumps located at it to allow Rakaia River water to be pumped up into the RDR. These pumps
were not used significantly during 2022 and appear on the Highbank graph as load of about 8MW. So, the
Highbank 66kV connection demand varies from -27 MW during winter (generation) to +8 MW during summer
(pump load).

Montalto Hydro Power Station - u“

Montalto Generation 2022 (8.1 G

There are three other embedded generators of note connected to the EA Networks network.


https://www.trustpower.co.nz/our-assets-and-capability/power-generation/highbank-pumping-station

Montalto Hydro is also located on the RDR, but its location offers year-round output. Connected at 33kV, the
generator is an induction machine which means it cannot provide any system support or provide emergency
output during network faults. Winter output is around 1.6 MW while summer output is about 1.1 MW.

7gtljejsggf1ltetlostiell:\l}/la\l/<\; iieRni\e/;arZ)orrlgne.a Xﬂ:zz Cleardale Generation 2022 (Typically 2.5 GWh Gen)
head low flow machine, it generally has
year-round output. The 11kV connection
is relatively remote, and its output is
largely absorbed in the Methven area
after being transformed up to 33kV. The
machine cannot provide emergency
output (no islanding ability). The
additional expense to provide islanding
ability was examined at the time of
installation but could not be justified for

Generator Out
of Service
the small variable output and local fault

frequency/consequences. Cleardale generation was out of service for part of 2022.
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In 2016, an additional hydro generator was connected to the EA Networks 22kV system near Barrhill. The unit
is owned by BCl Irrigation and rated at

520kW output. This output is absorbed Barrhill (Lavington) Generation 2022 (2.8 GWh Gen)

into a 22kV feeder from Lauriston zone
substation. The output of the generator
is determined by BCl's irrigation
customer demand for water. The intake
for the generator is some 6.7km
upstream of the generator site and a
large diameter plastic pipe delivers the
water to the generator with a 32 m static
head. Just above the generator site is a
bifurcation of the delivery pipe and
gravity pressurised irrigation water is
diverted as required for delivery onto
the Canterbury Plains. Flow into the
irrigation system is controlled by the main valve on the generator. The generator offers close to rated output
for a significant portion of the year, but during peak irrigation demand in summer (when it would be of most use
on the 22kV network), its output drops to zero.

eneration (kW)

o

The very small hydro turbine at Ealing Pastures is located on an irrigation race and is normally used as a
mechanical drive to a pump. When there is excess mechanical power a 200kW induction generator provides
electrical power for on-farm needs and any excess is then exported onto the EA Networks system at 22kV. The
generator has virtually no impact on the network other than to periodically reduce the farm’s demand during
the irrigation season (although not reduce the capacity required to supply the peak demand).

The geographic location of the main generators as well as Transpower’s ASB substation are shown in the diagram
in section 4.2.2 and section 4.2.3.

Typical Annual Energy

Distributed Generator Capacity (kW)

(MWh)
Highbank (HBK) 115000 28000
Montalto Hydro (MON) 10000 1650
Cleardale 3400 1000
Barrhill (Lavington) 2800 520
Ealing Pastures 35 200

4.2.2 Subtransmission

EA Networks use two voltages for subtransmission: 33kV and 66kV. The 33kV network is limited to one distinct


https://www.manawaenergy.co.nz/highbank-power-scheme
https://mainpower.co.nz/about-us/renewable-energy
https://www.bciwater.co.nz/infrastructure/

zone (two until recently).

The most heavily loaded 33kV network was directly connected to the 33kV GXP and supplied Ashburton, Fairton,

and optionally, the ANZCO meat works (SFD).
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conversion of a zone substation to 66kV (ASH) and construction of a new zone substation at 66kV (FTN).

The remaining section of 33kV network consists of two radial 33kV lines supplied from the Methven 66/22/33kV
substation. One is dedicated to the Mt Hutt 33/11kV substation, which supplies the Mt Hutt ski field and the
Cleardale generator. The other 33kV line supplies Methven 33/11kV substation (soon to be decommissioned),
Mt Somers substation (as a back-up to the 66/22kV transformation), Montalto33 substation, and Montalto
Hydro Power station. These two 33kV lines are radial, so a fault anywhere along their length means loss of
supply will occur.

The 66kV subtransmission network is the core of the rural supply system for EA Networks. The configuration of
the 66kV network consists of two internally interconnected closed rings.

The northern network supplies a number of 66/22kV substations as well as Methven 66/22/33kV & 66/11kV
substation. There is a three terminal 66kV line in this section of the network that supplies the Seafield66 (SFD)
zone substation. In the middle of summer, the northern network supplies more than 100 MVA of load.

The southern 66kV ring is also operated closed and has an internal 66kV line joining two substations. This line
offers additional security for faults in the first section of the ring leading away from the 66kV GXP. A fault in any
66kV line in the southern ring should not result in any outage for consumers. A 66kV line between Elgin (EGN)
and Ashburton 66/11kV substation (ASH) has recently been completed and includes about 2km of 66kV
underground cable. This new circuit has increased the security of Ashburton township considerably.

4.2.3 Zone Substations

Zone substation loads and security are detailed
numerically in section 6.7 as well as Appendix C.
The load/generation centres shift between the Connection by Zone Substation
summer/winter seasons. This shift requires the
network to support high urban loads and high rural
generation during winter. During summer, the

rural load increases dramatically, and generation
disappears. These two distinct load/generation
configurations are not particularly conducive to
efficient network utilisation since energy is not -
being generated close to the available load.
Another factor with electric irrigation is the need
to keep fault levels relatively high so that large
motor starting (an intrinsically poor power factor
situation  through  predominantly  reactive
overhead lines) is less disturbing to other
consumers. Modern soft starters and variable
speed drives have helped this aspect, but drives
can introduce other potentially disturbing
characteristics. Increased lengths of 22kV
capacitive underground cable have also improved
overall power factor. Consequently, in winter,
many rural feeders experience leading power
factor.

A typical 66/22kV zone substation will have two

66kV lines supplying it. Line differential and distance protection is installed on each 66 kV line terminal circuit-
breaker. The tubular aluminium 66kV bus is supported by steel stands and has high impedance bus zone
protection installed. An ONAN/ODAF 10/20MVA 66/22kV transformer with a +5/-15% tap-changer is installed
with an accompanying 22kV 40Q NER (neutral earthing resistor). A numeric transformer differential relay
protects the transformer. An indoor 22kV 5-way switchboard (one incomer and four feeders) is installed with
numeric protection relays. The 22kV feeders leave the substation in 250 amp rated underground cables that
are terminated outside the substation on suitable poles connecting to overhead lines. Large urban substations
will have multiple 66 kV bus-sections, bus-section circuit-breakers, multiple 66/11kV transformers, an 11kV NER,
and multiple 11kV switchboards with at least one bus section circuit-breaker in each board.
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The preceding load maps represent existing zone substation maximum demands themed by colour and circle
diameter. The larger and redder the circle, the larger the load is. The blue circles represent embedded
generators. Highbank at 28 MW is by far the largest of the four and currently only runs during winter due to
irrigation demands on its water supply (Rangitata Diversion Race) during summer.

The three charts above and below show the irrigation load by zone substation as well as the connection count
per substation. Examination clearly shows the large disparity between the two measures. Roughly 50% of the

Irrigation Load by Substation




connections that EA Networks supply are on two substations (Ashburton and Northtown). The irrigation load
that these two substations serve is about 3.3% of the total (and dropping, as 11 to 22kV conversion proceeds).

A more detailed description of the assets at each zone substation is included in section 6.7.

Connection Count by Substation
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4.2.4  Distribution System

The distribution system is the most obvious and visible part of the electricity network. It is on the side of many
roads and, when it is overhead, the poles and wires are immediately evident. Itis also the most numerous, asset
intensive, and fault prone portion of the electricity network.

Medium Voltage

EA Networks operates two medium voltage distribution voltages.

The 11kV network is the system which has been used since around 1960 in Mid-Canterbury. It has served EA
Networks well and it will remain as the dominant voltage for distribution in Ashburton and Methven townships.
The extensive 11kV underground cable network in both townships means that it is not economically viable (or
currently technically necessary) to convert it to 22kV.

The 22kV network voltage has been in use since about 1997. Each year since then, some portion of the heavily
loaded 11kV rural network has been converted to 22kV. 22kV has become EA Networks’ rural distribution
voltage of choice. The dramatic increases in irrigation load during the early part of this century could not have
been accommodated on the pre-existing 11kV network or even a heavily upgraded 11kV network.

Itis fortunate that the small rural townships had not been heavily converted from overhead lines to underground
cables. This has allowed townships such as Hinds, Rakaia, and Chertsey to be supplied directly from the
surrounding 22kV distribution network. Other townships such as Mayfield and Mt Somers have also been
converted to underground distribution and all these cables are operating at 22kV.

Atypical rural 22kV feeder will have about 175 connections on it. The feeder will leave a zone substation indoor
circuit-breaker in a short length of underground cable and connect to the overhead line on a nearby pole. The
main feeder line will then radiate away from the substation for an average of about 10-15km. At the end it
generally encounters an adjacent feeder (typically fed from another zone substation) with an open switch
between them. At various points along the feeder there may be spur lines protected by reclosers, ring main
units, fuses, or sectionalisers. These devices prevent the main feeder circuit-breaker from tripping for faults on



these spur lines, thereby keeping supply on to most consumers during such faults. There will typically be several
points along the feeder where it can be interconnected with adjacent feeders. These normally open switches
are either disconnectors, SFs gas switches, or ring main units. Remote control of these switches can speed
restoration significantly. Fault indicators will be located at some junctions where multiple lines branch off the
main feeder line. These indicators will show if a fault current has passed it recently. If an indicator is triggered,
the fault is beyond that point, aiding in locating faults more swiftly. Ring main units are being used at points in
the rural network where there are many lines that require switching (at least three, normally four). 22kV feeders
can have peak loads up to 7MVA although typically they are around 4MVA. The length of a rural feeder is
constrained by voltage drop along its length. It is very rare that a thermal limit is reached as conductors must
be sized for voltage drop, and this typically results in larger conductors than would otherwise be thermally
required to supply the load.

Atypical urban 11kV feeder is completely underground and currently has about 450 connections on it. At every
distribution substation on the feeder a ring main unit will be installed that allows isolation of the cables
connected to it, as well as the transformer supplied from it. This allows ready isolation of a faulted item,
speeding restoration as well as permitting planned outages of assets without supply interruption. Fault
indicators are used at regular intervals along a feeder to permit prompt identification of a faulty cable or
transformer (which will normally cause a feeder circuit-breaker tripping). The opportunity for interconnection
with other feeders is far greater in an urban area simply because of proximity/density. It would not be
uncommon to have four or five points that permit at least partial back-feeding of an urban 11kV feeder. The
reach of an urban 11kV feeder is normally constrained by cable thermal considerations. The rating of a buried
cable is thermally limited, and prudent sizing is required to ensure adequate capacity for future demand without
over-specification. An underground feeder may radiate up to 4km long (cable route) and typically has a peak
load of around 3MVA. This limit ensures a 4.5 MVA capacity feeder can provide back-feed support to adjacent
feeders in case of a fault.

The degree of underground cable usage is very dependent on the voltage. The urban 11kV areas adopt intensive
use of underground cable. Methven township is completely underground at both 11kV and LV levels. The only
poles in Methven are street lighting poles (supplied from underground cables). Ashburton township is by circuit
length approximately 92% underground cable at 11kV and at LV is 94% underground cable. Overall, the 11kV
network is 39.7% underground, and the LV network is 89.1% underground.

At 22kV, the penetration of underground cable is much less. 10.7% of the 22kV network is underground.
The distribution network (22kV, 11kV, and LV) is 28.9% underground by circuit length.

Distribution Substation

A distribution substation is a facility in the network that
accommodates equipment that switches and
transforms medium voltage (MV — 22kV and 11kV) to L ) .
low voltage (LV — 230-400 volts). There are a range of @* o :
styles of distribution substations.

A pole-mounted substation is a relatively simple
assembly of assets. The key component is the
transformer which is hung from a short crossarm using
galvanised steel brackets that are supplied with the
transformer.  These brackets are secured to the
crossarm for both seismic security and restraint should
a vehicle contact the pole. The transformer has a set of
MV drop-out fuses mounted above it (generally on a
separate crossarm) that provide the transformer with
fault protection as well as the ability to isolate the transformer should it be required for maintenance or
replacement. A set of LV fuses are installed on the transformer hanger arm which ensure any fault in the
connected LV network does not cause the MV fuses to operate and also provides some overload protection to
the transformer.

Several types of ground-mounted distribution substations are in use. The simplest ones consist of an off-the-
shelf microsub or minisub. These are a ground-mounted transformer with two cabinets directly attached to the
body of the transformer. One cabinet has the MV bushing wells in it and can have one or two cables per phase
connected (two cables allows a connection to another transformer). The second cabinet houses the LV bushings



and can accommodate several LV cables and a number of LV fuse-disconnectors. This style of substation is used
when small (<150kVA) supplies are needed and there is no need for multiple high-capacity LV circuits. They are
commonly used on rural properties for houses, sheds, small dairy sheds, etc particularly when they are fed from
a nearby overhead line. Some of the larger microsubs have two MV bushing wells per phase (bridged internally)
that allow two cables to be connected. This permits simple disconnection of one set of screened elbow
terminations to occur when the need arises. The microsub and minisub both use precast concrete foundations.

The next level of sophistication comes with a pad-mounted transformer and either one or two separate small
steel kiosks. This arrangement provides the ability to house a MV ring main unit in one kiosk and a multi-way LV
switchboard in the other kiosk. These substations can be large (up to 1000kVA) and are used in
commercial/industrial applications where an exposed transformer is less conspicuous. The concrete
foundations for these units are also precast to one of two standard designs (depending on transformer rating).
These substations can be integrated into an interconnected urban/industrial/commercial LV network.

The final variant of the distribution substation is a large single kiosk design (below; 11kV left and 22kV right).
The kiosk is either fibreglass (11kV) or steel (22kV) and houses a transformer (up to 500kVA), a MV ring main
unit (up to 5x11kV or 3x22kV circuits), a LV switchboard (up to 7x630 amp rated circuits plus 3x60amp
streetlighting/auxiliary circuits), and any ancillary equipment such as streetlighting ripple relays and maximum
demand indicators or a PowerPilot power quality and demand meter at more modern sites. These substations
are the standard style used for residential areas and integrate fully into the MV and LV networks.

An urban distribution substation can supply up to 100 residential connections on multiple LV feeders.

Low Voltage

The low voltage distribution network is largely located in the urban areas. Rural LV is typically short overhead
lines or underground cables from a pole mounted distribution substation to the property boundary (EA Networks
ownership typically ends at the boundary).

The urban LV network is either a small amount of older
overhead lines located in the townships or predominantly
underground located in the townships. Overhead LV is
smaller in capacity and has virtually no interconnection
(via switches) with adjacent overhead LV network fed
from other distribution substations. The reason for the
low level of  interconnection is  twofold:
(a) the small LV conductor capacity means it is typically
incapable of providing adequate back-feeds and
(b) the pole-mounted distribution substations are
typically much smaller, further apart, and cannot provide
the extra capacity for back-feeding. The urban
underground LV network is much higher capacity and has
a great deal of interconnectivity. This allows the shifting of segments of the LV network from feeder to feeder
and substation to substation during either planned or fault work. The switching of these segments (between
substations) takes place at distribution boxes housing compact LV switchgear (see image above right). The style




of switchgear in use allows live (dis)connection of cables, installation of new ways, and even interconnection of
two adjacent cables without using the bus. This very flexible system provides opportunities to accommodate
unusual operating conditions. The distribution boxes are standardised designs that use a common
backplane/bus that permits addition/removal of plug-in switching devices as required.

4.2.5 Secondary Assets

There are a range of EA Networks assets that are ancillary to the structural or high current/voltage functionality
of electricity distribution. These include the following:

Protection Relays

The protection relay assets at EA Networks vary from very few older solid-state devices through to almost
entirely modern microprocessor-based units. The standard approach is to use a limited range of standardised
devices so that existing designs can be readily reused, and staff do not have to retain familiarity with too many
different devices. Although this may not be the lowest initial cost, it provides the most economical lifetime cost.
At subtransmission voltages, every protection scheme incorporates a local device that will provide back-up in
the event of failure or non-detection of a fault. This ensures that the minimum amount of equipment is removed
from service during a relay fault. At distribution voltages, the zone substation transformer protection provides
back-up to the feeder protection. Beyond the feeder circuit-breakers exist a range of reclosers, ring main units,
and sectionalisers that do not have local back-up, but rely on the feeder protection relay to detect the fault if
they do not. This leads to larger loss of supply, but the fault is still cleared safely.

Section 4.12 provides some additional information about the protection relays at EA Networks.

Ripple Injection Systems

EA Networks operate a 283 Hz decabit ripple injection system. The injection plants are all solid state. There
were three injection plants, two of which are still actively used. The 11kV plant at Ashburton 66kV substation
(ASH) provides signal injection in conjunction with the 33kV plant at Transpower’s Ashburton220 substation
(ASB). The 33kV plant utilises a 33/66kV step-up transformer in the adjacent Elgin substation. These two plants
work in synchronism, providing signal for the entire 66 kV network. In the event of a problem with the ASB plant,
the ASH plant can provide some signal, but it is unlikely to provide complete system coverage during peak loading
conditions. The third (small) injection plant at Methven 33kV substation (MVN) rarely provided some local cover
in the event of a problem with the ASB plant. The MVN plant has been fully decommissioned. There are projects
in the plan to enhance load control signal strength and resilience. It is planned to replace some components of
both ripple plants with higher capacity items. Section 5.4.11 and Section 6.15 provide more details on these
projects.

SCADA Systems

The SCADA system is available at all of EA Networks’ zone substation sites. The newer sites with numeric
protection relays have all been integrated onto the SCADA system. One of the smaller sites does not have full
monitoring but does have remote control. Section 6.14 provides additional information about the SCADA
system.

Telecommunication Systems

EA Networks own a fibre-optic data network (as a separate commercial function) and extensive use is made of
it for electricity network telecommunications. A digital mobile radio (DMR) network has been implemented as
the primary voice communication system for EA Networks. DMR offers digital audio clarity and the ability to
transparently transport small data packets such as GPS location, device control signals, or SMS messages.
Another advantage of DMR is the ability to integrate multiple base stations to provide better coverage. The
seven base stations are interconnected using TCP/IP over the fibre network.

Other uses of the large reliable bandwidth that fibre offers include the SCADA system and video monitoring of
zone substation buildings and yards. This allows not only intruder detection but also an additional layer of safety
as the control centre can monitor staff while they are on site and response to any incidents can be immediate.

A more comprehensive description of the telecommunications network is available in section 6.14.

4.3 Asset Justification

In order to justify the existence of the present EA Networks owned electricity network assets, one could look at



it from first principles and prove by calculation that the class and size of each asset category is the minimum
needed to support the loads that exist on the network. Alternatively, one could assume that only variations
from the Australasian norm would need to be justified — the evolution of the Australasian electricity networks
have occurred progressively over the last 60 years and most networks have ended up with a similar style and
scale of investment. The following table documents what EA Networks anticipate the electricity industry
considers to be the average network:

Network Feature Characteristics

Connection(s) to National Grid: One or more supply points operating at one or more voltages at
or between 11kV, 33kV, 66kV and 110kV. Typical respective
capacities: 10-60MW (11kV urban supply), 20-100MW (33kV
general supply), 50-250MW (66kV general supply), and 150-
500MW (110kV general supply). Capacity is comparable with
the peak load of the supplied network.

Subtransmission Network: 33kV, 66kV or 110kV network with typical respective capacities
of 25MW, 55MW and 95MW per overhead circuit. Maximum
voltage drop not exceeding 10% during n-1 security events.
Typically, overhead lines in rural and light urban settings.
Normally, underground cables in high density urban settings.

HV Distribution Network: 6.6kV, 11kV, 22kV, and rarely 33kV network. Capacity
determined by thermal rating for short feeders and voltage drop
in long feeders. Rural network and older urban network are
usually overhead lines. Newer urban network is usually
underground cables. Typically rated at between 200 and 400
amps. Voltage drop should not exceed about 5% under normal
peak loading.

LV Distribution Network: 230/400 volt network. Rural network and older urban network
typically overhead lines. Newer urban network typically
underground cables.

Embedded Generation: If it exists, it is typically up to several MW at discrete locations
around a network. Can be connected to either HV distribution
or subtransmission networks. In recent times, solar photovoltaic
systems have begun to appear on domestic and some
commercial rooftops. These generally do not exceed 10kW
output and 100% self-consumption is the most economic
strategy. Of late, the economics of utility scale PV solar farms
have become favourable, with an upturn in applications
nationwide.

EA Networks’ network can be briefly described as follows:
EA Networks Network Feature Characteristics

Connection to National Grid: One supply point operating at 66kV. 66kV capacity 2x 120 MVA
+ 1x100MVA. 66kV peak load approx. 180MW. EA Networks
have fewer supply points (1) than most similar companies.

Subtransmission Network: Extensive 66kV network with capacity 55MW per overhead
circuit (500 amps). Some radial 33kV network (approx. 177MW
per circuit) with no alternative 33kV supply. All significant
subtransmission is overhead, except for one run of 66kV cable in
the Ashburton urban area. Prior to conversion to 66kV, parts of
the 33kV network were operating at 30kV (-10%) during historic



HV Distribution Network:

LV Distribution Network:

Embedded Generation:

peak loads (30% of today’s) with all circuits in service.

11kV and 22kV network. Urban network is predominantly
underground 11kV with some at 22kV. Per circuit capacity of
200 to 400 amps. Rural network is predominantly 22kV with
some 11 kV and mostly overhead lines with some underground
cables. Portions of 11kV rural network can approach 5% voltage
drop during peak loading. Prior to conversion to 22kV much of
the 11kV network exceeded 5% voltage drop at peak loading.

230/400 volt network. Rural network and older urban network
overhead lines of modest capacity. Newer urban network is
underground cables of significant capacity.

Four significant embedded generators: 0.5MW, 1.0MW,
1.6MW, and 26 MW. The 0.5MW and 1.0MW units are
connected to the distribution network. Both larger units are
connected to the subtransmission network. The 26 MW unit
required dual 66kV circuits from Methven to Elgin to provide
additional security and limit voltage rise.

The reader is directed to section 1.1 for the evolution of the present network and it is hoped that along with this
section it provides adequate justification for the network in use today.

4.4 Asset Value

EA Networks are required by regulation to periodically disclose the value of its assets. This value derived from
this process is called the Regulatory Asset Base (RAB).

In order to provide indicative values for the assets covered by this asset management plan, the most recent RAB
components are detailed below. The table and chart (below) describe the proportion and value of assets in each

category.

The values stated in the table and displayed in the chart are extracted from the 2022 RAB disclosure of asset
value as at 31 March 2022. The RAB categories are not completely aligned to the categories used in this plan

but do provide an indicative distribution of the value in each category.

Summary of EA Networks Regulatory Asset Base (2022)

Asset Category
Subtransmission Lines
Subtransmission Cables
Zone Substations
Distribution & LV Lines
Distribution & LV Cables
Distribution Substations & Transformers
Distribution Switchgear
Other Network Assets
Non-network Assets

TOTAL

RAB Value (SM)

Percent of Total

146 4.6%
3.7 1.2%
29.5 9.4%
53.7 17.1%
85.8 27.3%
70.8 22.5%
37.8 12.0%
2.6 0.8%
16.3 5.2%
$315M 100%



Distribution & LV
Cables

Distribution Substations
& Transformers

Distribution & LV

Distribution
Lines

Switchgear
Zone Substations

Other Network Assets
Non-network Assets

Subtransmission Subtransmission
Cables Lines

The 2022 closing Regulatory Asset Base (RAB) was $314.88 Million.

Additional information concerning the make-up of EA Networks RAB can be downloaded from:

http://www.eanetworks.co.nz/Disclosures/.

Schedule 5e(i) provides the values used above and can be found under:

Information Disclosure Year Ended 31 March 2022 / Schedules 1-10.


http://www.eanetworks.co.nz/Disclosures/
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5 PLANNING OUR NETWORK

5.1 Network Development Processes

This section of the Plan attempts to outline the processes and criteria used for network development. It cannot
be completely authoritative because the network development environment is not purely technical in nature
and normal business negotiations can provide solutions that would otherwise not have been considered.
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Generators Transpower
2 4 .
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The EA Networks electricity network that exists today exhibits characteristics and levels of performance that
may or may not be adequate to satisfy stakeholders requirements now or in the future. These stakeholder
requirements are encapsulated by standards, policies, statutes, regulations, specifications, and
contracts/agreements between EA Networks and other parties. If the performance of the network is considered
to be inadequate because it does not meet one or more of the stakeholder requirements or a new requirement
occurs, some form of network development must be initiated. Once initiated, there are a vast range of methods
available to modify the characteristics or performance of the network.

5.1.1 Network Characteristics

An electrical distribution network is fundamentally simple to characterise in electrical terms. Its prime purpose
is to transport electricity from one location to another with maximum reliability and minimum loss. The inputs
are from Transpower, a directly connected generator (even solar PV), or in future, a Battery Energy Storage
System (BESS). The outputs are to consumers who are connected to the EA Networks network.

At each point in the EA Networks network the fundamental characteristics are voltage and fault level. The
voltage is what consumers observe. The fault level defines how the network responds to demands placed upon
it either by loads or faults.

EA Networks use standard voltages that are industry norms and have international standards that support their
use. The range over which these standard voltages can vary is partly controlled by standards and regulations.
This is particularly so for standard low voltage supplies (230/400 volts). Higher voltages have standard
prescribed upper limits that equipment is built to tolerate both in steady state and in temporary overvoltage
situations. EA Networks have determined operational limits for all voltages in use. The standards and
operational limits are detailed in the following table.



Voltage Normal Operational Contingency Maximum Rated  Short-Time Impulse

Range (Design) Operational Range Voltage! Withstand  Withstand
66kV 105% to 92.5% 106.5% to 89% 72.5kV 140kV 325kV
33kV 105% to 92.5% 106.5% to 89% 36kV 70kV 250kV
22kV 103% to 96% 103% to 94% 24kV 50kV 125kV
11kV 103% to 96% 103% to 94% 12kV 28kV 75kV

230/400V 106% to 96% 106% to 94% n/a? n/a? n/a?2

1 Maximum rated voltage is approximately 9% above nominal voltage, but other limitations preclude operating at this level.

