LEVEL 2

ELECTRICAL
INSTALLATION
WORK
PETER ROBERTS AND MARK BAKER

Electrical
Installation
Work

Level 2

EAL Edition

Peter Roberts and Mark Baker

Draft material, copyright Taylor & Francis
Roberts book.indb 3

02/09/2015 08:24

Contents
Chapter 1 EAL Unit Elect2/01: Health and safety in electrical
installation

1

Chapter 2 EAL Unit Elect2/08: Electrical science and principles

91

Chapter 3 EAL Unit Elect2/04: Electrical installation theory and
technology

197

Chapter 4 EAL Unit Elect2/05A: Electrical installation methods,
procedures and requirements

295

Answers to ‘Test your knowledge’

355

Appendix A: Abbreviations, symbols and codes

357

Appendix B: Formulas for electrical principles

359

Glossary of terms

366

Index

375

Draft material, copyright Taylor & Francis
Roberts book.indb 5

02/09/2015 08:24

Electrical science and
principles

2

Learning outcomes
When you have completed this chapter you should:
1. Understand common units of measurement used in electrotechnical
work.
2. Understand the principles of electrical circuits.
3. Understand electrical supply systems.
4. Understand micro-generation technologies.
5. Understand basic series and parallel electrical circuits.
6. Understand the principles of electromagnetism.
7. Understand fundamental mechanics.
8. Understand the principles of three phase circuits.
9. Understand the operating principles of electrical equipment.
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Assessment criteria 4.2
Outline the principles of heat and co-generation
micro-technologies
Environmental technology systems and renewable
energy
Energy is vital to the modern industrial economy in the UK and Europe. We also
need energy in almost every aspect of our lives, to heat and light our homes
and offices, to enable us to travel on business or for pleasure, and to power our
business and industrial machines.
In the past the UK has benefited from its fossil fuel resources of coal, oil and gas
but respectable scientific sources indicate that the fossil fuel era is drawing to a
close. Popular estimates suggest that gas and oil will reach peak production in
the year 2060 with British coal reserves lasting only a little longer. Therefore we
must look to different ways of generating electricity so that:
l
l
l

the remaining fossil fuel is conserved;
our CO2 emissions are reduced to avoid the consequences of climate change;
we ensure that our energy supplies are secure, and not dependent upon
supplies from other countries.

Figure 2.25 We have been using renewable energy for a lot longer than you may think. It
is thought that this windmill in Brill was originally erected in the 1680s, and there have been
windmills there since at least the thirteenth century.
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Following the introduction of the Climate Change Act in 2008 the UK and other
Member States agreed an EU-wide target of 20% renewable energy by the year
2020 and 60% by 2050. Meeting these targets will mean basing much of the new
energy infrastructure around renewable energy, particularly offshore wind power.
The ‘energy hierarchy’ states that organisations and individuals should address
energy issues in the following order so as to achieve the agreed targets.
1 Reduce the need for energy: reducing energy demand is cost saving, reduces
greenhouse gas emissions and contributes to the security of supply. Reducing
the energy loss from buildings by better insulation and switching off equipment
when not in use is one way of achieving this target.
2 Use energy more efficiently: use energy-efficient lamps and ‘A’-rated
equipment.
3 Use renewable energy: renewable energy refers to the energy that occurs
naturally and repeatedly in the environment. This energy may come from wind,
waves or water, the sun, or heat from the ground or air.
4 Any continuing use of fossil fuels should use clean and efficient technology.
Power-stations generating electricity from coal and oil (fossil fuel) release a
lot of CO2 in the generating process. New-build power-stations must now be
fitted with carbon capture filters to reduce the bad environmental effects.

Figure 2.26 The Hoover Dam generates electricity from a renewable source for millions of
homes, and is also used to store much needed water for Las Vegas and the local area.

Funding for environmental technology systems

Key fact
Renewable energy is no less reliable
than energy generated from more
traditional sources.

Renewable energy is no less reliable than energy generated from more traditional
sources. Using renewable energy does not mean that you have to change your
lifestyle or your domestic appliances. There has never been a better time to
consider generating energy from renewable technology than now because grants
and funding are available to help individuals and companies.
The Low Carbon Building Programme implemented by the Department of
Energy and Climate Change (DECC) provides grants towards the installation
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of renewable technologies and is available to householders, public nonprofitmaking organisations and commercial organisations across the UK.
The government’s ‘feed in tariff’ pays a tax-free sum which is guaranteed for 25
years. It is called ‘clean energy cashback’ and has been introduced to promote
the uptake of small-scale renewable and low carbon electricity generation
technologies. The customer receives a generation tariff from the electricity
supplier, whether or not any electricity generated is exported to the National Grid,
and an additional export tariff when electricity is transported to the electricity grid
through a smart meter.

121

Key fact
The government’s ‘feed in tariff’ pays
a tax-free sum which is guaranteed
for 25 years.

From April 2010, clean energy generators were paid 41.3p for each kWh of
electricity generated. Surplus energy fed back into the National Grid earned an
extra 3p per unit. However, the scheme has been very popular and the feedback
tariffs were soon reduced to 21p. From 1 August 2012 the fee is only 16p for
each kWh. If you add to this the electricity bill savings, a normal householder
could still make some saving. Savings vary according to energy use and type
of system used. The Energy Saving Trust at www.energysavingtrust.org.uk
(tel. 0300 23 234) and www.britishgas.co.uk and Ofgem at www.ofgem.gov.
uk/ provide an online calculator to determine the cost, size of system and CO2
savings for PV systems.

