


pet21069_fm_i-xviii.indd i 09/04/18  12:05 PM

ELECTRICAL WIRING 
PRACTICE

AS/NZS 3000:2018



pet21069_fm_i-xviii.indd ii 09/04/18  12:05 PM



pet21069_fm_i-xviii.indd iii 09/04/18  12:05 PM

ELECTRICAL WIRING 
PRACTICE

AS/NZS 3000:2018

KEITH PETHEBRIDGE
IAN NEESON
PAUL LOWE

8th EDITION



pet21069_fm_i-xviii.indd iv 09/04/18  12:05 PM

Copyright © 2019 McGraw-Hill Australia Pty Limited
Additional owners of copyright are acknowledged in on-page credits.

Every effort has been made to trace and acknowledge copyrighted material. The authors and publishers tender their 
apologies should any infringement have occurred.

Reproduction and communication for educational purposes
The Australian Copyright Act 1968 (the Act) allows a maximum of one chapter or 10% of the pages of this work, 
whichever is the greater, to be reproduced and/or communicated by any educational institution for its educational 
purposes provided that the institution (or the body that administers it) has sent a Statutory Educational notice to 
Copyright Agency Limited (CAL) and been granted a licence. For details of statutory educational and other copyright 
licences contact: Copyright Agency Limited, 66 Goulburn Street, Sydney NSW 2000. Telephone: (02) 9394 7600. 
Website: www.copyright.com.au

Reproduction and communication for other purposes
Apart from any fair dealing for the purposes of study, research, criticism or review, as permitted under the Act, no 
part of this publication may be reproduced, distributed or transmitted in any form or by any means, or stored in a 
database or retrieval system, without the written permission of McGraw-Hill Australia including, but not limited to, 
any network or other electronic storage.

Enquiries should be made to the publisher via www.mcgraw-hill.com.au or marked for the attention of the 
permissions editor at the address below.

National Library of Australia Cataloguing-in-Publication entry
Author: Pethebridge, K (Keith)
Title: Electrical wiring practice
Edition: 8e
ISBN: 9781760421069 (pbk.) 

 
 
 

Author: Pethebridge, K (Keith)
Title: Electrical wiring practice
Edition: 8e
ISBN: 9781760421069 (pbk.)
Published in Australia by
McGraw-Hill Australia Pty Ltd
Level 33, 680 George St, Sydney, NSW 2000
Publisher: Norma Angeloni-Tomaras
Content developer: Apeksha Rao
Senior production editor: Daisy Patiag
Editor: Mary-Jo O’Rourke AE
Cover design: Simon Rattray
Illustrator: Ian Neeson, Antony Neeson
Proofreader: Annabel Adair
Typeset in STIXMathJaxMain-Regular 10.5/14 pt by SPi Global
Printed in Singapore by Markono Print Media Pte Ltd on 80gsm matt art



pet21069_fm_i-xviii.indd v 09/04/18  12:05 PM

v

Approach
The 8th edition of Electrical Wiring Practice continues with the visual format of the 7th edition, with revisions 
covering:

 ∙ the knowledge and skills specified in units of competency in national training packages for an electrical trade 
qualification and advanced trade competencies

 ∙ the Essential Capabilities of the Electrical Regulatory Authorities Council (ERAC) for an electrical licence 
relevant to electrical installations and safety

 ∙ extensive referencing to the AS/NZS 3000:2018 Wiring Rules and related Standards.

Features of this new edition include:

 ∙ practical applications of the Wiring Rules and related Standards
 ∙ greater use of visual elements that integrate text and graphics to aid learning and teaching
 ∙ expansion of review questions and answers for each chapter.

Electrical Wiring Practice employs clear visual elements to illustrate the practices and understanding required 
for working with electrical equipment and Standards.

Although the text is primarily written for students and teachers of electrical trades, it provides up-to-date 
reference material that will be helpful to many trade professionals.

Because so much modern human activity and the goods we produce incorporate electrotechnology, Standards 
for its safety and functionality have become a worldwide concern.

The trend towards the development of internationally aligned Standards and the adoption of new methods and 
materials means that compliance Standards are constantly changing.

Readers need to be aware that the references to ‘Standards’ in this book are given as guides, with examples of 
their application, but are in no way intended to replace them.

Features
 ∙ Figures—There are new and revised figures throughout, with text callouts to provide visual learning aids for 

practice and theory.
 ∙ New Standards—The chapters have been thoroughly reviewed to incorporate the latest Wiring Rules and 

compliance Standards, and current work practices.
 ∙ Learning objectives—Each chapter begins with a list of learning objectives, giving a summary of projected 

learning outcomes.
 ∙ Introductions—Each chapter begins with a chapter outline.
 ∙ Chapter summaries—Summaries list each chapter’s key points.
 ∙ Review questions—In addition to being useful revision tools for students, these questions can also be used as 

sources for assignments and test questions for teachers and trainers. The solutions to these questions can be 
found on the Connect website.

Preface
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Text at a glance

Learning outcomes
These points orient students to what they can expect to 
learn from the chapter and aid self-assessment.

Information boxes
These box features highlight dangers, hazards and 
information that students should be aware of in the field.
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1Electrical energy

LEARNING OUTCOMES

After you complete this chapter and relevant learning experiences, you will be 
able to:

 – explain the principles for producing electricity
 – explain the reasons for the adoption of alternating current (a.c.) for the main electricity power 

supply system
 – describe the advantage and applications of modern direct current (d.c.) transmission
 – identify the conductors and their purpose in a three-phase distribution system
 – illustrate how electricity is transmitted and distributed
 – illustrate the different arrangements of distribution to consumers
 – describe the arrangements for electricity distribution within an electrical installation
 – discuss the processes for the connection of electricity to a consumer’s installation and the 

need for compliance with safety standards.

The bulk of electrical energy produced today is obtained from a rotating turbine attached to an electrical 
generator that uses electromagnetic induction to produce energy (Figure 1.1a). Energy used to drive turbines 
is extracted from steam, flowing water, hot gases and wind. In Australia, as in many other countries, the prime 
source for producing steam to drive turbines is coal. However, this is changing with the adoption of renewable 
energy sources driven by the need to reduce greenhouse gas emissions from burning fossil fuels. In a number 
of other countries, nuclear energy is the prime source. Although nuclear power stations are similar in many 
respects to other thermal power stations, they are identified separately because of the additional equipment 
required to control the process, the associated risk of a nuclear accident and the problems of nuclear waste 
containment.

Additionally, there are many small diesel engine-driven generators for electricity supply in areas remote from 
main power networks. These are becoming more prevalent as standby supply in non-domestic installations. Note 
that electricity produced for the main power network is alternating current, which has some distinct advantages 
over direct current.

1.1  Producing electricity

23

Work and electrical safety Chapter 2
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trainees must undertake WHS competencies specific to electrical work, as summarised in Figure 2.2a, which are a 
prerequisite to all other competencies required in order to achieve the status of ‘electrician’.

As shown in Figure 2.2a, WHS induction continues with the enterprise you work for and, over time, as electrical 
work takes you to different workplaces, each will have its own induction, which will cover at a minimum an 
orientation to the workplace layout and facilities, and any specific hazards.

Further to this, work information and training related to safety are provided on an ongoing basis, and you are 
obligated to participate in this, as summarised in Figure 2.2b.

