BEFORE THE BOARD OF INQUIRY

IN THE MATTER of the Resource Management Act
1991

AND

IN THE MATTER of applications for resource consent
and notices of requirement by
Transpower New Zealand Limited for
the North Island Grid Upgrade Project

STATEMENT OF EVIDENCE OF DAVID EDWARD BOYLE ON BEHALF OF
TRANSPOWER NEW ZEALAND LIMITED
(System planning)

SIMPSON GRIERSON

D J S LAING/J G AWINCHESTER
TELEPHONE:+64-4-499 4599
FACSIMILE: +64-4-472 6986

DX SX11174 P O BOX 2402
SOLICITORS

WELLINGTON

8225113.D0OC



INTRODUCTION
Qualifications and role

1. MY name is David Edward Boyle. | am employed by Transpower New
Zealand Limited (Transpower) as the Planning and Development Manager. |

have been working as a Transpower employee since 1993.

2, I hold the following qualifications and memberships:
(a) Bachelor of Engineering (Electrical and Electronics) from Canterbury
University;
(b) New Zealand Certificate of Engineering (Electrical and Electronics);
{c) Member of the Institute of Engineers New Zealand (MIPENZ); and
(d) Member of the Electrical Engineers Association (New Zealand).
3. MY present role at Transpower includes the following duties and

responsibilities in relation to the management of the Planning and

Development Group:

(a) Assessment of the adequacy of the existing power system and
determining upgrade options to meet the changing demands on the
power system due to load growth, connection of new generation, or

connection of new substations;

(b) Leading industry and public discussions on the future supply
requirements and generation proposals, and the development of the

grid to meet those requirements;

(c) Formal review of completed power system studies and reports
undertaken by Transpower;

(d) Scoping of the implementation studies for the preliminary design and

cost estimating for new works; and

(e) Preparation, review, and approval of submissions to management,
customers, or the Electricity Commission (as appropriate) for the

authorisation of expenditure for new works.
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MY specific responsibilities relating to the North Island Grid Upgrade Project
(Upgrade Project) are:

(a) Overall responsibility for all power system studies and power system
technical reports;

(b) Review and approval of the power system technical investigations

and reports; and

(c) Formulation of high level specification and reliability requirements for
the 400kV capable transmission lines, underground cables, and

associated substations.

PRIOR to my present role, my duties and responsibilities at Transpower, and

other organisations, included:

(a) Developing and approving concept plans for new build and

maintenance of existing assets;

(b) Management of the maintenance and life extension works of

Transpower's High Voltage Direct Current (HVDC) link; and

(c) Supervising and managing new builds and rebuilds of existing

transmission, distribution and industrial infrastructure.

I confirm that | have read and am familiar with the Code of Conduct for Expert
Witnesses in the Environment Court Consolidated Practice Note (2006). |
have approached the preparation of this evidence in the same way that | would

for the Environment Court.

Scope of evidence

7.

IN this brief of evidence | discuss system planning intricacies and the place of
the Upgrade Project in relation to other upgrade and enhancement work
proposed on existing assets. In particular, | will address the demand forecasts
and need for augmentation of transmission capacity to supply the Upper North
Island; reasons for the selection of the line capacity and configuration chosen;

the start and finish points for the line; and the factors considered by
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Transpower in assessing technical solutions and alternative transmission

options.

8. MY evidence will address the following matters:
(a) an introduction to transmission planning;
(b) policy considerations in transmission planning;

(c) a description of the relevant portion of the existing transmission
system, from the Central North Island to Auckland;

(d) the criteria used to assess the capability requirements of the

transmission system;
(e) the project assumptions including future demand and generation;

() the need for additional transmission capacity from the Central North
Island to the Upper North Island;

(9) descriptions of the interim projects and major projects in the Upper
North Island to enhance capacity;

(h) a description of the proposed 400kV capable line and comparison

with the three principal alternatives;
(i) the application of and resuits from, the Grid Investment Test;

M the transmission requirements that determine the physical

characteristics of the line;
(K) consistency with Government energy policy; and

) responses to issues raised by submitters.