Micro-generation technologies
Micro-generation is defined in The Energy Act 2004 Section 82 as the generation
of heat energy up to 45 kW and electricity up to 50 kW.
Today, micro-generation systems generate relatively small amounts of energy at
the site of a domestic or commercial building. However, it is estimated that by
2050, 30 to 40% of the UK’s electricity demand could be met by installing microgeneration equipment to all types of buildings.

Key fact
Micro-generation technologies
include small wind turbines, solar
photovoltaic (PV) systems, smallscale hydro and micro CHP
(combined heat and power) systems.

Key fact
Smart electricity meters are designed
to be used in conjunction with microgenerators.

Figure 2.27 These solar panels harness the power of the sun to generate electricity, and can
be seen on many houses nowadays.
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In the USA, the EU and the UK buildings consume more than 70% of the nations’
electricity and contribute almost 40% of the polluting CO2 greenhouse gases.
Any reductions which can be made to these figures will be good for the planet,
and hence the great interest today in micro-generation systems. Micro-generation
technologies include small wind turbines, solar photovoltaic (PV) systems, small-scale
hydro and micro CHP (combined heat and power) systems. Micro-generators that
produce electricity may be used as stand-alone systems, or may be run in parallel
with the low-voltage distribution network, that is, the a.c. mains supply.
The April 2008 amendments to the Town and Country Planning Act 1990 now
allow for the installation of micro-generation systems within the boundary
of domestic premises without obtaining planning permission. However, size
limitations have been set to reduce the impact upon neighbours. For example,
solar panels attached to a building must not protrude more than 200 mm from
the roof slope, and stand-alone panels must be no higher than 4 metres above
ground level and no nearer than 5 metres from the property boundary. See the
Electrical Safety Council site for advice on connecting micro-generation systems
at www.esc.org.uk/bestpracticeguides.html.

Smart electricity meters
Smart electricity meters are designed to be used in conjunction with microgenerators. Electricity generated by the consumer’s micro-generator can be sold
back to the energy supplier using the ‘smart’ two-way meter.
The Department for Energy and Climate Change is planning to introduce smart
meters into consumers’ homes from 2012 and this is expected to run through
until 2020 with the aim of helping consumers reduce their energy bills.
When introducing the proposal, Ed Miliband, the Energy and Climate Change
Secretary, said ‘the meters which most of us have in our homes were designed
for a different age, before climate change. Now we need to get smarter with
our energy. This is a big project affecting 26 million homes and several million
businesses. The project will lead to extra work for electrical contractors through

Figure 2.28 An example of a smart electricity meter.
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installing the meters on behalf of the utility companies and implementing more
energy-efficient devices once customers can see how much energy they are
using’.
Already available is the real time display (RTD) wireless monitor which enables
consumers to see exactly how many units of electricity they are using through
an easy-to-read, portable display unit. By seeing the immediate impact in pence
per hour of replacing existing lamps with low-energy ones or switching off
unnecessary devices throughout the home or office, consumers are naturally
motivated to consider saving energy. RTD monitors use a clip-on sensor on the
meter tails and include desktop software for PC and USB links. Let us now look
at some of these micro-generation technologies.

Solar photovoltaic (PV) power supply systems
A solar photovoltaic (PV) system is a collection of PV cells known as a PV
string, that forms a PV array and collectively is called a PV generator which turns
sunlight directly into electricity. PV systems may be ‘stand-alone’ power supplies
or be designed to operate in parallel with the public low-voltage distribution
network, that is, the a.c. mains supply.
Stand-alone PV systems are typically a small PV panel of maybe 300 mm by
300 mm tilted to face the southern sky, where it receives the maximum amount
of sunlight. They typically generate 12 to 15 volts and are used to charge battery
supplies on boats, weather stations, road signs and any situation where electronic
equipment is used in remote areas away from a reliable electrical supply.
The developing nations are beginning to see stand-alone PV systems as the
way forward for electrification of rural areas beyond the National Grid rather than
continuing with expensive diesel generators and polluting kerosene lamps.
The cost of PV generators is falling. The period 2009 to 2010 saw PV cells fall
by 30% and, with new ‘thin-film’ cells being developed, the cost is expected
to continue downwards. In the rural areas of developing nations they see PV
systems linked to batteries bringing information technology, radio and television
to community schools. This will give knowledge and information to the next
generation which will help these countries to develop a better economy, a better
way of life and to have a voice in the developed world.
Stand-alone systems are not connected to the electricity supply system and
are therefore exempt from much of BS 7671, the IET Regulations. However,
Regulation 134.1.1 ‘good workmanship by skilled or instructed persons and
proper materials shall be used in all electrical installations’ will apply to any work
done by an electrician who must also pay careful attention to the manufacturer’s
installation instructions.
Solar photovoltaic (PV) systems designed to operate in parallel with the public
low-voltage distribution network are the type of micro-generator used on
commercial and domestic buildings. The PV cells operate in exactly the same
way as the stand-alone system described above, but will cover a much greater
area. The PV cells are available in square panels which are clipped together and
laid over the existing roof tiles as shown in Figure 2.29, or the PV cells may be
manufactured to look just like the existing roof tiles which are integrated into the
existing roof.
A solar PV system for a domestic three-bedroomed house will require
approximately 15 to 20 square metres generating 2 to 3 kilowatts of power and
this will save around 1,200 kg of Co2 per year. On the positive side, a PV system
for a three-bedroomed house will save around 1,200 kg of Co2 per year.
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These bigger micro-generation systems are designed to be connected to the
power supply system and the installation must therefore comply with Section
712 of BS 7671: 2008. Section 712 contains the requirements for protective
measures comprising automatic disconnection of the supply wiring systems,
isolation, switching and control, earthing arrangements and labelling. In addition,
the installation must meet the requirements of the Electricity Safety Quality and
Continuity Regulations 2006. This is a mandatory requirement. However, where
the output does not exceed 16 A per line, they are exempt from some of the
requirements providing that:
l
l
l