SUPERVISORS

Additional WHS training is provided for supervisors as they need
a greater understanding of workplace hazards and control measures.
This is particularly important for supervising apprentices.  

THE WORK UNDERTAKEN BY AN APPRENTICE MUST
BE SUPERVISED AT ALL TIMES

Supervision is to be in accordance with WHS, electrical
safety and training regulations. 

possible hazards and unsafe situations particularly in unfamiliar work environments and the safe work
methods to be applied
receive clear instruction on the tasks to be undertaken and your role
understand and accept the safe work methods to be used
PPP to be used as prescribed in the safe work method statement (SWMS) or job safety analysis (JSA)
participate in any safety discussion 

Your employer is required to provide a healthy and safe workplace. The very nature of maintaining a healthy and
safe workplace means that training must be ongoing. Familiarity and complacency can pose the highest risk. It
is commonly the role of an immediate supervisor to provide clear information and instruction on the work at
hand and be satisfied you are trained to do the work in the role you are given. The emphasis being on safety
engaging with this through pre-start and tool-box talks. Once started on a worksite some of the most important
things are:

INFORMATION, TRAINING AND INSTRUCTION

Figure 2.2b Information, training and instruction

CAUTION

Electrical workers in service or maintenance roles will often find themselves in unfamiliar working 
environments. Each time electrical workers encounter an unfamiliar workplace, they should request 
an orientation on the health and safety hazards present, and the procedures for controlling the risk of 
illness or injury in the unfamiliar environment.

The continuing need to work safely means that you are obligated to keep updating your WHS knowledge. 
Updates are easily obtained through the relevant authority websites, given at the end of this chapter.

Remember, you have a responsibility to work safely by following the correct safety procedures at all times. 
If you believe you are being exposed to a hazard without sufficient controls in place, or you have any doubts 
about health and safety in your workplace, you are entitled to raise the issue with your supervisor or employee 
representative.

177
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Figure 6.4f Architectural/engineer’s electrical plan of a plant room

At some point in your career, you may choose to move into job supervision, leading to project management or 
estimating and tender preparation, where you will work more closely with specifications. However, the most 
immediate use of specifications for a person in training is extracting information as a start to learning to plan 
an installation. You will probably start with a small component of an installation, say, the installation of a final 
subcircuit. Initially this will require the compiling of a materials list.

In planning an installation and compiling a materials list, the correct interpretation of the plans, specifications 
and/or schedules is of fundamental importance. You must be familiar with the standard symbols used in plans; any 
non-standardised ones should be contained in a legend on the plan itself.

6.5 Working with specifications, schedules and drawings

ATTENTION

Don’t rely on memory—write it down. Even on small jobs, several weeks can pass between roughing in the 
wiring and fitting out. If the job is a renovation, the cable routes you would normally use in a new structure 
may not be accessible, often resulting in convoluted cable runs. A record in a job notebook and on a plan 
of what you intend to do and what you have done can save a lot of time and prevent costly mistakes.

81
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many strands of thin wire. The conductor of a cable core can be single-strand or multistrand, while the cable itself 
can be single-core or multicore.

Both copper and aluminium cables use stranded-type conductors, although aluminium conductors are more 
commonly solid-core, and are cheaper and easier to join but less flexible than stranded cables. Some large copper 
cables for special uses have their flexibility increased by bunch stranding or rope lay.

Features Copper conductor Aluminium conductor

Conductor material Made with a high degree of purity exceeding 99.5%

Higher tensile strength than aluminium One-third the weight of copper

Conductivity Approximately 60% that of copper

Current-carrying 
capacity

About 80% that of copper for the same size 
conductor

Susceptibility to 
corrosion

Resistant to corrosion in unpolluted 
environments, but affected by ammonia 
and sulfur fumes

A surface oxide forms on aluminium that has a 
very high resistance

Joining and 
terminating

Can be easily soldered or mechanically 
joined without any special precautions

Surface oxide must be removed and 
prevented from forming between jointed 
surfaces with a neutralising paste; the high 
coefficient of expansion must be considered 
when joining and terminating

Application The most commonly used in general wiring A much lighter metal than copper and so a 
popular conductor for aerial cables

Conductor size For general wiring, size of a single-wire copper 
conductor is not more than 2.5 mm2 (1/1.78). 
Larger solid conductors used in mineral-
insulated metal-sheathed (MIMS) cables and for 
busbars, some earthing conductors, trolley and 
collector wires

Used for solid conductors in large sizes as  
softer than copper and bends more easily

Table 4.1  Comparison of copper and aluminium conductors

AS/NZS 3008.1 SERIES

Electrical installations—Selection of cables Part 1: Cables for alternating voltages up to and 

including 0.6/1 k V

This important Standard gives all the information about cables and, together with the Wiring Rules, is 
used by electricians when planning electrical installation work. It is published as Part 1.1 for Australian 
conditions and Part 1.2 for New Zealand conditions.

Cables that are specifically manufactured for increased flexibility (Clause 1.4.24) are termed flexible cables, and 
their flexibility is achieved with a conductor of many small-diameter strands. For example, a 500 mm2 conductor 
has  1403 strands, each 0.67 mm in diameter. A flexible cable with not more than five cores with a maximum 
conductor area of 4 mm2 and a maximum wire (strand) diameter of 0.31 mm is classified as a ‘flexible cord’ 
(Clause 1.4.40). In some very small-sized flexible cords, to provide extreme flexibility metal tinsel is used as a 
conductor, but its use is restricted to the supply of low-current-rated appliances of not more than 0.5 A. Flexible 
cords used as installation wiring must comply with Clause 3.9.7.4 of the Wiring Rules.

Electrical Wiring Practice
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A commitment to work safety starts with the enterprise undertaking the work, be this a small or large company or 
even a sole trader. The commitment is usually reflected in a written policy about how the enterprise will manage 
WHS and related aspects like risk.

Many industry bodies provide advice on managing WHS including templates for risk management policy 
and safe work method statements (SWMS). The National Electrical and Communications Association (NECA) 
has developed a number of these documents that are applicable to the electrotechnology industries. Although at 
this stage of your apprentice training you will have limited levels of knowledge and skills in electrical work, it is 
imperative that you understand the hazards and risks, and follow all safety instructions and requirements.

Table 2.1 outlines some of the more immediate management policies and practices recommended by NECA 
NSW with regards to safety.

2.3.1 Lifesaving rules
The lifesaving rules are a set of rules that are intended to be strictly applied across all worksites and that relate 
specifically to high-risk activities.

These rules are an industry benchmark and are reviewed by NECA NSW, together with other organisations. 
They are designed to protect employees and contractors from serious injury or death, and have been adopted by 
many electrical companies as part of the way they work.

2.3 Workplace hazards and risk control measures

START RIGHT START RIGHT is an informal process where an individual or a group pauses and takes time to 
consider potential WHS aspects of the work activities prior to these activities being performed.
For each task, simply:

 1. Stop: step back and observe
 2. Think: through the task
 3. Assess: the hazards, pathways and impacts
 4. Review: and document findings if required
 5. Talk: it through and complete the task

STOP RIGHT STOP RIGHT authorises any individual to stop work if they feel their own safety is being 
compromised or if they believe the safety of others in the workplace is in doubt.
Situations can arise where: a task or hazard is not fully understood; circumstances change and 
increase a risk; or a new hazard is created.
Any person or team member can exercise their STOP RIGHT authority in good faith without retribution.
To call attention to a STOP RIGHT situation, it is recommended that a team establishes a code 
such as ‘STOP NOW’.

