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The electrical supply to buildings originates primarily from power plants,
which generate electricity from other forms of energy such as coal, natural
gas and nuclear. The remainder is generated from renewable sources such as
hydroelectric and wind power.

POWER

Electricity Supply to Buildings

In a typical power plant, a primary energy source such as coal is burned
to create heat. This heats water in a furnace under pressure to create
pressurised steam to drive a turbine, which is connected to a generator.
The turbine turns a wire coil inside the generator at 50 cycles per second
(50 Hz) to produce three-phase electricity, at 25 kV alternating current
(AC).
The electricity voltage is then increased via a step-up transformer for
transmission on the national electricity grid at 132 kV, 275 kV or 400 kV.
Increasing the distribution voltage reduces the current in the distribution
cabling, thus reducing cable sizes and losses in the cable.
At points of use, High Voltage (HV) distribution is reduced via step-down
transformers to 33 kV for heavy industrial buildings, and further reduced
to 11 kV for light industrial and large commercial buildings. Buildings
supplied with these higher voltages will require their own transformer to
reduce the voltage further to usable levels. There is a final reduction in
voltage to 400 V and 230 V for small commercial buildings and domestic
use.

Substations
A consumer’s incoming High Voltage (HV) supply, transformer and
associated switchgear must be housed in a special room/area, or in a small
external building. This is generally referred to as a substation. Entry to
substations should be controlled by a permit-to-work system for authorised
persons only. For substations owned by the electricity supplier, access is
only permitted by that company.
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POWER

Fuses
Fuses can provide circuit protection against overcurrent and
short-circuit faults, with ratings normally ranging from a few
milliamps to a few hundred amps. The most common type of
fuse is the cartridge type, which consists of a short length of
tinned copper or silver wire (the element), typically mounted
within a ceramic tube with brass end-caps. The cartridge fuse
is widely used in both domestic and commercial buildings.
A good example is the fuse fitted in a 13 A plug. Larger fuses
A typical
generally have bolt-on lugs located on the end caps. Most
cartridge fuse
larger fuses are used with a switch to allow isolation of the
with fixing lugs
circuit without having to remove the fuse. This is called a
fuse-switch or switch-fuse.
Fuses act as the weak link in a circuit – the element will melt if an
excessive current occurs for sufficient time. The length of time is
dependent on the characteristics of the fuse and the amount by which the
current exceeds the rated value of the fuse. For example, a typical cartridge
fuse rated at 10 A will take approximately 10 seconds to blow with a
30 A load. The same fuse will take approximately 100 seconds to blow with
a load of 20 A. The example illustrated to the right highlights the fact that
a fuse may not blow when there is an overload of short duration. This can
be a useful quality, as a brief overload is not uncommon when some types
of electrical equipment are initially switched on, such as electric motors.
There are many different types of fuse, each with different characteristics to
suit specific applications.
Circuit breakers
A circuit breaker is a mechanical switch that can be used to manually
interrupt a circuit and also to provide protection for overcurrent and
short-circuit faults. When a circuit breaker opens, it must be capable of
extinguishing a high temperature arc that forms between the contacts. A
major advantage circuit breakers have over fuses is that circuit breakers can
be reset after the fault is cleared, whereas a fuse needs to be replaced. The
current rating of a circuit breaker is the current above which it will open.
The fault rating is the maximum current at which a circuit breaker can
safely operate. The main types of circuit breakers are described below.

A cartridge fuse holder and fuse cabinet

Typical time/current characteristic of a 10 A fuse

Air Circuit Breakers (ACBs)

Modern Air Circuit Breakers are moulded in construction, and consist
of an operating mechanism with breaking contacts and a self-powered
integral protection relay. When a fault occurs, it is detected by the trip
unit and activates by forcing open the contacts in the device. The arc is
stretched as the contacts open until it is too long to be sustained and the
fault is interrupted. ACBs are available as withdrawable, which can be
withdrawn from the assembly, or fixed pattern which are directly bolted to
the switchboard busbars. The more popular choice for air circuit breakers is
withdrawable. ACBs normally have high current ratings, from
800 A up to 6300 A. Several options are normally provided with these
devices including motor charging, remote open/close, auxiliary contacts
for status monitoring, and communications facilities for advanced metering
and monitoring. The devices have very high fault current ratings, up to
150 kA, as they are usually located close to the transformer where a short
circuit could cause a very high current to flow. ACBs rely on the integral
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A withdrawable Air Circuit Breaker (ACB)
Picture courtesy of Schneider Electric

The Illustrated guide to electrical building services
© BSRIA BG 32/2014

2 - Illustrated Electrical guide 2014 - POWER.indd 8

02/05/2014 12:48:46

LightNing protection
During storms, electrostatic charges can build up in clouds. When this
discharges to the earth, a lightning strike occurs. The potential difference,
or voltage, between the earth and a storm cloud may be many millions of
volts. The current carried by a lightning strike may be thousands of amps,
and if this current passes through a building, it can cause fires, injury, and
even death to occupants of the building.
The purpose of a lightning protection system is to provide a safe path for
lightning to discharge to earth. Lightning protection systems are designed
to have a low resistance, so that the current flows through it in preference
to other parts of the building.
Not all buildings have lightning protection systems. To determine whether
one is needed, a detailed risk assessment is carried out. The BS EN 62305
series of four standards is used for risk assessment and design of lightning
protection systems.