l

the equipment is type tested and approved by a recognized body;
the installation complies with the requirements of BS 7671, the IET regulations;
the PV equipment disconnects from the distributor’s network in the event of a
network fault;
the distributor is advised of the installation before or at the time of
commissioning.

Figure 2.29 PV system in a domestic situation.

Installations of less than 16 A per phase but up to 5 kilowatt peak (kWp) will
also be required to meet the requirements of the Energy Network Association’s
Engineering Recommendation G83/1 for small-scale embedded generators in
parallel with public low-voltage distribution networks. Installations generating
more than 16 A must meet the requirements of G59/1 which requires approval
from the distributor before any work commences.

Solar thermal hot water heating

Deﬁnition
Solar thermal hot water heating
systems are recognized as a reliable
way to use the energy of the sun to
heat water.

Solar thermal hot water heating systems are recognized as a reliable way to
use the energy of the sun to heat water. The technology is straightforward and
solar thermal panels for a three-bedroomed house cost at the time of going to
press between £3,000 and £6,000 for a 3 to 6 m2 panel and they will save about
260 kg of CO2 annually.
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The solar panel comprises a series of tubes containing water that is pumped
around the panel and a heat exchanger in the domestic water cylinder as shown
in Figure 2.30. Solar energy heats up domestic hot water. A solar panel of about
4 m2 will deliver about 1,000 kWh per year which is about half the annual water
demand of a domestic dwelling. However, most of the heat energy is generated
during the summer and so it is necessary to supplement the solar system with a
boiler in the winter months. Figure 2.31 shows a photo of an installed solar hot
water panel.
If you travel to Germany, you will see a lot of photovoltaic and solar thermal
panels on the roofs there. In the UK, planning requirements for solar thermal
and PV installations have already been made much easier. A website detailing
planning requirements for solar and wind can be found at www.planningportal.
gov.uk/uploads/hhghouseguide.html.

Solar panel
Hot water to taps

Mains water
supply

Solar controller
and pump unit

Boiler

Solar hot water
cylinder

Figure 2.30 Solar-powered hot water system.

Figure 2.31 Solar hot water panel.
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Wind energy generation
Modern large-scale wind machines are very different from the traditional windmill
of the last century which gave no more power than a small car engine. Very large
structures are needed to extract worthwhile amounts of energy from the wind.
Modern large-scale wind generators are taller than electricity pylons, with a
three-blade aeroplane-type propeller to catch the wind and turn the generator. If
a wind turbine was laid down on the ground, it would be longer and wider than
a football pitch. They are usually sited together in groups in what has become
known as ‘wind energy farms’, as shown in Fig. 2.32.
Each modern grid-connected wind turbine generates about 600 kW of electricity.
A wind energy farm of 20 generators will therefore generate 12 MW, a useful
contribution to the National Grid, using a naturally occurring, renewable, nonpolluting source of energy. The Department of Energy and Climate Change
considers wind energy to be the most promising of the renewable energy
sources.

Figure 2.32 Wind farm energy generators.

Deﬁnition
Wind power is an endless renewable
source of energy, is safer than
nuclear power and provides none of
the polluting emissions associated
with fossil fuel.

At time of print there are currently 5,085 turbines onshore in the UK producing
8,248 MW. There are 1,452 turbines offshore producing 5054 MW a total of
13,302 MW.The Countryside Commission, the government’s adviser on land use,
has calculated that to achieve a target of generating 10% of the total electricity
supply by wind power will require 40,000 generators of the present size. At
the time of print in 2015, we are generating approximately 9.3% of the UK’s
electricity from wind power.
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Wind power is an endless renewable source of energy, is safer than nuclear
power and provides none of the polluting emissions associated with fossil fuel. If
there was such a thing as a morally pure form of energy, then wind energy would
be it. However, wind farms are, by necessity, sited in some of the most beautiful
landscapes in the UK. Building wind energy farms in these areas of outstanding
natural beauty has outraged conservationists. Prince Charles has reluctantly
joined the debate, saying that he was in favour of renewable energy sources
but he believed that ‘wind farms are a horrendous blot on the landscape’. He
believes that if they are to be built at all they should be constructed well out to
sea.
The next generation of wind farms will mostly be built offshore, and this is the
place to build them, where there is more space and more wind, but the proposed
size of these turbines creates considerable engineering problems. From the sea
bed foundations to the top of the turbine blade will measure up to a staggering
250 metres, three times the height of the Statue of Liberty. Each offshore turbine,
generating between 5 and 7 MW, will weigh between 200 and 300 tonnes. When
large wind forces are put onto that structure a very big cantilever effect will be
created which creates a major engineering challenge.
The world’s largest offshore wind energy farm built so far was opened in
September 2010. The 100-turbine ‘Thanet’ wind farm just off the Kent coast
will generate enough power to supply 200,000 homes. The Thanet project cost
£780 million to build. The turbines are up to 380 feet high and cover an area as
large as 4,000 football pitches. The Thanet project will not retain its title as the
world’s largest wind farm for long because the ‘Greater Gabbard’ wind farm,
off the north-east coast and having 140 turbines, is due to open in late 2014.
The Thanet project brings Britain’s total wind energy capacity above 5,000
megawatts for the first time.
The Department of Energy and Climate Change has calculated that 10,000
wind turbines could provide the energy equivalent of 8 million tonnes of coal
per year and reduce CO2 emissions. While this is a worthwhile saving of fossil
fuel, opponents point out the obvious disadvantages of wind machines, among
them the need to maintain the energy supply during periods of calm means that
wind machines can only ever supplement a more conventional electricity supply.
Small wind micro-generators can be used to make a useful contribution to a
domestic property or a commercial building. They can stand alone and are about
the size of a tall street lamp. A 12 m-high turbine costs about £24,000 and, with
a good wind, will generate 10,000 kWh per year. However, if you live in a village,
town or city you are unlikely to obtain the local authority building and planning
permissions to install a wind generator because your neighbours will object.

