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Introduction to Training
Assessment Resource

This Training Assessment Resource (TAR) contains the information that you require to complete
the written assignment in the assessment pack for this unit standard.

Purpose
People who obtainditréor this unit standard are able to demonstrate their knowledge of:

> The major sectors within the New Zealand electricity supply industry

> The key industry relationships within the electricity supply industry in New Zealand
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Introduction

The Electrici8upply Industry (ESI) in New Zealand is divided into four major Thegmonents
are:

Generation
Where the electricity is produced.

Transmission

How the electricity is moved from where it is made to major load centres.

Distribution

How the electridggymoved within the load centres.

Utilisation

How the electricity is used by the consumer.

Power Stations

Transmission
Lines
Industrial
Companies

NN

oy

e

~_Distribution
Companies and
Retail Companies

Substations

Overview of the New Zealand electricity network.

TAR 18275 ver. 1 | Rev. 1, 2007 Page5 of50




Q siTo

iy | Activity
List the location of three different types of generation thatupplyssdctricity
New Zealand in the table below. The first one has been done for you.

Generation Type Location within New Zealand

Hydro (water) Manapouri
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Apart from natural uncontrolled phenomena such as lightiingloglectot exist in a natural

form. It must be generated as it is required using the reaction of chemicals (battery), heat (thermo
couple based fuel cell) or the relative movement of an electrical conductor and a magnetic field to
provide and sustain"alectrmotive force".

By far the majority of electricity consumed in today's world is generated by the movement of a
magnetic field relative to fixed electrical conductors inside an electricity generator.

Magnetic pole pairs are spun inside theogeneraty " pr i me mover " turbines
source such as:

Petrol

Diesel

Gas

Water (Hydro)
Geothermal Steam
High Pressure Steam
Wind

Generators can be found in many places, including cars (for battery charging) and commercial
buildings (for staneétsctricity supply), but larger generators which produce electricity for public
supply are invariably installed in power stations.

Steam turbines are the most common prime movers throughout the world.

New Zealand benefits from being able to generéaitsralesitocity requirements from hydro
(water) sources and therefore differs from most other countries.

Voltages of hundreds of thousands of volts can be generated with a demonstration model Van de
Graaff generator. Though startling, dischargeslaond¢h@raaff do not represent a serious

shock hazard since the currents attainable are so small. The Van de Graaff was one of the first
forms of producing electritityas produced by static means
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1.1  Hydro (Water)

Generally, a river is dammadaitable place and
the water is led to the powerhouse through co
or steel pipes called penstocks. The force of th
water against the blades of the "runner" (simila
large ship's propeller) causes it to spin. The ru
in turn, spins the ratbthe generator which will b
almost always, an alternating current type or
alternator. The rotor consists essentially of a fr
on which are attached a number of-elagtretic,
north and south pole pairs; as the rotor turns, 4
their powerfulaignetic fieldShe rotor spins inside
a series of copper conductors which are able t
electric current; the fields "induce" in those
conductors an electromotive (lBkE) This
causes a movement of electrons through the
conductors and throughxaereal electrical load.
When such a load is connected and is consuming

energy, the generator supplies this energy; the mechanical power input to the generator is matched
to the | oad. Hydro stations produce about 75

Wderdriven generators run at speeds determined by the effective head of water (height from top
of dam to the turbine at the power station) available and the power of the generator, generally in
the range of 10800 revolutions per minute (rpm)@3&ctrenagnet pairs).

Highest speeds in use are 750 and 1000 3pmafthetic pairs) at Cobb, which has heads of
554.74 and 533.4 metres.

The slowest in use is 100 rpm at Aviemore which has a head of 37 metres. Each generator is
synchronised wheniitiring in step with and connected to the rest of the system.

One of the more interestingeyektysic power stations in New Zealand is at Manapouri. The
Manapouri power station is the largest hydro power station in New Zealand.

The hydro scheme utivgater and snow from catchments within Fiordland to produce electricity
Water flows from Lake Te Anau down the upper Waiau River to Lakigditaria@dsoi

diverted from the Mararoa River, at the Manapouri lake control structure, into,Lake Manapouri
except during times when the water is turbid or highly coloured when it is discharged down the
lower Waiau River. Water from Lake Manapouri is used to generate electricity at the underground
West Arm power station. The tailwater discharge fronmstaBqoiseeleased into Deep Cove

in Doubtful Sound.
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Hydro machines can be run up from standstill and the generator put on load in a minute or so. The
load can be rapidly and widely varied to suit system demand but there is the possibility of runner
erogon at prolonged low loads and lower efficiency at certain loadings.

Hydreelectric stations together with control structures, dams and so on, are expensive to build, but
the operating costs are low. A very long station life (over 60 years) idtedaalty expe
obtained.

Manapouri Power Station Manapouri Power Station

One of the more interesting feyelttyic power

stations in New Zealand is at Manapouri. The ~ Power flows to g
) ) ] nationalgrid __

Manapouri power station is the largest hydro p

station in New Zealand.

The hydro scheme utilises water andamow f SR
s

catchments within Fiordland to produce electric il lurbine?