Air termination rods and catenary conductors
on the roof of a building. Picture courtesy of Dehn UK Ltd.

DISTRIBUTION

Lightning protection systems need to be tested at
least annually to ensure there has been no damage to
the system, or the electrical resistance hasn’t increased
since the last test.
In older buildings, the lightning protection system
was generally segregated from the building’s earthing
system. In newer buildings, the lightning protection
system is bonded to the building’s main earthing
terminal.
A typical lightning protection system consists of
three basic elements that are connected together to
form the complete system.
Air Termination
The air termination network is generally installed
at roof level as the primary purpose is to draw the
lightning strike away from other parts of the building
where a direct strike could cause damage.
There are various types of air termination network;
these can be provided as either individual systems or
combined together to provide an overall solution.
¾¾ Air rods (also known as finials)
¾¾ Catenary conductors suspended on masts
¾¾ A grid type conductor network fixed directly
to the roof structure

28

Indicative layout of a typical lightning protection system
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Metering
It is important to be able to measure and record electricity usage in a
building, not only for billing purposes, but also for energy management –
tracking energy usage and identifying savings.
Utility or Tariff Meters
The primary purpose of utility or tariff meters is for billing, although
they can also be used for energy management – tracking energy usage
and identifying savings. They are provided by the electricity supplier
to customers, and their specification and performance are governed by
European and UK regulations.
Information can be obtained from tariff meters by reading the display, or
by using a specialised interface. Most domestic and smaller commercial
customers have kWh meters. These record the amount of electrical energy
consumed, and are read periodically and the customer charged accordingly.
kW meters also measure the instantaneous power consumption.

A single-phase utility meter as typically installed
in domestic properties. One or two rates can be
metered, and the meter can be read remotely
from hand-held devices.
Picture courtesy of Elster Metering Ltd.
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Larger customers in the UK generally have half-hourly meters. These
record a meter reading every half hour, and transmit it to the electricity
supplier, who make this information available to the customer. These
meters are often used for maximum demand metering. This means that the
consumer has an agreement with the supplier regarding the maximum load
at which their installation can operate. If this is exceeded, even for a short
time, the customer will incur a financial penalty. The maximum demand
allowance can be increased up to the service capacity and can be varied on
a monthly basis.
kWh or kW meters measure the Useful Power, not the Total Power (an
explanation of the terms Useful Power, Total Power and Power Factor is
given on page 65). A consumer who has an installation with a poor power
factor would only pay for part of the supply taken. For example, a power
factor of 0.7 would result in the meter only recording 70% of the supply
taken. The electricity supplier may require a kVA meter to be installed,
which records the maximum Total Power.
Sub-Meters
These are privately owned and installed meters. They are usually fitted
in distribution (or sub-distribution) boards to disaggregate the overall
consumption for energy management or cost allocation.
The provision of sub-metering is written into England, Wales and
Northern Ireland Building Regulations guidance, stipulating that at least
90% of the estimated annual energy consumption should be identifiable
according to end use.
A good metering strategy is fundamental for energy monitoring, targeting
and management. Sub-metering energy end uses such as lighting, plug
loads and mechanical equipment such as fans and pumps can highlight
energy wastage in a building. It is essential that the sub-metering strategy
is incorporated into new buildings to allow proper management of the
system.

A three-phase utility meter as typically installed
in commercial properties.This meter includes
a variety of connections for remote reading. It
is also an import/export meter, meaning it can
record the amount of electrical energy exported
to the grid (for example from on-site photovoltaic
panels) in addition to the amount imported from
the grid.
Picture courtesy of Elster Metering Ltd.

A remote display
which can be
connected to a
sub-meter, to show
information about
the circuit to which
it is connected.
Picture courtesy of
Schneider Electric

Sub-meters are specifically designed to communicate with a Building
Management System (BMS), providing not just consumption data but also
real time energy use data needed for proper control.

30
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Plugs and Sockets
The 13 A plug and socket, familiar to anyone
who has visited the UK, was introduced in
1947, replacing a variety of older versions. Safety
features include:
¾¾ Shuttered sockets, which only allow the live
and neutral pins to connect once the longer
earth pin has connected
¾¾ Partly-insulated live and neutral pins to
avoid any contact during insertion and
withdrawal
¾¾ A removable cartridge fuse, available in a
range of capacities up to 13 A

DISTRIBUTION

Older round-pin plugs and sockets are still in use
for certain applications: the 2 A and 5 A version
in hotels and houses where pluggable luminaires
are required to be switched from a central point,
and the 15 A version for theatre lighting where
it would be inconvenient to have a fuse in a
difficult-to-access area.
Numerous variations on the basic 13 A sockets are
available: single / double socket, switched /
un-switched, neon indicator, flush / surface
mount, and additional protection for external use. They can
be connected in radial or ring circuit configuration. The ring
configuration is shown in the top right diagram. A disadvantage of
this configuration is that, in the event of a break in the live or neutral
anywhere in the ring, all sockets will continue to operate normally,
and the fault will not be apparent. Thus ring circuits should be tested
periodically for continuity.