Key fact
The Department of Energy and
Climate Change has calculated that
10,000 wind turbines could provide
the energy equivalent of 8 million
tonnes of coal per year and reduce
CO2 emissions.

Small wind generators of the type shown in Fig. 2.33 typically generate between
1.5 A and 15 A in wind speeds of 10 to 40 mph.

Heat pumps
In applications where heat must be upgraded to a higher temperature so that
it can be usefully employed, a heat pump must be used. Energy from a low
temperature source such as the earth, the air, a lake or river is absorbed by a
gas or liquid contained in pipes, which is then mechanically compressed by an
electric pump to produce a temperature increase. The high-temperature energy
is then transferred to a heat exchanger so that it might do useful work, such as
providing heat to a building. For every 1 kWh of electricity used to power the heat
pump compressor, approximately 3 to 4 kWh of heating is produced.

Deﬁnition
In applications where heat must be
upgraded to a higher temperature so
that it can be usefully employed, a
heat pump must be used.
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Figure 2.33 Small wind generator on a domestic property.

How a heat pump works
1 A large quantity of low-grade energy is absorbed from the environment and
transferred to the refrigerant inside the heat pump (called the evaporator). This
causes the refrigerant temperature to rise, causing it to change from a liquid to
a gas.
2 The refrigerant is then compressed, using an electrically driven compressor,
reducing its volume but causing its temperature to rise significantly.
3 A heat exchanger (condenser) extracts the heat from the refrigerant to heat the
domestic hot water or heating system.
4 After giving up its heat energy, the refrigerant turns back into a liquid, and,
after passing through an expansion valve, is once more ready to absorb
energy from the environment and the cycle is repeated, as shown in Fig. 2.34.

HEAT PUMP
ENVIRONMENTAL
HEAT SOURCE

compressor

2

1

BUILDING
HEAT DISTRIBUTION
AND
STORAGE SYSTEM

ECAPORATION
EVAPORATION

CONDENSATION
RADIATING
SURFACE

AIRWATERGROUND
75% FREE ENVIRONMENTAL
ENERGY

3

4
EXPANSION
VALVE

+25% ELECTRICAL ENERGY

100% HEAT ENERGY

Figure 2.34 Heat pump working principle.
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Compressor and heat exchanger

Figure 2.35 Ground source heating system.

A refrigerator works on this principle. Heat is taken out of the food cabinet,
compressed and passed on to the heat exchanger or radiator at the back of the
fridge. This warm air then radiates by air convection currents into the room.
Thus the heat from inside the cabinet is moved into the room, leaving the sealed
refrigerator cabinet cold.
Heat pumps (ground source)
Ground source heat pumps extract heat from the ground by circulating a fluid
through polythene pipes buried in the ground in trenches or in vertical boreholes,
as shown in Fig. 2.35. The fluid in the pipes extracts heat from the ground and
a heat exchanger within the pump extracts heat from the fluid. These systems
are most effectively used to provide underfloor radiant heating or water heating.
Calculations show that the length of pipe buried at a depth of 1.5 m required to
produce 1.2 kW of heat will vary between 150 m in dry soil and 50 m in wet soil.

Deﬁnition
Ground source heat pumps extract
heat from the ground by circulating a
ﬂuid through polythene pipes buried
in the ground in trenches or in vertical
boreholes.

The average heat output can be taken as 28 watts per metre of pipe. A rule of
thumb guideline is that the surface area required for the ground heat exchanger
should be about 2.5 times the area of the building to be heated. This type of
installation is only suitable for a new-build project and the ground heat exchanger
will require considerable excavation and installation. The installer must seek local
authority building control permissions before work commences.
Heat pumps (air source)
The performance and economics of heat pumps are largely determined by
the temperature of the heat source and so we seek to use a high-temperature
source. The heat sources used by heat pumps may be soil, the air, ground or
surface water. Unfortunately all these sources follow the external temperature,
being lower in winter when demand is highest. Normal atmosphere is an ideal
heat source in that it can supply an almost unlimited amount of heat although
unfortunately at varying temperatures, but relatively mild winter temperatures
in the UK mean excellent levels of efficiency and performance throughout the
year. For every 1 kWh of electricity used to power the heat pump compressor,
between 3 and 4 kWh of heating energy is produced. They also have an
advantage over ground source heat pumps with lower installation costs because
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they do not require any groundwork. Figure 2.36 shows a commercial air source
heat pump.
If the air heat pump is designed to provide full heating with an outside
temperature of 2 to 4 °C, then the heat pump will provide approximately 80% of
the total heating requirement with high performance and efficiency.