PRE-START (HRA) Where there is an element of WHS risk on a job, the supervisor may require a hazard risk 
assessment (HRA) or pre-start to be completed prior to commencing work. This is done in 
addition to, or as a result of, the START RIGHT.
An HRA is a two-stage documented process: (1) to assess task hazards and site-specific hazards; 
and (2) to identify any SWMS that apply.

Table 2.1  WHS safety practices developed by NECA NSW

SAFETY ALERT

 ▲ Danger tags are for the personal protection of individual employees. No plant, switch, equipment, 
valve or any other controlling device should ever be operated if a Danger tag is attached.

 ▲ The isolation of any power source should only be conducted by competent and qualified personnel.

85
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as  sleeving to be used at cable terminations to identify active and neutral functions of conductors; however, a 
conductor with green/yellow, green or yellow insulation may not be used under any circumstances as an active or 
neutral conductor.

The numbering or lettering of active and neutral conductor cores of multicore cables is an acceptable means of 
identification (Clause 3.8.3.3) and is usually the method used where the type of insulation is difficult to manufacture 
in the required colours. The active and neutral cores of bare aerial conductors need not be coloured and a bare aerial 
earthing conductor must be identified at its termination points by the symbol  or the letter E.

Cables are manufactured in various configurations in accordance with relevant Standards, including conductor 
identification colours complying with Clause 3.8.

The Australian/New Zealand Standard for conductor colours for multiphase flexible cords and cables is red, white 
and blue for actives (phases 1 to 3), black for neutral and green for earth. The Wiring Rules, Clause 3.8.3.4 points out 
that this contrasts with the International Electrotechnical Commission (IEC) requirements for multiphase flexible 
cords and cables, and in particular equipment wiring, and so care needs to be taken when connecting equipment that 
does not use the Australian/New Zealand conductor colour code.

DANGER

Test before you touch

Do not rely on cable colours or markings as the only means of identification. Before connecting or 
disconnecting any cable, always follow safe testing procedures in order to know whether the cable is 
safe to work on and to confirm its function.

4.4.1 Cables in general wiring
Thermoplastic sheathed cable (commonly known in the trade as TPS) is the most popular power cable where a 
protective enclosure is not required, because of its ease of installation. The conductors are PVC insulated, the cable 
cores are PVC sheathed and the cable is classified as having ‘double insulation’ (see Clause 1.4.73), the outer 
sheath serving as both insulation and mechanical protection. TPS is manufactured as multicore flat cables in the 
450/750 V voltage grade. Single-core circular TPS cable, more commonly known as SDI (single double-insulated), 
is available in both 450/750 and 0.6/1.0 kV voltage grades.

Multicore circular cables used for general wiring are manufactured in 0.6/1.0 kV voltage grades with PVC 
or XPLE (cross-linked polyethylene) insulation and a PVC sheath with or without steel wire armour (SWA). 
Although sheathed cables without armouring are sometimes installed in an enclosure such as conduit or trunking 
for convenience of installation, this is not a requirement of the Wiring Rules provided the cables are not subject 
to mechanical or other environmental damage. TPS, SDI and circular cables are suitable for underground wiring 
subject to the conditions of Clause 3.11.

Single-insulated cable (or ‘building wire’ as it is commonly called) is manufactured in 0.6/1.0 kV voltage 
grades. Building wire must be installed in an enclosure, as required by Clause 3.10. Typically the enclosures will 
be conduit, trunking. The use of building wire for general wiring has declined in recent years in favour of the 
convenience and lower overall cost of sheathed cables. Building wire is still commonly used in wiring between 
accessories in switchboards and in the final connection to an appliance such as a motor. 

The cables shown in Figures 4.4a to 4.4g are examples of those used in general wiring, along with typical cable 
specifications and where they are used.

4.4  Power cable types and applications
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2Work and electrical 
safety

LEARNING OUTCOMES

After you complete this chapter and the relevant learning experiences,  
you will be able to:
 — describe the basic legal requirements covering health and safety in the workplace
 — explain the basic steps in managing health and safety risk in the workplace
 — outline the safety training and instruction requirements that must be undertaken before 

starting any work activity
 — identify common potential workplace hazards and typical measures for accident prevention
 — follow safe work methods for personal safety in the workplace
 — identify the types of personal protective equipment needed for a particular task
 — work safely with hand and electrical tools
 — describe the method for ensuring that an electrical installation is safe to use
 — explain the purpose of the earthing system
 — safely and correctly connect flexible cords and extension leads
 — outline the reasons for special precautions for installations in damp areas
 — describe the risks and control measures associated with high-voltage, low-voltage, extra-low 

voltage and high currents
 — demonstrate safe procedures for the rescue of a victim of low-voltage electric shock
 — demonstrate the application of CPR for an electric shock victim.

Learning how to achieve safety in the workplace is one of the most important aspects of your vocational 
training and education, and you will continue to put this knowledge into practice throughout your working 
life. Electricians have multiple roles when it comes to safety.

Firstly, they must carry out their work safely and observe all measures needed to protect themselves 
and fellow workers against workplace hazards. In addition to common workplace hazards, they must also 
deal with the dangers of working with electricity. This requires an understanding of the use of work safety 
practices and how safety is managed in the workplace, including a willingness to cooperate with other 
workers to recognise and deal with health and safety risks.

Secondly, electricians have a liability to ensure that the electrical systems and equipment they install 
and maintain are safe and remain safe for all those who use them. This requires a thorough knowledge of 
electrical principles, the Wiring Rules and regulations, and the skills to apply this knowledge.

In addition to this, if an accident does occur, those able to give assistance should know how to rescue 
a victim safely and how to apply emergency treatment.
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The performance approach to specifying Standards allows for much more innovation in installation design, at the 
same time requiring a complete understanding of electrical principles and how they apply, particularly in relation to 
providing protection and safety in electrical installations.

This 2000 edition was criticised for the absence of information that had been in previous editions that helped in 
applying the Standard. As a result, the 2007 edition and now the 2018 edition include comprehensive guidance on 
ways to comply with the fundamental safety performance principles of the Standard.

3.3.1 How the Wiring Rules are written
The Wiring Rules (commonly known as ‘the Rules’) are written in the form of clauses designated by a point-
numbering system, the first number being that of the section under which the clause appears. Try this:

3.3 Learning the Wiring Rules AS/NZS 3000:2018

DID YOU KNOW?

The best way to learn how to use the Wiring Rules

Start with the ‘Content’, as illustrated in the following Figures 3.3a to 3.3e. You will see that the Wiring 
Rules follows a logical plan. The Rules commence at the supply end of the installation through to 
requirements for the selection and installation of wiring, equipment and earthing; these are followed by 
requirements for special types of installations and then verification by inspection and testing. It finishes 
with Appendices for information and guidance in applying the requirements of the Standard. Although 
tackling the Wiring Rules may seem difficult at first, by viewing the eight sections as a series of eight 
separate books (with the Appendices as the ‘help’ file), the task of using it will become much easier.