Water flows from Lake Te Anau down the uppe b Aot

i i . to Deep Cove power
Waiau River to Lake Manap@ater is also

diverted from the Mararoa River, at the Manap ‘::s"';nds
lake control structure, into Lake Manapouri, ex shaft ‘ flacee

hall
duringimes when the water is turbid or highly e

coloured when it is discharged down the lower

Waiau River. Water from Lake Manapouri is used to generate electricity at the underground West
Arm power station. The tailwater discharge from the power stagtbimie 2degsCove in

Doubtful Sound.

> The power station is located underground within Fiordland National Park.

> The turbines, generators and other equipment are contained in the powerhouse located in
an underground cavern.

> The cavern was cut from solidnocis 111 metres long, 18 metres wide and 39 metres
high.

> Vehicles can drive down to the powerhouse through an access tunnel which is more than
two kilometres long. It descendsiatl@ fjradient, and is wide enough to allow vehicles
to pass.

> The powhouse can also be reached by an elevator which descends 220 metres
(equivalent to a-8trey building) in-&vma-half minutes.

> The power station uses a 178 metre height difference between Lake Manapouri and the sea
at Deep Cove.

> Once water has passedugh turbines it leaves the station through two 1@dsipmetre
tunnels to Deep Cove. The station was originally built with only one tailrace tunnel, but a
second tunnel was commissioned in 2002
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1.2 Thermal

Thermal stations use the energy trajpgesdl ifuels (oil, gas, coal) to turn water into steam. The

steam is passed over the blades of a turbine, causing it to spin. The turbine is connected to a
generator, in much the same way as in a hydro station. In a geothermal station, steam is obtained
directly from under the earth.

Steam turbines are used where energy is available naturally as geothermal steam, or where fuel is
to be burned in a boiler. The fuel may be natural gas, oil or coal. In nuclear stations the heat from a
reactor is used to palateam, and the steam is then used to drive conventional steam turbines

and generators.

Steam Turbine Principles

The purposes of turbine technology are to extract the maximum quantity of energy from the working
fluid, to convert it into work with magifficiency, by means of plant having maximum reliability,
minimum cost, minimum supervision and minimum starting time.

Steam Flow process

Steam is admitted to one end of the turbine and travels between rotor and cylinder to the exhaust
end, in the praseextracting the (heat) energy and providing useful work at the turbine shaft end
The steam from the exhaust usually goes to a condenser that condenses the steam back to water
for reuse in the supply boiler.

Combustion Gases

Stack

Steam Turbine
Generator

Pulverized
Coal

Air
Courtesy of TXU  Boiler Condenser Electricity

Diagram of a thermal station.
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Mechanicaltize basic steam turbine is superior to any other heat engine as it only has one moving
part-the rotor, and only two rubbing swtaearain bearings. The std@ven generator, for

which a high speed is technically desirable, may have otitynoagnelepair and run at 50

revolutions per second or 3000 revolutions per minute (3000 rpm).

The efficiency of a well designed steam turbine plant can be e&0Bigh as 85

wy | Activity
= | | What are Wairakei and Ohaaki powes staiplied with?

Name the only moving part in a basic steam turbine.
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New Zealand has nine geothermal power stations. Seven are in the Waikato region. There are
plans to build others and expand existing stations, in the Waiketay BarydoNBrthland
regions. The table below lists the stations in this region.

WairakeTauhare Wairakei Contact Energy| 140 1958
Wairakei Binary Contact Energy 14 2005
Poihipi Rd Contact Energy 30 1997
Tauhara Contact Energy| (15) Planned
Tukairangi Rd | Geotherm (60) Planned
Mokai Mokai A Tuaropaki Powe 55 2000
Company
Mokai B Tuaropaki Powe 37 2005
Company
Rotokawa Rotokawa Rotokawa Joint 30 1998
Venture
Rotokawa B | Tauhara North | (30) Planned
No. 2 Trust
Ohaaki Ohaaki Contact Energy| 30 1988

As well as these large power stations, about 40 commercial operations extract small or medium
guantities of geothermal water and energy in the region. Most opbmti@tertéioen wells

or springs, but others take water from hot streams such as the Onekeneke at Taupo. This heated
water is used mainly for public baths or motel pools.

At Wairakei and Ohaaki the power stations are supplied with natural (geothermal) steam



iy | Activity
= | How many geothermal power stations are there in New Zealand?

1.3 Fossil Fuel

Coal
The principle behind thefoeal power station is very simple.

Coal is burnt to heat water until the water turns ihetst@am is forced under great pressure

through a turbine. The turbine turns a generator, which produces the electricity. The turbine in the
power station is turning the generator at 3000 revolutions per minute (rpm). This produces an
alternating currevith a frequency 50 Hertz. (Hertz is the unit for frequency. 50 Hertz means the
electricity changes direction 50 times perAédstemp" transformer increases the output of

the generator to a much larger vdltegkarge voltage is necessaryeintortpush” the

electricity over the long distances it has to travel.

Superheater

Coal
Conveyor [

Generator Turbine

— i | \jﬂ@"
sl b=

e ] 'm
Condenser Coal Pulverizer Precipitator

[V [ | Transformer

Coal fired power station.