Figure 2.36 Air source heat pump unit.

The point at which the output of a given heat pump meets the building heat
demand is known as the ‘balance point’. In the example described above, the
20% shortfall of heating capacity below the balance point must be provided
by some supplementary heat. However, an air-to-air heat pump can also be
operated in the reverse cycle which then acts as a cooling device, discharging
cold air into the building during the summer months. So, here we have a system
which could be used for air conditioning in a commercial building.

Hydroelectric power generation
The UK is a small island surrounded by water. Surely we could harness some of
the energy contained in tides, waves, lakes and rivers? Many different schemes
have been considered in the past 20 years and a dozen or more experimental
schemes are being tested now.
Water power makes a useful contribution to the energy needs of Scotland, but
the possibility of building similar hydroelectric schemes in England is unlikely
chiefly due to the topographical nature of the country.
The Severn Estuary has a tidal range of 15 m, the largest in Europe, and is a
reasonable shape for building a dam across the estuary. This would allow the
basin to fill with water as the tide rose, and then allow the impounded water to
flow out through electricity-generating turbines as the tide falls. However, such
a tidal barrier might have disastrous ecological consequences for the many
wildfowl and wading bird species by submerging the mudflats which now provide
winter shelter for these birds. Therefore, the value of the power which might be
produced must be balanced against the possible ecological consequences.

Figure 2.37 Lots of research currently focuses upon harnessing the tides to generate
electricity – because they can generally be predicted they should in theory be able to provide
a more reliable source of electricity than some other forms of micro-generation.
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France has successfully operated a 240 MW tidal power-station at Rance in
Brittany for the past 25 years.
Marine Current Turbines Ltd are carrying out research and development on
submerged turbines which will rotate by exploiting the principle of flowing water
in general and tidal streams in particular. The general principle is that an 11 m
diameter water turbine is lowered into the sea down a steel column drilled in the
seabed. The tidal movement of the water then rotates the turbine and generates
electricity.
The prototype machines were submerged in the sea off Lynmouth in Devon. In
May 2008, the world’s first tidal turbine was installed in the Strangford Narrows
in Northern Ireland, where it is now grid-connected and generating 1.2 MW. All
the above technologies are geared to providing hydroelectric power connected
to the national grid, but other micro-hydro schemes are at the planning and
development stage.

Micro-hydro generation
The use of small hydropower (SHP) or micro-hydropower has grown over recent
decades led by continuous technical developments, partly brought about in the
UK by the 2010 coalition government’s ‘feed in tariff’ where green electricity
producers are paid a premium to produce electricity from renewable sources.
The normal perception of hydropower is of huge dams, but there is a much
bigger use of hydropower in smaller installations. Asia, and especially China, is
set to become a leader in hydroelectric generation. Australia and New Zealand
are focusing on small hydro plants. Canada, a country with a long tradition of
hydropower, is developing small hydropower as a replacement for expensive
diesel generation in remote off-grid communities.
Small hydropower schemes generate electricity by converting the power
available in rivers, canals and streams. The object of a hydropower scheme is to
convert the potential energy of a mass of water flowing in a stream with a certain
fall, called the head, into electrical energy at the lower end of the stream where
the powerhouse is located. The power generated is proportional to the flow,
called the discharge, and to the head of water available. The fundamental asset
of hydropower is that it is a clean and renewable energy source and the fuel
used, water, is not consumed in the electricity-generating process.
In the Derbyshire Peak District along the fast-flowing River Goyt, there were
once 16 textile mills driven by water wheels. The last textile mill closed in 2000
but the Old Torr Mill has been saved. Where once the water wheel stood, there
is now a gigantic 12-tonne steel screw, 2.4 metres in diameter. The water now
drives the Reverse Archimedian Screw, affectionately called ‘Archie’, to produce
enough electricity for 70 homes. The electricity-generating project is owned by
the residents of New Mills in a sharing cooperative in which surplus electricity is
sold back to the grid. Archie will produce 250 MWh of electricity each year and
the installation cost was £300,000 in 2008. See Fig. 2.38.

Key fact
Green electricity producers are paid
a premium to produce electricity from
renewable sources.

Key fact
The normal perception of hydropower
is of huge dams, but there is a much
bigger use of hydropower in smaller
installations.

Deﬁnition
Small hydropower schemes generate
electricity by converting the power
available in rivers, canals and
streams.