The Wiring Rules also includes an index which should only be used once you have become adept at 
referencing information from the content.

EXERCISE 3.1

Open the Wiring Rules at Section 4 Selection and installation of appliance and accessories. Note that  
all the clauses start with the number of the section, in this case 4, and the main requirements for  
each aspect of Selection and installation of appliances and accessories are listed under clauses 
numbered 4.1, 4.2, 4.3 and so on.

Now look up Clause 4.4 Socket-outlets. As the information about socket-outlets becomes more 
specific, that part of the clause is given a new heading and an additional point and number. In this 
case Clause 4.4.1 covers ‘Types’ (of socket-outlets), while under the heading ‘Types’ the more specific 
requirement for suitability, the clause ‘General’, is given number Clause 4.4.1.1. Clauses like 4.4.1 and 
4.4.1.1 are often called sub-clauses.

In addition to this arrangement of clause numbering, the information in clauses and sub-clauses is presented in a 
ranked order, each kind of information having a different typeface, as shown in Table 3.1.

3.3.2 Appendices
The 2018 edition of the Wiring Rules makes more use of the Appendices than the previous edition, to provide 
information to help you apply the Rules. Appendices are designated by a letter (A, B, C, etc.) and are primarily for 

Chapter introduction
Every chapter commences with an introduction to 
provide a big picture overview and identify the key 
concepts to be covered in the text.

Exercises
Throughout the book are a number of exercises for 
students to test their knowledge.
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 ∙ the requirement in most jurisdictions for commercially used cord-connected appliances and extension lead 
sets to be periodically inspected and tested

 ∙ the mandatory installation of residual current devices (RCDs) as additional protection against indirect contact 
with live parts (Clause 2.6.3 Additional protection by residual current devices).

However, homemade leads and plug-and-cord sets made up by unskilled persons are still found to be the cause 
of electrical accidents. Only use leads and appliances with a manufacturer’s or current safety tag.

As a skilled electrical worker, there will be many occasions when you are called on to make up or repair cords 
and extension leads; examples are shown in Figures 2.4c and 2.4d.

AS/NZS 3760 In-service safety inspection and testing of electrical equipment sets out the procedures for appliance 
inspection and testing, and is covered in Chapter 9.

2.4.3 Damp areas
Another part of electrical installations where the user may be at risk of electric shock is areas that are damp or  
wet in normal use. For example, people in a swimming pool or spa pool area usually wear little clothing and 
have bare feet and wet skin. This makes them more susceptible to a serious electric shock because effective body 
resistance is lower than in most other situations. It is possible under some fault conditions for the water of a pool 
or bath to become live, and even a small electrical current in the water can cause a range of physiological effects  
that can cause harm to a person.

Active
Earth

Earth

Active pin is aligned to the 
switch receptacle of a 

socket-outlet

Neutral

Neutral

Note:
Earthing conductors have green/yellow 
insulation in flexible cords and in 
installation wiring

Figure 2.4c Making up a single-phase cord extension lead

L1 N

E

L2

L3

Five-pin plug assemblies 
include a neutral pin 

Plugs and sockets have various design 
features to ensure the plug can be 

inserted only in one position

Line 1

Line 2

Line 3

Earth

Figure 2.4d Connecting a multi-phase plug and cord
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The effect on the victim will depend on how long they remain in contact with the live part. As time passes,  
the skin begins to react and burn and will eventually carbonise, reducing impedance and increasing the current.  
At this stage, the situation is potentially very serious for the victim. Table 2.8 gives an indication of the probable 
effects of increasing values of current for a hand-to-hand shock for different lengths of time.

Other factors affecting shock current impedance are the area and pressure of contact with the live part,  
the moisture level and physical condition of the skin, the insulating qualities of clothing worn by the victim,  
and the current’s path and natural conditions prevailing at the time.

There are three ways in which electric shock can be directly fatal.

1. R espiratory arrest

Although uncommon, there is a possibility that a shock current passing through the head in the region of the 
respiratory centre at the back of the skull will cause immediate cessation of respiration.

EXAMPLE

In this example, the current through the body as determined by Ohm’s Law is:

I =    V __ Z   

where

I = current in amperes
V = touch in voltage
Z = impedance of current path through the body in ohms.
I = 230/1400

Then:

I = 0.164 A or 164 milliamperes, less than that drawn by a 40 watt lamp.

(Z is made up mainly of resistance in the examples in this text. Where reactance is significant, this will 
be noted.)

Contact 
with 230 V 

live part

Contact
with earth

current path

The contact area of the skin 
with the live part and earth 
is about 80 cm2  giving an
impedance of the current 
path through the body 
of about 1400 Ω.
This is probable for 
50% of the adult 

population.

Note that the current path 
includes the lungs and heart

Figure 2.5c Hand-to-hand electric shock
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Review questions

 1 Name the legislation and regulations governing workplace health and safety in your jurisdiction.
 2 What is the purpose of codes of practice?
 3 What is the purpose of health and safety regulation in the workplace?
 4 Who is responsible for safety at work?
 5 List four important steps an employer should take to ensure a safe and healthy workplace.
 6 Describe, in order of importance, measures for controlling the risk from hazards in the workplace.
 7 Describe a specific task or process that improves safety in the workplace.
 8 List four ways in which hazards are identified.
 9 Give an example of how the level of a risk is assessed.
 10 What does risk level ‘high’ mean?
 11 List some of the types of information given in a SWMS.
 12 What precautions should an electrician take before entering an unfamiliar workplace?
 13 Outline the purpose of WHS orientation and training.
 14 Name eight common industry hazards.
 15 What is the main WHS responsibility of a work supervisor?
 16 List the activities in a task of electrical work, identify the associated hazards and risks and suggest measures for 

controlling the risks.
 17 What is the most common cause of fatal electric shock?
 18 List the precautions that should be taken before attempting to work on electrical wiring or equipment.
 19 List three risk control measures that the operator of a portable power tool should observe.
 20 Why are steel-capped shoes or boots a necessary safety control measure for electrical work?
 21 Name two harmful substances encountered in electrical work and where they are used.
 22 What is the main purpose of the Wiring Rules?
 23 Name three hazards in an electrical installation.
 24 Define what an exposed conductive part is.
 25 Why is it important to ensure that the exposed conductive parts are electrically connected to the general mass 

of earth?
 26 What method of supplementary protection is used to protect from indirect contact to the earthed parts of a domestic 

appliance?
 27 Name one type of appliance construction that must not be earthed.
 28 Mark the correct polarity of the single-phase three-pin and three-phase five-pin plugs viewed from the back.

 29 Confirm how earthing conductors are identified.
 30 In an electrical installation what is the increased hazard for people in areas that are damp or wet in normal use?
 31 List four areas of electrical installations known as damp situations covered by the Wiring Rules.

 32 What is the primary hazard with electricity at any voltage?
 33 List three possible consequences of an electric shock.
 34 Describe the dangers of high current sources.
 35 Describe what happens during an arc fault.
 36 List some control measures for avoiding exposure to shock hazards.