2 Because consumers are directly connected at this voltage, the voltage limits are determined by appliance tolerance to overvoltages
and appliance standards vary. No overvoltage tolerance is assumed.

Fault levels vary depending upon the electrical path taken from the respective supply points to the point of
interest. The maximum fault levels observed on the network determine minimum equipment specifications and
minimum consumer connection standards. It is possible to control some additions to fault level by specifying
new equipment so that it restricts the contribution it can make to the total fault level. High fault levels cause
equipment heating, mechanical stresses on equipment, and require the capability for equipment to interrupt
high currents.

EA Networks have established limits to the maximum prospective fault current at each voltage level. These are
based upon a combination of historical fault levels that Transpower provide, likely future GXP expansion, typical
transformer impedances, and future embedded generation. The maximum fault levels are detailed in the
following table.

Maximum Power Typical 3@ Minimum 3@ Typical 10
Voltage Prospective 3¢ Equivalent Fault Current 2 Fault Current 3 Phase-Earth
Fault Current ! Fault Current *

66kV 16kA 1800MVA 7.5kA 1.3kA 1kA
33kV 4KkA 250MVA 3kA 0.7kA 1kA
22kV 16kA 600 MVA 7kA 0.5kA 0.3kA
11kV 20kA 380MVA 9kA 0.5kA 0.3kA
230/400V 20kA 14 MVA 9kA 0.5kA 9kA

1 This value represents the assessed highest future fault current anywhere on the EA Networks network rounded
up to the next standard IEC value.

2 This value is the typical fault current close to the source of that supply voltage.
3 This value is at the extremes of the EA Networks network with at least one network element out of service.

4 All voltages other than 230/400V and 33kV have Neutral Earthing Resistors restricting the total maximum earth fault
current to that shown. Actual currents flowing to earth in a fault would normally be less than this value.

5.1.2 Network Performance

Given a network with the characteristics detailed above, applying the electrical loads, reliability expectations,
and the stakeholders’ power quality requirements tests the capability of that network to deliver satisfactory
performance. The reliability of the network is continuously measured and reported in documents such as this
Plan. The two things that determine reliability are fault frequency and the ability of the network to tolerate that
fault with minimum or no interruption to consumer’s supply. Fault frequency can only be influenced when



probable causes can be prevented. Network resistance to faults can be influenced by asset availability, design,
and operation. Power quality is influenced by many factors, only some of which can be directly controlled by
the network owner.

Reliability Requirements

The stakeholders determine the acceptable level of reliability by providing feedback to EA Networks using the
methods detailed in section 3.2. This information is used to set desirable network performance criteria which
are then measured against the required stakeholder-influenced targets. If these targets are not able to be met
using the existing asset configuration or operational methods, then a network development process is initiated.
Once triggered, this process is likely to influence the security requirements in some way.

Security Requirements

In simple terms, the security level is determined by the level of redundancy built into the electricity network
either by quantity and/or configuration. Section 3.5 details the criteria EA Networks apply when evaluating the
suitability of the network to deliver the required level of reliability.

Resilience

A resilient network can resist or tolerate a degree of damage or other adversity and recover from that situation
quickly. To have a resilient network, a combination of factors come in to play. To name a few:

e redundant circuits e simple asset repairability
e adequate network segregation e adequate spares

e asset strength e adequate staff

e  surplus capacity e adequate plant

Other considerations will also be involved.

Resilience is particularly relevant when considering High Impact Low Probability (HILP) events such as major
earthquakes, storms, or floods. The degree of resilience required is difficult to ascertain due to the rarity of
events that provide a true test. The breadth of factors that influence resilience means that EA Networks are
continuing to consider both the way resilience can be objectively measured and the minimum level of resilience
that is required in various parts of the network.

Power Quality Requirements

The simplest power quality measure is the presence or absence of voltage. Very short blackouts (less than 2
seconds) are typically considered as a power quality issue rather than a reliability issue. The effects can be very
similar to a much longer outage, but the cause is generally very different. Another fundamental power quality
issue is low or high voltage. Consumer-observed low voltage is typically an indication that the LV feeder load
has increased to a point that the network cannot keep within the voltage design range. This unexpected issue
would initiate the network development process.

A range of other power quality measures are considered as network development initiators including harmonic
distortion and flicker. If reliable measurements show that the network is delivering unacceptable levels of any
power quality measure, a response will be initiated.

Section 3.6 details the power quality criteria that EA Networks apply when assessing the performance of the
network.

Safety Requirements

If it is apparent that the network is providing elevated levels of risk to people or property, the risk will be
guantitatively assessed and, if it is unacceptably high, a network development response will be initiated.
Sections 1.7.1 and 3.7 outline the primary criteria integrating safety into asset management.

5.1.3 Equipment Characteristics

Any item of electrical equipment should perform satisfactorily when it is used within the parameters considered
when it was designed. It is important to respect the limits of any item’s capabilities while still considering any
limited scope to use temporary overload capacity to increase security. An important set of network
development criteria relate to the specification of equipment used within the network, as the network is simply



an assemblage of many individual items of equipment. Once the equipment is in the network, how it is operated
is as important as how it was specified.

Specifications

EA Networks specify all equipment to exceed the relevant electrical parameters detailed in the Network
Characteristics section above. This ensures the item will operate reliably regardless of its location within the
network. Each type of equipment (transformer, circuit-breaker, cable, etc) has additional characteristics that
are specified on a case-by-case basis, but every effort is made to specify standard models of equipment with
standard ratings tested to internationally accepted specifications such as IEC.

The capacity and performance requirements of each asset type is detailed in Section 5.4.
Operating Range

Every item of electrical equipment has a rated current and a rated voltage. Utilising these ratings to their
maximum (or above) during contingencies can provide a more secure network. To do this reliably, good
knowledge is required of the overload capabilities of the equipment and the effects any overload will have on
continued equipment operation.

To allow adequate margin for contingent operation, the normal level of operation must be below the rated
maximum capacity. Different categories of asset may permit unique (over)loading characteristics.

EA Networks have a largely radial distribution network with multiple interconnections to adjacent feeders and
zone substations. The same principle applies for urban 230/400 volt distribution between distribution
substations. This network architecture assumes that if an item of equipment fails, the distribution network will
be able to back-feed from adjacent feeders. In most cases this will mean a faulted feeder will have at least two
adjacent feeders that can provide back-up and a faulted transformer would have two adjacent substations to
provide back-up. These principles allow the following general design/operation thermal limits to be stated in
the following table.

- Normal Contingent 30 minute
PEEEL IR izl Conlifens Operation Operation Operation
'T'S::lli;ormer Still Air @ 25°C 100% 120% 135%
Sgﬁgtiigr 1ms ! Air @ 25°C 75% 100% 110%
g:glzrgr ound Ducted in 15°C Soil 75% 100% 110%
feeder Air @ 25°C 75% 100% 100%
Circuit-Breaker ° ° °
blgeinEe sy Air @ 25°C 50% 100% 100%

/Switch

For specific network development designs, these general guidelines for normal operation are indicative only.
Certain situations may require lower or permit higher loadings than those shown. The contingent operation
limits are fixed and determine the required nominal rating of each item of equipment based on any contingent
scenarios considered at the design stage.

The operational voltage limits of equipment have been incorporated into the network characteristics
contingency limits detailed above (see Section 5.1.1).

5.1.4 Design Standardisation

An approach to design that encourages standardisation has many advantages that can provide tangible cost
efficiency gains. Provided the standard designs are not over-specified for the average application (a design that
considers the anywhere anytime worst possible case is generally over-specified) then EA Networks will normally



consider adopting the design for use elsewhere.

The standardisation approach is particularly prudent when external design expertise has been used to certify or
validate a design such as seismic or structural elements. Repeated use of external consulting to optimise a design
is frequently a loss-making exercise (the cost saving in optimised equipment is less than the consulting cost of
the expert). In these circumstances, the designer is advised of the need to consider the design to be a standard
design and document the environmental and operation limits of the design so that it can be reused with
confidence within those limits.

The tangible benefits of standard design include:

e Lower equipment population lifetime engineering costs, although the initial standard design process
may be much more time consuming than a one-off design.

e Standard designs can be applied by personnel with less design expertise provided they appreciate and
keep within the limits of the design.

e Staff and contractors are familiar with the techniques used to construct and operate the design, which
should promote a safer operating environment and more cost-effective construction.

e Design staff have confidence that the design will perform as expected (based upon experience already
gained with the design).

e Minimising the stock of spare equipment that must be kept for repairs and new on-demand projects.

e Incremental design improvements can normally be incorporated without affecting backwards
compatibility.

e The components for the standard design can be purchased in bulk which encourages cost-effective
procurement.

e Standard designs based upon standard components can be more cost-effective assuming the
components are in turn based upon some common standard that allows multiple competitive sources
for the component.

e Any issues that may arise with a standard design can be attended to with a universal solution rather
than individually engineered solutions.

EA Networks’ standard designs are identified by the frequency of use and the incremental cost of both the
equipment and the design resource required to adequately engineer a solution. If a design is expensive to do
and the equipment relatively inexpensive then is makes sense to standardise the design. Alternatively, if the
incremental cost of equipment is expensive and the design is relatively inexpensive it could make sense to
individually examine each application of the equipment to ensure it is necessary and not excessive in that specific
circumstance.

An example of expensive design and relatively inexpensive equipment is protection schemes. The design effort
required to specify and document the details of a 66 kV bus zone scheme are typically more than the cost of the
protection relay hardware, so it makes sense to standardise the design. Conversely, long runs of 66kV cable are
incrementally expensive to increase in size and it pays to spend sufficient design time to ensure the optimal
choice is made (within a preferred selection of sizes).

The following table identifies the range of standard designs (either in full or in part) that contribute to the cost
efficiency of EA Networks’ asset management:

GXP

Transformer Size Compatible with transformer n-1 situations (all transformers
share the same/very similar rating).

Zone Substation

Transformer Design & Size Standard size, foundation interface, HV outdoor interface, MV
cable interface, control cable interface, impedance, tap range,
etc allow any 66kV transformer to be relocated to any other site
without redesign. All units can be parallel connected if needed.



66kV Bus and Line/Transformer
Bays

Foundation Design

Building Design

Protection Design

22kV Switchgear Type

66 kV Switchgear Type

66kV Overhead Line

Structure Designs

Conductor Type & Size

66kV Underground Cable

Cable Size & Type

Trench Profile

22kV Overhead Line

Structure Designs

Conductor Type & Size

Seismically certified stand designs and buswork designs are
reused at each new/expanded site.

Seismically certified foundation designs are reused at
new/expanded sites.

A standard seismically certified building design is reused where
appropriate.

Standard protection designs are reused at new/expanded sites
for 66kV lines, 66kV bus, 66kV transformer, and 22kV feeders.

A restricted range of 22kV switchgear types maintains
compatibility with standard buildings/foundations, mounting
frames, arc flash controls, and seismic restraints.

Standard styles of 66kV circuit-breakers (dead tank) and
disconnectors (centre rotating) ensure foundation, stand, and
mechanical interfaces are all compatible with the standard
designs.

All 66kV structures are standardised other than for very rare
specific applications.

A limited range of conductors is used at 66kV (currently only 2).
This assists in minimising structural design and inventory of
spares and production stock.

Wherever possible, one of a limited selection of standard cable
sizes are used. Only two types of cable construction have been
used.

A standard trench profile/backfill has known thermal and
mechanical performance characteristics which do not require
further design for reuse.

All 22kV structures are standardised other than for very rare
specific applications.

A limited range of conductors are used at 22kV (currently 4)
when building new lines. This ensures spares and production
inventory is kept to a minimum.



Standard Design Drawing for 66-22kV Overhead Line Structure
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22kV or 11kV Underground Cable

Cable Size & Type

Trench Profile

Distribution Substation

A limited selection of cable sizes and types are used to keep the
stock of spares and accessories to a minimum.

A standard trench profile/backfill has known thermal and
mechanical performance characteristics which do not require
further design for reuse.

Foundation Designs

Kiosk Cover Designs

Several standard seismically designed foundations are in use. A
number are precast designs which are recoverable for reuse
should the site be decommissioned.

A range of standard kiosk covers with matching foundations
allows a versatile mix of standard modular substation
components to be combined. An example would be a high-



Switchgear Support Frame
Design

Distribution Transformer

Size

Bushing Interface Design

Foundation Interface Design

HV Switchgear

Mounting Design

LV Switchgear

Model Range Limitation

DIN Standard Design

LV Underground Cable

Cable Size & Type

Joint Types

Box Designs

capacity substation consisting of: MV kiosk for MV switchgear, a
precast pad for the transformer, and a LV kiosk for the LV
switchgear.

Support frames for MV and LV switchgear are standardised and
allows different standard switchboard design combinations to be
accommodated.

Standard sizes based upon industry standards.

Interchangeable outdoor (porcelain) and indoor (bushing wells
for screened elbows) bushings, which mean the transformer
manufacturer’s standard configuration can be accommodated
under kiosk covers (no special bushing layout for EA Networks).

All ground-mounted transformers have standard hold down
positions which ensures standard foundation use, full
interchangeability, and certified seismic strength.

Gas switches, RMUs, 22kV or 66kV zone substation CBs all fit on
standard mounting frames or foundations.

Three styles of LV switchgear are used, and each has standard
housings and mountings. The link/distribution box switchgear
has a standard touch safe busbar that accommodates modular
switch types. Only the necessary modules are initially installed,
but any combination is possible after installation.

The use of DIN standard design LV Fuse Disconnectors allows
standard busbar mounting and interchangeability with multiple
manufacturers’ equipment.

A limited range of cable sizes and types is used to keep the stock
of spares and accessories to a minimum.

Standard joint types for standard cable sizes allows stocks of
spares to be kept to a minimum.

Standard box designs and layouts allow spare box stock to be kept
to a minimum and known capacity of LV switchgear can be
accommodated. Also allows production of preassembled boxes
for stock.



SCADA & Communications

5.1.5

SCADA Protocol Use of the industry standard DNP3.0 protocol ensures that
engineering work is limited to settings per device. Combined
with standard protection designs, this encourages engineering
efficiency.

Ethernet Switches The layer 2 & 3 Ethernet switches in use within the SCADA data
communications infrastructure are all industry standard devices
which are interchangeable with various makes and models.

Statutes, Regulations, Standards and Policies

Almost all network development will be in response to one or more non-compliant network performance
measures which are in turn based upon statutes, regulations, standards, policies, codes, specifications,
contracts, or agreements. The range of documents this covers is significant and only those that have broad
application will be detailed here.

Safety. Overarching all the other criteria is the requirement to design, build and operate the network
in a safe manner.

Statutes and Regulations. Statutory/regulatory obligations are a given and the network is operated
and developed to comply with all statutory requirements.

Service Levels. Service levels are set by agreement with stakeholders and these can change from
time to time. Service level standards flow through into many technical standards which are intended
to result in a network that meets the service level standards.

Technical Standards. These cover the bulk of asset intensive network activities. Areas covered by
technical standards include: Equipment Specifications, Procurement Standards, Design Standards,
Construction Standards, and Maintenance Standards.

Financial Requirements. EA Networks need to make an adequate return on new network
development. Any network addition should meet minimum criteria for financial viability and/or
provide other non-financial benefits deemed to make it viable. A determination of financial viability
is a trade-off with other (possibly future) benefits that are less tangible in the short term.

Default Distributor Agreement. All consumers who connect to the EA Networks network are bound
by the obligations of the Default Distributor Agreement via their Retailer. This document
encapsulates references to other policies and standards that ensure consumers do not cause
unexpected effects on the network or other users of the network. Equally, it obliges EA Networks to
provide the levels of performance prescribed by the multitude of standards and policies currently in
force. The Connection Standard referenced by the Default Distributor Agreement includes obligations
on consumers regarding underground connection, power factor, harmonics limitation, motor starting
limitation, and consumer owned equipment safety. The Default Distributor Agreement applies to all
retailers operating on the network.

The policies and standards of EA Networks are based on certain underlying principles. The following list provides
a broad summary of these:

The network will not present an elevated safety risk to staff, contractors, the public or their property.
The network will be designed and operated to meet or exceed all statutory requirements.

Procurement and installation of network equipment will be compliant with network standards and
manufacturer’s instructions to ensure optimal life and performance.

Network developments will provide an acceptable commercial return for EA Networks.

Different consumer connection groups will have different reliability and security standards applied to
them which represents the price/quality trade-off.

The reasonable electricity capacity requirements of a consumer will be met.

A prudent level of additional capacity is designed into the network to allow for predicted load growth.


https://www.eanetworks.co.nz/assets/PDFs/Disclosures/Regulatory/EA-Networks-Default-Distributor-Agreement-.pdf
https://www.eanetworks.co.nz/assets/Uploads/Policy-New-Modifed-Connections-Extensions-170418.pdf

e All network assets will be operated within the design thermal and voltage ratings to ensure they are
not damaged by overloading or overstressing.

5.1.6

Network Development Initiation

The network development planning process is tightly integrated with this plan. The diagram of section 1.7.1
gives some idea of the continuously looped sequence of events that deliver the network development strategies
presented in this plan. Given that there is an existing network that exhibits certain characteristic levels of
performance, the best place to enter the loop is by measuring the performance of the network Network

Monitoring and Modelling.

There are essentially three key reasons the network development process will be initiated.

1)

If an existing or new stakeholder approaches EA Networks with either new or increased electrical

demand or a desire for enhanced requirements/characteristics at the interface(s) with EA Networks.

2)

One or more of the statutes, regulations, standards, policies, codes, specifications, contracts, or

agreements is not being complied with.

3)

Monitoring determines that a portion of the network is likely to exceed standard loading criteria.

Once the process is initiated it goes through the same series of tests and justifications as any business proposal.
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5.1.7

Connecting New Consumers or Altering Existing Connections

This section is included in preparation for content to be incorporated into this document in 2024 but provided

as a separate document in June 2023.

The June 2023 document will be found here.


https://www.eanetworks.co.nz/disclosures/

5.1.8 Network Development Implementation

Once an option or strategy has been adopted and approved, it is incorporated into the internal policy documents
as well as the Asset Management Plan. This will cause any new project or programme to comply with these
approved strategies. An example of this would be the continuing use of 22kV conversion as a solution to
increasing distribution system capacity and quality issues as the norm. 11kV reconductoring projects would
require a different style of approval mechanism as they do not fit an approved strategy.

Once a project is approved by the Board it enters the normal process for scheduling, detailed design, and
construction. This is typically completed using internal resources. Once complete, the new/altered asset is
incorporated into the asset records and the fiscal/accounting aspects completed.

5.1.9 Network Development Options/Considerations/Methods

There are multiple possible reasons the network development process has been initiated. Not all of these will
involve changes in load or security, although the majority do. At times, stakeholders will request changes in
perceived safety or even aesthetics and the Shareholders” Committee, Board, and management will consider
these requests with the same rigour as any other.

The options available to respond to changes in load or security are very similar in many cases. They will typically
involve a change of operating technique for existing assets, an upgrade of existing assets, or the addition of new
assets. Non-network solutions are considered but must be suitable to the stakeholder both commercially and
practically.

Each of the following options is carefully evaluated based on economic efficiency and technical performance.
Wherever possible, capital-intensive development is delayed until absolutely necessary, and non-asset intensive
solutions used where these are not incompatible with future development plans. The first three solutions listed
are essentially non-asset intensive (non-network in some cases).

The options include:

e  Tariff structure (Non-network)

Demand based tariffs give the end user strong incentives to reduce peak demand and maximise plant load
factors. This results in less peak demand and better regulation on the EA Networks network.

e Demand side management (Non-network)

Use of Demand Side Management is linked to the tariff structure and allows the consumer or EA Networks to
control the internal demand by shedding non-essential load at peak periods. The success of demand side
management is related to the value the consumer places on electricity at peak times versus the cost of supplying
electrical demand at that peak time.

e Energy Efficiency (Non-network)

Where a tangible benefit to EA Networks and generally the consumer can be obtained, energy efficiency
measures are investigated and encouraged as a delay to asset-intensive development. Many new appliances
are already much more energy efficient than previous technology (e.g. LED light bulbs), but educating consumers
on the economics of energy efficiency assist them in making smart choices.

e Line-drop compensation (Non-network)

Line-Drop Compensation (or LDC) can be used in specific circumstances to boost the sending end voltage on a
feeder to improve down line regulation. This effectively increases the available capacity on some feeders.

e Localised energy generation and/or storage (batteries)

The rise in availability and reduction in cost of both solar photovoltaic generation and battery storage (household
level and grid level) allows various combinations of these to be a consideration for resolution of a network
constraint or security issue. Solar PV alone will rarely be able to provide the necessary predictability or
availability. Batteries can be used with or without local forms of generation to provide on-demand
power/energy. The main constraint with battery solutions is the initial cost and the capacity they offer. The
normal life expectancy of both the batteries and the power electronics (10-15 years likely maximum) must be
factored into any comparison with a longer life (40+ years) conventional asset-intensive solution.



e \oltage regulation

Voltage regulators can be a useful measure if load growth can be reliably predicted. If the load exceeds the
rating or boost capacity of the regulator, a new larger unit must be purchased requiring the smaller unit to be
relocated, stored, or sold. Regulators can increase losses and are an increased security risk as they can fail (a
spare is therefore required).

e System reconfiguration

System reconfiguration is the first choice of any asset manager in accommodating additional load. Caution must
be exercised to ensure that the combination of reconfiguration and new load does not compromise the security
levels offered to existing and new consumers. Typically, the capacity liberated by reconfiguration is limited.

e Reactive compensation (capacitors or power electronic devices)

Installing capacitors at strategic points in the network where voltage constraints are present or imminent can
postpone the need for more asset intensive solutions. In some cases, load growth for a particular installation
may require increased reactive support, and the consumer is required to contribute to the capital expenditure
involved. Irrigation sourced harmonic levels on the EA Networks network make a capacitor option more
expensive than on many other networks.

Recent development of lower cost power electronic devices that can provide power compensation are another
option. These may be able to simultaneously provide other functions such as harmonic filtering.

e Conversion to a higher voltage

Conversion to higher voltage is particularly effective solution. Doubling the voltage (from 11kV to 22kV as an
example) provides a four-fold increase in capability when the line is voltage constrained. The cost of voltage
conversion is higher than some of the other solutions, but it provides a capacity increase that none of the other
options can.

e Reconductoring

Reconductoring is asset intensive and can involve significant cost if the poles supporting the existing conductor
are insufficiently strong for the larger conductor. The additional capacity introduced by reconductoring depends
on the pre-existing conductor size. The most one could typically expect to achieve on the same poles would be
~100% increase in capacity (for example, going from a Mink sized conductor to Dingo — an increase from 220
amps to 420 amps).

e QOverlaying with a higher voltage

Overlaying with a higher voltage (LV with 11-22kV or 11-22kV with 66kV) is very asset intensive, and often
cannot be justified in terms of the cost involved. In many cases this cost must be borne by the consumer
requesting the new or increased supply and becomes their decision in the final analysis.

e Additional SCADA remote control

Automation allows timely pre-emptive or reactive responses to impending or actual events. This can effectively
increase reliability and can possibly liberate additional capacity. Use of special protection schemes to allow
unconstrained operation except in the case of rare fault conditions while avoiding expensive security driven
upgrades is often an economically attractive approach.

e Load Diversity

Ensure that the diversity within and between different types of consumer groupings are accurately modelled. If
the peak demands of each group do not coincide, then capacity is either liberated or not required.

e |oading Knowledge

Accurate information about the existing network loading is essential to permit accurate calculations of spare
capacity and the need for upgrades or additions.

e Long-Term Planning

Every solution should be compatible with the long-term plan for network development. This will ensure
minimum long-term cost and disruption.

e Coordinated Development

All the proposed projects on the EA Networks network (development, maintenance, replacement, etc) must be



fully coordinated to ensure any possible synergistic benefits are realised.

The load growth estimates are used as a basis for determining the likely timing of projects which are justified by
load growth and/or security.

The performance targets are used to develop strategies to accommodate both increased demand and other
(presumably) improved performance targets. These strategies cover all voltage levels and asset classes and
include non-asset solutions. The different strategies are evaluated against each other, and the feasible options
are then presented to the Board for consideration (see section 1.7).

Network/asset performance is multidimensional. There are capacity, regulatory, cost, reliability, safety,
environmental, and power quality dimensions that trade off against each other. For example, to have the lowest
possible risk to personnel there is likely to be a compromise with either cost or reliability. It is generally more
expensive to do live line techniques than to have an outage and work with the network earthed, but the trade-
off is that live line work makes the reported system reliability higher while incurring some additional risk (or at
least a different risk spectrum). EA Networks presently take the approach that live line work is only used where
the benefits comprehensively outweigh the risk and cost.

The measurement of all network performance must be objective and complete.

The capacity of the network is the biggest issue that is debated between the regulator, funder, network designer,
network owner, network operator, and consumer (all stakeholders). Too much capacity is seen as wasteful. If
there is too little capacity (or it is delivered too late) then it is seen as poor service. While there are no simple
ways to measure performance in this area, the Board have the desire that any small-medium consumer (typically
<500 kW) that applies for a new or enhanced connection before the end of one irrigation season can expect to
be connected before the next season starts (in the order of 5-6 months). It must be explained that the term
irrigation season implies that an application received before April would be connected by September. Most
other (<500 kW) urban and industrial connections are easily achieved within this timescale, provided a suitable
transformer is available. In order to provide a prudent level of capacity, the estimated 5-10-year future load (as
per Appendix C) is used as a minimum to size distribution assets when they are installed.

Regulatory performance is a given. All personnel are expected to be familiar with the regulations that cover
their area(s) of responsibility and comply with them (see section 1.7.6). Further work to enhance this
understanding is currently underway. Measuring performance in this arena is as much about peer awareness
and external observations (such as other organisation’s performance and practices) as it is about internal
processes and systems. There have been rare occasions when non-critical regulatory requirements were unable
to be achieved. These are generally resolved in the shortest possible timeframe and the necessary resources
engaged to prevent a recurrence. Unless the non-compliance is consequential it is not explicitly reported.