Sources of Information
9. THE sources of information relied on in preparing my evidence are:

(a) Power system analysis undertaken by Transpower, including October
2004 reports entitled "Security of Supply info Auckland Assessment

of Alternative Solutions" (Common Bundle of Exhibits tab 5) and
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"Security of Supply into Auckland Assessment Methodology for

Alternative Solutions";
Transpower's internal 2005 load forecast;

Electricity Commission 2005 load forecast, from Initial Statement of
Opportunities, July 2005, Electricity Commission;

Electricity Governance Rules (Common Bundle of Exhibits tab 2));

Government Policy Statement on Electricity Governance (October
2006 revision);

New Zealand Energy Strategy to 2050 (October 2007)

Climate Change (Emissions Trading and Renewable Preference) Bill

introduced to Parliament on 4 December 2007;

Transpower metering data - this data comprises a log of historical
revenue metering data electronically recorded for each Transpower
Grid Exit Point in New Zealand;

Transpower historical outage statistics and background data; and

Associated reports and data obtained from Transpower's on-line
"System Control and Data Acquisition" (SCADA) monitoring system.

SUMMARY OF CONCLUSIONS

10.

11.

12,

DEMAND forecasts indicate that additional transmission capacity is required

(a)

8225113.D0C

to ensure a reliable electricity supply to the upper North Island after 2013,

TRANSPOWER gave careful consideration to a number of alternative means
of meeting the forecast demand for electricity, including building new lines of
varying capacity, duplexing existing lines and adding high temperature
conductors to existing lines.

THE construction of a new 400kV capable transmission line, operating initially
at 220kV:

will enable a reliable electricity supply to the upper North Island,;
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(b) will provide a diversity of supply to the upper North Island;

(€) maximises the use of the proposed transmission corridor and
ultimately minimises the total number of lines required;

(d) provides greater flexibility for transmission growth in the future;
(e) minimises power losses; and
() minimises the net cost in comparison to other alternatives.
13. IN its consideration of alternatives and selection of the 400kV capable

solution, Transpower has complied with the Electricity Governance Rules
(Common Bundle of Exhibits tab 2). Its proposal is also consistent with the
Government Policy Statement on Electricity Governance, the New Zealand
Energy Strategy and the Climate Change (Emissions Trading and Renewable
Preference) Bill.

ELECTRICITY TRANSMISSION PLANNING

14. THE high level description of, and inputs into, the transmission planning
technical analysis process is shown in Figure 1 below. This process combines
a number of inputs and assumptions used to mode! the current and future
state of the grid and identifies future constraints on the grid, and options to
mitigate these constraints. A brief overview of the inputs is contained in this

section, but more detailed information is contained later in this evidence.
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15.

16.

17.

Load Growth Committed Performance

Forecasts Projects Criteria
Existing Grid Generation Known issues
Scenarios

JL

System Modelling
& Analysis

Il

Annual Planning Report:
e |Issues

e Possible solutions

s Recommendations

Il

Necessary approvals

Figure 1 : High level description of the transmission planning process

POWER system analysis and modelling is undertaken using industry standard
principles and modelling software. The main modelling software used by
Transpower is a power system modelling programme called Powerfactory.
This programme is used by a large number of other transmission and
distribution companies worldwide, such as Vector Networks in New Zealand,
ESKOM in South Africa, and National Grid in the United Kingdom.

FOR system modelling and analysis purposes, the existing Grid is represented
as an electrical model. This model is built up from physical information gained
from manufacturers' data or measurement of the physical parameters of the
grid components, and these are used to build an electrical model of the
transmission grid. The calculations and assumptions used to produce the
electrical model are based on well founded and documented standard industry

practices and principles.

THE load growth forecasts are estimates of the future consumer electricity
demand, measured in megawatts (MW) at the time of peak electricity
consumption. Megawatts is a standard measure of electrical power, as
opposed to Megawatt-Hours, which is a standard measure of electrical energy.
The demand forecast is developed by starting with a national demand
forecast, then allocating the demand growth to individual substations, based
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18.

19.