Electrical Wiring Practice
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Summary

2.1  Workplace health and safety

2.1.1 Regulations, codes of practice and Standards about work health and safety (WHS), Figure 2.1a
2.1.2 Managing risk, Figure 2.1b

2.2 Instruction, training, information and supervision

Figures 2.2a, 2.2b
2.3 Workplace hazards and risk control measures

WHS safety practices in electrical work, Table 2.1
2.3.1 Lifesaving rules, Table 2.2
Safe work method statement (SWMS), Figure 2.3a, Table 2.3
2.3.2 Isolating supply—essential points of the safe work method, Table 2.4
2.3.3 Personal protective equipment (PPE) and tools, Table 2.5
2.3.4 Hazardous manual tasks
2.3.5  Workplace safety signs, Table 2.6 

Fire safety, Table 2.7
2.3.6 Dealing with harmful substances

2.4 Safety of electrical installations and equipment

Purpose of the Wiring Rules, Figure 2.4a
2.4.1 Protective earthing, Figure 2.4b
2.4.2 Flexible cords and extension leads

Making up plug-and-cord sets, Figures 2.4c and 2.4d
2.4.3 Damp areas

2.5 Hazards of working with electricity

Dangers of arc faults, Figure 2.5a
Precautions with fallen cables, Figure 2.5b
2.5.1 Effects of electric current on the human body, Figure 2.5c

Consequences of shock, Table 2.7
Effects on the heart, Figures 2.5d and 2.5e

2.6 Electrical accidents

2.6.1 Removing victim of electric shock from contact with live parts, Table 2.9
2.6.2 Electrical accidents—applying CPR, Table 2.10

WHS updates can be obtained from your local authority:

Jurisdiction Authority

Australian Capital Territory WorkSafe ACT, www.accesscanberra.act.gov.au

New South Wales SafeWork NSW, www.safework.nsw.gov.au

Northern Territory NT WorkSafe, www.worksafe.nt.gov.au

Queensland Workplace Health and Safety Queensland, www.worksafe.qld.gov.au

South Australia SafeWork SA, www.safework.sa.gov.au

Tasmania WorkSafe Tasmania, www.worksafe.tas.gov.au

Victoria WorkSafe Victoria, www.worksafe.vic.gov.au

Western Australia WorkSafe WA, www.worksafe.wa.gov.au

New Zealand WorkSafe New Zealand, www.worksafe.govt.nz

Correct at the time of publication

Figures
Extremely detailed and informative illustrations clearly 
explain key concepts. These figures are valuable visual 
tools for learning and teaching.

Examples
The text contains a wealth of examples to ensure 
student understanding and application.

Review questions
At the end of every chapter is a comprehensive list of 
review questions to ensure students have covered all 
of the learning outcomes listed at the beginning of the 
chapter.

Acronyms
Important acronyms are included in a glossary at the 
end of the book.

Summary
The chapter summary provides a quick review with 
section references to ensure students can easily refer 
back to key material within the chapter.
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A amp
a.c. alternating current
ACIF Australian Communications Industry 

Forum
ACMA Australian Communications and Media 

Authority
ACSR/GZ aluminium conductor galvanised steel 

reinforced
AEMC Australian Energy Market Commission
APR acoustic performance rating
AS Australian Standard
ASCC Australian Safety and Compensation 

Council
AS/NZS Australian/New Zealand Standard
BCA Building Code of Australia
CAD computer-aided design
CETO This is not an acronym but the name of 

a West Australian company and its wave 
energy technology. For more information 
see www.ceto.com.au.

CLFR compact linear Fresnel reflector
CPR cardiopulmonary resuscitation
d.c. direct current
DOL direct-on-line
EL-001 The Wiring Rules Committee
ELV extra-low voltage
EMC electromagnetically compatible
EMI electromagnetic interference
ERAC Electrical Regulatory Authorities Council
FLR fire resistance level
GP general purpose
HD heavy duty
HFT halogen-free, temperature-stable PVC
HRC high rupturing capacity
HSE Health and Safety in Employment Act 

(New Zealand)
HVAC high-voltage alternating current
HVDC high-voltage direct current
IEC International Electrotechnical 

Commission
IP International Protection
IPCC Intergovernmental Panel on Climate 

Change
ISO International Organization for 

Standardization

JSA job safety analysis
LAN local area network
LOBAC low-voltage aerial bundled cable
LPG liquid petroleum gas
MEN multiple earthed neutral
MIMS mineral-insulated metal-sheathed
MW megawatt
MΩ megaohm: unit of electrical resistance equal to 

106 ohms
N neutral
NECA National Electrical and Communications 

Association
NEM National Electricity Market
NEMMCO National Electricity Market Management 

Company Limited
NEXT near-end crosstalk
NZBC New Zealand Building Code
NZS New Zealand Standard
OHS Occupational Health and Safety
OPGW optical ground wire
PCB polychlorinated biphenyl
PE protective-earth
PELV protected extra-low voltage
PEN protective-earth and neutral
PILC paper-insulated lead-covered
PLC programmable logic controller
PPE personal protective equipment
PV photovoltaic
PVC polyvinyl chloride
RAPS remote-area power supply
RCD residual current device
RCM regulatory compliance mark
SELV separated extra-low voltage
SDI single double-insulated
SPDT single-pole double-throw
SPST single-pole single-throw
SWA steel wire armour
SWER single-wire earth-return
SWMS safe work method statements
TPS thermoplastic sheathed cable
UV ultraviolet
VSD variable speed drive
VVVF variable-voltage variable-frequency
XPLE cross-linked polyethylene

Acronyms
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To find out more about SmartBook visit 

www.mheducation.com.au/student-smartbook

LearnSmart Advantage is a series of adaptive learning products fuelled by LearnSmart—the most widely used 
and adaptive learning resource proven to strengthen memory recall, increase retention and boost grades.

SmartBook
Fuelled by LearnSmart, SmartBook is the first and only 
adaptive reading experience available today. Starting with an 
initial preview of each chapter and key learning objectives, 
students read material and are guided to the topics they most 
need to practise at that time, based on their responses to a 
continuously adapting diagnostic. To ensure concept mastery 
and retention, reading and practice continue until SmartBook 
directs students to recharge and review important material 
they are most likely to forget. 

Adaptive learning
No two students are the same, so why should their learning 
experience be? Adaptive technology uses continual 
assessment and artificial intelligence to personalise the 
learning experience for each individual student. As the global 
leader in adaptive and personalised learning technologies, 
McGraw-Hill Education is pioneering ways to improve results 
and retention across all disciplines.

LearnSmart
LearnSmart maximises learning productivity and efficiency by 
identifying the most important learning objectives for each student 
to master at a given point in time. It knows when students are 
likely to forget specific information and revisits that content to 
advance knowledge from their short-term to long-term memory. 
LearnSmart is proven to improve academic performance, ensuring 
higher retention rates and better grades. 
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McGraw-Hill Connect® is the only learning platform that continually adapts to you, delivering precisely 
what you need, when you need it.

Proven effective
With Connect, you can complete your coursework anytime, anywhere. 
Millions of students have used Connect and the results are in: research 
shows that studying with McGraw-Hill Connect will increase the 
likelihood that you’ll pass your course and get a better grade. 

Connect support
Connect includes animated tutorials, videos and additional 
embedded hints within specific questions to help you succeed.  
The Connect Success Academy for Students is where you’ll find 
tutorials on getting started, your study resources and completing 
assignments in Connect. Everything you need to know about 
Connect is here!