In July 2010, The Lake District National Park Authority granted permission for a
water turbine to be built on a 350 m-long stretch of the fast-flowing River Kent.
Approximately 1225 MWh of electricity will be generated each year, enough to
power 250 homes. The project will cost £1.6 million funded by grants and loans
and completion is anticipated in late 2011 or early 2012. The Kentmere Hydro
Project is a community project and the power generated will be fed back to the
National Grid. The Trust will receive money from the government’s clean energy
cashback scheme which it will use to pay back the construction loans, leaving
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a surplus which will be used to support local projects in this small Lakeland
community. The type of turbine chosen for any hydro scheme will depend upon
the discharge rate of the water and the head of water available. A Pelton wheel
is a water turbine in which specially-shaped buckets attached to the periphery of
the wheel are struck by a jet of water. The kinetic energy of the water turns the
wheel which is coupled to the generator.
Axial turbines comprise a large cylinder in which a propeller-type water turbine
is fixed at its centre. The water moving through the cylinder causes the turbine
blade to rotate and generate electricity.

Figure 2.38 An example of an
Archimedian Screw at the River Dart
country park, Devon, similar to Archie.
Credit: WRE Limited.

Key fact
The type of turbine chosen for any
hydro scheme will depend upon the
discharge rate of the water and the
head of water available.

A Francis turbine or Kaplan turbine is also an axial turbine but the pitch of the
blades can be varied according to the load and discharge rate of the water.
Small water turbines will reach a mechanical efficiency at the coupling of 90%.
Up and down the country, riverside communities must be looking at the relics
of our industrial past and wondering if they might provide a modern solution
for clean, green, electrical energy. However, despite the many successes and
obvious potential, there are many barriers to using waterways for electricity
generation in European countries. It is very difficult in this country to obtain
permission from the Waterways Commission to extract water from rivers, even
though, once the water has passed through the turbine, it is put back into the
river. Environmental pressure groups are opposed to micro-hydro generation
because of its perceived local environmental impact on the river ecosystem
and the disturbance to fishing. Therefore, once again, the value of the power
produced would have to be balanced against the possible consequences.

Combined heat and power (CHP)
Deﬁnition
CHP is the simultaneous generation
of usable heat and power in a single
process. That is, heat is produced as
a by-product of the power-generation
process.

CHP is the simultaneous generation of usable heat and power in a single
process. That is, heat is produced as a by-product of the power-generation
process. A chemical manufacturing company close to where I live has a small
power-station which meets some of their electricity requirements using the smart
meter principle. Their 100 MW turbine is driven by high-pressure steam. When
the steam condenses after giving up its energy to the turbine, a lot of very hot
water remains which is then piped around the offices and some production plant
buildings for space heating. Combining heat and power in this way can increase
the overall efficiency of the fuel used because it is performing two operations.
CHP can also use the heat from incinerating refuse to heat a nearby hospital,
school or block of flats.

Biomass heating

Deﬁnition
Biomass is derived from plant
materials and animal waste. It can
be used to generate heat and to
produce fuel for transportation.

Deﬁnition
‘Biomass renewables’ means energy
from crops.

Biomass is derived from plant materials and animal waste. It can be used to
generate heat and to produce fuel for transportation. The biomass material may
be straw and crop residues, crops grown especially for energy production, or
rape seed oil and waste from a range of sources including food production.
The nature of the fuel will determine the way that energy can best be recovered
from it.
There is a great deal of scientific research being carried out at the moment into
‘biomass renewables’; that is, energy from crops. This area of research is at an
early stage, but is expected to flourish in the next decade. The first renewable
energy plant, which is to be located at Teesport on the River Tees in the
northeast of England, has received approval from the Department for Energy and
Climate Change for building to commence.
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The facility will be one of the largest biomass plants to be built in the world and is
scheduled to enter commercial operation in late 2012. Young trees will be grown
as a crop to produce wood chips. The plant will use 2.5 million tonnes of wood
chips each year to produce 300 MW of electrical energy. The plant will operate 24
hours a day, all year round, to meet some of the National Grid base load.

Water conservation
Conservation is the preservation of something important, especially of the
natural environment. Available stored water is a scarce resource in England and
Wales where there are only 1,400 cubic meters per person per year; very little
compared with France, which has 3,100 cubic meters per person per year, Italy,
which has 2,900 and Spain, 2,800. About half of the water used in an average
home is used to shower, bathe and wash the laundry, and another third is used
to flush the toilet. At a time when most domestic and commercial properties have
water meters Installed, it saves money to harvest and reuse water.

Deﬁnition
Conservation is the preservation of
something important, especially of
the natural environment.

The City and Guilds has asked us to look at two methods of water conservation:
rainwater harvesting and grey water recycling.
Rainwater harvesting
Rainwater harvesting is the collection and storage of rainwater for future use.
Rainwater has in the past been used for drinking, livestock and irrigation. It is
now also being used to provide water for car cleaning and garden irrigation in
domestic and commercial buildings.

Deﬁnition
Rainwater harvesting is the collection
and storage of rainwater for future
use.