20.

on the historical ratio of substation load to national peak load. The peak
demand does not occur concurrently at all the substations. The historical
demand records are used to calculate what percentage of individual substation
peak load occurs at the time of the peak region or system demand, and this is
referred to as the diversity factor. To ascertain the total demand in an area in
the future, for example the Upper North Island, the individual substation peak
demands are summed, after a diversity factor is applied to them.

THE generation scenarios are sets of future possible generation
developments. Generation developments can have the effect of either

creating or reducing the need for transmission investment.

THE committed projects are projects that are assumed to be implemented for
the purpose of assessing the power system, and are included in the grid
model. Likewise, the known issues are those problems or constraints that
have been identified on the actual system or during previous modelling of the
grid. | will address the issue of committed projects, the basis for their use in
demand forecasting, and the impact of future generation on demand

forecasting later in my evidence.

THE performance requirements are assembled from a number of sources

including:
(@)  the Grid Reliability Standard (GRS);
(b)  Good Electricity Industry Practice (GEIP);
() Transpower’s internal planning criteria; and

(d) other statutory rules and regulations.

Building blocks and electrical characteristics of Transmission networks

21,

IT is helpful for the purposes of my evidence to explain some of the commonly
used terminology relevant to electricity transmission, and | do this below.

Transmission line

22,

A transmission line is a series of structures carrying overhead one or more

transmission circuits from one location to another location. The transmission
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line is the actual physical asset that can be seen; that is the foundations,

structures (towers), conductors, and insulators for example.

Transmission circuit

23.

THE circuit is the electrical connection between stations in the power system.
It is a set of cables or overhead conductors (normally three) plus associated
hardware and insulation on a transmission line, which together form a single
electrical connection between two or more stations and which when faulted is

removed automatically from the system (by circuit-breakers) as a single entity.

Conductors

24,

25,

ELECTRICTY requires a physical connection between source and use in
order to work. For transmission networks, that connection is normally by way
of overhead transmission lines using an aluminium alloy conductor (often steel
reinforced). Aluminium is used because it has a better conductivity per unit
weight than other metals, and it is an economic material to use — making it
ideal for transmission lines suspended overhead. The conductor is not
insulated so appears as a bare twisted wire. Each phase of a circuit requires

its own conductor path.

OVERHEAD transmission requires the use of supporting towers or poles at
regular intervals to suppont the line. More than one circuit (e.g. made up of
three phases) can be carried on a tower/pole. In New Zealand towers
generally carry one or two circuits, though there are a very small number of

line sections that have three circuits.

Underground cables

26.

FOR underground transmission, the conductor is insulated to prevent it
coming into contact with the earth. Today this is achieved through using cross
linked polyethylene (XLPE). The resultant cable for transmission can therefore

be quite thick and expensive (compared to overhead conductor).

Substations

27.

TRANSMISSION networks deliver power to substations. The primary purpose
of a substation is to transform the generator voltage (typically around 11kV) up
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28.

at generating stations to the transmission voltage (typically 110 or 220kV), and
down again at substations, to a level that ailows it to be used by a distribution
(lines) company (typically at voltages 33kV and below). The transmission line

connects to an interface at the substation known as a "bus"

VOLTAGE transformation is achieved through large oil-cooled transformers.
Substations may also contain other equipment to either maintain voltage on
the network — like capacitors and static var compensators. Additionally,
substations carry the "protection" mechanisms for incoming and outgoing
circuits to prevent faults causing larger problems for equipment or people.
These protection mechanisms operate in a similar way to the common fuses
on a domestic switchboard, although a little more intelligently engineered to

reflect a higher voltage and the needs of a modern power system.

Switching stations

29.

Voltage

30.

A switching station is like a substation but with no transformers. The purpose
of a switching station is to connect a number of lines together. In some cases
the switching stations are used to balance the load between transmission

circuits to enable an increase in power transfer.

VOLTAGE is like pressure in a water network, and the unit for electrical
pressure is "Volt" (V). The highest voltages in a power system are used for
transporting bulk electricity from generation stations to areas of demand. The
voltages used in AC transmission in New Zealand are (presently) up to
220,000V (220kV). Modern transmission grids in other countries regularly use
AC voltages up to 765,000V (765kV). In all cases, higher transmission
voltages are progressively transformed down so by the time electricity reaches
most New Zealand homes and businesses it provides a single phase 230V
supply (or a three phase 400V supply).
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Current

31.