EA Networks believe that they are painstaking in their efforts to ensure the network reliability indices reported
reflect all incidents that require inclusion in those indices. All outages are traced using the electrically connected
model included in the Hexagon GIS system to obtain a list of affected connection points. All faults are then
entered into the Faults database, and this allocates all connection points interrupted by that fault to it. This
allows every connection point interruption to be identified and, if necessary, individual CAIDI and CAIFI values
reported. The Faults database provides the storage and analysis of EA Networks’ reliability data. This system
will soon be supplanted by the newly implemented and automated Advanced Distribution Management System.

The financial performance indicators are as accurate as the data they are based upon. This presumes that the
categorisation of all projects is precise and that allocation guidelines are followed in every instance. These
financial values are subject to audit and consequently there is no reason to doubt their precision.

Safety, power quality, and environmental performance is measured and recorded in systems that are best suited
to each area.

The safety performance data is integrated with competence, training and other personnel specific information
in a system that runs in parallel with the asset management environment. Any safety issues that are linked to
asset performance are reported via the Safety Committee to the GM - Network. The GM - Network then obtains
engineering advice on available solutions to mitigate or eliminate the source of risk. Where necessary, that
solution will be inserted into the asset management approval process for acceptance into the appropriate
methodology by the management and/or Board.

The power quality performance (other than outages) is monitored in a less sophisticated fashion than some
other parameters. Consumer level voltage performance tends to be monitored on demand using small data
loggers that provide files that can be analysed for compliance with standards of steady state voltage as well and



momentary excursions. These are registered as a simple justified or not justified tag for the purposes of a Voltage
Complaint index. Harmonic distortion is a power quality parameter that EA Networks have become too familiar
with in the last two decades. In 2007, an awareness of the distortion levels on the EA Networks network was
obtained. A collection of both portable and fixed harmonic monitoring equipment was purchased/installed.
Additional devices are being trialled to provide much improved insight into customer experiences. These devices
have accumulated large volumes of data that can be analysed for both compliance with standards as well as
examining trends in background/average values. As mitigation measures were enforced, their effectiveness was
measured over time. It is satisfying to report that they now show compliance with industry guidelines.

Environmental monitoring has been limited to compliance with the relevant legislation and Regional/District
Plan rules. This particularly concerns noise, gas and liquid discharges, and District Plan aesthetic rules. EA
Networks monitor and, where necessary, record the loss levels of gases (such as Sulphur Hexafluoride — SFg) as
well as fluids such as transformer and hydraulic oil, or stormwater from transformer bunds. The aesthetic rules
relate to all new plant being underground in urban and fringe urban zones. These zones are well known and
there have been no issues of non-compliance. A Sustainability Plan is in preparation for Board approval, and
this will provide overarching principles that can be applied to all aspects of EA Networks” environmental impact.
See section 3.4 for more details.

5.1.10 Network Development Prioritisation

Particularly during periods of rapid demand growth, there is a tension between various projects that need EA
Networks’ available financial, physical, and intellectual resources. The resolution of which issue requires priority
is not necessarily straight forward. The general methodology and criteria for the technical and financial
evaluation of network development projects can be summarised in the diagram shown below.

Any capital expenditure must be justified, and in normal circumstances such a project is expected to add value
to the company by providing an overall positive benefit to EA Networks, our consumers, or environment, over
its lifetime. Projects are prioritised by comparing their benefits and ranked accordingly. This determines which
projects are preferred for funding out of a limited capital budget.

Ultimately, it is the Board that dictates the immediate focus for the company, and they consider not only the
advice offered by management but also external factors including matters such as stakeholder perspectives and
overarching business strategies.
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5.2 Load Forecasting

5.2.1 Introduction

EDBs across New Zealand are aware that they have a key role to play as their networks enable the
decarbonisation and electrification of society, particularly in the transport and industrial sectors. As EDBs
confront this challenge, they recognise the importance of providing clear signals to their customers,
communities, and other stakeholders, of the likely medium to long term implications of this transition. It is
important for stakeholders to understand that this is not ‘just’ an electric vehicle story — different EDBs will
experience increased demands for investment in their networks for a range of different reasons. The drivers
listed in section 5.2.3 describe what are anticipated to be the most significant sources of this demand that EA
Networks anticipates will occur over the next three decades, out to 2050. It should be noted that for many
EDBs, ongoing ‘business as usual’ maintenance and renewal of their existing distribution network is, and will
continue to be, a very significant driver of investment, however this is not presented here as it is not a ‘new’
driver of investment of the type the sector wishes to highlight. Lastly, readers should appreciate that while
certain elements of the transition are well-understood and reasonably well-fixed (e.g. the net zero by 2050
target), other elements which may have a significant impact on EDBs (e.g. the phase-out of reticulated gas for
home heating, hot water and cooking), are still uncertain. EA Networks has made an educated assessment of
what might be expected on their network, but there are significant uncertainties and assumptions built into this.
The EDB sector will, via its association the Electricity Networks Association, be developing a more rigorous and
structured set of demand forecasts and scenarios out to 2050 in the coming months.

Future load projection is a difficult task and is based on a complex multivariate environment. A careful and
rigorous approach must be taken to developing future load projections based on historical trends, available
information, and estimates on future changes.

Given the climate of decarbonisation driven by climate change targets, the electricity sector expects a diversity
of network investment drivers out to 2050. These drivers include the decarbonisation of transport, process heat
conversion to varying degrees between biomass and electricity, population growth resulting in both greenfields
and infill development, new commercial or industrial point loads (e.g. data centres, hydrogen infrastructure),
residential and commercial gas conversion (only to a minor extent in Mid-Canterbury), utility scale solar
generation, climate adaption requiring changes to assets, and the need for investment to improve LV visibility
and implement Advanced Distribution Management System functionality to manage the influx of DER, making
best use of network capacity. These are largely new drivers that the sector has not experienced before to the
greater extent expected. There is still significant uncertainty related to the timing and scale of these drivers,
which affects EA Networks’ ability to predict load growth and investment requirements, particularly further out
in the future.

5.2.2 Derivation of Forecasts

Forecasts of maximum demand on the subtransmission system have been derived from internal modelling work.
Sources of information include:

e Historical demand and energy usage data,

e Discussions with real estate agents, well drilling contractors, irrigation system consultants, and other
service/equipment providers for rural industries,

e  Major consumers connected to the network,

e The ‘Canterbury Irrigation Peak Electrical Load’ report prepared for Transpower NZ Ltd by Aqualink
Research Ltd — November 2010,

e ‘The economic value of potential irrigation in Canterbury’ prepared for Canterbury Development
Corporation by AERU Lincoln University — September 2012,

e ‘The economic impact of increased irrigation’ NZIER — November 2010,
e Environment Canterbury reports and resource consent applications.
e Electric vehicle uptake statistics from NZTA and trends in solar PV applications to EA Networks.

e ‘Thermal Fuel Transition Impact Assessment’ report done by Deta Consultants for EA Networks on
fossil fuelled industrial heating in Mid-Canterbury — December 2020.



e ‘South Canterbury Spare Capacity and Load Site Assessment Report’ by Ergo Consulting for EECA
related to decarbonisation of process heat in Mid-Canterbury and South Canterbury — Draft October
2022.

e Various Transpower strategic documents including Whakamana i Te Mauri Hiko — Empowering our
Energy Future (2020)

e We are monitoring Environment Canterbury’s Essential Fresh Water Package and will incorporate the
findings in our future forecasts.

These information sources have been used to generate a forecast (estimation) that analyses individual zone
substation maximum demands based on present demand with likely additional load allocated by each zone
substation for the next ten years. This model has the advantage of locating the estimated load within the
subtransmission and distribution networks allowing analysis of the capacity utilisation of many network
components. The disadvantage of this forecasting technique is that unknown future loads are not accounted
for.

An alternative statistical projection based upon historical demand data cannot account for the now observed
downturn in irrigation load growth caused by water extraction restrictions. On the other hand, the individual
load estimation reflects that downturn but does not account for unknown future load. The historical projected
load growth is considered unrealistic. The estimated load growth has been revised to reflect water extraction
and now nutrient run-off restrictions recently imposed by ECAN. A new issue that has been factored in is the
potential for industrial process heat to be converted from fossil fuel sources (coal, diesel, and LPG) to electricity.
This has provided a notable upswing in estimated demand. The summer system maximum demand will probably
be more than 200+MW by 2033.

5.2.3  Significant Drivers

Some factors that could significantly affect electricity consumption have been considered in the forecasting
process, and these have been projected forward. They are:

Population Impact

Population projections, broken down into local supply areas, are provided by Ashburton District Council's District
Plan. The impact of population growth on load is largely that of additional domestic consumption, although
population-based industries such as entertainment and retailing also tend to grow. Domestic loads are typically
peaking at mealtimes and early morning and are obviously concentrated in urban areas. Cold weather will also
cause domestic consumption to rise, and the coldest weather typically causes the regional/national peak in
electricity demand. Hot weather is also beginning to increase demand as domestic heat pump/air-conditioning
units become much more ubiquitous. The impact of purely population driven demand is much lower in the EA
Networks network than in many others because the irrigation demand is so dominant. There has been no
measurable impact on demand post-earthquakes caused by Christchurch residents shifting to Mid-Canterbury.
If house and land prices in the Christchurch area increase, demand for housing in Ashburton may be expected
to increase.

Price Impact

In an efficient environment, energy prices (at least for marginal sales) should be close to marginal cost. Marginal
prices have spiked very high in some years due to a shortage of fuel for generation. Electricity growth could
begin slowing down as prices increase. This may not impact on the growth in system maximum demand
however, since maximum demand is measured over any half-hour period — a short time for energy consumption.
The use of energy may become more selective — only when the return on expenditure is high (a very dry year in
the case of irrigation).

To date, the increasing price of electrical energy does not appear to have changed usage patterns or volumes to
any measurable degree, linked to the high price elasticity of demand for electricity. Most people see electricity
as an essential service that they cannot do without and are not currently making decisions based on doing
without. Industries may be looking for more efficient technologies to use electricity, but few are abandoning its
use for alternatives.

Price may encourage consumers to seek alternative energy sources. The ability to generate and store electricity
at home using solar PV and batteries is here. What this is likely to mean is that over time energy through the
meter will drop but maximum demand in winter may remain. Daytime demand will be lower for residential
consumers, but night-time and winter demand will likely remain high.
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The closure of the Bluff aluminium smelter will have a significant impact on electricity prices. When or if that
happens, consideration will be given to the degree of price decrease and the consequential changes in demand.

Major Industries Impact, Including Decarbonisation

Most forecast increases in load are an indirect response to economic and demographic pressures and cannot be
related to any particular electricity consuming development. Some major industrial loads can be anticipated
however, particularly in the food processing industry. Unfortunately, these are also the most difficult to predict
or quantify as they depend on investment decisions from major industries. Historically, final commitments on
these projects have been deferred to a very late stage, often involving significant last-minute load revisions,
leaving EA Networks in a difficult situation from a planning perspective.

Meat processing industries and the food processing industry generally are of sufficient size (and in specific
locations) to need to be studied separately. These industries are generally year-round with relatively consistent
loads and are not weather dependent. The existing industrial loads greater than 1 MW are limited to RX Plastics
(plastic product manufacturing), ANZCO Seafield (meat processing), Talleys Ashburton (vegetable processing),
Talleys Fairfield (ex-Silver Fern Farms Fairton — currently just refrigerated storage), Mt Hutt ski-field (snow
making & lifts), and Manawa Energy BCl Highbank (irrigation water pumping). ANZCO is served directly via a
dedicated zone substation and security is negotiated directly with them. Talleys Fairfield plant is likewise served
directly via a zone substation which also serves Talleys Ashburton via a relatively short 22kV feeder. Mt Hutt
ski-field has a dedicated zone substation. The large (2x950 kW) air compressors for snowmaking have been
replaced with a smaller set of compressors and this has decreased the ski-field load. The water pumps associated
with the snow-making system can cause significant voltage depressions on the zone substation 11kV bus during
starting. Other consumers can see this voltage depression. Mt Hutt is a winter only load. Manawa Energy BCI
Highbank has six 1.5MW pumps (1.4 MW loaded) that run during summer. The supply to these pumps is from
a Manawa Energy owned 66/11kV transformer. EA Networks provide a single circuit 66kV supply to this
transformer. All these loads have to some degree individually negotiated their capacity and security.

Talleys have purchased the ex-Silver Fern Farms meat processing facility at Fairton and renamed it Talleys
Fairfield. Talleys have indicated that they intend to develop the site into a significant vegetable processing
facility which could add considerable load to the electricity network. For planning purposes, a load of 7MW has
been allocated to this facility which is 4 MW more than the previous site user consumed. It is almost certain any
process heat source will be electrical.

The need to reduce fossil fuel consumption in industrial process heat generation is likely to cause a marked
increase in electricity consumption. Recent enquiries from meat and vegetable processing companies have
indicated that new heat sources are very unlikely to use coal and existing coal burning boilers are probably going
to be converted to either electrical heating or biomass heating. There are two sites that are in the process of
analysing their thermal options and for planning purposes 5+ MW (high temperature heat pump) and 4MW loads
have been included. The Ashburton Hospital is in the process of converting their coal-fuelled boilers to a ground
water source heat pump and 700kW has been allocated for planning purposes. It is assumed much of the
industrial process heat is for hot water and not steam. Hot water can be generated using high pressure heat
pump technology and a low-grade heat source from wastewater or refrigeration condensers. This process is
likely to provide a 3:1 coefficient of performance (3kW thermal out for 1kW electrical in). Should the process
require steam, then direct electrical heating (electrode boiler) may be required which would increase the
electrical load considerably, although commercially viable steam generating heat pumps appear to be on the
horizon (~2028).

There are still numbers of smaller industrial and commercial heat processes, such as heating for schools,
operating at lower temperature levels, where converting to electricity from current carbon-based heat sources
is viable. Itis likely the additional electricity capacity required to achieve this will be drawn from the distribution
network. As the pressure on business and other entities to reduce emissions increases, we see potential for
higher electricity demand associated with process heat conversion, but the uptake rate for this is uncertain and
the collective additional demand manageable.

Dairy farming and irrigation are the dominant industrial loads in the EA Networks network, and these have grown
at a significant rate. Irrigation load has been the dominant contributor to system peak demand for many years
and will continue to be so for the foreseeable future. Total chargeable irrigation load now exceeds 148 MW
(including almost 9 MW of pumping at Highbank Power Station). It has been suggested by most informed
industry commentators that conversion to spray irrigation development of farms (both dairy and cropping) is
largely complete and further irrigation development is limited by both water availability and nutrient run-off
issues. The other factor with potential to affect electrical irrigation load is the piping of historically open race



irrigation schemes. This conversion can provide gravity pressurised water at the farm gate displacing the
previous electric pumping. The BCl scheme is also predominantly a gravity pressurised piped scheme. Some
pumping is required when insufficient gravity head is available. It is unknown whether the reliability of the piped
schemes is sufficient for farmers to forego the back-up of a deep well electric irrigator. Only a handful of farmers
have so far chosen to permanently disconnect pumps.

The irrigation load is very dependent on weather conditions. During a wet summer the diversity in use of
irrigation plants increases considerably, which in turn lowers the simultaneous demand placed on the EA
Networks network. A dry summer tends to remove the diversity from irrigation load and can cause very
significant jumps in maximum demand from year to year. As an example, 2005-06 had a summer peak demand
of 104MW, while a year later (with the addition of 8MW of new irrigation plants) the summer peak demand
dropped to 100MW because of a less arid summer. The 2020/21 irrigation season started in late September
and peaked at 180.7 MW in December. Sporadic rainfall has limited the total energy consumption since then.
In 2010-11, the summer demand peaked at 148 MW. A year later, the demand peaked at 143 MW despite the
addition of 17 MW of irrigation load. In summer 2017-18, an all-time high maximum demand of 181 MW
occurred. 177MW was the previous record maximum demand and that occurred in a relatively normal year
(2015-16) and in 2022 the peak was only 156 MW,

Large irrigation plants can range up to 300kW in size for an individual pump (this is equivalent to about 100
residential homes). The irrigation season can start as early as August and last until as late as April. Once
operating, an irrigation plant can typically be left to run for days or even weeks — particularly the centre pivot
types. Electrically irrigated farms were historically restricted to more coastal parts of Ashburton district. Over
the last two decades, deeper and deeper water wells have been funded by the improved economics of intensive
farming. This has caused the load density to intensify closer to the Southern Alps which is further from EA
Networks” GXP. This increases losses in the subtransmission network.

Historically, irrigators have indicated (after being consulted specifically on the issue) that they would prefer to
pay higher charges than be subject to load control at times of maximum demand. The network has evolved to
suit that requirement. This attitude does not appear to have changed and the returns from irrigation are
sufficiently high that it has been assumed that there would have to be a major decrease in global food demand
to influence prices sufficiently to make load control an acceptable option.

Two significant irrigation developments have been implemented in recent times. The schemes are generally
described as the Barrhill Chertsey Irrigation (BCl) scheme and the Acton scheme.

The BCI scheme consists of a water intake from the Rakaia River supplying a pumping station lifting up to 8 m3/s
(4m3/s initially) of the water from river level to the normally empty end of the Rangitata Diversion Race (RDR)
and a piped gravity-pressurised water distribution network on the plains. In electrical terms, the item of interest
is the pumping load. The initial pumping station is a load of 9.0 MW, composed of 6x1.5MW motors. More
motors have been mooted, potentially taking the total load to 12 MW. The impact of this load on the
subtransmission network is considerable and it has been arranged so that it is interruptible during
subtransmission outages. The water distribution network is a gravity-pressurised pipe network which only
requires small amounts of electrical pumping to boost pressure at the initial points of offtake from the RDR. The
net effect has been similar in terms of the overall electrical pumping load on the EA Networks network.

The Acton scheme is a canal-based distribution network fed from a river level intake near Rakaia township. The
canal required no electrical pumping, but the on-farm electrical pumping need was estimated at approximately
3MW. This load increase has been shared across Overdale, Pendarves, and Dorie zone substations and was in
addition to existing irrigation pump load.

Electrification of Transport

Road transport accounts for about 17% of carbon emissions in New Zealand. The electrification of these fleets,
starting with passenger vehicles, is therefore another obvious focus area to reduce emissions in New Zealand.
A major impact looming on the horizon is that of electric vehicles. The energy and demand impacts of
widespread use of home charged electric vehicles are enormous. Most of the affordable vehicles currently on
the market are useful city cars with enough range for a daily commute. The smallest battery pack on these
electric cars has a capacity of 16kWh. From flat, the specified recharging time is 7 hours from a standard 10
amp socket. At almost 100% efficiency that represents 2.3kW of demand per vehicle. The average electric
vehicle fuel consumption is between 15-20kWh/100km. As car and battery technology advances and becomes
less expensive, it can only be assumed that much larger vehicles with improved range and performance will be
developed. Vehicles/batteries with 100kWh or more are already available, and the consumer will expect to be
able to recharge a significant fraction of this overnight at home or substantially more quickly at dedicated



recharging facilities (350kW fast-charging rates are a reality). A household is likely to have more than one
vehicle. Considerable thought needs to go into the way electric vehicles will be integrated into both the national
and local electricity infrastructure that presently adequately serves the existing load. At this stage, no specific
allowance has been made for the additional peak demand electric vehicles would place on the EA Networks
network, other than providing a path for urban network reinforcement should that be necessary.

While current uptake of EVs is relatively low, we expect it to accelerate, especially if more government incentives
emerge to support this. The impact of increasing numbers of EVs on electricity demand is highly uncertain, as it
is subject to multiple factors such as:

e Number of EVs in a network area.
e Average distance travelled per day (and hence energy required to recharge).
e Use of charging infrastructure structure (public infrastructure v residential charging).

e Time of charging (off-peak charging will have little impact, but should it coincide with the early
evening demand peak, it will add to total network demand).

e Energy required by the type of vehicle.
e Rate of charging.

e The expected demand increase can be largely avoided if we can encourage charging during off-peak
hours. Various means of achieving this are being investigated.

The design standards applied to the LV network during the overhead to underground conversion programme in
urban areas has ensured that the LV network capacity is relatively robust and is expected to have sufficient
thermal and voltage capacity to supply residential EV charging. Transformer upgrades and targeted feeder
reinforcement may be required under higher levels of EV penetration, particularly if EV charging is not shifted
to off-peak periods.

New Commercial or Industrial Point Loads

New commercial or industrial point loads may establish on the network without much lead time and can be
driven by new technologies or demands that have not previously been foreseen. Examples include data centres,
hydrogen generation facilities, or hydroponic farming that can result in relatively intense load densities and the
need for network investment.

Regulatory Uncertainty

Environment Canterbury, Canterbury Regional Council (ECAN), has returned to a fully elected council after being
run by Government appointed commissioners for a period. One of the reasons the Government took the move
to appoint commissioners was to provide a clear path forward for water management in the Canterbury region.
A Canterbury Water Management Strategy has now been prepared, facilitated by the Canterbury Mayoral
Forum. The strategy has been embraced by ECAN as a suitable way forward. The Canterbury Natural Resources
Regional Plan is a parallel process that ECAN must progress that set environmental flows in several Canterbury
rivers. As the strategy matures and the recommendations of stakeholders in various district committees are
presented to be enacted the impact of their decisions on EA Networks will be considered.

If the underlying assumptions about water availability and portability were changed by ECAN, it could result in
another surge of irrigation demand in areas currently assumed to be fully electrically serviced for available
irrigation demand. It would appear that any changes to the regulatory environment will be more restrictive to
irrigation and there will be no material changes to the availability of ground water (as presently constrained by
ECAN) caused by the regulatory environment (Canterbury Land & Water Regional Plan).

The ECAN Water Regional Plan, Plan Change 7 was advertised in July 2019. This plan change places further
restrictions on intensification of irrigation to address the over-allocation of water resources and nutrients
generally and specifically in the Hinds/Hekeao Plains Area. This will be achieved through limits on nitrate levels
in groundwater and nitrogen leaching from land areas. The outcome of this variation is that additional irrigation
development south of the Ashburton River will be very limited.

Further regulatory intervention occurred in 2020 in the form of the Essential Freshwater package. This package
of National Environmental Standards, Regulations, and National Policy Statements, has a significant impact on
the farming methods used to support the current level of production. It is almost certain that significant changes
will need to be made to on-farm practices and this is likely to have consequences for the electrical demand
irrigation places on the EA Networks electricity network. The full implications of the package will not be known



https://www.ecan.govt.nz/your-region/plans-strategies-and-bylaws/canterbury-land-and-water-regional-plan/canterbury-land-and-water-regional-plan/
https://www.mfe.govt.nz/essential-freshwater-new-rules-and-regulations
https://www.mfe.govt.nz/fresh-water/freshwater-acts-and-regulations/national-environmental-standards-freshwater
https://www.mfe.govt.nz/fresh-water/freshwater-guidance/factsheets-policies-and-regulations-essential-freshwater
https://www.mfe.govt.nz/fresh-water/freshwater-acts-and-regulations/national-policy-statement-freshwater-management

for some time, and it is possible irrigation peak demand may still occur at similar levels as currently, but energy
usage overall may drop. Changes in land usage may see different irrigation patterns develop for alternative
crops. As responses to the package mature, the implications will be incorporated into future plans.

Economic Uncertainty

Economic activity is difficult to predict accurately over a period of 10 years, and this will have consequential
effect on electricity demand. Likewise, factors such as population, price of electricity, and the effect of other
fuels are uncertain over this period.

The global and national economies continue to be uncertain due to COVID-19, the war in Ukraine, and high levels
of inflation. How this affects the primary industries that EA Networks’ peak load is driven by is also uncertain.
It is possible that most existing load will continue to operate but the connection of new load may be delayed or
cancelled. To some degree the estimated load forecast takes this downturn into account. Enquiries for new
irrigation and dairy sheds has dropped to very low levels and is unlikely to increase. Given the regulatory
environment, additional dairy conversion looks very unlikely.

Over time, the electricity used per unit of production will change, and automation may result in electricity
replacing labour. The extent to which this will happen over the next decade is hard to predict.

Similarly, there may be improvements in energy efficiency, so that over time energy requirements (per unit of
production) may diminish. This will not necessarily reduce electricity consumption, asin many instances efficient
use of electricity may be a better use than the direct use of fossil fuel resources. Energy efficiency measures
can also see a rise in peak demand while lowering average demand (the difference between demand cost and
energy efficiency).

Demand Structure

The characteristics of the various classes of load; domestic, commercial, irrigation, and industrial are quite
different. Domestic consumption has a particularly low daily load factor and is a major contributor to winter
system peaks (despite the use of water heating load control). Irrigation has a high daily load factor during
summer but a low annual load factor. The base load varies from commercial/domestic heating in the winter to
industrial/irrigation load in the summer. Tariff structures reflect these load characteristics and allocate cost
where it falls, but this does not necessarily materially affect the behaviour of consumers.

Relatively recent irrigation scheme changes have provided farmers with the option to purchase the right to use
water from piped schemes that deliver pressurised water onto the farm. These schemes have provided both
new water resources as well as converting existing open race schemes to piped schemes. The impact of these
changes on actual and future electrical demand has been complex. Where the farmer has not had access to
water previously or used flood irrigation, these schemes have had little impact on connected irrigation demand.
If new irrigation water was available, there has been some additional demand from farms that converted to
dairy production. A significant number of farms that signed up for pressurised water delivery already had either
deep well irrigation plants or surface water pumping systems. These farmers have retained their deep well
electrical pumping facilities to provide high reliability irrigation during periods of restrictions on the piped
scheme water sources. A consequence is the standby electrical load is no longer contributing to irrigation peaks
in normal years. This latent demand is a big risk for the EA Networks network as it can be simultaneously
activated after being dormant for many years — potentially overloading assets that were historically adequately
sized. Irrigation pumps can no longer be switched to non-irrigation rates to prevent this situation from getting
any worse and to ensure adequate return on dormant assets.