Many gardeners already harvest rainwater for garden use by collecting run-off
from a roof or greenhouse and storing it in a water butt or water barrel. However,
a 200-litre water butt does not give much drought protection in spite of garden
plants preferring rainwater to fluoridated tap water. To make a useful contribution,
the rainwater storage tank should be between 2,000- and 7,000-litre capacity.
The rainwater-collecting surfaces will be the roof of the building and any hard
paved surfaces such as patios. Downpipes and drainage pipes then route the
water to the storage tank situated, perhaps, under the lawn. An electric pump
lifts the water from the storage tank to the point of use, possibly a dedicated
outdoor tap. The water is then distributed through a hosepipe or sprinkler system
to the garden in the normal way.
With a little extra investment, rainwater can be filtered and used inside the house
to supply washing machines and WCs. Installing domestic pipes and interior
plumbing can be added to existing homes although it is more straightforward in a
new-build home.
With the move towards more sustainable homes, UK architects are becoming
more likely to specify rainwater harvesting in their design to support alternatives
to a mains water supply. In Germany, rainwater harvesting systems are now
installed as standard in all new commercial buildings.
Wave energy
Waves are generally created from the strength of surface winds, which can create
huge swells and surges. These swells can therefore generate the mechanical
force required to create electricity by driving certain turbines strategically placed
to tap into this natural resource. Given its abundance, wave energy is both
renewable and environmentally friendly since it is both green and clean. It does
have certain disadvantages since the system is wave dependent, and even when
certain tidal patterns are known, in many locations, wave behaviour is erratic.
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Figure 2.39 A PB40 PowerBuoy, built by Ocean Power Technologies, ﬂoats three-quarters of a
mile off Marine Corps Base, Hawaii, drawing electrical power from the ocean’s waves.

Assessment criteria 4.3
State the beneﬁts of micro-generation
Micro-generation and co-generation technologies represent an investment not
only in our future but also our children’s future by safeguarding the continued
reduction in carbon dioxide emissions, which in turn will combat climate change
by lessening such destructive phenomena as:
l
l
l
l

acid rain;
depletion of the ozone layer;
rising sea levels;
rising surface temperatures.

Micro-generation uses clean and renewable resources that can also be adapted
and implemented in rural locations which are not necessarily connected to the
National Grid. Any domestic or industrial user generating their own supply of
electricity would not be affected by raising energy prices. Government grants
are also possible through initiatives such as the Green Deal, whereby things like
purchasing a more efficient boiler can be subsidized. For the electrical installation
industry there are also job opportunities, especially in the installation of solar
PV, and despite the tariffs having been reduced by the government, the cost of
a PV package is now far lower than it was in the past, which makes it a far more
affordable and cost-effective option.
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?
Test your knowledge
When you have completed the questions, check out the answers at the back of
the book.
Note: more than one multiple-choice answer may be correct.

Learning outcome 1
1

The SI unit of mass is the:
a. kilogram or kg
b. pound or lb
c. metre or m
d. millimetre or mm

2

The prefix mega applies to:
a. 100
b. 1000
c. 1000,000
d. 10

3

The SI unit of energy is the:
a. ohm
b. joule
c. watt
d. coulomb

4

Area is represented by:
a. kg
b. m²
c. m³
d. m

5

The SI unit of resistance is the:
a. ohm
b. joule
c. watt
d. coulomb

6

The SI unit of electrical charge is the:
a. ohm
b. joule
c. watt
d. coulomb
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7

The watt is a measure of:
a. potential difference
b. power
c. force
d. coulomb

8

The volt is a measure of:
a. potential difference
b. power
c. voltage
d. coulomb

9

The newton is a measure of:
a. potential difference
b. power
c. force
d. volt

10

The prefix milli applies to:
a. 10−²
b. 10−³
c. 10−4
d. 10−6

Learning outcome 2
11

Rearrange the formula R = ρ L/A to find ρ.
a. ρ = R/LA
b. ρ = RA/L
c. ρ = RL/A
d. ρ = A/RL

12

A shower unit draws 20 A from a domestic 230 V supply. Calculate the
amount of power used.
a. 4.6 kW
b. 11.5 kW
c. 46 kW
d. 0.08 kW

13

The resistance of a kettle element which takes 12 A from a 230 V mains
supply is:
a. 2.88 Ω
b. 5.00 Ω
c. 12.24 Ω
d. 19.16 Ω

14

A 12 Ω filament lamp was found to be taking a current of 2 A at full brilliance.
The voltage across the lamp under these conditions is:
a. 6 V
b. 12 V
c. 24 V
d. 48 V
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15

Calculate the energy generated when a circuit is supplied with 100 V, and a
current of 2 amperes flows for 6 minutes?
a. 72 KJ
b. 1.2 KJ
c. 12 KJ
d. 72000 J

16

An electron:
a. is negatively charged
b. is positively charged
c. has no charge
d. is balanced

17

230 V is a measure of:
a. potential difference
b. amps
c. watts
d. ohms

18

Domestic wiring uses what kind of insulation material?
a. Mica
b. PVC
c. Mineral oxide
d. Glass

19

Good conductor materials include:
a. copper
b. PVC
c. brass
d. wood

20

Good insulator materials include:
a. copper
b. PVC
c. mica
d. mineral oxide

21

A good conductor material:
a. has lots of free electrons
b. has no free electrons
c. may be made of copper
d. may be made of plastic

22

A good insulator material:
a. has lots of free electrons
b. has few free electrons
c. may be made of copper
d. may be made of plastic

2
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23

Which of the following would be considered a load:
a. motor
b. lamp
c. circuit breaker
d. switch

24

Water heaters use which of the following to operate?
a. heat
b. magnetism
c. chemical
d. light

25

If the voltage across a lamp is less than the supply. What causes this?
a. current drop
b. power drop
c. resistance drop
d. volt drop

26

A solenoid operates through:
a. magnetism
b. heat
c. chemical reaction
d. light

27

What kind of meter is connected in series?
a. Volt meter
b. Ammeter
c. Frequency meter
d. Watt meter