Visual progress
Connect provides you with reports to help you identify what you 
should study and when your next assignment is due, and tracks your 
performance. Connect’s Overall Performance report allows you to 
see all of your assignment attempts, your score on each attempt, the 
date you started and submitted the assignment, and the date the 
assignment was scored.

To learn more about McGraw-Hill Connect®, visit 

www.mheducation.com.au/student-connect 
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1Electrical energy

LEARNING OUTCOMES

After you complete this chapter and relevant learning experiences, you will be 
able to:

 – explain the principles for producing electricity
 – explain the reasons for the adoption of alternating current (a.c.) for the main electricity power 

supply system
 – describe the advantage and applications of modern direct current (d.c.) transmission
 – identify the conductors and their purpose in a three-phase distribution system
 – illustrate how electricity is transmitted and distributed
 – illustrate the different arrangements of distribution to consumers
 – describe the arrangements for electricity distribution within an electrical installation
 – discuss the processes for the connection of electricity to a consumer’s installation and the 

need for compliance with safety standards.

The bulk of electrical energy produced today is obtained from a rotating turbine attached to an electrical 
generator that uses electromagnetic induction to produce energy (Figure 1.1a). Energy used to drive turbines 
is extracted from steam, flowing water, hot gases and wind. In Australia, as in many other countries, the prime 
source for producing steam to drive turbines is coal. However, this is changing with the adoption of renewable 
energy sources driven by the need to reduce greenhouse gas emissions from burning fossil fuels. In a number 
of other countries, nuclear energy is the prime source. Although nuclear power stations are similar in many 
respects to other thermal power stations, they are identified separately because of the additional equipment 
required to control the process, the associated risk of a nuclear accident and the problems of nuclear waste 
containment.

Additionally, there are many small diesel engine-driven generators for electricity supply in areas remote from 
main power networks. These are becoming more prevalent as standby supply in non-domestic installations. Note 
that electricity produced for the main power network is alternating current, which has some distinct advantages 
over direct current.

1.1  Producing electricity
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Table 1.1  Common sources of energy and methods for producing electricity

Energy from materials by extracting thermal energy

Energy source Method for producing 
electricity

Application Figure

Burning coal, oil or natural gas to 
produce steam or hot gases

Steam-turbine generator sets Network base-load power 1.1b and e

Burning gas to produce high pressure 
combustion gases

Gas-turbine generator sets Network base-load power 1.1c and e

Nuclear reaction to produce steam Steam-turbine generator sets Network base-load power 1.1d and e

Burning renewable organic matter 
(commonly known as biomass) to 
produce steam (emerging technology)

Steam-turbine generator sets Supplementary supply to network and 
industrial consumers

Fuels, typically diesel or biofuel, in 
combustion engine

Combustion engine-generator 
sets

Standby generation in critical facilities such 
as hospitals and data centres, and remote 
areas

Energy existing in nature

Energy source by conversion Method for producing 
electricity

Application Figure

Kinetic energy of moving (falling) water Water-turbine generator set Renewable base-load 
power and storage

1.1f and g

Kinetic energy of wind Wind-turbine generator set Renewable energy in the 
supply network

1.1k

Solar energy Photovoltaic effect in solar 
cells

Consumer’s own energy 
needs with supplementary 
power supplied to network

1.1i

Solar energy concentrated to produce 
steam (emerging technology)

Steam-turbine generator sets Renewable energy in the 
supply network

1.1j

Heat energy in geothermal field to 
produce steam

Steam-turbine generator sets Renewable base-load 
power in NZ only

1.1h

Kinetic energy of ocean waves 
(developing technology)

Hydraulic-turbine generator 
set

Renewable energy in the supply network 
(see www.carnegiece.com/wave/
what-is-ceto)

The voltage or pressure at which the current is produced ranges from 11 000 V to 23 000 V. Transformers are 
used to ‘step up’ the voltage for transmission and ‘step down’ for utilisation of the electrical energy. The ease with 
which voltage can be transformed is one of the main advantages of using a.c.

Hydroelectric power stations, such as those used in the eastern states of Australia and South Island, New 
Zealand, use the kinetic energy of moving water to drive turbines. Hydroelectric generation is the fastest to 
respond to increasing power demands, reaching full power in two to three minutes. These plants can provide 
both base-load and peak-load demands for power at a relatively low cost provided sufficient water is available. 
Hydroelectricity has the advantage of being able to store electricity. The generators can be used as a motor to 
pump water from a lower holding dam to the storage dam store. This is done during periods of low demand on 
the network.
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1.1.1 Generating and using energy efficiently
The efficiency of energy use can be increased by utilising the energy lost to the atmosphere through flue and 
exhaust systems to either generate electricity or provide the thermal energy needed for other processes. For 
example, a hospital might generate electricity using a gas turbine, and the hot exhaust gases from the turbine could 
be used to produce hot water and steam for hospital cleaning and sterilising purposes (see Figure 1.1c). Any excess 
electricity could be fed into a public grid system, resulting in a reduced cost of electrical energy for the hospital. 
This arrangement is known as co-generation and is being used in manufacturing processes where thermal energy is 
required.

Figure 1.1a The law of electromagnetic induction applied in generators

Practical power alternators:
• have many conductors in the
 form of coils fitted around an
 iron core
• use energy from a steam, gas
  or water turbine or internal
 combustion engine to rotate
 the magnetic field.

A magnetic field is rotated inside the stationary conductor 
so that the magnetic flux cuts the conductor.

A voltage is induced across
the conductor. Magnetic field

Stationary conductor

Figure 1.1b Principles of coal-powered thermal power generation

Boiler

Steam turbine 

Alternator—typical ratings are 
250 to 650 MW at 23 kV

Coal pulverisor

Coal delivery

Burner

Superheated 
steam

Boiler drum

Step-up transformer 

Flow water
pump

Water from 
cooling tower of 
lake

Cooling water 
return

Hot gas

Flue—includes dust collection system to 
prevent heavy particles from entering the 
atmosphere

1. The heat energy stored in coal is released by 
burning it in a furnace to raise steam at high 
pressure and temperature in the boiler.

 
2. The steam is superheated with hot gases from 

the furnace.

3. The superheated steam is fed to the turbine, 
where it strikes the blades, rotating the
alternator shaft.

 
4. In producing alternating current (a.c.) at a 

frequency of 50 Hz, the turbine rotates at:
 •  1500 rpm for driving a four-pole alternator
 •  3000 rpm for driving a two-pole alternator.

5. Depleted steam is condensed (back to water) 
and returned to the boiler, continuing the 
cycle.

Condenser

1

2

3

4

5

330 kV or 500 kV to switchyard 
for transmission to distribution 
sub-stations 
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Figure 1.1c Principles of gas-powered thermal power generation

Alternator 

Preheater 

Exhaust

Energy 
reduced 
exhaust gas

Compressor stageTurbine stage

Combustion 
chamber

High pressure 
combustion 
gases 

≥500 ºC

Gas supply

1. Air is drawn into the compressor and compressed. 
2. Exhaust gases heat the compressed air in the preheater.
3. Heated compressed air is fed to the combustion chamber. 
4. Gas is burnt in heated compressed air in the combustion chamber producing high pressure combustion gases.
5. Combustion gases are fed to the turbine, where they strike the blades, rotating the alternator shaft. 
6. Energy reduced combustion gases are emitted as exhaust.
In co-generation systems the exhaust gas is used in space, water or process heating increasing the thermal eciency 
of the system to as much as 90 per cent.