The Canterbury Regional Council (ECAN) has clean air requirements for solid fuel space heaters. This strategy
has aimed to reduce the quantity of airborne pollution, particularly that caused by domestic solid fuel heaters.
The requirements have seen additional electrical heating demand come on to the residential portions of the EA
Networks network, and most of the appliances are inverter style heat pumps. The impact on the peak demand
has not been considerable and may be offset to some degree by the new heat pumps displacing resistive heating
in homes that would have otherwise used resistive heating for initial comfort in the early evening or morning.
Significant numbers of heat pumps have been installed in response to the clean heat strategy (61% of Mid-
Canterbury homes are heated by heat pumps in 2018). The possibility of these heat pumps being used for
cooling during times of peak demand in summer is of more consequence to overall system demand, and this will
be monitored.

Phasing out of gas hot water, cooking and space heating is not expected to be a major contributor to demand
increases in Mid-Canterbury, due to these installations being relatively uncommon and only on bottled LPG

supply.



Diversity

Peak demands for different supply points do not necessarily occur simultaneously. The natural diversity among
loads can be used to advantage. Since a zone substation maximum demand (MD) will be less than the sum of
individual distribution substation MDs served from it, the major distribution elements can be designed to a
smaller capacity than the sum of individual consumer connections. As EA Networks have only one Transpower
Grid Exit Point (GXP), the expected system summer peak for the GXP will be the same as the corresponding sum
of the coincident zone substation totals, plus subtransmission losses, minus any embedded generation.

Diversity can also work against the Asset Manager. The diversity in EA Networks’ connected irrigation load varies
considerably with the weather. During a season with average rainfall, the diversity is average. When the season
is particularly dry (every five years or so), there is minimal diversity and all pumps that can be operated are. This
can cause a false sense of security for the Asset Manager during the preceding four years and may have
implications for emergency capacity.

Distributed Generation

Distributed generation has the potential to reduce the peak demand EA Networks impose on the Transpower
grid. It must however be of such a scale and be sufficiently reliable (both mechanically/electrically and with its
source of fuel) to guarantee that EA Networks can avoid investment in major system components while retaining
the appropriate level of security to service load. If the distributed generation was, for example, wind powered,
a calm summer day during a dry year would cause peak demand on the EA Networks network, but none of the
wind turbines would be generating because of lack of wind. The Highbank hydro power station is another
example that generates only during winter (off-peak for EA Networks, but presently during the period of peak
regional demand). Only distributed generation with very high availability, some form of fuel storage (for
generation on-demand), or a diverse range of independent fuel sources will offset the need for network
investment.

The estimated future network demands have not assumed the existing distributed generation plants (Barrhill —
0.5MW, Cleardale — 1.0 MW, Montalto Hydro — 1.6 MW, and Highbank — 26 MW) to be operating. The nature
of the plants (single penstock, run of the river, single turbine) means that they can be (and sometimes are)
unavailable at peak times. In terms of energy, the existing embedded generators are predicted to supply about
20-25% of the ~600 GWh to be delivered to consumers during an average year assuming average levels of
irrigation demand. The likelihood of significant amounts of utility scale solar photovoltaic generation will
probably lower the summer peak demand on the GXP and certainly lower the amount of energy supplied
through the GXP. Where the solar is connected to the 22 kV distribution network it is also likely to lower the
demand on the zone substation concerned.

A range of generation proposals have been discussed in recent years. Bar one, most of the projects are still
commercially sensitive. Section 5.4.12 has details of the type and scale of these potential developments. None
of these projects are sufficiently commercially mature to be included in the load estimates, although some of
them could have a meaningful effect on substation and system demand should they proceed. Once firm details
are available, the impact on peak load will be assessed and included in the demand estimates.

Photovoltaic solar panels have been installed on some residential and small business premises (434 installations
totalling 3120kW as of February 2023). The distributed nature of these installations and the modest output has
not yet caused any measurable impact on the distribution network. One installation highlighted the small size
of overhead LV lines connecting it to the distribution transformer (since resolved with scheduled underground
conversion), but the remainder are operating without any negative impact. EA Networks currently has circa
100MW of utility scale solar farm applications on hand. While no contracted commitments have yet been made,
it is clear that, at this scale, there will be impacts on the flow of electricity in the network and management of
voltage, particularly under subtransmission network contingency situations. Application of ADMS generation
run-back schemes may be required to manage post-contingency network conditions, minimising network
investment and allowing lower levels of generation constraint pre-contingency.

Demand Management

The only form of direct demand management currently in place is that of ripple control of hot water and night
storage heating facilities. Indirect demand management by signalling of price is accomplished by a tariff
structure that makes night energy less expensive than day energy. EA Networks do not have in place any
dynamic signalling of demand peaks to consumers. There are currently no plans to implement dynamic demand
signalling to individual consumers.

Future demand management would certainly be imposed on widespread electric vehicle fast recharging.



Over time, there have been a range of network security options placed before the Board for consideration. One
of the options discussed was contingency load management. This would require that certain types of load be
automatically interrupted during faults. Restoration of this load would then be done by remote control (either
feeder by feeder or over larger areas — depending on the type of fault). This action would, under many
circumstances, allow the remaining connected loads to be supplied via un-faulted network paths while the fault
is repaired. Contingency load management could be an appropriate response to a HILP (high impact low
probability) event such as a zone substation transformer failure. Well managed, contingency load control could
provide capacity for all essential load and share the remaining capacity in an equitable manner. This would not
be possible if the larger, non-critical, interrupted loads remained connected. No immediate commitment was
made, and future plans will provide details on enabling technology and any Board decisions.

In the set of forecasts that follow, no specific allowance has been made for intangible factors, other than in line
with historical trends. Increasingly, it may be possible to control load so that appropriate action can be planned
ahead of time. Thus, for example, as a specific subtransmission circuit approaches capacity, it may be preferable
to improve the efficiency of utilisation or install local electrical storage in the area rather than immediately
increase capacity.

5.2.4  Future Load Projections

A forecast has been developed which does not utilise long-run historical data. Estimated load is now used. The
technique is subjective and uncertainties in population, price of electricity, economic activity, and the intensity
of use of electricity in industry all influence future demand.

Appendix C contains additional data used to derive this forecast plus the estimated individual zone substation
maximum demands for the next ten years.

The estimated growth in individual zone substation loads is a subjective process in that it relies on the opinions
of a range of people who are knowledgeable within the various industries that contribute to most of the
electrical demand in the Ashburton district. Forirrigation, localised trends are prepared for each zone substation
and incorporated in the future load figures. A report prepared for Transpower provided some additional
estimates of irrigation load and these have been considered when preparing EA Networks’ internal estimates.
Other industries contribute likely step load increases, and these are allocated individually to zone substations at
the expected load commissioning date. Residential and general supplies are trended in percentage growth
terms, and this is seen as acceptable, bearing in mind the difficulty in alternative models and the relatively low
impact of this growth on the total peak loads (particularly at subtransmission levels).

Some additional estimates of maximum regional irrigation demand were provided in the Canterbury Irrigation
Peak Electrical Load report. The estimates for the total irrigation demand on the EA Networks network varied
between 114.4MW to 167.4MW depending upon the assumptions made. The highest value assumed intensive
irrigation of all available area including large portions of the high-country basins. This would appear to be highly
unlikely at the energy densities assumed in the report. EA Networks have used a similar technique for estimating
system wide demand in the past, but the sensitivity to assumed energy intensity is so great that it is only broad
guantitative indicator rather than a precise forecasting tool. EA Networks’ estimate of complete consentable
district irrigation using existing demand density is around 146 MW although the uncertainty surrounding this is
likely to be at least £10%. The estimated irrigation load of 149MW in 2031 contained in the report is within this
band of uncertainty. The lower regional load estimate of 114.4 MW is actually a considerable reduction in load
caused by increased use of gravity pressurised pipe schemes. Several of these schemes have been installed in
recent years and appear to be successful. Where they are converting an existing open-race scheme to pipes,
the electrical demand of surface spray irrigators is eliminated. When a new scheme is introduced using newly
consented water (or water is conserved by piping) some deep well pumps are only used as dry year backup when
the surface water supply may be restricted. The potential demand still exists but is not expressed during normal
years. If a new piped scheme proves to be reliable, the deep well consents may be sold to other interests within
the same aquifer zone — shifting the electrical demand on the EA Networks network.

There is a new emphasis on removing fossil fuel heating from the industrial process heat and large space heating
sectors. A report prepared by Deta Consulting for EA Networks in December 2020 has identified the likely
prospects for fossil fuel to electrical conversion. The demand estimates now include the conclusions of the Deta
report, as well as a subsequent report for EECA from Ergo Consulting, and it has markedly changed the likely
demand in 10 years. Much of this load is concentrated on two zone substations that are focused on industrial



load (Fairton and Seafield).

Growth at these estimated rates may still require some development work on the EA Networks network to
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accommodate the load, while continuing to meet the security standards.

Forecasts of summer estimated maximum demand indicate a 10-year summer growth averaging 1.1 % p.a. in
ADMD (After Diversity Maximum Demand). Winter ADMD is predicted to grow at a higher rate of about 3.2 %
p.a., largely as a result of industrial process heat conversion.

Water storage is the pervading sentiment as the way to advance irrigation water availability in the Canterbury
region. The statistical summer load projection (extrapolation) is no longer a valid predictor of future demand.
Underlying winter load growth is at a rate comparable with other urban networks (1.2%).

Winter peak demand growth is ultimately constrained by regional security load control strategies (Upper South
Island) and the growth of uncontrolled load such as heat pumps. It is possible that widespread uptake of electric
vehicles could potentially change the estimated/projected peak winter demand (increased demand) as could
additional battery storage and/or distributed generation (decreased demand), depending on contribution from
batteries and distributed generation at the time of the peak. The scope for decreasing demand across significant
parts of the network (thereby decreasing demand on upstream assets) depends on the location and scale of any
distributed generation or batteries. Energy efficiency may slow the growth rate over time until efficiency has
peaked.

5.3 Network Level Development

All the following network level developments provide energy efficiency benefits. By utilising the correct voltage
and larger or more numerous conductors/cables the energy efficiency of the network is measurably higher.
Although the primary reason for doing the developments was not energy efficiency, it was certainly one of the
influencing factors.

5.3.1 66kV Subtransmission

During the mid to late 1990s, the EA Networks 33kV subtransmission network was showing its age. The
incessant growth in irrigation had caused parts of the network to sag to 30kV with all circuits in service. This
surge in demand caused large energy losses and meant there was zero security should a 33kV line fault occur.



Some zone substation transformers were also operating on maximum boost tap. It was obviously time to
reconsider the subtransmission development at EA Networks. The peak load then was a little over 60 MW.

A range of options were investigated, and the option of using 66kV as a subtransmission voltage was
immediately appealing. The ability to supply the scale of loads EA Networks were anticipating would occur and
the distance from the GXP they would occur at was a good match. The technigues used to construct 66kV lines
were similar to those used at 33kV so EA Networks personnel could build and maintain them without major
reskilling or retooling. The cost of major components for 66kV were only 15-20% more costly than 33kV items.
In some cases, the cost was virtually the same. The increase in capacity was almost 400% for the voltage
constrained parts of the network and 200+% for the thermally constrained parts.

So, the options (including approximate costs) were presented to the Board for discussion, and it concluded with
a request to provide an estimate of cost for a conversion of a significant portion of the 33kV subtransmission
network to 66kV. A project to solve the immediate 33kV problem with 66kV operation was approved. Once
that commitment had been made, the Asset Management Plan became the vehicle to communicate future
subtransmission plans to the Board. In subsequent years, as the pace of irrigation load growth accelerated even
further, the Board further endorsed the principle that the future of the subtransmission network was with 66 kV.
In future, as the 66kV subtransmission system begins to reach its limits, a second 66 kV GXP, widespread battery
storage, or diverse distributed generation could provide immediate and on-going relief.

5.3.2  22kV Rural Distribution

The late 1980s had already seen significant irrigation load growth occurring on the EA Networks distribution
network. This was putting the 11kV distribution voltage under stress in a number of places on the network with
multiple regulators in service. Energy losses were high, and power factor was dropping (high kVAr losses in the
reactive overhead lines). In some cases, the measured distribution voltage was as low as 10.3 kV (minus 6.5%)
which made motor starting and running very difficult and the voltage range consumers were experiencing was
exceeding the standard range that EA Networks had prescribed as acceptable. In some cases, attempting to
start one motor would stop an adjacent one. The 11kV fault levels were becoming inadequate for the increasing
size of individual loads being supplied. Back-feeding during faults was impractical.

A solution to this issue was required. Forecast load growth was increasing and these voltage regulation issues
were going to be very widespread if nothing was done. A range of potential solutions were considered including
the following options that were analysed in detail:

e 11kV reconductoring

The most obvious option was to increase the size of the conductor on the existing pole lines. This results in a
relatively small incremental change in capacity as the existing poles can typically only double the area of
conductor at best. So, a line carrying Mink conductor (75mm?) may be able to be restrung with Dog (120mm?)
but this results in a 40% increase in capacity at best (if the entire line is restrung) with no further options for size
increase without reconstructing the entire line with stronger poles (expensive). The extent of the potential
voltage problems were sufficiently widespread that a lot of restringing would have been required with a capacity
increase ceiling at the conclusion. The restrung network would still have very limited back-feeding capacity at
times of peak demand (distribution security levels would not increase appreciably). The distribution system fault
levels would perceptibly increase with this solution but motor starting would still be limited in many cases.
Although this option was certainly viable, it was not the long-term solution that would solve the issues facing EA
Networks. This solution was not preferred or recommended to the Board.

e 11kV regulators

Another method of boosting voltage was the in-line voltage regulator. This is essentially a localised solution for
maintaining voltage on a distribution feeder. It does not increase fault levels (in fact they slightly reduce), so
motor starting is still difficult for larger loads. It is a relatively low risk option, in that the regulator can be
relocated if necessary or additional ones can be installed to further boost voltage. On the downside, system
losses begin to increase and back-feeding through a regulator is not always straight-forward. The extent of
distribution system reinforcement required would have involved the purchase of dozens of voltage regulators
and this would essentially be solving one of the symptoms of an overloaded distribution network without solving
the underlying problem. This solution was not preferred or recommended to the Board.

e Additional zone substations

An expensive, but technically viable, option would be to build additional zone substations between the existing



ones thereby shortening the 11kV feeder length by approximately 50%. This has a number of technical
advantages but is very costly. It doubles the number of 11kV feeders, each with half the number of consumers
per feeder, which means any distribution fault only affects half the number of connections. The load per feeder
is halved, which solves the voltage drop issues, and the fault level increases as a consequence of shorter line
lengths from the 11kV source. It seems to be a good solution, but the downside is certainly the cost and
complexity of many more zone substations of half the size that would otherwise be required. A loss of load
diversity means that each smaller zone substation would actually be more heavily loaded than 50% of the one
that originally supplied the entire load. The fact that the 33kV network was showing signs of duress and that
66kV was already being contemplated as an option meant that the cost of building twice the number of new
66kV substations was not very appealing economically. This solution was not preferred or recommended to the
Board.

e 22kV conversion

Although the option of converting to 22kV
seemed costly, in reality there was little
waste in the exercise. The main costs are
in reinsulating existing overhead lines (a
relatively low cost of three insulators for 22kV Mink
most poles) and replacing the existing
distribution transformers with 22kV units.
The transformers can be reused on 11kV
portions of the network or sold to other
networks. In the worst case, the very old
ones are scrapped. The overwhelming
technical advantages of 22kV were plain
to see. The percentage voltage drop on
the same conductor falls by 75% allowing
4 times the load for the same voltage drop 5 10
as 11kV. Line energy losses fall by 75%.
The fault level also increases considerably
and stays much higher over the entire
feeder length. This allows much larger
motors to be started without causing
interference with neighbouring
consumers. Existing poles and conductor
could be retained and the only things
needing replacement were the insulators,
the fuses and switchgear, and any surge
arrestors. The incremental cost of 22kV
equipment over 11kV equipment varies
from zero to at most 20% (overall 8%). In
many cases, the equipment is the same as
it is not cost effective to manufacture
both voltage classes of equipment. The
source of 22kV could be provided by 5 10
11/22kV star connected Distance from Source (km)
autotransformers which maintained zero
phase shift and allowed them to be moved along a feeder as conversion proceeded. This solution was
recommended to the Board as a solution that could be applied where 11kV was likely to no longer be adequate
for the loads being served.
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The Board were presented with the various options that had been considered and were content that 22 kV
conversion offered the best long-term value for money. It was pointed out that within a decade or so the
subtransmission network and a portion of the rural distribution network could be renewed and the opportunity
to migrate to what is generally accepted as the modern distribution voltage class of 24kV was one that should
not be missed. The fact that the subtransmission voltage at the time was 33kV (only 50% higher than 22kV)
tended to reinforce the notion that it too was under pressure. Ultimately, the Board agreed that 22kV was the
best choice overall for stakeholders where significant distribution system voltage regulation was an issue.

In hindsight, had the move to 22kV not occurred, the dramatic load growth that occurred from 2000 to 2010



would have overwhelmed the 11kV network and loads would have been turned away. This would not have been
a good situation for the local or national economy. The combination of 66kV subtransmission and 22kV
distribution seems to be close to the perfect match for the scale and distribution of loads presently on the EA
Networks network.

5.3.3  Urban Underground Conversion

As a cooperative company, the ownership structure of EA Networks encourages the Board to make decisions
that are in the long-term best interests of the shareholders/consumers and other stakeholders that use or
interact with EA Networks network. One of the areas that EA Networks Board have chosen to reinvest in the
community that they serve (and where almost all shareholders reside), is by continuing to convert end-of-life
urban overhead lines to underground reticulation. The Board are well aware of the alternative, which is to
rebuild the network as overhead lines. Overhead lines are certainly less costly, but they provide very few of the
other benefits of underground cables:

e Underground cables are immune to the frequent snow and windstorms that Mid-Canterbury
experiences. One such snowstorm in the 1970s caused most poles in Methven to fail and
consequently power was not restored for many weeks.

e The safety of an underground system is several powers of magnitude greater than overhead lines
due to its largely buried situation. The exposed nature of overhead lines (particularly in an urban
area) is a significant risk and adverse weather, trees, vehicles, kites, fireworks, vandalism etc. can all
place the urban dweller at greater risk of accessible or damaged overhead conductors.

e The capacity of a low voltage underground cable is typically much greater than the equivalent
overhead line as it serves only half the number of consumers and is usually of greater cross section
(lower voltage drop).

e The flexibility of interconnected underground cable systems normally means planned outages are
very infrequent as the various parts of the network can be isolated without interrupting supply.

e The aesthetic benefits cannot be ignored. Residents are much more satisfied with underground
reticulation.

e The reliability of underground networks is significantly higher than overhead networks, so the
consumer has better power quality and lower outage duration. When a fault does occur, restoration
is typically much faster also.

e Energy losses are typically much lower in underground networks, largely because of the larger
conductors and greater number / lighter loading of individual LV circuits.

e Fewer (but larger) distribution transformers are required (all of which are ground-mounted). This
minimises the potential oil spill risk.

e One notable potential downside is the exposure of underground cables to seismic events.
Liquefaction is not expected to be a significant factor in urban areas.

Feedback from consumers has shown that they are very satisfied with the continuing underground conversion
programme. The Shareholders’ Committee (the elected/appointed shareholder representatives) have also
supported the urban underground conversion philosophy. In addition to the technical and service benefits,
there are on-going strategic drivers. As a cooperative company, the return to shareholders needs to be
distributed in a fair manner, and with considerable investment in the rural area to support irrigation and farming
generally, there needs to be a counterbalance for the urban consumer/shareholders. All conversion programs
are driven by the need to replace existing overhead lines owing to diminished capabilities and condition.

An underground conversion programme has now been included in the plan which provides for the removal of
all distribution voltage power poles from the townships within the Ashburton District. The programme identifies
projects by specific streets. These projects are based upon assessed overhead line condition and the timing of
each line replacement with underground cable is scheduled to ensure the risk of pole failure before conversion
is acceptably low.

5.3.4 Core Urban 11kV Network

The EA Networks Reliability by Design guidelines put greater emphasis on the number of consumers supplied



from (or affected by) any particular electrical asset. Of critical importance is the number of consumers supplied
from a zone substation feeder circuit breaker. Currently, there are a number of individual urban 11kV feeders
supplying more than 1000 consumers each and consequently nearing their thermal rating limit. As of 2023, a
1000 consumer feeder represents about 5% of the total EA Networks consumer count. A fault causing this
circuit-breaker to operate will rapidly impact on the reliability measures such as SAIDI and SAIFI as well as
inconvenience 1000+ households or businesses. A 20 minute outage for 1000 consumers represents 1 minute
of SAIDI and 0.05 of SAIFI (1.1% and 3.9% of the respective compliance targets).

The Ashburton urban area has about 9000 consumers supplied from two zone substations. The two substations
have about 26 existing or potential 11kV feeders. This is an average of more than 340 consumers per feeder.
To bring this down to the design guideline of 200 consumers would require another 19 feeders (a total of 45
feeders).

To comply with the new guidelines on maximum number of consumers per feeder, there are several possible
approaches.

1) Nineteen additional 11kV feeders from existing zone substations. Although this is possible, it is
particularly asset intensive. New switchboards are required, and cabling will have to be installed and
extended to a location in the existing network where it can create new, smaller, feeders. The new
switchboards will require enlarged or additional buildings on the zone substation sites, and this may
involve obtaining additional land which could be a difficult prospect in an urban setting. This option is
not the preferred option.

2) Two new zone substations in urban locations distant from Ashburton and Northtown zone substations.
This is also possible, but even more asset intensive than option (1). This would require significant
underground subtransmission, two new sites, at least four new transformers, new buildings,
switchboards, protection, and supporting infrastructure. New 11kV cables would also need to be run
from the new sites to integrate with existing 11kV cabling forming the 19 new feeders. Initial estimates
place the cost of this option at several times that of the other options with no quantifiable benefits
other than a doubling of the already adequate total 11kV infeed capacity. This option is not the
preferred option.

3) An additional layer of high capacity 11kV distribution. This option involves a new network of core 11kV
circuits that do not directly connect to distribution transformers, effectively extending the zone
substation 11kV busbar in a distributed manner. The core 11kV would be a transport level only. An
11kV circuit breaker switchboard at a network centre or zone substation would provide the termination
point for each end of a core 11kV circuit. Core 11kV circuits will form closed rings (the core circuits
operating in parallel) between network centres and zone substations. Several spare (or repurposed
existing) circuit breakers would be required at each existing zone substation. The initial assessment of
Ashburton and Northtown substations suggests there are sufficient circuit breakers to fulfil the
requirements. New network centres would need to be constructed at various locations in the urban
area and obtaining small amounts of land for these may be an issue. Each network centre would have
at least two core circuits terminating at it, and between three and five lower capacity 11kV feeders
radiating from it. After careful consideration, this solution was chosen as the preferred option.

The diagram below gives some idea of the core 11kV network concept. The bold black lines are the high-capacity
circuits. The grey lines are the lower-capacity feeders. The orange objects are network centres. The larger
circles are circuit-breakers. The smaller green circles are open ring main unit (RMU) switches at distribution
substations.

The scale of this core network development is significant. It will take most of the planning period to fully
implement, and a commitment is needed to continue the work to completion. Partial implementation would
not achieve the desired improvements and could make the impact of some faults more extensive. The Board
have indicated that it is appropriate to make provision for the core network when doing other works.

Previous Asset Management Plans had allowed a programme to cover this work starting in 2020 and continuing
until at least 2028. This programme now runs from 2025 until 2031. The first two network centres are now
complete (Melcombe and Glassey). Protection relay commissioning is ongoing. Once commissioning is
complete, core and feeder cables newly terminated on the switchboards can be used in a fully secure core
network configuration.
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5.4 Strategic Plans by Asset

Once the security standards have been set, the rate of growth has been predicted, and assumptions have been
made about the location of the additional load, decisions must be made on how to accommodate it on the
network. This section identifies each major voltage level and functional grouping and then goes on to describe
what impact the additional load will have and what changes will be necessary to cater for it.

Please note that the [10045] type reference in each project title is the project code for reference to financial
detail in Appendix B. Project costs can be seen in Appendix B — referenced by the year and project code. A year
in [red] indicates that the project has unexpectedly carried over from the previous year without budget
allowance.

5.4.1 Transpower Grid Exit Points

EA Networks has one Grid Exit Point (GXP) that is at the Transpower Ashburton Substation — a site approximately
7km south-east of Ashburton township. Transpower call this substation Ashburton Substation, but for clarity
(EA Networks also have an Ashburton Substation in Ashburton township), it is known as Ashburton220 (220kV
is the highest voltage on Transpower’s Ashburton site).

Ashburton220 provides EA Networks with a 66kV GXP. Until 2019, there was also a 33kV GXP on the same site.
Immediately adjacent to Ashburton220 is an EA Networks substation called Elgin. This provides two major
functions. Firstly, it takes the three 66kV supplies from Transpower and splits them into the seven individual
circuits that form the 66kV subtransmission network. Secondly, it historically provided a (normally open) link
between the 33kV GXP and the 66kV GXP in the form of a 60MVA autotransformer. This autotransformer
currently allows a 33kV ripple injection plant to serve the 66kV network and has been reconfigured to also
provide a 20 MVA 22kV supply to the distribution network.

The capacity and configuration of the Ashburton220 substation largely determines the security and reliability of
the GXP at that site. It is the responsibility of EA Networks to plan the configuration of the GXP and the way the
connections to the GXP are made to promote high performance and good value. The cost of Transpower assets
that are dedicated to supplying EA Networks are passed on to EA Networks in the form of an annual charge that
reflects a rate of return and some assessment of maintenance requirements. This charge is in turn passed on



to the consumers that use the EA Networks network.

The existing arrangement meets the security standards at peak load times and for the foreseeable future. The
addition of a third 220/66kV transformer during 2013-14 enabled full security policy compliance. The all-time
maximum of 181 MW is within the steady state firm no-break 66kV GXP capacity of 220MVA or 250 MVA cyclic.
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Capacity of New Equipment

The security standards effectively set the requirements for immediate capacity and security (section 3.5.3). The
margin allowed for growth is the only parameter that is not predetermined by the security standard. The
addition of a second 66kV GXP will require consideration, as it will alter the security of both the GXPs and the
subtransmission circuits fed from them. The number and size of transformers at each GXP will be an important
factor in determining overall GXP security. If the technology for contingency load management is viable and
approved by the Board, the need for a second GXP may be delayed for some time (until the combination of risk
and consequence become unacceptable).