Power

32.

THE movement of electricity on a power system is known as the "current”, and
is measured in Amperes (Amps). Currents in transmission systems are often

in the range of hundreds to thousands of Amps.

POWER is the rate of flow of energy past a given point and is the product of
voltage and current. It generally involves three different types of power flow
recognising that some elements on the power system (like induction motors
and capacitors) actually cause periodic reversals of energy flow on an AC

system:

(a) Real or Active Power (P) measured in Watts (W) represents the
portion of power flow averaged over a complete cycle of the AC
waveform that results in net transfer of energy in one direction. This

is the power usefully consumed in various processes or devices;

(b) Reactive or Imaginary Power (Q) measured in Volt amperes reactive
(Var) represents the portion of power flow cyclically stored and
released in the connected devices in the form of magnetic or electric

energy (eg in capacitors or inductors); and

(c) Complex or Apparent Power (S) measured in Volt Amperes (VA)

represents the resultant flow of the Real and Reactive Power.

Power factor

33.

THE ratio between real power and apparent power in a circuit is called the
power factor, and is like an efficiency measure. Power factor equals 1 when
all the apparent power flow is usefully consumed in the connected devices the
voltage and current are in phase), and 0 when the power flow is solely for the
purpose of cyclic storage and release of magnetic or electrical energy in

connected devices (the current leads or lags the voltage by 90 degrees).

Resistance, inductance and capacitance

34.

WHEN electrical energy is supplied to a circuit element, it will respond in one
or more of the following three ways:

8225113.D0C Page 10



35.

(a) if the energy is consumed then the element is a pure resistor;

(b) if the energy is stored in an electric field, the element is a pure

capacitor; or

(c) if the energy is stored in a magnetic field, the circuit element is a pure
inductor.

A practical circuit device often exhibits more than one of the above and

sometimes all three at the same time, but one may be predominant.

Impedance

36.

37.

38.

THE "impedance" of the power system inhibits current flow, that being both

normal load current and fault current. Impedance has two components:

(a) resistance, which for lines is determined predominantly by the type of
material, the cross-section of the conductor, and the length of

conductor; and

(b) reactance, which for lines is determined predominantly by the number
of conductors in the bundle, and the geometric arrangement of the

conductors on the towers, and length of conductors.

THE dominant factor determining the impedance of the line (ie inhibiting the
flow of current) is the reactance and not the resistance. The power sharing
across circuits is a function of the reactances of the individual circuits, and not
the current ratings of the lines. The circuits will not naturally share the power

flow in relation to their current ratings.

IN areas such as the Upper North Island where there are a number of circuits
in parallel, the natural distribution of the load across the circuits is not in
proportion to the circuits' ratings. The loading on each circuit is governed by
the laws of physics, and there is only a limited ability to alter the power flows
across individual circuits, without using additional devices to steer power

through particular circuits. Circuit loading varies with such factors as:

(@) the variation in load at individual substations;
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39.

(b) the variation in generation output at individual power stations to meet

the load;

(c) any equipment which may be out of service, such as a transmission
circuit; and

(d) the construction details of a transmission line.

THERE are methods to improve the power sharing across all the circuits and

more details are provided later in my evidence.

Line transpositions

40.

THE reactance of a circuit not only affects the power flow, but it also affects
the voltage at the receiving end of the line. If the reactance of the three
phases is different, then voitage imbalances may occur, especially during high
load periods. The power system consists of three phases and to get a
balanced reactance of the individual phases the conductors must be rotated
along the line so each phase is in the centre position for a third of the line
length. To effect the rotation, line transpositions will be constructed at
approximately one third and two thirds along the line length as shown in
Figure 2. The physical construction of the line transpositions will be
discussed by Mr Lake in his evidence.

Red

Yellow

Blue

y
4

» d
Ll

approx 62 km " approx 62 km approx 62 km

Figure 2 - Location of line transpositions for the Proposal

Transmission losses

41.