Learning outcome 3
28

Which of the following uses steam to generate electricity?
a. Oil
b. Solar thermal
c. Coal
d. Nuclear

29

Alternating current is used in the distribution and transmission of electricity
because:
a. it is cheaper than d.c.
b. transformers do not work on d.c.
c. transformers only work with a.c.
d. it is safer than d.c

30

A large industrial outlet needs which of the following supplies?
a. 400 V three phase and neutral
b. 400 V single phase
c. 230 V single phase
d. 230 V three phase and neutral
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31

A domestic setting is associated with:
a. 400 V three phase and neutral
b. 400 V single phase
c. 230 V single phase
d. 230 V three phase and neutral

32

Electricity is typically generated in large commercial power-stations at:
a. 230 V
b. 400 V
c. 25 kV
d. 132 kV

33

Transmission of electricity on the National Grid is associated with:
a. 230 V
b. 400 V
c. 25 kV
d. 132 kV

34

Electricity is transmitted at very high voltages because for the same amount
of power the:
a. current is reduced
b. current is increased
c. losses are reduced
d. losses are increased

35

If any given power station fails, the National Grid will:
a. fail
b. shut down temporarily
c. use standby power
d. divert power from other sources

2
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Learning outcome 4
36

If a person has a stream flowing through their land, which of the following
could they take advantage of?
a. Micro-hydro
b. Micro-turbine
c. Air source ground pump
d. Ground source ground source

37

Which of the following uses the energy from the sun in order to produce hot
water?
a. Ground source heat pump
b. Air source heat pump
c. Solar thermal
d. Photovoltaic

38

Micro-generation technology:
a. can reduce the effect of changes in energy prices to households
b. can increase the effect of changes in energy prices to households
c. can reduce the emission of carbon dioxide
d. is extremely inefficient
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Unit EAL ELEC2/O8
Chapter 2 checklist

Learning outcome

Assessment criteria – the learner can

Page number

1. Understand common units
of measurement used in
electrotechnical work.

1.1 Identify (SI) units of measurement for general quantities.
1.2. State the SI or derived SI unit for electrical quantities.
1.3 Identify the common multiples and sub-multiples used
within electrotechnical work.

92
93
94

2. Understand the principles of
electrical circuits.

2.1
2.2
2.3
2.4
2.5
2.6

Transpose a basic formula.
Determine electrical quantities using Ohm’s law.
Calculate values of electrical power in basic circuits.
Calculate the values of electrical energy.
Determine the resistance of a conductor.
Describe what is meant by resistance and resistivity in
relation to electrical circuits.
Outline the principles of an electrical circuit.
Differentiate between materials which are good:
l Conductors
l Insulators.
Define the sources of electromotive force.
Clarify the main effects of electric currents.
State what is meant by the term ‘voltage drop’ in relation
to electrical circuits.
Identify how measurement instruments are connected
into electrical circuits.

94
97
98
101
101
101

Identify how electricity is generated.
Identify the features of a generation, transmission and
distribution system.
Identify the applications of supply systems.

115

Outline the principles of electricity micro-generation
technologies.
Outline the principles of heat and co-generation
micro-technologies.
State the benefits of micro-generation.

118

State the relationship between current, voltage and
resistance in parallel and series d.c. circuits.
Determine electrical quantities in series d.c. circuits.
Determine electrical quantities in parallel d.c. circuits.

135

Identify magnetic ﬂux patterns of circuits.
Apply Fleming’s right hand rule in relation to a basic
alternator.
Identify applications of electromagnetism.
Describe the basic principles of generating an alternating
current.
Determine sinusoidal quantities.
State the reasons for using alternating current
transmission and distribution.

143
146

2.7
2.8

2.9
2.10
2.11
2.12
3. Understand electrical supply
systems.

3.1
3.2
3.3

4. Understand micro-generation
technologies.

4.1
4.2
4.3

5. Understand basic series and
parallel electrical circuits.

5.1
5.2
5.3

6. Understand the principles of
electro-magnetism.

6.1
6.2
6.3
6.4
6.5
6.6

105
106

109
109
111
111

116
117

119
134

135
136

148
149
151
154
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Learning outcome

Assessment criteria – the learner can

7. Understand fundamental
mechanics. (This Learning
outcome is assessed by
assignment only).

7.1
7.2

7.3
7.4
7.5

Page number

Distinguish what is meant by mass and weight.
Outline the principles of basic mechanics as they apply
to:
l Levers
l Gears
l Pulleys
Determine mechanical quantities.
Outline the main principle of kinetic and potential energy.
Calculate values of electrical efficiency.

154
156

160
162
165

8. Understand the principles of
three phase circuits.

8.1
8.2
8.3
8.4

Distinguish between current and voltage in a star.
Distinguish between current and voltage in a delta.
Recognize the reasons for the neutral conductor.
Identify the advantages of distributing loads evenly over
the three lines.

166
166
169
169

9. Understand the operating
principles of electrical
equipment.

9.1

Outline the essential operational characteristics of
electrical equipment.
Apply Fleming’s left hand rule.
Describe the operating principle of transformers.
Determine by calculation and measurement:
l Primary and secondary voltages
l Primary and secondary current.
Identify transformer types
Outline applications of transformers.

170

9.2
9.3
9.4

9.5
9.6

170
177
178
180
181

Draft material, copyright Taylor & Francis
Roberts book.indb 196

02/09/2015 08:25