Projects & Programmes

Project Year Name Category
-1156 2031 GXP — New 66kV GXP System Growth

The 220kV bussing project that Transpower completed several years ago forced a rapid decision on the 220kV
bus configuration for all the transformers supplying EA Networks. The conclusion that was reached is that each
transformer required a separate 220kV bus section to prevent capacity limitations (caused by multiple
transformer outages) during planned or unplanned bus (or other equipment) outages. The site redesign has
accommodated this requirement and each transformer is now connected to a separate section of 220kV bus
which is electrically distinct from the other transformers.

Having connected a third 220/66kV GXP transformer (T9) and implemented a 3 section 66kV ring bus, the 66kV
GXP and Elgin site now meet current security requirements. It is unlikely that further development will occur at



this GXP, the routes leaving the site are almost fully occupied with 66kV lines (one circuit on an existing double
circuit line is available) and these lines will be loaded at near capacity during n-1 events.

The trigger point for a second geographically distinct 66kV GXP is still being considered and a possible case of
2031 has been included. There are many factors that need consideration including: GXP loading, GXP/network

Possible
Stage Timescale Probable GXP Configuration
(years)
1 Exists The existing transformers; 60/100MVA 220/66kV (T8), 60/120MVA 220/66kV (T10), and
60/120MVA 220/66kV (T9) working in parallel. 66kV bus firm capacity — 220 MVA minimum
(250 MVA cyclic).
2 8-10+ Once load approaches 220+MW (230MVA), develop a separate 66kV GXP on a different site

to diversify risk and lower 66kV subtransmission losses. This stage may involve relocation of
one of the three transformers from Ashburton GXP and installing a new unit to pair it with at
the new GXP. This would provide a firm capacity of 120MVA at each GXP with a total (fast
switched) firm capacity of 340MVA over both GXPs. Project [-1156].

Alternatively, it would be possible to contract with Transpower for two larger transformers
which could add significant firm capacity (say 75 MW). Replacing only the smallest 100 MVA
one would only add 20MW of firm capacity. The downsides are the limited options to
transport the additional capacity away from the GXP on the 66kV network, the increase in
fault level, the single GXP remains, and the significant cost.

Another option is to encourage distributed generation and/or battery storage that can reduce
demand during peak demand periods with loss of one of the GXP transformers. This may
occur without active intervention by EA Networks as EV, battery, and solar all become more
cost effective. 20 MW of EV generation is 1000 vehicles putting out 20kW.

Contracted demand management of loads may also be an option.

security, new GXP lead time, 220kV capacity, 66kV subtransmission constraints, practical GXP sites, and new
GXP cost compared to alternatives. The biggest factor for triggering the need for a second GXP is load growth
and the associated load security. At this point in time, it is unlikely that significant irrigation load growth will
continue. Many factors are influencing this, and EA Networks will continue to improve the background
information and modelling on irrigation density, economics, options, and any possible new generation that could
tie in with water distribution schemes.

Industrial process heat conversion to electricity is now looking probable. If the new load coincides with existing
peak demand (which appears likely), then consideration will have to be given to how secure a single GXP is when
experiencing the loss of one 220/66kV transformer. This may trigger the need for a second GXP or some form
of contingency demand response. Once a consensus is reached on the new GXP trigger point, it will be
documented in a future plan. The likely date has been placed in the current plan from a timing perspective.

Utility scale solar generation is likely to have some impact on the summer peak demand at the GXP. Itis probable
this will be at least 10 MW with known proposals (irrigation tends to be high when the sun is out and summer
days are longer which coincide with the morning and evening residential peaks).

5.4.2  Subtransmission Network

The 66kV subtransmission network is the backbone of the EA Networks network. The capabilities of a 66 kV
network are in keeping with the scale of loads that EA Networks serve. All EA Networks load is presently supplied
from a single Transpower substation. At 66kV, the subtransmission network capacity is thermally limited in
some sections close to the GXP and generally voltage limited in other sections more remote from the GXP.

Capacity of New Equipment

The capacity of any new subtransmission line is determined by a combination of required mechanical strength,
thermal rating constraints, and voltage drop considerations. The specification of these parameters is as follows:



For all foreseeable n-1 contingencies the thermal rating of any subtransmission line must not be
continuously exceeded and the voltage at any point on the subtransmission network must not drop below
90% of its nominal value.

Aload considered to be probable 10 years into the future will be applied to a model of the entire subtransmission
network (as it is planned to be in 10 years into the future) to measure compliance with these parameters.

The mechanical strength of all subtransmission lines will be such that it adequately resists all reasonable
environmental influences for the duration of its life.

The Ashburton District Plan contains a rule that makes upgrading any line to 66kV a non-compliant activity. This
does not mean that it cannot be changed, but it does flag that a resource consent is required in non-rural
settings. Resource consent applications can be a difficult, time consuming, and costly process. It is likely that
additional subtransmission reinforcement would be justified, thereby meeting the security standards, if load
grows significantly beyond that used to test compliance with security standards.

Other considerations will also come into play when determining new subtransmission equipment capacity
including: energy losses, expected equipment life, pollution resistance, aesthetic impact, etc.

Projects & Programmes

Most of the projects in this subtransmission section are in some way linked. As an example, if 66 kV supply is
introduced at the source of a subtransmission circuit, the need to convert existing lines connected to the same
source line or build new alternative ones becomes unavoidable.

Around 1997, before the first 66 kV line was built or the first 66 kV substation was even designed, a broad concept
was provided to the EA Networks Board for their consideration. It showed the evolution of the then overloaded
33kVand 11kV networks to a predominantly 66kV and 22kV system. Budgetary estimates of the cost to develop
the 66kV aspect of the concept were provided and the benefits in capacity and security were outlined. After
evaluating the alternatives (massive increase in size and quantity of 33kV lines, 110kV & 33kV, or not supplying
the new load), the Board provided an endorsement to proceed with system development keeping this ultimate
66kV concept in mind. This initial endorsement has been subsequently reinforced by approval of many projects
that fit into the concept. This must be borne in mind when considering many of the subtransmission projects
identified below. The substantive alternatives have already been considered as part of a much larger all of
network concept and EA Networks are not aware of any new technologies or opportunities to use non-network
options that would provide an adequate substitute for the solution included in the initial concept. Should an
alternative solution become apparent it will be evaluated and the decision documented in future plans.

To provide a sense of where all the individual projects are taking the network, a series of diagrams have been
included. Each one represents a stage in the evolution of the subtransmission network from where it is now in
2023, to where it will be during 2024, to the end of the planning period —where it is entirely 66 kV with a second
66kV GXP.

The first diagram (2023 below) shows the network with a single Transpower GXP at 66kV. The 66kV network
consists of:

e a northern interconnected closed ring supplied by four circuits with several radial lines supplying
individual sites,

e asouthern closed ring supplied from three circuits.
The associated geographic map provides the location of each of the sites described in the schematic diagram.

The remaining steps to change from 33kV to 66kV are limited to two lines, one of which is not scheduled for
conversion within the planning period, and three zone substations, two of which will be decommissioned or
converted to 22kV within the planning period.

-1037 2024 LSN to LSNT New 66kV Line Stage 1 (0.5 km) System Growth

During certain 66kV line outages, the supply to Lauriston and Overdale zone substations can experience lower
than desirable 66kV voltages which can in turn offer lower than acceptable 22kV and 400V supply voltages to
consumers. This is caused by the long 66kV route required to supply them. During an outage of the PDS-OVD
66kV circuit, the supply must travel from Elgin all the way to Methven and then back to Overdale. During an
outage of the FTN-LSN 66KkV circuit, the supply must travel from Elgin to Overdale to Methven and then to



Lauriston.

S Lake
y~\Q Hero#'
&

<
so
2.
9,
%,
(4
B Methven '?/1;
Q/‘
SH1to
Christchurch
ASB Ashburton 220
ASH Ashburton
CRW Carew
csMm Coldstream MONS33
DOR Dorie
EFN Eiffelton
EGN Elgin »
FTN Fairton %
HBK Highbank @,
HTH Hackthorne ‘:\
LGM Lagmhor ‘:\
LSN Lauriston 2’
MHT Mt Hutt <
MON33 Montalto33 <

MSM Mt Somers
MTV Methven66

66kV Lines
NTN Northtown

—
ovD Overdale mmmmmm 33KV Lines
PDS Pendarves

SFD Sgafield SH1 to = 66KV Lines
TIN Tinwald Timaru not at 66kV

WNU Wakanui

Pacific Ocean

2023 EA Networks Subtransmission Network

Ashburton220 66 kV. GXP ASB

Elgin EGN

Tinwald TIN Eiffelton EFN Fairton FTN Wakanui WNU

Ashburton ASH Northtown NTN
Seafield SFD66
Coldstream CSM

[

i Lagmhor LGM | | Hackthorne HTH Carew CRW Lauriston LSN | | Pendarves PDS

L Overdale OVD

Montalto33 MON33
Methven66 MTV | | Dorie DOR

Mt Hutt MHT
| Montalto Hydro | | Mt Somers MSM |I Highbank Hydro

Future MON66




’6\6
\)
so
,F
%
%,
@/‘
SH1 to
Christchurch
ASB Ashburton 220
ASH Ashburton
CRW Carew
csMm Coldstream MON33
DOR Dorie
EFN Eiffelton
EGN Elgin »
FTN Fairton %
HBK Highbank @,
HTH Hackthorne ‘;
LGM Lagmhor ‘;';
LSN Lauriston 2‘
MHT Mt Hutt fv
MON33 Montalto33 -

MSM Mt Somers

MTV Methven66 66KkV Lines

—
NTN Northtown
ovD Overdale === 33KV Lines
PDS Pendarves
SFD Seafield SH1 to e 66kV Lines
TIN Tinwald Timaru not at 66kV

WNU Wakanui

Pacific Ocean

2024 EA Networks Subtransmission Network

Ashburton220 66 kV GXP ASB

Elgin EGN

Tinwald TIN Eiffelton EFN [ Fairton FTN Wakanui WNU

Ashburton ASH Northtown NTN
Seafield SFD66
Coldstream CSM

1 [ ]

Lagmhor LGM | | Hackthorne HTH | | carew CRW Lauriston LSN | | Pendarves PDS

L Overdale OVD

Montalto33 MON33
Methven66 MTV | | Dorie DOR

Mt Hutt MHT
| Montalto Hydro | [ Mt Somers MSM | Highbank Hydro

Future MON66




Lake
) Heron
QQ J

SH1 to
Christchurch

ASB Ashburton 220
ASH Ashburton
CRW Carew

Csm Coldstream

DOR Dorie

EFN Eiffelton

EGN Elgin »

FIN  Fairton %

HBK Highbank ®,
HTH Hackthorne %‘)
LGM Lagmhor ‘:)
LSN Lauriston 2.
MHT Mt Hutt <
MON Montalto66 -

MSM Mt Somers
MTV Methven66
NTN Northtown

66kV Lines

ovD Overdale 33kV Lines
PDS Pendarves

SFD Seafield SH1 to 66KV Lines
TIN Tinwald Timaru not at 66kV

WNU Wakanui
Pacific Ocean

2030 EA Networks Subtransmission Network

Ashburton220 66 kV GXP ASB

Elgin EGN

Tinwalm_ Eiffelton EFN Fairton FTN Wakanui WNU

Ashburton ASH Northtown NTN
Seafield SFD66
Coldstream CSM

[

Lagmhor LGM | | Hackthorne HTH Carew CRW | Lauriston LSN | | Pendarves PDS

Overdale OVD

| Montalto MON (Future) |

Methven66 MTV | | Dorie DOR

Mt Hutt MHT
— )
Mt Somers MSM Highbank Hydro




Lake
) Heron
‘,;Q J

<8
° A
9,
fe/.
(4
Methven '?/L
O/‘
SH1 to
Christchurch
ASB Ashburton 220
ASH Ashburton
CRW Carew
CSMm Coldstream
DOR Dorie
EFN Eiffelton
EGN Elgin -»
FTN Fairton %
HBK Highbank @,
HTH Hackthorne 6
LGM Lagmhor g
LSN Lauriston 2.
MHT Mt Hutt <
MON Montalto66 -
MsM Mt Somers
MTV Methven66 ASB 66kV Lines
NTN Northtown
ovD Overdale — GXP2 66kV Lines
PDS Pendarves
SFD Seafield SH1 to s 33kV Lines
TIN Tinwald Timaru

WNU Wakanui
Pacific Ocean

2031+ EA Networks Subtransmission Network (including GXP2)

Ashburton220 66 kV GXP ASB

E_lai_n EGN

Tinwald TIN Eiffelton EFN Fairton FTN Wakanui WNU

Ashburton ASH Northtown NTN
Seafield SFD66
Coldstream CSM _l

| 220/66kVGXP2 |

| LagmhorlGM | | Hackthorne HTH | | carewCRw | | Lauriston LSN | [ Pendarves PDS |

| Overdale OVD |

® Open point | Montalto MON (Future) |
between GXPs

Methven66 MTV | |  DorieborR |

Mt Hutt MHT

| ] I ; |
Mt Somers MSM Highbank Hydro




By the addition of 3km of 66kV line between Lauriston and the OVD-MTV 66KkV circuit (2.5km already built), the
supply path during a circuit outage can be shortened by 25km. This provides a reduction in 66kV voltage drop
that allows an acceptable supply voltage to be maintained to consumers.

This project partly delays the HTH-LSN 66kV line project but does not remove the need for it should a second
GXP be required.

The completion of this line has been delayed by the Ashburton District Council proposing to reposition a
roadway. The Council is currently in consultation with the community and designing the road. Once concluded,
the location of the final 0.5km of 66kV line will be finalised and built.

-1155 2030-31 HTH to LSN New 66kV Line (24 km) System Growth

This project has been further delayed by the lack of new irrigation load occurring in the north and northwestern
parts of the 66kV network. The requirement for this circuit depends upon multi-MW load growth from either
Mt Somers, Hackthorne, Montalto33, Methven, or Lauriston substations. In recent years, there has been very
little new load and due to gravity-fed pipe networks there has been a slight load reduction in some places.

Triggers to build this line would include load growth (particularly more pumping at Highbank) or, should a second
GXP proceed, the proposed location of the second 66kV GXP would require this line to supply into the southern
66kV ring.

Alternatives to this solution may still be available and continue to be investigated. The initial stages of the BCI
scheme have been completed, but the scheme has not been fully developed. Once additional irrigation water
is required from the Rakaia River, this project will almost certainly be necessary to service the 12 MW load during
n-1 outages as well as to keep 66kV voltage at an acceptable level when all 66kV circuits are in service.
Alternative options (both network and non-network) will continue to be investigated and the most prudent
selected. The line is shown as dashed on the diagrams to indicate its uncertain status.

Project Year Name Category

Asset

Programme 2024 Overhead Line Replacement 66kV
Replacement

This project is a complete rebuild of the last line which was originally constructed as a 33kV circuit and later
converted to 66kV by the addition of steel pole extensions and 66kV insulators. The line will be 36-40 years old
by the time it is rebuilt and the high security requirements of the 66kV network as well as the retrofitted nature
of the line suggests that it is prudent to rebuild the circuit before it becomes prone to failure.

This line represents the bump in the 66kV pole age profile of Section 6.3.1.

Asset

-1118 2024 PDS-DOR 66kV Line Rebuild (8.3km) Replacement

This project was started in 2022-23 and through a variety of reasons including weather, was not completed.

5.4.3  Zone Substations

The development at zone substations is typically a very costly and important part of network development. The
drivers for doing this work are generally load growth and security.

EA Networks currently has 18 sites operating at 66kV, and once fully developed an additional 3 sites will be
either decommissioned (MVN & MON33) or, beyond this plan’s horizon, converted from 33kV (MHT). The 3
zone substations operating at 33kV are less secure with less capacity than the ones operating at 66 kV.

Capacity of New Equipment

A range of equipment is introduced when a new zone substation is constructed. The most critical and high cost
items are the power transformers and the circuit-breakers.

The capacity of a new power transformer is influenced by a range of parameters, some of which relate directly



to the load being served and some of which are
externally derived. The only power transformers that
EA Networks now purchase are units with 66kV
primary voltage. The secondary voltage is either 11kV
or 22kV. All units purchased so far have been capable
of both secondary voltages using a series/parallel
connection of the windings. This configuration allows
operation at 66/22kV, 66/11kV, and 33/11kV. The
transformer power rating is based on the minimum
economical size of 66kV transformer while keeping a
degree of standardisation amongst the installed
population. To date, two sizes of unit have been
purchased, 10/15MVA and 10/20MVA. These share h =
the same impedance as well as a common external electrical and mechanlcal connection arrangement which
allows any unit to be exchanged with any other unit. The security standard (section 3.5.6) dictates the
combination of single or dual transformers that are required to be installed to serve particular sizes and types
of load. 10-20MVA units are a close match to these security requirements.

Circuit-breakers and disconnectors are a simpler specification. At both 66kV and 22kV the continuous thermal
and short circuit ratings of almost all available equipment exceeds the requirements at both voltage levels.
Minimum ratings of 630 amps continuous and 16 kA fault break are easily met by virtually all equipment. Except
for urban Ashburton sites, all new distribution equipment is 22kV rated. All new subtransmission equipment is
66kV rated.

Projects & Programmes

Project Year Name Category
-1126 2025 Montalto Hydro Injection at 22kV Consumer Connection

There are two potential reasons the existing Montalto Hydro generation station (33/3.3kV) will require
conversion to 22/3.3kV. The first is the planned conversion of the Montalto area to 22kV which will permit
the decommissioning of Montalto33 33/11kV substation, the decommissioning of the Mt Somers 22/33kV
step-up transformers and the reuse of the existing Montalto33 to Mt Somers 33kV line at 22kV. It will not be
viable to commit to maintaining the infrastructure to allow Montalto Hydro to continue injection at 33kV.

In addition, once Montalto66 66/22kV substation is certain, Montalto Hydro would need to be injected at a
different network location and a non-33kV voltage. The new Montalto66 substation is near Montalto Hydro
and the opportunity to inject at 22kV would exist as soon as the substation is commissioned.

Both of these triggers involve changing the existing (Manawa Energy owned) 33/3.3kV transformer to a
22/3.3kV unit and plumbing it into a 22kV feeder.

Tinwald Substation 66/11kV

-1149 2028
Transformer

Quality of Supply

Presuming the load in Ashburton continues to grow, there will be a need to provide additional firm capacity
within urban Ashburton. Itis sensible to have geographically diverse 11kV supply points and the Tinwald 66kV
switching station will be available to house a 66/11kV 10/20MVA transformer supplying the existing 11kV
switchboard. A transformer, 66kV circuit-breaker & disconnector, protection, and concrete pads will be
required.

There may be ways to delay the need for the transformer using demand side management, energy efficiency
measures, or grid/domestic batteries, and these will be examined for economic efficiency nearer the time.

Decarbonisation and Smart Technology

700 2025-31
Programme

System Growth

Decarbonisation of process heat and transport will impose new demand on the network, requiring investment
to accommodate it. The rate of demand increase and the uptake and location of the new energy use



technologies is difficult to predict and convert into concrete network projects and budget requirements. As
a result, a broad-brush allowance for reinforcement of the network has been allowed for. In some cases, it
may be possible to accommodate new load increases with technology to manage the available capacity and
avoid conventional network upgrades, hence the conflation of this budget allowance with smart technology.

The range of technology applicable to the electricity distribution sector and related areas is expanding at a
rapid rate. Broad areas with potential for rapid evolution include:

e Generation (Solar PV, Wind, etc),

e Storage technologies (batteries, hydrogen, solar thermal etc),

e Sensing technology (internet of things sensors, IP connected equipment, etc),

e Data storage and manipulation (energy use/availability, environmental, demographic, etc),
e Software applications (peer-to-peer trading, consumer portals, etc),

e Network intelligence (self-healing networks, continuous asset health monitoring, active
capacity optimisation, management of distributed energy resources, etc).

Itis almost inevitable that some of these technologies will be introduced into the EA Networks system at some
stage within the planning horizon. One or two of them are already under active consideration.

Many of these technologies are changing rapidly and ten years is a long time within which major changes in
capability and affordability are likely. Bearing in mind much of the change is likely to be based upon
technology EA Networks are now only seeing glimpses of, it is not yet possible to determine which options EA
Networks will be commercially compelled to implement.

Decarbonisation/Smart Technology Programmes

Network Intelligence (Smart Network)
Software Applications

Data Storage & Analysis
Load Control and

LV Monitoring

Sensing Technology (IOT sensors etc)

Decarbonisation
0 _ .- ___ ______ _ __ ______ _ __ _______ _ __ _______ _ __ _ __ _____|
2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

The Decarbonisation and Smart Technology programme is planned to research and implement these types of
technology projects at relatively short notice without specifically identifying them at this early stage.

Ultimately, any of the options that are chosen will be driven by consumer demand for a product, a service, or
a consumer benefit that EA Networks can foresee will provide an appropriate return on investment - be it in
retaining/expanding energy delivery market share or finding ways to utilise existing or new assets in new and
novel ways.

The preceding diagram shows a possible spread of technologies that may be implemented with purely



indicative costs. The Load Control and LV Monitoring programme is included here as it forms a foundation
for many of the other technologies shown.

5.4.4 Rural 11kV and 22kV Distribution Network

The loading, security, and load growth on each of EA Networks’ rural distribution feeders is assessed annually
and this assists in preparing enhancement and development projects for this plan. The need for reinforcement
is typically driven by the security standards and how the HV distribution network would cope with loss of an
overhead line segment. Once a candidate feeder has been identified, the potential solutions are developed and
then rigorously analysed to select the option offering best value.

Rural feeders are almost always limited by voltage drop. There are a range of solutions that can be applied to
reinforce these feeders to meet the security standards. These include (but are not limited to):

e increase the conductor size e convert to higher operating voltage

e reconfigure the network e install additional inter-feeder tie lines

e install capacitors e install additional feeders from the zone substation

e install voltage regulator(s) e install additional line reclosers to increase segmentation

Almost all rural load is summer peaking irrigation or dairy shed load. Although peak demand load determines
the feeder capacity, it may not determine the feeder configuration or its compliance with security standards. A
lightly loaded rural feeder with little irrigation load may have many consumers supplied from it and consumer
numbers rather than load may dictate the appropriate level of security.

Capacity of New Equipment

The capacity of new rural distribution lines is nearly always determined by voltage drop and mechanical
considerations. The primary requirement in sizing rural overhead lines is to ensure that:

no part of the feeder in question experiences a voltage below 95 % of nominal during a foreseeable n-1
security event using the load probable 5+ years into the future.

Thermal constraints can exist in the portion of line immediately beyond the feeder circuit-breaker. These are
considered on a case-by-case basis but generally will not require a rating exceeding 300 amps (11 MVA at 22kV).

Rural distribution transformers are sized based upon the scale and type of load being served. Small domestic
and non-irrigation loads will be provided with transformers closely matched to the load. Irrigation pumps were
historically provided with transformers that were larger than normal due to the harmonic derating effect of
variable speed drives (compulsory harmonic limits now preclude the need for derating).

Projects & Programmes

Project Year Name Category

Consumer

11136 2024-33 Consumer Connections — Rural LV/Rural Transformer .
Connections

When a new connection is supplied there is typically some modification or extension to the distribution
network. This can range from a replacement pole through to a significant 22kV extension of a kilometre or
more with one or more new substations.

Being unscheduled, this work is essentially completed on demand (assuming the new or altered connection
load is advantageous to EA Networks). The solution chosen to supply a new/altered load is typically agreed
during consultation with the consumer to determine a price/quality/security trade-off they are happy with.

-1002 2024-33 22kV OH Unscheduled Reconductoring Asset Replacement

Unplanned replacement of inferior conductors or conductors at the end of useful life.

Some conductor condition is not obvious until either a fault or planned work identifies deterioration that is not
obvious from ground level inspection. If this is found and needs timely attention the work is completed from



this budget allocation.

When required, significant reconductoring works are identified as individual projects separate from this
programme.

Project Year Name Category

Programme  2024-33 Overhead Line Replacement 22kV Asset Replacement

The programme of rebuilding rural overhead lines when they reach the end of their useful structural life is an
accepted routine activity. With a legal requirement to maintain the supply to existing consumers in place
there is no option but to replace the old line with a modern equivalent overhead line using 22 kV components
and a standard conductor size/type. The following schedule identifies those lines that have been identified
as needing replacement within the next few years. Underground cable can be used more often now as,
depending on circumstances, it can be of comparable cost.

-1194 2024 Back Track (Mitcham Rd to Irwins Rd) (1.5km)

-1117 2024 Crows Rd (Dowdings Rd - East to end) (2.3km)

-1195 2024 Hardys Rd (East of Baker Rd). (0.25km)

-1180 2024 Klondyke Tce to Rangitata River Crossing (1.7km)

-1196 2024 Kyle Rd (McCrorys Rd to Longs Rd) (2.5km)

-1197 2024 Lismore Mayfield Rd (Lismore School Rd to Hackthorne Rd) (4.6km)
-1198 2024 Maronan Valetta Rd (Maronan Rd to Pooles Rd) (4.4km)
-1192 2024 McLennans Bush Rd (Rosehill Rd West) (1km)

-1199 2024 Remmingtons Rd (Frasers Rd to end.) (0.25km)

-1193 2024 Seafield Rd (Bridge St East to end.) (1.4km)

-1200 2024 Wakanui Township Rd (Inverose Rd to end.) (0.65km)
-1101 2024 Windermere Rd (Surveyors Rd West) (3km)

-1201 2024 Wolseley Rd (Rakaia Barrhill Methven Rd to Hardys Rd) (0.45km)
-1203 2025 Across property Shepherds Bush Rd & Rangitata Gorge Rd (3km)
-1202 2025 Ashburton Gorge - Section 1. (6km)

-1114 2025 Cliffords Rd (1.2km)

-1083 2025 Copley Rd (Chertsey Kyle Rd East to end.) (1.4km)

-1092 2025 Rangitata Gorge Bluffs (1km)

-1015 2026 Anama School Rd (6.5km)

11704 2024-33 Unscheduled Asset Replacement and Renewal (3-31km)

The overhead rebuild programme is still being researched to give an accurate year 4-10 assessment. By using
the stored age of overhead lines, a provisional assessment has been made of the quantity of lines needed to
be rebuilt within the planning period. This assessment has been costed and included in the plan as an average
annual cost. The next plan will have a more fully populated 5-year programme identifying the likely rebuild
candidates.