1

2

3

4

5

6

Transformer—type and rating 
depends on alternator output and 
load requirements

The rating of gas turbine units varies 
greatly from mobile units of a few 
hundred kilowatts to large complex 
units in the hundreds of megawatts 
range. The large units are often 
integrated with steam systems to 
increase their thermal eciency and 
reduce overall greenhouse gas 
emissions.

Figure 1.1d Principles of nuclear-powered thermal power generation

1. Reactor vessel contains a water coolant. Uranium fuel is immersed 
in the coolant. 

2. Energy released in the nuclear fission process heats the coolant 
water in the reactor. The process is controlled by the lowering and 
lifting of neutron-absorbing control rods.

3. The heated coolant is circulated through the steam generator 
where it gives up heat and returns, cooled, to the reactor.  

4. The heat from the reactor coolant heats water in the steam 
generators producing high pressure steam. This process isolates 
the energy produced in the reactor from the steam used to drive 
the alternators.

5. The steam is fed to the turbine, where it strikes the blades, rotating 
the alternator shaft.

 
6. Alternators are similar to the types used in coal-powered thermal 

power generation.

7. Depleted steam is condensed (back to water) and returned to the 
steam generator, continuing the cycle.

Steam turbine 

Alternator—typical ratings are 
250 to 650 MW at 23 kV

Step-up transformer Flow water
pump

Water from 
cooling tower of 
lake

Cooling water 
return

Condenser

330 kV or 500 kV to switchyard 
for transmission to distribution 
substations 

1

3

4

5

6

7
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circulation pump

2
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Figure 1.1e Features of steam turbine generators
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conductors for water cooling

Magnetic field 
exitation and ancillary 

cooling equipment

Rotor carrying the coils that 
when energised create the 

magnetic fieldSteam and gas driven generators
Steam and gas turbine driven generators 
are typically designed with 2 or 4 poles 
because of high optimum turbine speed. 
(Generating at the standard frequency of 
50 Hz a 2-pole machine spins at 3000 
rpm.) These generators are designed with 
relatively small diameter rotors and long 
axial length. Steam turbine generators are 
the main source of base-load supply in 
Australia with machines rated up
to 660 MW.

Hydrogen cooling

Figure 1.1f Principles of hydro power generation

Step-up transformer 

330 kV or 500 kV to switchyard 
for transmission to distribution 
substations 

3

4

5

6

1

1. The water stored behind a dam is released through huge pipes 
known as penstocks.

2. Inlet guide vanes direct the water through the water turbine.

3. The kinetic energy in the falling water is transferred to the 
turbine blades rotating the turbine and the attached generator. 
The guide vanes allow the shaft to spin at a controlled speed 
and regulate energy output.

2

PenstockWater 
discharge 
from holding 
dam

Turbine hall

Weir or river 

Turbine discharge

Water turbine

Control vanes

Alternator—power network units 
mostly rated in the range of the 
tens of megawatts with output 
voltage from 11 to 23 kV   

4. Water turbines have a relatively low rotational 
speed. So to produce alternating current (a.c.) 
at a frequency of 50 Hz the alternators are 
designed with more poles than steam turbine 
driven units. For example, a 24-pole alternator 
is rotated at 250 rpm.

5. Energy depleted water is discharged to a weir 
or river.

6. Discharge water is typically used for irrigation. Some 
turbine designs (e.g. Francis Turbine) can be used to 
pump water back to the holding dam. 

 In this system the alternator is used as a sychronous 
motor, taking power from the network during the  
o�-peak periods to drive the turbine as a pump. 
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The National Construction Code (NCC) in Australia and the Building Code in New Zealand (NZBC) 
include requirements for buildings to be more energy efficient in which the electrical installation has a part to 
play. You will learn more about this and sustainable work practices in following chapters and as you progress 
through your training.

Figure 1.1g Features of water turbine generators

Magnetic field 
exitation control

Turbine

Three-phase stator in 
which electricity is 

generated 

Hydro generators
The spinning speed of water turbines is relatively low 
compared with steam and gas turbines. Therefore to 
generate the standard frequency of 50 Hz hydro 
generators are designed with as many as 24 poles 
resulting in a machine of large rotor diameter and short 
axial length. Hydro generators have lower outputs than 
steam turbine machines; however, they provide the 
largest amount of ‘clean energy’ base-load supply in 
Australia with machines rated up to 250 MW. 

Rotor carrying the coils 
that when energised 

create the magnetic field

Figure 1.1h Principles of geothermal power generation
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1. Water is injected deep into heat-bearing rocks.

2. The heat from the deep rocks is captured as steam and 
brought to the surface.

3. The steam gives up heat to a secondary (drive) fluid, 
which boils to become a high pressure vapour.  

4. The high pressure vapour is fed to the turbine, where it 
strikes the blades and rotates the alternator shaft.

5. Depleted vapour is condensed (back to a fluid) and 
returned to the heat exchanger, continuing the cycle.
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Figure 1.1i Application of direct solar power generation
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1. Energy from sunlight falling on the array of photo-
voltaic cells is converted to d.c. electrical energy.

2. The d.c. from the PV array is fed into the grid 
connected inverter, which ‘inverts’ the d.c. to
230 V a.c.

3. Supply from the inverter is fed to supply loads to 
the consumer’s installation or to the distribution 
network.

4. When the consumer’s demand is greater than the 
energy generated by the PV array, energy is 
supplied from the distribution network.

5. When the consumer’s demand is less than 
generated by the PV array, energy is supplied to 
the distribution network. In this way the consumer 
gains credits for the energy supplied.

* The grid connected inverter 
includes safety controls to cut o� 
the supply from the PV array if it 
detects any interruption to the 
distribution network. This is 
necessary to guard against power 
quality issues for the network, 
interference with protection 
devices, equipment damage and 
personal safety hazards.

Figure 1.1j Principles of concentrated solar thermal power generation

1. Water is fed to pipes in the energy absorber.
2. Sunlight strikes the CLFR collectors.
3a. CLFR collectors are focused on the energy absorber, 

reflecting the sunlight to roughly 30 times the intensity of 
sunlight at Earth’s surface.

3b. CLFR solar collectors track sun for optimum energy 
capture.

4. Solar energy focused on the energy absorber is 
converted to thermal energy in the form of high pressure 
steam (285ºC).

5. Steam is fed to turbines similar to conventional steam 
generation plants.
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Figure 1.1k Principles of wind power generation
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The main source of electrical energy is large power stations located on fuel reserves such as coal fields, producing 
alternating current which has some efficiency advantages over direct current as shown in Figure 1.2a. This electricity 
is made available to consumers through a national grid system of transmission and distribution lines. Some of the 
advantages of this include:

 ∙ larger generating units are more efficient in operation than smaller ones
 ∙ less reserve plant is required to supply ‘peaks’ of supply demand or in an emergency
 ∙ remote places, such as rural areas that would be considered inaccessible to a normal supply system, may be 

supplied by ‘tapping off’ the state grid
 ∙ the interchange of power is possible both within the grid system and interstate; the eastern grid scheme 

interconnects the power systems of Queensland, New South Wales, Victoria, South Australia, Tasmania and 
Snowy Hydro Limited; the New Zealand grid interconnects power systems of the North and South Islands; 
the interconnection of different grid systems is made possible by development of high-voltage direct current 
(HVDC) transmission (Figure 1.2b)

 ∙ centralised control is economic in both generation and operation.