POWER losses on a transmission line are caused by the resistance of the
conductor material. The losses occur through the heating of the conductor
material due to this resistance. The resistance of the conductor is based on
resistive properties of the particular material, with materials such as copper

and silver having very low resistivity but being relatively expensive, and
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42,

aluminium having a resistivity of just over 1.5 times that of copper, but with a
much lower cost. For a particular conductor material, the resistance is
inversely proportional 1o the cross-sectional area of the conductor, so the
larger the cross-sectional area the lower the resistance. Similarly, more
conductors result in a larger overall cross-sectional area, with lower overall

resistance and hence lower overall losses.

THE transmission losses in Watits are a product of the resistance of the
conductor, multiplied by the square of the current flowing through the
conductor. So, for a particular current flowing through a conductor, the lower
the resistance, and the lower the transmission losses per kilometre. Similarly,
for a patrticular conductor, increasing the current flowing through the conductor
can significantly increase the transmission losses in the conductor because
the losses are a sum of the square of the current flowing through it. For
example, if 10 Amps flow through a conductor with a resistance of 1 ohm, the
losses would be 10 x 10 x 1 = 100 W. If 20 Amps flows through the same 1
ohm resistance the losses will be 20 x 20 x 1 = 400 W; a fourfold increase.
The specific transmission losses relating to this proposal are shown later in my

evidence.

Methods of maximising the use of power system

43.

44,

45.

GOOD transmission planning practice is to maximise the use of existing
assets first (where practically and economically feasible), before constructing
new transmission assets. For transmission lines, the common transmission
methods of improving the utilisation of existing assets are increasing the
capacity of the asset, improving the power sharing across parallel circuits, and
increasing the voltage stability limit.

TO increase the capacity of the transmission lines, the standard development
path is to firstly increase the operating temperature of the conductor, and
secondly, to add a second conductor (duplex), or to replace the existing

conductor with a larger conductor.

INCREASING the operating temperature results in an increase in the current
rating of a circuit and hence an increase in their capacity — this is often
referred to as a "thermal upgrade". To accomplish this upgrade, the no-load
height of the conductor is increased so that the line has more room to sag
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46.

47,

48.

49,

when it is fully loaded. There are a number techniques used to implement a
thermal upgrade, including increasing the conductor tension, removing hanger
brackets from towers, altering the insulation arrangement, increasing the tower

heights, and re-contouring the land beneath the line.

ADDITION of a second conductor to each phase of the transmission circuit is
commonly referred to as duplexing. Duplexing generally involves the
replacement of the existing single conductor with a new pair of conductors
similar to the existing. At the same operating temperature the current carrying
capacity would double. If the circuits are thermally upgraded at the same time
as the duplexing, then the capacity would be between 2 and 3 times the rating
of the original conductor. Another advantage of duplexing is that it reduces
the reactance of the circuit and the power sharing on parallel lines can be
improved. Duplexing increases the mechanical loading on transmission line
towers which will often require strengthening of the towers and tower

foundations as a result.

REPLACEMENT of an existing single conductor with a larger conductor is
also an option that is used. This option generally does not provide the same
capacity increase as duplexing, but also does not increase the mechanical
loading on the transmission structures to the same degree as duplexing. With
this option, the reactance of the circuit stays largely the same, so there is no
change in power sharing between parallel circuits.

TO improve the power sharing across a number of parallel circuits, additional
equipment such as "series capacitors" or "series reactors" will be added into
the circuits to help steer the power through the higher rated circuits. These
devices alter the natural reactance of the circuits, with the series capacitors
reducing the reactance and the series reactors increasing the reactance. The
sharing across the circuits will be altered so that a larger proportion of the
power will flow though the circuits with series capacitors and a smaller
proportion of the power will flow though the circuits with series reactors. This

increases the total power flow through the circuits.

IN a number of locations on the grid the transmission capacity is not limited by
the current carrying capacity of the circuits, but by the voltage stability limit.
The voltage stability limit is the transmission limit at which the system voltage

will remain stable and not fall to an unacceptably iow level or collapse
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50.

completely after a system disturbance (such as a line fault). Collapse of the
voltage will lead to loss of supply.