1000 2024-33 22-11kV OH Scheduled Pole Replacements
A programme of planned minor replacement works that typically involve replacing one or two poles at a time.
Prior year’s inspection programme is likely to have identified the target poles.

-1001 2024-33 22-11kV-LV OH Unscheduled Pole Replacement
A programme of unplanned minor replacement works that typically involve replacing one pole at a time.
Current year’s routine inspection will typically drive this programme.

2025-33 22-11kV Transformer Pole Replacements

In order to ensure EA Networks’ on-property pole-mounted distribution transformers are safe to work on and

are not exposed to undue risk of pole failure, a programme of pole replacements has been initiated. Where
EA Networks deem the pole to be end-of-life and the owner is not prepared to replace the pole, EA Networks



will negotiate with the land-owner to replace the pole and subsequently take ownership of that pole. During
the free private line inspection process that EA Networks offers, suspect transformer poles will be identified
and scheduled for replacement. There are approximately 1500 privately owned transformer poles that will
need to be inspected for this programme. Not all will need replacement, and not all will end up in EA Networks’
ownership.

2025-33 22-11kV SOPL Rebuild Programme

Some specific types of distribution lines are in very poor condition and this programme is intended to rebuild
those lines where possible. The details of this programme have yet to be confirmed by the Board, and provided
the Board approve the approach suggested by management, more details will be provided in the next plan.

Project Year Name Category

Programme 2022-24 Rural Underground Conversion Asset Replacement

The state highway network through Mid-Canterbury covers about 100km of rural road. EA Networks have
electricity network along the side of a significant length of this highway network. Waka Kotahi (NZTA) have
road safety as a primary goal. To achieve this, they have indicated the desire to remove roadside obstacles
including power poles. EA Networks have come to an arrangement with Waka Kotahi to part-fund the
removal of poles from any state highway when the opportunity arises. This is typically considered when the
line in question reaches the end of its useful structural life.

Such an arrangement obviously has some pros and cons for the line owner. The principal requirement is to
replace the existing end-of-life overhead line with a line of the same or similar functionality.

A new overhead line would achieve this but would not improve the fault resistance of the line (weather,
wildlife, vehicles, vandalism etc would still pose a threat). Waka Kotahi would not contribute to the
replacement as it has no road safety benefits and in fact extends the roadside pole hazard for another 40 or
more years. This option is the least expensive option but the least safe for the public.

Placed underground, the line is almost entirely immune to traditional (and common) sources of rural faults.
It is exposed to the hazard of someone digging into it in ignorance (the law is not on the side of the person
excavating) and the infrequent above ground portions can be exposed to vehicles, heavy flooding, and
vandalism. The line will typically be of larger cross section and lower voltage drop than the overhead line it
replaces. The removal of poles will attract some funding from Waka Kotahi in the interests of road safety. It
is certain that during the following 40 years, multiple lives will be saved by avoiding a high-speed car versus
pole collision. This option is more expensive than the overhead alternative.

There are various other much smaller rural underground conversion projects (not on State Highways) that
attract no funding from Waka Kotahi.

Sub-Programme 2024 Rural State Highway Underground Conversion Varies

A series of projects that, with the assistance of Waka Kotahi, rebuild the existing end-of-life overhead line as
underground cable. The projects will replace the existing overhead line with underground cable and connect
existing overhead spur lines using either ring main units or three-way disconnectable joints (e/lbow connectors).
This programme is most suited to sparsely populated highways which minimise the number of relatively costly
tap-off connections to on-property lines.

This programme has been delayed because of unforeseen funding issues from Waka Kotahi caused by COVID-
19. Given the poor condition of the Methven Highway overhead line, further delay until funding assistance
from Waka Kotahi may be available could no longer be accommodated. EA Networks decided to proceed with
the undergrounding of the following feeder sections in the interests of public safety, and that the incremental
cost of undergrounding the feeder was justified based on the lower lifecycle cost and improved reliability and
safety of the asset. Now that EA Networks are committed to the programme, it is still hoped that Waka Kotahi
can retrospectively contribute at the same rate as historically in the interests of fostering road safety.

-1061 2024 Methven Hwy (Pole Rd - Methven) (2.5km) Asset Replacement
-1061 2024 Methven Hwy (Springfield Rd - Pole Rd (2.5km) Asset Replacement
-1062 2025 Methven Hwy (Rooneys Rd - Shearers Rd (3.1km)  Asset Replacement



-1121 2025 Methven Hwy (Shearers Rd to Springfield Rd (7km) Asset Replacement
Sub-Programme 2021 Other Rural Underground Conversion Projects Varies
-1059 2025 Longbeach Rd, Hinds Hwy to east (0.7 km) Asset Replacement

A section of EA Networks 22kV line crosses private property and is in very poor condition. A decision has been
made to reroute it and supply it from the now 22kV underground Hinds Highway. Approximately 180m of
new 22kV network cable will be laid and 540m of on-property 22kV and LV cable will be installed to remove
all EA Networks OH line from private property. Requires easements which has delayed progress and a property
development that was being done in conjunction with this work has been delayed by COVID-19 and will
potentially be delayed further.

Programme 2021-28 Upgrade Rural Network 11kV to 22kV Varies
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The 22kV conversion programme is a carefully considered decision between upgrading existing 11kV lines in
an area to provide a moderate incremental increase in capacity or converting to 22 kV providing a significant
step increase in capacity. Each proposal is treated on merit and what it can offer in the way of long-term
benefits. Capacity (at a distance), earning potential, quality of supply, security, motor starting demands, future
load growth, risk, electrical loss reduction, and outright cost are but a selection of the considerations made

when the options are weighed. This programme is essentially on-demand as an alternative to other technical
solutions available to all lines companies.

A programme has been established that provides a progressive conversion of areas that require either
reinforcement or additional back-feeding capability. The programme extends out for most of the planning
period. The projects identified are firm proposals to solve existing loading or security concerns. The full range
of alternative solutions described in section 5.3.2 are always considered alongside the conversion option.
There are occasions when alternatives such as increasing conductor size has been chosen over 22kV



conversion, but each situation is individually examined and only the optimal capacity and security enhancing
solution chosen.

Methven Highway

1089 2024 & Alford Forest — Newtons Corner Quality of Supply
-1172 2024-25 Montalto / Rangitata System Growth
-1088 2024-25 Ruapuna System Growth
-1133 2026 Anama System Growth
-1139 2027 Highbank / McLennans Bush System Growth
-1150 2028 Mt Hutt / Lower Rakaia Gorge System Growth
-1154 2029 Ashburton Gorge System Growth
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Several of the projects are large areas of 11kV that are supplied by a single 11kV line bordered by 22kV
network. The circuit will have more than 250 consumers on it and no back-feeding options for a fault at the
root of the feeder. The only viable solution is 22kV conversion as 22/11kV interconnecting autotransformers
are technically not an acceptable long-term solution.

The 2024-25 conversion will permit a partly overloaded 2.5MVA 33/11kV zone substation transformer at
Montalto33 to be decommissioned and provide much needed back-feeding capability into the area.

The projects will provide a significant boost to the security and reliability of the connected consumers as well
as boosting the capacity significantly. Compliance with the Reliability by Design guidelines will be greatly
assisted by the work.

It should be noted that load growth which occurred over the previous decade or more has prompted the
security issues that these projects resolve.

The limitation of 11kV transporting large amounts of load is quite severe in that attempting back-feed from
other feeders or substations is very difficult because of voltage regulation. Transporting 5SMW over a distance
of 5km using Dog at 11kV will cause approximately 8% voltage drop. This would exceed the legal limits and



cause significant issues for consumers. The exact same circuit and load operating at 22kV would only have 2%
voltage drop and can therefore offer vastly more capacity to adjacent feeders and zone substations.

The rural loads EA Networks experience are very large (unlike most other networks) and the only viable option
to eliminate operational constraints that have arrived with the increase in load that has occurred over time is
to complete the conversion to 22kV in the remaining rural 11kV areas.

At this stage, the presumption is that the 22kV conversion programme will continue until no rural 11kV
remains. The supply from Orion in the upper Rakaia is likely to always be 11kV as will the Mt Hutt skifield
supply (2x11kV cable circuits of about 7km length).

5.4.5 Urban 11kV Distribution Network

Urban distribution feeders are restricted to Ashburton, Methven, Mt Somers, and Rakaia townships. Other
townships are typically connected to a rural overhead feeder with additional network segregation using line
reclosers to offer the township a more secure supply.

In recent times, a third 11kV feeder cable has been laid to secure the supply from the Methven66 zone
substation to the Methven urban area. A new 11kV inter-feeder cable was also installed to provide balance
between the feeders and increased back-feed capacity during a cable fault.

Urban reinforcement solutions are typically implemented by adding additional cable routes from a zone
substation, although a point is reached when congestion makes this impractical. Around 2005, Ashburton
substation reached that situation, and the chosen solution was to introduce Northtown substation.

To meet both the capacity and security standards in place, the need has arisen to provide reinforced 11kV ties
and distributors from both Northtown and Ashburton substations. Some circuits are close to reaching thermal
capacity and consequently security suffers (no capacity to back-feed during a fault or some planned outages).
To resolve this, and thereby increase security and capacity, a decision has been made to introduce an additional
layer of 11kV cabling within the Ashburton urban area instead of adding many long, smaller cables. These large
capacity cables (400+ amps) will be used to transport energy away from the zone substations to other nodes
and between those nodes. Normal capacity distribution feeders (200 amps) would then radiate from these
nodes, interconnecting with existing feeders.

Capacity of New Equipment

The capacity of a new urban 11kV underground distribution feeder circuit is typically sized between 200 amps
and 300 amps. The exact sizing is determined by likely feeder loading and its function during n-1 security events.
Typically, this will mean:

The peak load will be no more than 50% of the thermal capacity to allow for growth and adjacent feeder
back-feeding during n-1 events.

Urban distribution transformers are sized using either an average diversified load for domestic consumers
(4kVA) or assessed load information from industrial/commercial consumers. Maximum demand meters in the
distribution substation ensure calculated values can be readily confirmed.

Projects & Programmes

Project Year Name Category

Programme  2024-33 Unscheduled Urban Works Varies

A small amount of budget is set aside for unscheduled work that occasionally occurs. This could involve one
or many classes of asset. It has been included in the urban distribution section as a significant proportion of
EA Networks” consumers reside there. It is therefore likely that some of the demand for unscheduled work
would come from these areas.

It should be noted that the Ashburton District Plan does not permit the installation of additional poles in the
urban and fringe urban zones and replacement poles must be of the same or similar height and scale and in
the same or similar location. This precludes significant changes to any overhead line if it was going to be rebuilt.



11059 2024-33 Unscheduled System Growth System Growth

11078 2024-33 Unscheduled Quality of Supply Quiality of Supply

11079 2024-33 Unscheduled Other Reliability Safety Environment RSE

11704 2024-33 Unscheduled Replacement and Renewal Replacement & Renewal
Programme 2024-33 Urban Consumer Connections Consumer

Connections

When a new connection is supplied, there is typically some modification or extension to the distribution
network. This can range from a new pillar box through to a significant 11kV or 22kV extension of several
hundred metres with a new substation. Typically, the new consumer will be required to contribute to the cost
of the work.

Being unscheduled, this work is essentially completed on demand (assuming the new or altered connection
load is advantageous to EA Networks). The solution chosen to supply a new/altered load is typically agreed
during consultation with the consumer to determine a price/quality/security trade-off they are happy with.

Although subdivision work is categorised as Consumer Connection — Other (as it is triggered by the desire to
take additional electrical connections to the network), it does not immediately create any new ICPs. In fact,
the bulk of new connections generally occur a year or so later as the marketing takes effect. A consequence
of this is that there are generally no new ICPs reported next to subdivision work in the disclosure
documentation. Other types of new connections are charged directly against the project creating them and
can be resolved back to the relevant connection category.

Project Year Name Category
11058 2024-33 Urban Connections — Transformer Consumer Connections
11058 2024-33 Urban Connections — LV Consumer Connections
11058 2024-33 Urban Connections — Alteration Consumer Connections
11058 2024-33 Urban Connections — Other Consumer Connections
Programme 2025-31 Ashburton Core Urban 11kV Network System Growth

The adoption of the Reliability by Design guidelines by the Board has added impetus to the need to reduce the
scale of urban 11kV feeders. The new guidelines have a maximum of 250 consumers per feeder before action
is deemed necessary to reduce that number to below 200. There are many urban feeders that exceed that
number by a significant margin and a range of initiatives are underway to close the gap to complying with the
guidelines. This Core Urban 11kV Network programme (Section 5.3.4) is one of the most significant ones, and
it will provide additional feeders from new Network Centres (switching centres) embedded within the urban
areas. The planned reinforcement would take the form of relatively few, new, high capacity (7MW) 11kV Core
Network circuits radiating from both Ashburton and Northtown substations. These circuits would terminate
in new switching centres that would supply (via circuit-breakers) portions of some smaller (4 MW) existing zone
substation feeders and additional feeders (created by utilising existing and new 11kV cables). Distribution
substations would not be directly connected to the new Core Network circuits. These high-capacity Core
Network circuits would then interconnect between Network Centres to provide an 11kV backbone which could
be used to shift increased load during cable faults and zone substation transformer outages. An added benefit
is that the existing smaller feeders would be more than halved in length and load, so any cable fault should
affect less than half as many consumers and restoration to the un-faulted sections would be significantly faster.

With the continuing use of heat pumps to displace solid/liquid/gas fuel heating, the introduction of home
electric car charging, continued housing infill, and as the general growth in electricity demand continues, it is
very likely that additional distribution system capacity will be needed in the Ashburton urban area. In some
places it is already required. This programme will increase the capacity to supply load under both normal and
contingency conditions.



This programme of works will only be undertaken as necessary. The addition of unforeseen load may
accelerate the programme and, equally, a prolonged period of low growth may postpone parts of the
programme. Once started, there will be key points where a pause can take place, but these points must be
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Proposed Ashburton
Core 11kV Network

reached, as incomplete closure of a ring of the core 11kV circuits would heavily compromise security. The
progress of the programme will be optimised by coordinating with the urban underground conversion
programme.

Alternative distribution architectures may yet surface that provide part of a viable solution. These new
technologies will be considered as part of any solution as will future load shifting, embedded generation, or
energy storage technologies.

This part of the programme identifies the roughly 17km of new 11kV cabling required. Much of the new cable
will be run in existing ducts or new ducts installed during the UG conversion programme. The network centres
are identified in Section 5.4.8.
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¢ Northtown [NTN] to Racecourse [RCS] Network Centre (1.5km).
e Netherby [NBY] to Domain [DMN] Network Centre (0.9km).
e Domain [DMN] to Allenton [ATN] Network Centre (2.1km).
e Domain [DMN] to Allenton [ATN] Network Centre (2.1km).
e Racecourse [RCS] to Allenton [ATN] Network Centre (1.0km).



¢ Ashburton zone substation [ASH] to Western [WST] Network Centre (2.9km).
e Dobson [DBN] to Beach [BCH] Network Centre (1.3km).

e Western [WST] to Allenton [ATN] Network Centre (1.6km).

e Chalmers [CMR] to Beach [BCH] Network Centre (1.1km).

e Hollands [HLD] to Melcombe [MCB] Network Centre (0.7 km).

¢ Netherby [NBY] to Beach [BCH] Network Centre (2.1km).

Asset
Replacement
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During the 1960s and 1970s a significant amount of the urban electricity network was (re)built to service the
new influx of electric ranges, electric heaters, electric washing machines, fridges, and freezers. The network
has lasted very well but is now due for replacement. The last urban overhead line that was rebuilt in 1993 is
now 30 years old, other lines are considerably older. Although the Ashburton District Plan allows the
replacement of overhead lines with the same or similar type of construction, there are no additional new poles
allowed and all extensions and subdivisions are required to be completely underground. EA Networks has a
policy that all new network connections are required to connect via underground cable.

As discussed elsewhere in this plan, the stakeholders and Board have shown considerable support for the
progressive removal of overhead lines from the urban areas. The widespread support of the
consumers/shareholders lends additional weight to the other less obvious advantages that accrue from this



work. The additional quality of supply, security, capacity, flexibility, and low maintenance characteristics all
contribute to greater consumer/shareholder satisfaction. Other stakeholders are also encouraging of this
work.

The individual projects funded by this programme are prioritised by the following factors:
e the condition of the existing overhead lines and therefore the safety of them,
e the benefits to reliability and security obtained by underground conversion,
e the needto increase line or transformer capacity in an urban area.

This programme targets the lines in poorest condition as a priority. Once they have been replaced with
underground network the remaining overhead lines will be continuously aging and at the end of the
programme the major components of the final line to be removed will be 36 years old.

The map above shows remaining overhead lines (11kV and LV) stored in the GIS database at the time of writing.
There are some shown that are not in service and are awaiting removal following underground conversion.
Additionally, there is presently a delay in processing as-built information and some of the lines shown may

have already been physically removed.

Project Year Name Category

-1119 2024 Fergusson Street (Railway Terrace East - Burrowes Rd) Asset Replacement
-1185 2024 Forest Dr. to Pudding Hill Rd (Spaxton St - open point) Asset Replacement
-1170 2024 Harland St (Catherine St - Graham St) Asset Replacement
-1186 2024 Hobbs Rd Methven (Beyond South Belt) Asset Replacement
-1204 2024 Racecourse Rd (Charlesworth Dr - Allens Rd) Asset Replacement
-1125 2024 Tancred Street, Rakaia (South Town Belt - Dunford St) Asset Replacement
-1192 2024 Upper Hakatere Huts No's 2 to 20 Asset Replacement
-1171 2025 Carters Tce (SH1 - Grove St) Asset Replacement
-1127 2025 Johnstone St (McMurdo St - Grove St) Asset Replacement
-1187 2025 Line Rd Methven Asset Replacement
-1151 2025 Lower Hakatere Huts Stage 3 Asset Replacement
-1128 2025 Manchester St (McMurdo St - Harland St) Asset Replacement
-1129 2025 Melcombe St (Anne St - Lagmhor Rd) Asset Replacement
-1129 2025 Melcombe St (Anne St - Maronan Rd) Asset Replacement
-1131 2025 Michael St (East Side, Bridge St - Burrowes Rd) Asset Replacement
-1132 2025 Oxford St (Beach Rd - Wellington St) Asset Replacement
-1124 2025 South Town Belt East (Bridge St - Burrowes Rd) Asset Replacement
-1134 2026 Allens Road (Harrison St - Alford Forest Rd) Asset Replacement
-1140 2026 Burrowes Road (Elizabeth Ave - Michael St) Asset Replacement
-1141 2026 Burrowes Road (South Town Belt - Elizabeth Ave) Asset Replacement
-1136 2026 Farm Rd (Middle Rd - Racecourse Rd) Asset Replacement
-1142 2026 Jane St (McMurdo St - Grove St) Asset Replacement
-1138 2026 Racecourse Rd (Farm Rd - Russell Ave) Asset Replacement
-1147 2026 Wilkin St (McMurdo St - Millibrook PI) Asset Replacement
-1152 2027 Rolleston Street (Tancred St - Burrowes Rd) Asset Replacement
-1153 2027 South Town Belt - West (West Town Belt - SH1) Asset Replacement
-1157 2028 Graham Street (McMurdo St - Grove St) Asset Replacement
-1158 2028 Thomson St (Carter Tce - Wilkin St) Asset Replacement
-1145 2026 Rakaia Huts Asset Replacement



March 2023 — Remaining 22kV and LV Overhead Lines in Rakaia

The blue line represents the effective boundary
of the urban area (as defined by EA Networks).

The map above shows remaining overhead lines in Rakaia (22kV and LV) stored in the GIS database at the time
of writing. There are some shown that are not in service and are awaiting removal following underground
conversion.

-1158 2028 Thomson St (Wilkin St - Grahams St) Asset Replacement
-1160 2029 Agnes St (McMurdo St - Grove St) Asset Replacement
-1161 2029 Catherine St (McMurdo St - Grove St) Asset Replacement
-1162 2029 Shearman St Asset Replacement
-1158 2029 Thomson St (Graham St - Hassel St) Asset Replacement

5.4.6 Industrial 11kV Distribution Network

The major industrial zoned areas of Ashburton, Methven, and Rakaia are generally close to existing or proposed
zone substations. This has made planning for the security and capacity requirements of these areas relatively
straightforward. As necessary, additional feeders will be taken into these areas to ensure adequate capacity and
compliance with the security and power quality standards. The most recent industrial park that been developed
to the northeast of Ashburton township is in close proximity to both Fairton and Northtown substations. There
is also a new industrial park mooted for Rakaia.

A number of industrial plants are directly connected to EA Networks’ HV distribution network and these
consumers have individual arrangements with regards the security, reliability, and quality of supply they wish to



receive. Most of these consumers are adjacent to
a zone substation and they take ownership of the
HV distribution network (generally excluding RMUs
& transformers) as it enters the plant boundary.
Any alteration of the supply up to the boundary is
done either at the request of the consumer or by
negotiation with the consumer. Any alteration to
the HV network within the plant boundary is the
responsibility of the consumer and although EA
Networks can offer advice on solutions, it is up to
the consumer to ensure adequate capacity and
performance.

Capacity of New Equipment

The majority of equipment is sized to suit individual industrial consumers. Consumers are asked to reveal any
expansion plans so this can be factored into the sizing calculation. Most industrial consumers of note are served
by one or more dedicated distribution substations and the cost to the consumer indirectly reflects the
investment in these assets i.e. the consumer gets the capacity and security they pay for.

Projects & Programmes

Project Year Name Category
Programme 2024-33 Unscheduled Industrial Works Varies

Projects as per reference to Unscheduled Works in section 5.4.5.

Any work identified here is typically to secure industrial load as part of the underground conversion
programme. Most of this load is on a radial feed, and work would typically increase security while relieving
feeders that are heavily loaded.

Occasionally, an industrial customer may approach EA Networks to either reconfigure or enhance their supply
and if this work is minor it would fall under this programme. Significant alterations or enhancements would
trigger a specific project to provide the requested level of connection.

Consumer

Programme 2024-33 Industrial Consumer Connections .
Connections

Projects as per reference to Consumer Connections in section 5.4.5.

When a new connection is supplied there is typically some modification or extension to the distribution
network. This can range from a replacement pole through to a significant 11kV or 22kV underground extension
of several hundred metres with a new substation.

Being unscheduled, this work is essentially completed on demand (assuming the new or altered connection
load is advantageous to EA Networks). The solution chosen to supply a new/altered load is typically agreed
during consultation with the consumer to determine a price/quality/security trade-off they are happy with.

5.4.7 Low Voltage Network

The LV distribution network is heavily interconnected in the urban area. This generally permits reconfiguration
to solve simple capacity problems. If a new consumer load exceeds the additional capacity reconfiguration can
liberate, a new cable is normally run from the either a suitable distribution substation or higher capacity LV node.
Should the load exceed the ability of the LV network to meet the security standard, a new distribution substation
is the most common alternative. Essentially, the LV network is extended or installed on demand.

The low consumer count on each LV segment typically precludes a high level of security at the individual
connection. Some larger consumers will be supplied from a switching point from which two supplies can be
selected. This allows restoration of supply relatively quickly after an LV segment faults, while others directly



connected to the faulted segment will have to wait for either physical disconnection of the faulted cable or the
full repair time.

The LV network in Ashburton is approximately 94% underground by conductor/cable length. The underground
area is largely fault-free. Occasional terminal or connector problems arise and there have been some instances
of older single core PVC insulated aluminium cables corroding causing an open circuit fault. Third parties cause
most faults.

The capacity of the LV underground network is adequate for the planning period except for a few very early
underground subdivisions where the cables were undersized by modern standards. These are not currently
causing a problem but could become an issue (with new loads such as electric vehicle charging) before the end
of the planning period as both the thermal rating and guideline voltage drop limits are exceeded.

Widespread adoption of long-range electric vehicles requiring 10kW+ home charging facilities would cause
issues for the existing network. The present design of the urban LV network is conservative and allows for 5kW
of diverse loading per household. The addition of 10kW or more (even off-peak) would obviously compromise
the original design limits by quite a significant margin. It is assumed that vehicles with large battery storage will
not be prepared to pay for the network capacity to charge from flat at home overnight and they will instead visit
a faster charging station to obtain at least 80% of their charge (this could be at the local distribution substation
100-200m up the road). The remaining top-up could be serviced by a slow charger in their garage overnight
(3.5kW over 6 hours is 20kWh ~ 100km+).

Should peer-to-peer trading of electricity become widespread, then solar PV may be another challenge for the
urban LV network. Currently, the buy-back rate for solar PV is low enough to discourage high-capacity export to
the network. In future, should a peer wish to purchase that electricity for their electric vehicle, they could pay
enough for the solar PV owner to export much of their peak generation to the peer. This may cause large
network import spikes during the sunniest days that will cause voltage rise on the LV network. Modern solar PV
inverters can provide some control over this voltage rise, but it is limited and has other impacts that may
ultimately restrict its widespread use. Until solar PV penetration exceeds 5-10% (currently ~2%), it is unlikely
the issue will have a major asset management impact.

Urban Methven has been completely underground for several years and has a low-maintenance LV network.
Load growth within the existing network is typically caused by hotels, accommodation houses, restaurants, or
smaller industrial loads. The accommodation houses and restaurants are usually supplied from the LV network
and have consumed much of the extra capacity built into the LV network at the design stage. Fortunately, the
density of these developments has peaked, and it appears that as a new one opens another tends to close. The
larger hotel and industrial loads are supplied from a dedicated distribution substation in most cases. When they
are supplied from the LV network, care has been taken that the additional source impedance does not permit
inrush loads such as motors to interfere with other consumers on the same LV segment.