A disruption to this arrangement is the adoption of renewable energy systems in recent years, in particular the 
installation of photovoltaic arrays by individual consumers who feed electricity excess to their needs to the energy 
network. This equates to adding many small ‘power stations’ and has caused some stability problems for energy networks. 
This will be discussed in more detail in Chapter 12 Renewable energy and other alternative supply installations.

The eastern grid scheme of transmission requires thousands of kilometres of high-voltage transmission lines. 
A small percentage of these lines might be underground where a concentrated load occurs in large cities, but the 
major grid system is overhead as aerial lines. Western Australia maintains generation, transmission and distribution 
systems separate from the eastern grid scheme. The main system services the metropolitan and south west areas 
while the more remote areas are serviced by smaller local networks. For complete reliability and service, the design 
of the transmission system must provide for the:

 ∙ continuity of supply under any conditions of breakdown, overload or emergency
 ∙ full protection of the system from external or internal hazards
 ∙ complete flexibility of the system for maintenance, power interchange or switching purposes.

Note: The circuit diagrams in this chapter do not show mandatory protection and control devices as the 
diagrams are intended to convey general concepts of transmission and distribution.

Both thermal and hydroelectric power stations generate three-phase power at voltages dependent on the 
generator’s specifications. Typical generation voltages are 11 kV, 17 kV, 22 kV and 23 kV for thermal stations; 
and 6.6 kV, 11 kV and 22 kV for hydroelectric generation. The generation voltage is usually too low for long-
distance transmission and must be ‘stepped up’ by transformers to transmission voltages having typical values of 
66 kV, 132 kV and 330 kV. Primary grid transmission is usually at 330 kV. Victoria, New South Wales and South 
Australia have grid sections at 500 kV. At these high transmission voltages, less current is required to transmit a 
given amount of power, allowing economies to be effected in both the installation and utilisation of the power line. 
An overview of the whole system is shown in Figure 1.2c.

Control of the power system is effected by transmission network operator control centres in each state in which 
computer-based facilities continuously monitor energy needs and system stability in communication with distributor 
and generator control centres. As consumers switch on electrical loads such as lighting or electrical machines, more 
energy is drawn from the system, and likewise less energy is needed as electrical loads are switched off. In this 
way the consumer determines the amount of energy the system needs to supply at any point in time. These changes 
in energy demand cause instability in the system and any change in phase relationship or fluctuation in voltage 

1.2   Electrical energy transmission and distribution
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Figure 1.2a Direct current and alternating current systems

Power transmitted is proportional to 
the voltage and the current

Transmission power loss because heat in wires is in proportion to the current squared.
For example, halving the current will reduce the power lost to one-quarter, i.e. (1/2)2.
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the voltage for transmission 
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Advantage of a.c. systems:

Designation of a.c. conductors:
The three-phase system has three active conductors, each known as a phase or line. They are most commonly designated 
by line numbers L1, L2 and L3;  by their colour code (Clause 3.8), Red Active, White Active and Blue Active; as Phase 1, 
Phase 2 and Phase 3; or as A Phase, B Phase and C Phase.
While the terms line and phase are, strictly speaking, not synonymous, in practice a load is more often referred to as being 
connected, say, between phase and neutral rather than between line and neutral, or between phases rather than between lines.

Some advantages of three-phase a.c. systems:

Low-voltage 
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Single-phase loads can be distributed
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Figure 1.2b Modern d.c. transmission

The generation and transmission system brings electricity supply to the point of final distribution. The low-voltage 
distribution system is the second-last link in the chain joining the power station generator to the consuming device 
on the consumer’s premises, the last link being wiring within the premises. The final distribution of power is 
accomplished by high-voltage feeders to bulk supply consumers and a low-voltage network to other industrial, 
commercial and domestic consumers as shown in Figures 1.3a and 1.3b.

1.3  Distribution of electricity to consumers

Safety and efficiency are the prime considerations in the electrical generation, transmission and distribution 
systems discussed in this chapter. In the final step of delivering electricity for use in lighting and appliances, that 
is, the consumer’s own electrical installation, safety is paramount. All electrical installations must comply with the 
fundamental safety requirements of the Wiring Rules. Electricity safety regulations in all jurisdictions require a process 
to be followed for obtaining connection of supply to a consumer installation and verification that the installation 
complies with all safety requirements of the Wiring Rules and any additional local service and installation rules. You 
will learn more about the safety aspects of electrical installations in subsequent chapters and as you progress in your 
training. For now the focus is on the basic concepts of how electricity is distributed within an electrical installation.

The Wiring Rules require that an electrical installation be divided into circuits with devices for control and 
protection against faults and overcurrent. Basic arrangements for a small and larger installation are shown in 

1.4  Distribution of electricity in the consumer’s installation

and frequency must be controlled by the network operators within the limits set down by the Australian Energy 
Regulator. Voltages above or below limits specified by the Energy Regulator can cause damage to electrical devices.

HVDC transmission line

Converter station Converter station

Isolation
transformer

Isolation
transformer

Valve 
house

Valve 
house

Network 1
HVAC
transmission

Network 2
HVAC
transmission

Power can be controlled
to flow in either direction

Some advantages of HVDC transmission:
• It has the ability to transmit large amounts of power over long distances at less capital cost and lower losses 

than HVAC transmission.
• The high capacitance of under-sea or underground cables has minimal effect compared with the additional 

losses in a.c. cable caused by current required to charge and discharge capacitance of the cable.
• It can carry more power per conductor.
• It provides increased stability and can interconnect unsynchronised networks, even those operating at 

different frequencies, e.g. interconnection between 50 Hz and 60 Hz systems.
  
The main disadvantage of HVDC transmission is cost and it is said to be only economically viable for 
transmissions over 50 km.
  
Examples of local HVDC transmission: 
• Cook Strait, 40 km, 1200 MW interconnecting the South and North Islands, NZ.
• BassLink, 290 km, 400 MW interconnecting the Tasmanian network to Victoria.
• DirectLink, 65 km, 180 MW interconnecting New South Wales with Southern Queensland.
• MurryLink, 176 km, 220 MW interconnecting Victoria with South Australia.
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Figure 1.2c From power station to consumer

Generation

Typical generation 
voltages are 1 1 kV, 
17 kV 22 kV, 23 kV

GS

Yard
transformer

Step-up to 
330 or 500 kV

To and from
prosumer
(producer and
consumer)

Primary 
transmission
330 kV,  500kV

Secondary 
distribution
60 kV, 132 kV

High-voltage
distribution
11 kV, 33 kV

Low-voltage
distribution
230/400 V

Regional
substations

Distribution
substations

Zone
substations

The transmission grid lines are interconnected for control, switching, protection and transformation purposes at regional and 
zone substations. Another function of these substations is the supply of secondary transmission systems at lower voltages, 
and local distributors ‘tap o�’ this secondary system for supply and distribution within their own franchise area.

To consumers
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