Advantages
1. New Zealand does have a supply of coal.

2. Coal is a relatively cheap source of energy.

3. Electricity supply is reliable.
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Disadvantages
1. Coalis natrenewable resource.

2. During the production of electricity carbon dioxide is released, increasing the amount of
greenhouse gases in the atmosphere.

3. Sulphur dioxide, nitrogen oxide and nitrogen dioxide are also produced in these emissions
and can producedacain.

4. Mining coal damages the environment.

5. Coaffired power stations create thermal pollution, i.e. increasing the temperature of an
environment above natural levels creating a potential hazard to ecosystems.

Gas

There are two types of gas firedgubstations.
One will use gas to heat water to make steam
then drives a steam turbine as shown below.
other will use the raw gas to drive a gas engine
which is coupled to the generator.

The complete generating unit consists of a gasi.. S Y e
generator cpled indirectly to a-gasvered 3
turbine which is directly coupled to a conventio
high speed generator of the same kind that is used
with a steam turbine.

The purpose of the gas generator is to produce large quantities of high velocitpfas. It consists
an air intake, a msiéige rotary axiw compressor and a ring of pecalfedcted
combustion chambers into which the fuel (gas or ail) is introduced and burned.

The muchxpanded gases first pass through a turbine which is directiheamgutgu¢egor
at the intake end. This rotating system of compressor and turbine is entirely separate from the othel
rotating parts, and usually runs at a higher speed.

The gas generator described is virtually a conventional aircraft jet enginaiemdfsfahdard
engines have been successfully wectiititjndustry gas turbine stations. When used for
power generation the gas output from the engine is not used to produce thrust but is instead
directed to a power turbine which is directlyteabelgdnerator.

The power turbine and generator run at 3000 rpm. Aircraft jet engines are highly developed,
reliable and easy to maintain. They do not need expensive foundation, housing or many auxiliary
services and so the installation costs arbdovsUitably modified they can burn fuels cheaper

than aviation fuel, for example gas, light oil, or kerosene.
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iy | Activity
=| | List three disadvantages of coal fired power stations:

Combined Cycle Generation
This prades a link from the exhaust heat of the
Turbine gasses, and transfers that heat onto a
Unit (as explained in the Thermal Generation f
this course material). This thermal boiler unit t
turn produces super heated steam to rotate a 4
thermal turbine. The steam turbine is coupled f
same drive shaft that connects the rotating turl
to the electrical generator.

This form of generation is considered very efficient
as it harnesses two prime movers from one fuel supply@titiotjvehe large generator

Diesel

The internal combustion engine of the reciproc
type is no longer used in New Zealand for mair
generation. Diesel engines (usually of two strol '
design) may be used as standby units for exan
major steam $itans to supply auxiliary power for
statup when i sol ated fr
Startingo).

These engines can be brought on load quickly and
they require only a moderate energy source to get them started. They run at speeds between 600
and 1500 mp, but maintenance costs are high.
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1.4  Renewable Energy Sources

The worl dés natur al energy resources, such a
industries are constantly working to find alternative, cheaper methods to geslatatespower. S
range from wind, solar, hydro, and wave to nuclear energy.

Alternative energy generation is always sort after. Goals for new types of energy are:
1. Increased efficiency of energy production and use.
2. Reduction of energy costs.

3. Minimising the impatcttee environment.

Wind

Wind is currently not the most cost effective
generation for NZ especially given the abundai
hydropower capabilities. However, as wind
technologies improve we can expect wind gent -
to be more cost effective. Many NZ ax@asime - o
excess of 30km/hour annual wind speed, so S
technically wind could generate more than 20% of
our electricity needs.

Wind Advantages

The Sky Tower
Wind energy offers two important advantages: Auckland
1. ltis sustainable in the long term, and Height 326m
2. Environmental impacts are alinim compared fo:
I
The wind turbines can be as high as 30 metres tall and car 7
in at over 20 tonnes. Brooklyn i
Wind Turbine

The wing generator can operate at speeds ranging from 1z Rotor Diameter- :
(gentle breeze) to 90km/hour (a strong gale). They are des 57, :
survive 200km/hour wind sphedg&ver to avoid damage in v
high winds (over 80km/hour) the turbine automatically shut
and the blades are feathered for minimum resistance to the wind.
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Each of the three rotor blades (typically méitheciytameeinforced polyeg can be approx
12 metres long.

The angle of the blades affects the level of the output. In low winds they have their widest surface
against the wind. As the wind speed increases, the blades pivot (feather), offering less reaction to
the winds pressure

As with the example of the wind turbine at Wellington, the blades can rotate at different speeds. In
winds up to 23km/hour they rotate at 33 rpm. Winds higher than that automatically switch the
rotation speed to 44 rpm and trigger a second gerrerass thgincreased output.

The turbines can be electronically controlled with microprocessors that automatically start, stop,
and monitor the turbine.

Communication links connect the data to display screens and printeahbeitberotelo
control centre.

This is relatively expensive for large amounts of electricity requirements but is excellent to provide
energy for remote plant and equipment-aadsitiee environments.

Example of solar electricity generation.