Rural LV distribution is traditionally overhead and serves one or two consumers on each segment. New
connections are now all underground. Other than conversion to underground cable (normally at the consumer’s
cost), there is little that can be done collectively and economically to improve the security of these lines.

Capacity of New Equipment

The value of the cable is typically a relatively minor component of the total cost of LV underground network
construction. The standard cable in use at EA Networks is either 185 mm? aluminium or 240 mm? aluminium
4 core XLPE insulated cable. This allows optimal spacing of distribution substations while ensuring adequate
capacity to allow for adjacent distribution substation outages caused by maintenance or fault. The key
parameter is that:

the voltage at any connection point must not drop below 95% of the nominal value during a foreseeable n-1
security event. The thermal rating of the cable must not be continuously exceeded at any time.
Projects & Programmes

See the projects listed under section 5.4.5 as they contain the majority of new LV network — installed in
conjunction with MV work.



Project Year Name Category
Programme 2024-33 LV Consumer Connections Consumer Connections

Projects as per reference to Consumer Connections in section 5.4.5.

Programme 2024-29 Urban Underground Conversion Asset Replacement

Projects as per reference to Urban Underground Conversion in section 5.4.5.

As the urban underground conversion programme progressively covers the urban areas, the security and
capacity of the LV distribution network improves significantly. This programme is the only identifiable initiative
to reinforce this section of the network to accommodate future demand and security objectives. The modern
cable designs and installation techniques will offer a long trouble-free life for this plant. The
consumer/shareholder enthusiasm for this programme is very high. All stakeholders in this plan are satisfied
that the urban underground conversion programme is the best solution for an aging urban overhead network.

5.4.8 High Voltage Switchgear

The range of high voltage switchgear in use at EA Networks covers multiple voltages (66kV, 33kV, 22kV, and
11kV), multiple types (circuit breakers, disconnectors, load-break switches, fuse switches, fuses, and links), and
is in multiple locations (on poles, ground-mounted, inside kiosks, inside buildings, and inside zone substations).
Although the voltage, type, and location of the devices vary greatly they are all electromechanical in nature and
share common asset attributes and maintenance requirements.

Generally, new switchgear is installed as an adjunct to subtransmission, distribution, or zone substation projects.
There are a few projects and programmes that are explicitly switchgear focussed and they are described here.
Capacity of New Equipment

Switchgear capacity is typically sized to comfortably exceed the load rating forecast for ten years into the future.
Most high voltage switchgear has minimum ratings that significantly exceed EA Networks’ requirements. The
required fault ratings are determined by the parameters detailed in Section 5.1.1.

Operational safety requirements are considered when new types of switchgear are evaluated for introduction
into the EA Networks network.

Projects & Programmes

Programme 2025-31 Ashburton Core Urban 11kV Network Quality of Supply

See section 5.3.4 and section 5.4.5 for details on the Ashburton Core 11kV Network.

A total of seven network centres will be required in the Ashburton township and two of three now exist in
Tinwald.

Project Year Name Category
-1011 2025-31 11kV Core Network Centres Quality of Supply

¢ Allenton [ATN] Network Centre.

¢ Hollands [HLD] Network Centre.

* Domain [DMN] Network Centre.

¢ Netherby [NBY] Network Centre.

* Racecourse [RCS] Network Centre.

¢ Dobson [DBN] Network Centre.



e Beach [BCH] Network Centre.
e Western [WST] Network Centre.

5.4.9 Protection Systems

The demands of the security standards and increased load require that the protection systems not only detect
faults but also, whenever possible, prevent overloading of network components. As technology advances this
is becoming more achievable. Devices now exist that can monitor and model many different power system
components while offering fault protection functionality as their primary purpose. With an accurate model,
many power system components can be run at higher than rated capacity for short periods without any
detrimental effects. This can liberate previously unavailable capacity to supply either additional short-term
peaking load or offer higher security to consumers reliant on that component as an alternative supply.

Functionality of New Equipment

When any network is made more secure, there is normally a protection relay that is providing the logic to keep
the supply on to consumers. At subtransmission voltages this involves isolating the faulted path, leaving the
unfaulted path(s) to carry the full load. This philosophy may also exist in heavily loaded HV distribution networks.
In HV distribution the goal is usually to:

1) ensure the fault is not transient (a branch touching a line then burning away) — in which case the line
will be automatically relivened (this is not used for underground cable circuits),

2) if the fault is permanent, interrupt only the faulted segment of network in the fastest possible time,

3) ifitis possible to reconfigure the network to resupply consumers that are not connected to the faulted
segment, do so in the shortest possible time.

All these goals are to some degree achievable and, if implemented, can help increase compliance with security
standards as load grows.

Projects & Programmes

The zone substation replacement, development, and enhancement projects all contain aspects of protection
technology. Although it is possible that protection will be upgraded independently of these projects, most new
protection will be introduced as a result of zone substation work.

The introduction of closed 66kV rings required some form of directional, distance, or differential protection
scheme to take full advantage of the additional security two 66kV lines per substation offers. EA Networks
standard approach is to use line differential protection with a distance backup on all 66kV line terminals, and
high impedance bus differential protection on each 66kV busbar. The line differential protection uses the EA
Networks inter-substation fibre optic network. The 3-zone distance protection will also be the master control
device for the line bay (marshalling or controlling items such as: status, analogue values, reclosing, and remote
control etc). Once complete, all equipment from the 66kV GXP to the zone substation 22kV (or 11kV) busbar
will be covered by differential protection zones. This arrangement will provide selective operation of all circuit-
breakers in the fastest possible way — minimising voltage depressions and outages experienced by consumers.

There are a range of alternative protection schemes that could possibly be engineered to perform a similar
function (at significant engineering cost both initially and for maintenance) but none would offer the same level
of performance on offer by the differential/distance combination. Also, none of the alternative protection
schemes would scale up as easily or be as stable with the level of interconnectivity that the 66 kV system exhibits.

Project Year Name Category
10988 2025 Synchrophasors (66kV System Sync-Check ) Quality of Supply

The embedded hydro generator at Highbank is a synchronous machine that can create an island situation if the
66kV subtransmission network clears a fault that trips both of the 66kV lines that interconnect MTV substation
with the EGN/ASB GXP. A phase angle difference occurs the moment the last circuit-breaker opens. This
situation can be catastrophic to the generator if the network is reconnected to the Highbank supplied island



when it is out of phase with the EGN supplied network. The generator can suffer irreparable damage. Currently
there is no automatic reclosing on the 66 kV network and even during controller-initiated closures of 66kV circuit
breakers, Manawa Energy shuts down the Highbank generator to guard against out of synchronism events. The
disadvantages of this mode of operation are clear. All 66kV circuit breaker fault operations must be patrolled
before any thoughts of closing the circuit breaker and, before that can occur, Highbank must be shut down. This
all adds to delays and inefficiency.

This project is to provide a mechanism that guarantees that synchronism exists between EGN and MTV and
communicates this to all the nodes on the 66kV network. The approach that EA Networks intend to take is to
install a device at EGN and another at MTV that sense the 66kV voltage and communicate samples of this with
a very accurate time stamp (Synchrophasors) to a calculation device. The calculation device checks the absolute
and relative phase angle of the two signals to see if it is stable and within acceptable bounds. If it is, a signal is
propagated across the network to indicate that it is permissible to close a 66kV circuit breaker. The absence of
this signal will be used to inhibit closing of all 66kV line circuit breakers.

Discussion with Manawa Energy has begun to ensure they are satisfied with the degree of security that this check
offers and, if agreement is reached, the project will proceed.

The alternative of the status quo, while safe and low risk, is very inefficient and cumbersome. The only additional
option would be to fit 66kV line VTs and synchronising relays to all line terminals in the EA Networks 66kV
network. This would cost a more and is unlikely to be any more secure than the proposed solution.

This project has been postponed until 2025.

-1011 2025-31 Ashburton Core Urban 11kV Network Quality of Supply

This programme will include a significant quantity of 11kV protection relays. They will be line differential relays
operating across core 11kV circuits which will utilise interconnecting fibre optic links. There will also be a number
of simple overcurrent feeder relays.

All the projects, costs and associated work are included in the 11kV network centre developments (Section
5.4.8).

Asset

-1075 2024-33 Replace 20+ year old Numeric Protection Relays
Replacement

The relays that were installed when the first 66kV lines were constructed in 1999 are above 20 years of age. Any
electronic device that is 20 years old is more prone to failure than one that is 2 years old. Having consulted with
various manufacturers of numeric relays, they all say that a 20-year old relay is end-of-life in critical applications.
20-25 years is the typical lifespan of a numeric relay. Most manufacturers now have 10-year warranties of their
relays which gives confidence to that age. Assuming they have built in a safety margin to the expected point of
failure it is not unreasonable to add 50-100% to the 10-year warranty. A paper published in 2010 backed up
these estimates (albeit for relays made in the 1990s). The critical safety role of a protection relay means that
running it to the point of failure because of age is not an option.

This programme will replace various relays each year over the duration of the programme. The recovered relays
will be either scrapped or retained for spares.

There was a 2016 programme to upgrade older numeric relays involved in transformer and 11-22kV feeder
protection which replaced all the electronic components in the relays and provided a 10-year warranty from that
point onwards.

As the relay population ages, there may be additional cost introduced to upgrade or replace numeric relays.

5.4.10 SCADA, Communications and Control

SCADA is an acronym for Supervisory Control And Data Acquisition, which essentially means remote control of
power system equipment and getting information back from remote power system equipment. In this case
remote is anywhere other than here. SCADA systems are not new and have existed for many decades in various
forms. The most rapidly changing aspect of SCADA systems is the devices they connect to in the substation and
at other points on the network. Microprocessor-based protection relays and modern electronically controlled
reclosers have a wealth of information on offer to SCADA systems about power system conditions and faults. It



is now possible to look at real-time values of current, voltage, power, thermal demand, harmonic currents and
voltages, virtually any other measurable power system quantity, as well as historical logs of any of these values.
If a fault has occurred, the relay can provide a surprisingly accurate estimate of distance to the fault and data to
display the waveform of the currents and voltages before, during, and after the event. All this information can
assist in planning a more responsive power system that can provide higher levels of fault immunity and assist in
locating faults quickly and identifying under-utilised capacity such as when power factor is too low at peak times.

A SCADA system can also be used to schedule events such as switching on or off capacitors, batteries, or
generation that prevents overloading of a piece of equipment during a period of normal peak loading or during
fault events when being used to supply load above normal levels.

Any reasoned decision that a human can make can now be programmed into a server application and it can then
reproduce that logic for similar situations. In the future, with sufficient processing power, communications, data
gathering, and remote control, it will be possible to provide a much faster response to loading and fault
situations than is presently the case. It may even prove possible to reliably predict loading minutes or hours in
advance (given sufficient data to derive an accurate model). These capabilities can be used to dynamically
configure the network so that overloading is avoided, and faults impact fewer consumers. This concept is the
next step in a system called distribution automation and smart grid. Distribution automation is currently a
predominantly reactive process which attempts to restore supply once it has been lost.

The current SCADA system is very new, having only been commissioned in 2020. It is part of the OSI advanced
distribution management system and includes all existing zone substations, as well as many smaller switching
and data gathering locations. Data communication to all zone substations has dramatically improved by using
the fibre optic network and allows reliable data, video, and voice communication. The fibre optic
communication service provision is occurring as a separate commercial development by EA Networks which is
not suitable for inclusion in this electricity network asset management plan.

Projects & Programmes

No SCADA-specific projects have been identified. As new sites are developed, they will incorporate SCADA
functionality and will contribute to a more complete automation system. There are a small number of projects
related to communications and control.

Project Year Name Category
11074 2024-25 Advanced Distribution Management System Non-Network Assets

An Advanced Distribution Management System (ADMS) is in the process of being fully commissioned at EA
Networks. Most core components are functional, but some of the advanced modules are still being configured.

An ADMS incorporates all the features of a SCADA system but also adds the idea of electricity network modelling
into the mix. This means that there is a degree of intelligence that the DMS can have about what the context is
for the information it is receiving and the actions it is being asked to undertake.

The ADMS incorporates the following features/subsystems:

e A SCADA subsystem that interfaces to devices of all types in the physical world (protection relays,
remote controlled switchgear, power meters, load control devices, weather collection devices, asset
condition monitors, GPS location devices, etc).

e A mapping subsystem that can show both:

o Traditional location maps of assets, SCADA information about those assets, the physical
environment, personnel location (assuming GPS equipped radio).

o Interactive schematic views of the connected electricity network including most of the static and
real-time information about assets.

e An outage management subsystem that reports in real time the consumers and portions of the
electricity network that are without supply and predicts the fuse or circuit-breaker (if it is not on the
SCADA system) that is likely to have operated. This subsystem also provides SAIDI and SAIFI statistics
over timescales varying from the last 5 minutes to the last 5 years.

e A network analysis engine that can calculate/estimate the existing power flows, voltages, and fault



levels in the electricity network as well as predict the electrical consequences of operating a device
in advance of doing so. Given sufficient information, the engine can also estimate the location(s) of
a fault.

e Adistribution automation engine that can suggest a restoration sequence for a human controller to
implement. Optionally, the restoration sequence can be automatically executed using SCADA control
in full automation mode.

e A load management subsystem that provides demand side management of load/generation to
ensure regional, GXP, zone substation, and even feeder loading limits are respected.

e A customer interface subsystem that can receive and send messages from/to email, SMS, web site
submission, dedicated smartphone app’s, interactive phone call (with caller id), last gasp messages
from meters identifying outages, etc. This allows the DMS to estimate the extent of an outage based
upon the known location of the customer on the electrical network.

e A crew management package to assign a piece of work to a crew/truck and monitor their status and
workload.

The ADMS has obvious benefits to the asset owner. Power can be restored within tens of seconds (unless you
are supplied from the faulted segment) and the asset owner does not necessarily have to initially spend time
manually finding and isolating the fault. This type of system relies on sensing the fault location by passage of
fault current through devices and communicating the information to a central point and the ADMS then making
the logic decisions.

The ADMS acts to firstly gather fault detection data and then to control the distribution system to isolate the
fault. There is no need for additional hardware in the field. The ADMS is essentially software running on a series
of secure servers that are configured to respond in a particular manner should a fault be detected. If necessary,
the ADMS can be overridden by the controller.

This project provides for the continuing implementation of the ADMS to achieve many of the features detailed
above. Some of the advanced automation features may not be initially activated but the software will be
configured to allow that to happen.

COVID-19 and consequent difficulties for the supplier (based in Australia and the USA) have caused a delay of
several months pushing completion of this project into 2025.

Project Year Name Category
11636 2024-25 Distribution Automation Programme Quality of Supply

This is a programme of works to progressively add both SCADA and fault detection/isolation features to existing
rural ring main units and pole-top switchgear that are ready for automation.

A typical implementation will be the additional of a modern protection relay that permits direct integration with
a SCADA protocol, giving a raft of information and control capabilities. The communication will be either by fibre
optic (if it is within easy reach) or DMR (utilising a small Digital Mobile Radio data transceiver). Once
implemented, the relay can be used to provide full protection and reclosing on ring main unit circuit-breaker(s)
or sectionalising capabilities on a pole-top, CT-equipped, load-break switch.

The DMR radio system that EA Networks use can transport data packets transparently. This feature can be used
to support using a piece of DMR hardware that acts as a combined radio and RTU (Remote Terminal Unit — a
device that measures real-world parameters and converts them into a standard digital protocol). The DMR radio
supplier that provisioned the voice system has developed this product. A DMR repeater has been added to
provide coverage up into the Ashburton and Rangitata Gorges so that workers can be confident of radio
reception at all parts of the power system they may be working on. These repeaters also provide the ability to
remote-control circuit-breakers and switchgear in these distant areas. Even without controlled switchgear, the
DMR RTU will notify EA Networks of outages that would otherwise require a consumer to phone in about the
issue.

The remote-control hardware used can be utilised by any master control system that uses a modern SCADA
protocol (such as the ADMS).

This programme will continue until all suitable candidates for automation have been provided with the necessary



capabilities.

5.4.11 Ripple Injection Plants

The ripple control system is a proven way to control the maximum load at any given time. This system can be
used in a variety of ways but is predominantly employed to shift water-heating and space-heating load to off-
peak times. This limits the maximum load that the EA Networks electrical network must supply at peak times.
Another term for the ripple control system is demand side management.

During summer, the rural irrigation load causes the annual system peak to occur (currently about 181 MW).
Somewhat uniquely, EA Networks has a summer peak demand and until recently it has been only during winter
that the regional peak occurs. This is changing and the growth in irrigation throughout Canterbury along with
increased air-conditioning loads has caused some of the highest regional peaks to occur during summer. During
regional peaks, EA Networks use the ripple control system to minimise the demand placed on the Transpower
GXP to coordinate keeping the regional demand below the 220kV system voltage stability limit>. This has the
coincident benefits of reducing total losses and lowering the required average capacity of EA Networks
equipment. The urban network is comparatively lightly loaded during summer and ripple control during summer
does not assist in optimising urban network capacity.

EA Networks provides reduced price controllable categories to encourage hot water load to be connected to the
ripple control system. During winter, this control has the by-product of keeping urban distribution peak demand
lower than it otherwise would be, which frees up additional capacity for uncontrolled loads such as lighting,
cooking, and other household appliances. This peak control can also reduce the need for reinforcement of the
urban network, although EA Networks do not currently control load for that reason.

Should a fault occur that limits the supply capacity into a specific portion of the network, ripple control could be
used reduce the load to a level where all consumers have supply, but only if they accept that controlled load is
off until a repair is completed. This could be a useful method to help achieve the security standards without
dramatically inconveniencing consumers. EA Networks have not yet implemented this strategy, largely because
of limited ripple channel granularity and system capacity being adequate under most n-1 scenarios.

Capacity of New Equipment

Because the investment in plant is relatively expensive and typically non-recoverable, the sizing calculation is
very important for ripple injection facilities. The probable future network configuration is ascertained and a
plant capable of injecting signal successfully across that proposed network will be specified.

Projects & Programmes

Until 2005, there had been no firm projects planned to enhance the capability of the ripple control system.
Failure of a critical component on one of the ripple injection plants in late 2005 caused a rethink as the age of
the technology was such that it could not be fixed. The failed piece of equipment was replaced with a modern
equivalent, sized to suit potential future use at 66kV.

The single 66kV GXP now in use has prompted the reconfiguration of the two in-service ripple plants. The ex-
33kV unit at Ashburton 66/11kV substation has been reconfigured to operate as an 11kV plant. The pre-existing
33kV plant (stepped up to 66kV by an autotransformer) at Ashburton 220/66kV GXP has been retuned and the
two plants (11kV and 33kV) now inject synchronously which provides some signal reinforcement.

Project Year Name Category
700 2026-33 New Technology — ICP Load Monitoring and Control System Growth

The current ripple injection system for the 66 kV network is provided by a 33kV ripple plant coupled to the 66kV
bus via a 60 MVA autotransformer at EGN. The original injector for the 33/66kV ripple plant failed during 2011
and a decision was made to purchase the standby unit that the manufacturer had available. The purchased unit
is smaller than will ultimately be required for injection at 66kV, but it is larger than the failed unit. The failed

5 The voltage stability limit is the Upper South Island load value that, if exceeded and a 220kV circuit should trip, would see the 220kV voltage drop
below acceptable and stable values.



unit is no longer supported by the manufacturer and is not readily repairable.

The capacity of this plant was sufficient when the 66kV bus was supplied from two 220/66kV transformers. A
third 220/66kV transformer is now in place, and that, along with increasing 66kV load, has caused the signal
strength to decrease to the point that some receiver maloperation occurred. Since then, retuning the ripple
coupling cell and proving synchronous injection with the 11kV plant has improved the situation to restore reliable
operation. Additionally, there is no viable full alternative ripple signal source should the 33kV injection plant fail
(the 11kV plant cannot successfully signal all receivers under all loading conditions).

The combined signal level offered by the 33kV and 11kV plant is sufficient at all times of the year. In addition to
this, the signal level from the 33kV plant has been declining over recent years (with the cause still under
investigation), and a cracked air-cored reactor requires replacement.

There is a complication with EA Networks’ ripple system, in that the proliferation of 6 pulse variable speed drives
on irrigation pumps caused a significant rise in harmonic distortion on the EA Networks network. The
predominant harmonics generated by these drives are 5% (250 Hz) and 7t (350 Hz) multiples of the fundamental
frequency (50 Hz). The ripple injection frequency used by EA Networks is 283 Hz. To suppress the distortion of
these drives, both new and existing installations require compliance with IEEE519 and in practical terms this
means that a harmonic filter will be required at each drive — limiting harmonic current distortion to no more than
8%. Unfortunately, these filters can also attenuate the ripple signal and, regardless of the injection plant
capacity, signal is absorbed and distorted by the drives and filters.

One answer to the age and sufficiency of the existing ripple plant is to replace it with a brand new 66 kV ripple
injection plant. There are commercial risks in installing new ripple injection plant(s) when other
communication/control technology may quickly supersede it and strand the asset. Devices are becoming
available that can independently control the same load that ripple presently controls. This could mean a conflict
between the retailer/meter owner/controller and the network operator who wish to shift/control load at
different times for different reasons. Because of this commercial risk, it has been determined that a progressive
replacement of the primary coupling cells of both the Elgin 33kV ripple plant and the Ashburton 11kV ripple plant
will be completed, to increase the available signal from both plants and achieve n-1 coverage for load control
signals on the network. This will be lower cost than the Elgin 66kV ripple plant and avoids a large investment
that may be later stranded by newer technologies.

Alternative signalling technologies are available, or nearly available, and EA Networks have been actively
investigating their suitability for load control.

This ICP Load Monitoring and Control project was included on the presumption that an alternative
signalling/control technology would be successfully trialled by EA Networks supplanting the existing ripple
control system. The scope of the project was to include some form of high reliability radio transceiver system
with multiple base stations and a transceiver device at each ICP that would control existing ripple-controlled
loads as well as additional loads that the consumer has agreed to allow control of (such as EV charging, solar PV
output, irrigation pump, etc). The project has run into an obstacle related to ripple-controlled loads due to
contractual rights that the ripple relay receiver owner has that prevents EA Networks from interfering with their
operation. Hence this trial will focus on the potential for selective control of other loads including irrigation.

-1097 2024 ASB + ASH - Ripple Injection Coupling Cell Upgrades Asset Renewal

Replacement of the primary coupling cells of both the Elgin 33kV ripple plant and the Ashburton 11kV ripple
plant will be completed. This will increase the available signal from both plants and achieve n-1 coverage for
load control signals on the network.

The converter panels for both ripple control plants are circa 15 years old, with an expected end of life
replacement at 20 years. The units are no longer supported, so critical spares have been purchased. Inthe event
of a converter panel failure, a maintenance support agreement gives access to a replacement panel on hire from
the supplier. This panel would be in place within a few days while a new converter panel was ordered. This gives
acceptable contingency back up for the remainder of the expected life of the converter panels.

It is possible that other technology may supersede the ripple injection signalling in future, so this progressive
replacement approach is considered a prudent asset management strategy to maintain secure functionality from
the ripple control system but not commit to a full system replacement until it is necessary.



-1148 2026 ASB + ASH - Ripple Injection Generator Replacement Asset Renewal

As discussed in section 6.15 and above, the increasing age of the ripple injectors is such that a replacement plan
needs to be in place. This project will look to replace the earlier (2007) injector as it approaches 20 years old.

5.4.12 Distributed Generation & Storage

Distributed generation can be broadly described as any type of electrical generator that is completely embedded
within the network of a lines company. A distributed generator can range in size from a photovoltaic panel on
a domestic rooftop that has an output of several hundred watts, to hydroelectric or wind generators of several
tens of megawatts. Every generator has a different impact on the security and capacity of the network
depending upon the size and location of its connection and its generation pattern.

A distributed generator can provide additional security/capacity to the EA Networks network, but it also has
security and capacity requirements of its own. A generator which can always operate during peak demand
periods can reduce the required capacity of a portion of the immediate network. If an individual generator is
not available, it cannot offset the need to provide network capacity for consumers without breaching security
standards. Alternatively, a generator which is unable to dispatch its available generating capacity because a
long-duration network fault either disconnects it from sufficient consumers, or limits its ability to inject into the
network, is less likely to satisfy the generator’s desired security. The commercial loss may be insufficient to
promote additional investment by the generator in security.

EA Networks encourage connection of new distributed generation. The general philosophy is that generators
do not pay any on-going asset charge to connect to existing network (provided it has the capacity to absorb the
generation without alteration). Only the additional or upgraded assets required to connect the generation are
considered for cost recovery (incremental cost principle). Any fiscal benefits from coincident demand reduction
cannot be shared with the generator they have been deemed by the Electricity Authority to be a customer
benefit and must be passed to the Retailers. If the network is not loaded sufficiently, export into Transpower
can occur, which could result in some (export) charges related to the Transpower TPM (transmission Pricing
Methodology). If they occur, these charges are passed back to the generator(s). By arrangement, during low
load periods, the export risk can be signalled to the generator before export occurs.

If distributed generation becomes a widespread phenomenon, the diversity amongst a group of generators can
make it a useful alternative to network reinforcement. This assumes that the generators do not have similar
generation or fuel availability patterns that cause minimum generation at times of peak demand.

EA Networks already has significant distributed generation in the form of four hydroelectric generation plants:
one at Cleardale in the Upper Rakaia (1.0MW), one at Montalto Hydro (1.6 MW), one at Barrhill (0.5 MW), and
one at Highbank (26 MW). New distributed generation of any scale is encouraged and will be connected subject
to suitable commercial and technical
arrangements made according to industry
rules and guidelines governing these
activities. The connection of distributed
generation is regulated by Part 6 of the
Electricity Industry Participation Code and
requires all lines companies to publish
guidelines for the connection of
distributed generation to their respective
networks. EA Networks have done this
(https://www.eanetworks.co.nz). Several
potential developments are detailed in the
projects section below. The clarity these
regulations provide is useful for all
participants.