THE voltage stability limit can often be increased by the installation of reactive
support, generally dynamic reactive support. The dynamic reactive support
devices will react instantaneously to changes in the reactive power flows or
voltages on the grid to keep the voltage stable. The most common dynamic
reactive support devices are Static Var Compensators (SVCs) or Synchronous
Condensers.

Normal operating conditions

51,

NORMAL operating conditions are defined as the operating conditions with all
equipment in service. Under these conditions, the current will be distributed

across all the in-service transmission circuits.

POLICY CONSIDERATIONS IN TRANSMISSION LINE DESIGN

52.

53.

EVIDENCE about the 2006 revision of the Government Policy Statement on
Electricity Governance (GPS) has been provided by Mr George. Two sections
of the GPS in particular have a significant influence on the design of a
transmission line and on selection of the current proposal where a need for an
upgrade or a new line is established. | note section 88E specifically refers to
the longer term benefits that larger capacity lines may provide by avoiding

multiple smaller lines:

88E To the extent the Commission considers the environmental effects of
new lines proposed by Transpower in a grid upgrade plan, it should also
lake into account any longer term benefits that larger capacity lines may
provide by avoiding multiple smaller lines.

I also note section 80 specifically refers to the resiliency of the Grid and supply
diversity:

80 The Government's objectives for the provision of transmission

services are that:

* the services are provided in a manner consistent with the
Government's policy objectives for electricity and in particular that grid
reliability should be maintained at a level required by residential,
commercial and industrial users and the Government's economic
development objectives

* the transmission grid should be adequately resilient against the effects
of low probability but high impact events having regard to the load
which could be disrupted and the duration of any disruption
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54,

55.

* Where practical, the transmission grid should provide adequate supply
diversity to larger load centres having regard to the load which could
otherwise be disrupted and the duration of any disruption

* competition in generation and retail is facilitated and transmission
constraints are minimised.

ACCORDINGLY, at a policy level, there are three key factors that influence

the design of a transmission line:

(a) Providing a reliable and diverse supply;
(b) Maximising the use of the transmission corridor; and
(c) Minimising the net cost of the line.

THE line voltage, line capacity, transmission line, design and construction, and
location and arrangement of terminal points are all influenced by these factors.
They are discussed in further detail later in my evidence, particularly with

regard to the Upgrade Proposal and options/alternatives considered.

DESCRIPTION OF POWER SYSTEM FROM THE CENTRAL NORTH ISLAND TO
THE UPPER NORTH ISLAND

56.

57.

PRIOR to discussing the need for the Upgrade Project and the possible
solutions to augment transmission capacity into the Upper North Island, it is
helpful to briefly describe the key elements of the existing transmission grid
and power system. It will also assist to put the Upgrade Project into some
context when it is considered in light of the significant programme of works
which are proposed to upgrade existing assets. In that respect, the Upgrade
Project is not a single solution, but is part of a complex interrelationship with
other works. In many ways, this interrelationship reflects the nature of

electricity transmission planning.

THE Upper North Island is primarily supplied from the south from two separate
power system paths through Otahuhu Substation. These are the western path
and central path. The western path consists of three 220kV circuits from
Huntly to Otahuhu. The central path consists of three 220kV circuits from
Whakamaru to Otahuhu. The Western path continues on from Huntly south to
Stratford. In terms of the number of physical 220kV transmission lines, there
are a total of four 220kV transmission lines supplying Otahuhu Substation

from the south; two single circuit and one double circuit transmission line from
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58.

59.

60.

61.

Whakamaru, and one double circuit transmission line from Huntly. There is
also one double circuit transmission line from Stratford to Huntly. Schematics
of the transmission system supplying the Upper North Island, both before and
after the commissioning of the new line, are included in the Map Book, Series

1 pages 4 - 8.

THE Upper North Island is also supplied by two110 kV circuits from Bombay
and a 110kV circuit from Arapuni. However, the contribution of these circuits
to the transmission supply capacity is minor (i.e. less than 10% of total power
flow) compared to the 220kV circuits. The 110kV circuit from Arapuni (the
ARI-PAK A line) will be removed as part of the construction of the Upgrade
Project.