EA Networks are always reviewing the
feasibility of locally connected distributed
generation that would enhance the
security and profitability of both the
company and the community. Several
preliminary studies have been undertaken



https://www.ea.govt.nz/code-and-compliance/the-code/
https://www.ea.govt.nz/code-and-compliance/the-code/
https://www.eanetworks.co.nz/power/distributed-generation/

and this has identified some promising options that will be detailed in the Asset Management Plan if they
become a commercial proposal.

The photo above shows a distributed generation system which injects into the EA Networks distribution network.
This project made use of previously wasted energy from drops in a medium sized irrigation race that ran parallel
to the property boundary. At 200kW maximum output, it is sufficiently large to provide all the on-farm energy
requirements at times, plus a small surplus. It does not supply all the farm’s power requirements and in mid-
summer it will often have zero output while the farmer is irrigating at 100%. Like most of these types of small
schemes it has no storage and can only generate when the energy source arrives (water in this case, but equally
the sun in the case of solar panels and a wind in the case of wind turbines). Without storage of the energy they
produce or the fuel that feeds them, peak system load on the EA Networks network may not be reduced
significantly by distributed generation (consider a cold, calm, frosty, dark winter morning).

Capacity of New Equipment

All equipment installed for generation plant is sized in agreement with the generation owner, although this is
usually only required where the generation exceeds 100kW.

Projects & Programmes

The opportunity for discussion with third parties who are interested in developing a wide range of small and
large generation projects in the Mid-Canterbury region has continued in recent times.

Cleardale Hydro resulted from a farmer in the Rakaia Gorge deciding to irrigate his farm and, in the process,
provided the opportunity for Mainpower Generation to install a 1MW pelton wheel turbine. The electrical
output of the installation varies considerably during the year and there are times when it is unable to run at all
through lack of water. The installation is connected to the 11kV network and feeds into Mt Hutt substation.
There have been no problems with its operation on the 11kV network.

BCl was commissioned in early 2016. It is a crossflow turbine and operates in conjunction with an irrigation
scheme and provides a modest output throughout the year. It is injected into the EA Networks 22 kV network
via a feeder from Lauriston substation. As irrigation demand builds, the summer output drops as the summer
water is diverted to irrigation. It is advantageous that this generation is generally operating at the same time as
the electric irrigation pumps as it reduces the peak demand on the 22kV feeders, zone substation,
subtransmission network, and GXP, although 2017 showed its output is zero at times of peak irrigation.

The following table details the style of project by energy source, likely timescale, estimated capacity and a
percentage rating of likelihood to proceed (based on information at hand). Several projects have been removed
as they are now quite old, and the original promoter has not kept in contact. None of the non-solar proposals
listed are being actively discussed or progressed with EA Networks.

Project  Energy Source Timescale* Estimated Capacity 2 Likelihood 2
B Hydro 3-10 year 17MW 5%
C Hydro 5 year 2.2MW 5%
E Hydro 5 year 20MW 5%
G Wind Unknown 5-50MW? 5%
H Wind Unknown 30-80MW? 5%
J Hydro 10 year 20+ MW 5%
K Hydro 4 year 1.0MW 5%

1 Timescale is an estimate by EA Networks based on generalised discussion with third parties.

2 Capacity is either based on third party disclosure or, for larger proposals, an estimate by EA Networks.

3 Likelihood is an entirely subjective assessment by EA Networks which does not imply any evaluation of feasibility or commercial viability.



0% likelihood means EA Networks believe the option is no longer feasible or even physically possible. Resource consent approval normally

implies some degree of certainty.

The wind opportunity that has been listed is very early in the investigation process and some time ago EA
Networks had to make discrete inquiries to even determine who the potential developer was. It is possible that
the EA Networks network may not be able to absorb the level of generation proposed, in which case it is not an
issue that needs consideration other than for grid interconnection at a GXP.

Some time ago, an interesting discussion was held with a proponent of oceanic wave power. The area off the
Canterbury coast is apparently well suited to the type of device that the organisation was considering. The
commercial and technical viability of wave power may be in its infancy, but if a commercially competitive product
evolves it could hold a great degree of promise for an island nation such as New Zealand.

There have been no firm proposals for connection of non-hydro forms of distributed generation to the EA
Networks network that would prudently affect the predicted maximum demand.

There are some other very small-scale distributed run-of-the-river hydro generation opportunities that are being
discussed and have in one case been developed, but their collective output accounts for only two or three typical
irrigation pumps and in drought years they are unlikely to be generating because of water restrictions on river
off-takes. Itis also possible that the hydro turbine mechanical output will be used directly for mechanical water
pumping with no electrical generation or pumping.

The economics for new generation investment have improved of late, with a firmer commitment that the Tiwai
Point aluminium smelter will remain in operation. Government commitments to decarbonisation of the
economy and targets for a fully renewable generation sector have provided increased incentives for new
renewable generation. Demand is forecast to increase because of EV charging and process heat demand,
requiring new generation development coupled with investment in transmission and distribution infrastructure.
However, the timing and specifics for these requirements are difficult to forecast at this point.

No specific projects or programmes have been allowed for regarding the impact of medium-large scale (50kW+)
distributed generation.

Solar Photovoltaic

Solar PV is continuing to be adopted by a small, but increasing, percentage of consumers. At the time of writing
410 ICPs are known to have solar PV (1.99% of consumers) and the approved peak output totals 2296 kW. Itis
probable that more consumers will adopt solar and the complimentary technology of batteries as the price
decreases. Initial investigations into the impact of solar PV show that it will take significantly more widespread
adoption before significant network issues arise. The newer (2016+) inverters also provide much better
mitigation of those network impacts by providing facilities for volt/watt/var responses that reduce output or
change the power factor of the output to control network loading and voltage.

Grid/utility scale solar PV (multi-MW) is happening. The cost benefit of scale makes the per MWh (energy) cost
lower than a multitude of smaller installations. Recent work by researchers has shown the most viable areas in
New Zealand for this type of operation, and the Canterbury Plains is one of the more economic locations. EA
Networks’ rural 22 kV network can absorb multiple MW output, and during summer it would be consumed within
the local area by irrigators. During winter, the peak solar output would be lower, and it would have to be
transmitted to urban areas for consumption. Solar PV can be used in conjunction with some forms of dry land
grazing as the panels do not entirely prevent grass growth underneath them and provide shelter in summer and
winter.

The attraction of larger utility scale solar
PV farms has recently increased, due to
improved economics  and  the
desirability of renewable generation. As
a result, a significant number of large
solar farm applications have been
received and processed by EA Networks
(~100MW), in line with similar activity
nationwide. At this point, no confirmed
contracts have been signed up by developers, but one 47.2 MW connection contract appears to be imminent.
This would involve significant work at an existing 66/22 kV zone substation and be fully funded by the generator




using the incremental cost principle.

Project  Energy Source Timescale ' Estimated Capacity 2 Likelihood 3
M Solar 1-2 year 47.2 MW 95%
N Solar 1-2 year 6.5 MW 80%
0] Solar 1-2 year 4.4 MW 90%
P Solar 1-2 year 4.4 MW 80%
Q Solar 1-2 year 15MW 90%
Solar 2-3 year 30 MW 65%

No specific projects or programmes have been allowed for regarding the impact of distributed kW-scale solar
PV, although there is scope for this scale of solar PV to become quite disruptive. There are a multitude of
40-200kW sized solar installations occurring, typically at existing load sites with no additional/modified network
required. It is hoped that the addition of storage batteries when installing solar PV will become the norm in
future, as this will absorb solar output within the home during the middle of the day (charging the batteries)
while decreasing the evening peak (discharging the batteries — supplying domestic load).

With the significant quantity of utility-scale solar PV already under application, there will be parts of the 66 kV
sub-transmission network that will become congested if it all connects. Other parts of the 66kV network will
still have injection capacity available. Itis probable that new solar associated with a load in congested areas will
have strict export limits (possibly as low as zero) applied to them. Solar not associated with a comparable sized
load in the congested areas will be given the option of network reinforcement to connect, but this may prove to
be quite uneconomic. The option of using solar purely to charge batteries and then discharge the batteries at
night could allow new solar in congested areas.

Storage Batteries

Although not generation in the traditional sense, battery storage is a significant factor that may address a range
of issues for both networks and consumers. The ability to charge batteries at times when excess generation
and/or network capacity is available and then discharge them to directly supply load or provide embedded
network generation capacity is attractive. The present hurdle is cost. It is not economically viable for consumers
to provide battery storage solely to reduce their network demand. The possibilities of electric vehicles (EVs)
filling that role is beginning to evolve. There may be very specific network issues that could be resolved by using
battery storage that are close to economically viability, but none have been identified by EA Networks at this
stage.

A provider of a combined solar and battery installation product has demonstrated residential peak load
management using a strategy of battery discharging over the morning and evening peaks and charging overnight
and in the afternoon trough. This service could be useful for network peak load management to defer network
investment if sufficient uptake of the solar and batter installations can be achieved. Improved resilience of the
residential customer to network outages is an additional benefit, particularly valuable to work-from-home
businesses. The provider of this product derives value from the retail residential customer, and “value stacking”
various revenue streams resulting from the discharge of the battery, for example for instantaneous reserves,
demand side management, forming a virtual power plant etc.

EA Networks believe the energy role of batteries is going to be as daily or inter-daily load levelling rather than
as seasonal power stations. A battery can only store energy that is provided to it — it does not create or convert
energy. If people expect to be able to store their summer solar PV output for use in winter, they will be very
disappointed. The storage requirements for seasonal energy storage are so vast that it will never be possible
using the current scale and technology of battery storage. The chances of mass disconnection from the urban
distribution network are low, as the diverse interconnection of generation, storage, and load that it facilitates
are what is required to maximise the value of each consumer’s investment in solar PV, storage, and EVs. Without
the distribution network, every disconnected consumer would need to invest in enough generation and storage
to be fully self-sufficient at all times of the day and year. The distribution network could facilitate peer-to-peer



trading of energy to and from all energy sources and loads.

EA Networks have yet to formulate a strategy for utilising either domestic or grid scale batteries to resolve
existing or future issues on the network. There is an awareness that change will occur and that before it begins
to impact the network it will be critical to adapt to the needs of consumers quickly and effectively or risk
becoming less relevant.

Projects are now examined at the preliminary stages for suitability of using batteries to either resolve or delay
the capacity issue being addressed. Several spreadsheets to assist in this examination have been created and
will continue to mature as battery prices drop and the market for ancillary battery services evolves beyond
energy arbitrage.

No specific projects or programmes have been included regarding the direct impact of storage batteries,
although the Decarbonisation and Smart Technology programme is likely to involve battery technology in some
form.

The type of project that could be deferred by using batteries would be equipment that is difficult to upgrade, is
loaded to just over rated capacity, and does not have significant load growth forecast. This could be long
underground cables, long 22kV overhead lines, or small urban LV underground cables. Overall, the best location
for batteries is behind the meter where it can assist consumers to reduce their demand, but also reduce the
peak demand on the network assets supplying them. The key is ensuring that incentives are in place to
encourage battery charge/discharge behaviour that benefits both parties.

Remote Area Power Supplies

Where an individual consumer (or a small group of consumers) is supplied by a very long (many kilometre) line
and they are the only users of that line, it may be cost effective to provide them with a Remote Area Power
System (RAPS). A RAPS is a combination of generation and storage that allows off-grid electricity supply.
Typically, a RAPS would combine solar, wind, and diesel generation with battery storage so that all non-diesel
generation is stored and then used rather than wasted. The diesel would be used sparingly to fill energy gaps in
solar, wind, and stored energy. A small microgrid may also be applicable where there are a small group of
customers nearby that can be supplied from a RAPS and short lengths of network, to replace a long spur of line
previously used to supply them.

There are few locations within the EA Networks distribution network that would be considered remote, and
even less that have just a few consumers on them. When the lines supplying these locations are considered for
renewal, close examination will be given to offering the consumer(s) a RAPS if the economics show it is viable.
An investigation was done in 2018 to consider RAPS for the upper Rakaia Gorge and it showed a negative return.
The Lake Heron Road 11kV line is another candidate for RAPs that will be examined in the next year or so.

5.4.13 Electric Vehicles

The relationship of electric vehicles (EVs) with the electricity distribution network has the potential to become
quite revolutionary. Today, the smallest new EV on the market has a 24kWh battery in it. This is the equivalent
of the average household’s peak electrical use for at least 6 hours. The largest EV batteries are in the vicinity of
100kWh. According to the Ministry of Transport, 90% of car trips are less than 90km. Most EVs use between
15 and 20kWh to travel 100km. Given these numbers, it is clear that very few EVs will be heavily discharged
when they arrive home in the evening and a portion of this excess energy could be put to use around the home.

Charging Electric Vehicles

In typical daily use, it is likely most EVs will be recharged at home overnight. A standard 10amp, 230 volt socket
offers 2.3kW of capacity. During 7-8 hours of charging this can provide 15+kWh of charge for the battery.
Should the EV be discharged more deeply, it would be prudent to go to a fast charger of 50kW or more capacity
and recharge to 80% in a few tens of minutes. If so desired, the remaining 20% charge could then be topped up
at home.

EA Networks see no immediate challenge in the controlled overnight charging of EVs at the rate of 2.3kW. EA
Networks’ provision of three 50kW fast chargers around the Mid-Canterbury district means most EVs have the
necessary facilities to travel where they need to go without huge range anxiety. Other companies are now
providing nationwide charging networks that increases convenience for EV owners.

If EV owners see the need to begin charging at higher rates in the home (say 7kW), this could begin to provide
a challenge in some areas of the network. The coincident inception of charging would provide a large peak



demand that could see residential voltages at the
lower end of the acceptable range and smaller LV
network cables coming under thermal stress.
Some form of intelligent charging control would
be necessary to ensure network constraints are
adhered to. In the longer term it could be that
network reinforcement may be required to meet
the demand, provided there is a return on that
investment.

As EV adoption rates increase, it is probable that
more medium rate chargers (20-30kW) may
appear at retail outlets and significantly larger
chargers (up to 350kW) will appear at specific
charging destinations (such as existing service
stations or new EV charging stations). Again, EA
Networks see that this is relatively easy to adapt
to, as many of these facilities will have distribution substations nearby that can be uprated to supply the new
load or will be specifically built for the new demand. Newer battery technologies are likely to offer significantly
faster charging rates that could lessen the 20% to 80% (60%) charging time to a few minutes, but this would also
mean the chargers would increase to around 700kW to allow this. These chargers would need to be placed
close to existing 11kV or 22kV cabling.

Fortunately, Mid-Canterbury does not have a significant week-end tourist destination. It can be envisaged that
on particular long weekends, some destinations such as Hanmer Springs, Tekapo, Wanaka, and the likes could
have a large influx of Christchurch EVs that have been heavily discharged on the trip there, all wanting recharging
before the return trip in two days’ time. This could create a significant demand on both the charging facilities
available and the local electrical network.

Some people presume that solar PV will be the answer to charging their EV. Alas, if they are working, it is likely
they will have driven their EV to work and the only way to use the home solar will be to pay for the transport of
the energy though the distribution network. This may or may not be economic and will require some smart
technology to resolve who gets charged for what. The ideal scenario is that the EV is home during the day and
can be 100% charged by solar. Alternatively, they could purchase a separate domestic battery to store their
solar PV energy in. While this is possible, it essentially duplicates the battery in the EV (which is resource
inefficient) and leads to the next scenario.

Discharging Electric Vehicles

An EV is pretty much a very large battery with four wheels, some electronics, and a powerful electric motor. The
electronics in some of the newer EVs allow the EV to discharge into the house and/or electricity grid. This makes
it a mobile electricity generator (once it is charged). You can take a reasonably large amount of electric energy
and transport it both in time and space. This can be beneficial to the EV owner. They can buy and then use or
sell the stored energy when and where they can get best advantage from it.

If they choose to charge the EV at work, they can take that energy home and potentially use some of it in the
house to limit their on-peak electricity use by plugging the EV into the house. This is also of benefit to the
network owner as they see a reduced peak demand on the electricity network.

Batteries could be able to provide other ancillary services to both distribution network operators and
transmission network operators. Such things as frequency support, demand response, and so-called synthetic
inertia are all possible services that an EV could participate in. It would take quite an amount of coordination
and some guarantee of the available response, but the eventual collective scale of EV batteries will make this
type of service possible.

The comments above relating to storage batteries also relate to EV batteries with the addition of mobility.
Network Impact

EVs will initially be a load on the network that could increase demand at peak times. It will require careful tariff
design to ensure most charging takes place overnight and is progressive in how it both starts and is controlled.
There is a risk with crude binary tariff signalling that the feared EV-driven demand peak may be shifted to late
evening or early morning instead of simply filling the demand trough in the midnight to 6:00am period.



Some of the projects included in this Plan intend to explore the possibility of providing a level of granular control
to each customer so that smart charging decisions can be made to keep the customer happy (an 80-100%
charged EV at 7:00am) and the electricity network well utilised, without causing asset overloading or power
quality issues.

The other side of EVs is the potential for the EV battery to offer network support during peak demand. It would
be the ideal scenario if a portion of the EV’s charge could be redirected to reduce each household’s demand and
thereby reduce residential network demand in the morning and evening. This could preclude the need for
network upgrades and provide additional value to the customer by selling a demand reduction service back to
EA Networks. The level of granularity would need to be high, and the response of the customer’s battery
guaranteed by monitoring/metering the discharge. The next level of sophistication would be to provide net
export of electricity back to the network (supply the household load entirely and export additional energy to the
network). This would allow the customer to gain from both selling electricity at a high unit price but also
optionally gaining income from EA Networks to support the network in a specific area or reduce GXP demand.

The activities described above are already technically possible, ignoring the commercial aspects. To make it a
reality will require a lot of coordination between electricity industry players and at its heart must ensure
everyone can continue to remain as viable commercial entities. This will mean that lines companies will probably
remain as regulated entities for the foreseeable future to ensure they cannot take advantage of their monopoly
position. Other entities will be able to freely compete for customers as service/product providers over the
distribution network. This is where the idea of a Distribution System Operator (DSO) becomes a possibility. In
order to manage the level of complexity that arises from many participants attempting to buy and sell demand,
energy, generation, and other services from EVs, batteries, and solar PV, there needs to be an overarching
coordinator and the evolving term for that is a DSO. The nature of a DSO and who they will be is still open to
debate but, as it becomes clearer, EA Networks will make a strategic decision as to whether they wish to be an
asset owner and a DSO or not.

5.4.14 Innovation Practices

This section is included in preparation for content to be incorporated into this document in 2024 but provided
as a separate document in June 2023. The June 2023 document will be found here.


https://www.eanetworks.co.nz/disclosures/
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6 MANAGING OUR ASSETS

6.1 Introduction

This section is where the detailed asset-specific management issues are discussed. It describes each asset by
category and details quantities, condition, performance, maintenance, and the operational standards of each in
turn.

The management plans for each asset category detail how EA Networks intends to operate and manage the
assets so that they meet the required performance standards. The focus on optimising lifecycle costs shapes all
the processes involved.

EA Networks owns electricity reticulation assets that are used to provide distribution and connection services to
electricity retailers and generators. These assets generally comprise equipment that is common to all New
Zealand electricity lines businesses and, wherever possible, industry standard assets have been employed. The
Asset Management Plan covers the electrical reticulation assets and associated systems owned by EA Networks.

For the purposes of managing the assets that EA Networks own, logical groupings of assets are required. These
groups may have members that are geographically distant or installed in a different application, but they are
most effectively managed as a single population. These groupings comprise the following:

e Subtransmission Line Assets — Electric lines and cables, including associated easements and access ways
operating at voltages of 33kV and 66kV.

e Overhead HV Distribution Line Assets — Electric overhead lines, including associated easements and
access ways operating at a voltage of 11kV or 22kV.

e Underground Cable HV Distribution Assets — Electric underground cables, including associated
easements and access ways operating at a voltage of 11kV or 22kV.

e Overhead Low Voltage Line Assets — 400V electric overhead lines, including associated easements and
access ways.

e Underground Cable Low Voltage Assets — 400V electric underground cables, including associated
easements and access ways.

e Service Lines — Connection assets at any voltage owned by EA Networks for the purpose of supplying a
single consumer (not including the line on the consumer’s premises, but including any portion of the
service line in, on, or above the legal roadway).

e Zone Substations — High voltage substations connected to the subtransmission network. This includes
plant and equipment within the substations such as power transformers, foundations, support
structures and buswork, oil interception equipment, and incidental equipment such as DC batteries and
chargers together with station land and buildings. Other items such as switchgear, earthing, SCADA,
and protection are covered by other definitions.

e Distribution Substations — Substations connected to the distribution network. This includes plant and
equipment within the substations such as foundations, platforms, and Maximum Demand Indicators,
together with land and kiosk covers, but excludes transformers, MV and LV switchgear, and earthing.

e Distribution Transformers — Standard transformers used in distribution substations ranging from 5kVA
to 1000kVA and generally having a primary voltage of 11kV or 22kV. Also includes MV regulators or
autotransformers up to 5000kVA.

e High Voltage Switchgear — Circuit-breakers, reclosers, sectionalisers, disconnectors, ring-main units,
expulsion drop-out fuses, structures and buswork used in the distribution and subtransmission systems.

e [V Switchgear — Load-break switches, fuse switches, fuses, support frames, busbars, and capacitors
used in the LV line and cable systems.

e Protection Systems — Fault protection includes all protection relays, associated panels, metering devices,
current transformers, voltage transformers, and control cabling.
— Over-voltage protection includes surge arrestors and spark-gap devices.

e Farthing Systems — All earthing systems that are owned by EA Networks and connected to EA Networks
equipment.



e SCADA, Communications and Control Equipment — SCADA, Communications Equipment and associated
facilities installed at any location. This includes Control Room equipment, Remote Terminal Units, radio
repeaters and dedicated fibre optic systems installed, owned, and maintained by EA Networks.

e Ripple Control — Ripple Injection Equipment.

The size and complexity of EA Networks’ fixed asset base is considerable when compared to other businesses
such as retail chains and serves as a major differentiator for this company and other utility organisations. Below
is a diagram illustrating some of the different asset categories and typical ownership involved in the electricity

supply industry.
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Variations on this ownership structure exist, particularly in industrial or rural situations, where the consumer is
likely to own 22-11kV lines on private property which are dedicated to servicing their property.
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https://en.wikipedia.org/wiki/Hydroelectricity

6.2 Overview

This section outlines the lifecycle management plan required to maintain, enhance, and develop the operating
capability of the system. The programmes are outlined by asset type and, within this, according to area and
then by maintenance activity.

e Maintenance
o servicing, inspections, and testing.
o fault repairs.
o planned repairs and refurbishment (including replacement at the component level).
o planned replacement programmes (at the asset level).
e Enhancement
e Development

Section 8.1 — Appendix A has a more complete series of activity definitions.

For the purposes of lifecycle management, the Enhancement and Development categories can be seen as the
asset creation/acquisition phase of the cycle. The Replacement category will introduce new equipment of
similar function at a similar location and have a similar purpose as the existing asset.

Each category of asset has a Standards subsection that details the documentation available for each activity
undertaken on that category. This is one area that still requires some work to complete. Many categories do
not have documentation to cover post-commissioning activities such as inspection and maintenance. The actual
work is done to an acceptable standard, but the methodology is not yet formally recorded.

Asset disposal is typically done only at the end of an asset’s useful life. Most of these assets are equipment that
is only suitable for scrap, and it is normally disposed of in an appropriate manner as part of the activity replacing
it. Any asset that becomes surplus and is not at the end of its service life will have a specific disposal plan. As at
the time of writing there are relatively few assets that have been identified that will require disposal in this
manner and only those asset categories will contain a Disposal activity.

6.2.1 Maintenance
Maintenance work is largely based on the condition of the assets.

The scope of work planned under each maintenance activity is quantified wherever possible to assist in reviewing
EA Networks’ achievement in future years. The estimated maintenance expenditure is projected in this section
and where relevant, the consequences of the proposed maintenance programmes are noted. It should be noted
that analysis of maintenance strategies and programmes is an on-going process and the most cost-effective
means of maintaining the network is constantly under review. In some instances (e.g. pole replacement) further
investigation and analysis is required to determine an optimal strategy.

The maintenance requirements are influenced by development projects, many of which, if they proceed, will
lead to dismantling and decommissioning of assets that would otherwise require significant repairs and/or
replacement. The maintenance programmes described in this section cover the anticipated situation where all
the planned development projects proceed.

The base-line planned maintenance expenditure projections assume, for consistency within this plan, that
development projects take place as projected in Section 5 — Planning our Network. It will be necessary to
monitor closely the likelihood of each project proceeding and additional remedial work will need to be
programmed if certain projects do not proceed or are significantly delayed.

6.2.2 Replacement

When an asset reaches the end of its useful life and economic maintenance options have been exhausted, the
only remaining options are scrapping the asset without replacing it or replacing it with a modern equivalent
asset. Under most circumstances, assets will be replaced with an asset that exhibits the best price/performance
ratio. Each individual case will be examined for the economic efficiency of the options.

Replacement work does not intentionally increase the asset’s design capacity but restores, replaces, or renews
an existing asset’s function to its original capacity and lifespan.



6.2.3 Enhancement

This activity outlines work that is planned to enhance the system. By this, it means that this increases the
capacity of the asset to:

e supply increased load,

e enhance voltage regulation,

e improve security and reliability,

e reduce electrical losses,

or

e increases the expected lifespan of the asset significantly beyond its original end of life date.

It includes projects (at specific sites) and programmes of related work covering several sites. Project numbers
(e.g. [10023]) are used to identify individual projects or programmes. Appendix B has a complete list of these,
including costs and categorisation.

Specific enhancement projects are detailed in Section 5 — Planning our Network.

6.2.4 Development

Specific development projects and programmes are described in Section 5 — Planning our Network, which
outlines the projects currently anticipated over the planning period. The nature of each project is briefly
described along with the reason why it appears to be required. The justifications for including each of the
projects in the plan are categorised as follows:

o safety-related issues,

e specific consumer requests (and commitment to incur project-related charges),
e anticipated demand growth,

e to meet security planning guidelines,

e economics (i.e. where the project produces overall cost savings),

e reduce electrical losses.

The projects described in this document represent an indicative plan based on the best information currently
available. There is currently no commi