IT is apparent from considering the schematics, and having a relatively basic
overview of the power system in the Upper North Island, that given the number
of lines running into and out of the Otahuhu Substation and the capacity of
those lines, the Otahuhu Substation performs a critical function in ensuring
security of supply to the Auckland and Northland regions. | will return to the
strategic importance of this asset later in my evidence, when discussing other
upgrade works and the need for increased diversity within the transmission
system.

PRESENTLY, up to 30% of the winter peak load in the Upper North Island can
be supplied by local generation in the Auckland area. Of that 30%, over 60%
is supplied by a single combined cycle gas fired generator at Otahuhu,
operated by Contact Energy.

THE transmission system supplying the Upper North Island is a relatively
complex system, with a large number of circuits with different current carrying
capacities (ratings), and different reactances which dictate the maximum
amount of power the circuits can carry and the power sharing between the
circuits. For reasons explained later in my evidence, each circuit has two
ratings (summer and winter). These ratings are related to the load being
carried. The present day rating of the 220kV circuits supplying the Upper
North Island through Otahuhu from the south are set out in Table 1 below,
along with the proposed capacity after upgrades (which | discuss later in my

evidence).
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62.

Circuit Present Day Proposed Rating
Rating after upgrades

Otahuhu — Whakamaru 1 and 2 206/251 MVA 299/329 MVA

Otahuhu — Whakamaru 3 403/457 MVA 615/670 MVA

Huntly-Otahuhu 1 615/670 MVA

Huntly-Takanint -Otahuhu 1 694/762 MVA

Glenbrook-Takanini Otahuhu 694/762 MVA

Table 1: Upper North Island 220kV transmission circuit ratings

AGAINST this background, | now outline the identified problem with regard to
supply of electricity to the Upper North Island (i.e. the capacity constraint and
need for further transmission capacity) that has led to the identification of the
Upgrade Project as one of the solutions to this problem.

NEED FOR THE PROJECT

63.

THE purpose of the Upgrade Project is to provide additional transmission
capacity and security from the generation in the Lower and Central North
Island to the load centres in the Upper North Island. The Upgrade project also
supplies additional capacity and security to the Waikato region. On the latter
point, | note that the same 220kV transmission lines that supply the Upper
North Island also supply 220kV to the Hamilton Substation. Demand in the
Waikato is also increasing. Any capacity or demand restrictions due to the
220KV system constraints will affect all demand including that supplied from
the 220kV substation at Hamilton. Accordingly, the Waikato region will also
benefit from upgrades of transmission capacity to the Upper North Island by
making available more capacity on the existing 220kV network.

The identified problem

64.

65.

THE need for new investment in transmission capacity into the Upper North
Island was identified by Transpower as early as 2002. In shon, in the future,
there will be insufficient capacity in the existing power system to reliably
supply the Upper North Island at times of peak demand.

THE critical issues driving the need for new investment are insufficient thermal
capacity to supply the demand in the Upper North island and the potential for
voltage instability to occur at times of high system load (known as peak
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demand). The consequences of insufficient thermal capacity are deficit in the
supply compared to the demand, which results in demand curtailment, and for
voltage instability can result in partial or total losses of supply to the Upper
North Island.

66. UNDER the GRS, the transmission system must be operated in a way that any
single outage of plant can occur and the system will remain stable and
capable of supplying demand. Transpower identified that forecast demand in
excess of 2500MW would not be able to be supplied beyond 2013 by the
existing transmission system even with all local existing and committed
generation in the region operating reliably, and taking into account interim
improvements and upgrades to the existing grid. In 2014 the demand will
exceed the transmission capability by 40 MW, growing to 565 MW by 2020, as
illustrated in Figure 3 below. This is the level of demand that could not be

reliably supplied.
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Figure 3 — Amount of that demand that exceeds transmission capability 2014 to 2020

67. FURTHERMORE, if the Otahuhu Combined Cycle Generator is unavailable at
times of peak demand, then there is a risk that demand would need to be
curtailed earlier than the forecast date for additional capacity to be added.
The impact of demand curtailment (namely loss of supply) would impose
significant economic costs to the New Zealand economy as a whole.

Without new investment in transmission or an acceptable alternative

8225113.D0C Page 19