Diagram showing the wiring of a typical
domestic ring circuit

Industrial Plugs and Sockets
Industrial plugs and sockets are used for connection of electrical
loads which have higher power requirements than the standard plugs
and sockets discussed thus far. They are available in a variety
of configurations dependent on current carrying capacity
and number of phases. They have a minimum rating of IP44,
allowing outdoor use (see IP Ratings on page 6).

An older 2 A plug and socket.
These are still sometimes used for
pluggable luminaires.

36

A 13A plug, plugged
into a socket with
built-in Residual
Current Device (RCD).
This is located in a
plant room, where the
risk of an earth fault
occurring is greater
than normal.

A step-down transformer
of the type typically used
on construction sites,
with two sockets for 110
V power tools.Yellow is
the colour used for 100 to
130 V industrial plugs and
sockets.

A 32 A, 400 V three-phase
industrial socket used
for connecting highpower equipment.The
corresponding plugs have
five pins, for the three
phases, neutral and earth.
Red is the colour used for
380 to 480 V industrial
plugs and sockets.
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Organic LED
panels.

Lamp types

Picture courtesy of
Philips Lumiblade

Light Emitting Diodes

Light Emitting Diodes or LEDs are semiconductors that emit light in
a narrow spectrum band. Red LEDs first became widely available in
the 1960s, and blue LEDs in the 1990s, shortly followed by white. The
most common method for producing white light is to use a phosphor
coating, similar to that used in fluorescent lamps. There tends to be a
trade-off between Colour Temperature, Colour Rendering Index, and
efficacy. White LEDs with a Colour Temperature of 5000K (perceived
as “cold” light) are available with efficacies up to 118 lm/W but a
Colour Rendering Index of only Ra70 – less than the Ra80 required
normally specified for office buildings . Warm white LEDs, with a
colour temperature of 2700 and a Colour Rendering Index of Ra90 are
now available. The efficacy of these is around 70 lm/W – as good as the
best compact fluorescents.
Although LEDs produce light very efficiently, they are affected by
temperature, and require a heat sink to keep them operating efficiently.
Control gear, known as a driver, is required to provide the appropriate
voltage and current to the LED, and in some cases to provide dimming.
An LED “chip” is very small (about 1 mm2), but the connectors, heat
sink, lens and driver can make an LED unit a similar size to rival
light sources – in fact they are available as direct replacements for
incandescent or fluorescent lamps. They have a very long lamp life
compared with other sources – up to 100,000 hours.

Surface mount LED panels and LED
downlighters in a conference room

LIGHTING

Organic LEDs (OLEDs) are becoming available – these are configured
as flat, flexible panels delivering an even, non-glaring light.
Incandescent / Halogen Lamps

Incandescent lamps, also known as tungsten lamps or filament lamps,
have been in use for over 100 years, and until recently were the most
popular type of lamp in dwellings. They work by passing a current
through a tungsten filament which glows producing visible light and a
great deal of heat. The initial cost of incandescent lamps is low, however,
they have poor efficacy (about 12 lm/W) and a short lamp life (around
1000 hours) so in the long run they are not cost-effective compared
with other solutions such as compact fluorescents and
LEDs.
Halogen lamps, also known as tungsten-halogen
or quartz lamps, work on the same principle as
incandescent lamps, but the addition of a halogen gas
enables the filament to maintain a higher temperature.
More of the electrical energy is converted to visible
light, and this light has a higher colour temperature.
Lamp life is also significantly improved. Extra low
voltage and mains voltage lamps are available. The
former require a transformer to provide the 12 V
supply. Mains voltage lamps are available which can be
used as direct replacements for standard incandescent
lamps. Tungsten halogen lamps have a very wide
range of applications including interior lighting, flood
lighting, stage lighting and display lighting.

44

Extra low voltage halogen lamps used for display
applications. The rail system allows linear
movement. Depending on the fitting used, the
lamps can be articulated in one or two planes.
A variety of halogen lamps are available, ranging
from a narrow beam (spotlight), to a wide beam for
flood lighting. A broad range of light outputs are
also available. Picture courtesy of Translite Systems Ltd.

Lamps for household use are sold with energy labels similar to the one
shown above. In order to reduce overall energy use, most lamps with a
rating of D or worse were phased out between 2009 and 2012, making
conventional incandescent lamps obsolete, although certain types are
still available. It is planned to phase out C-rated lamps by 2016.
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PREFACE
This illustrated guide provides basic reference information on mechanical
building services systems for construction clients and professionals in
other areas of the construction industry. The topics covered are:






Heating
Ventilation
Air-conditioning
Controls.

For construction clients, this guide provides a simple insight into the
main system options discussed during the briefing process and can
consequently assist dialogue with the design team. It can also help clients
to identify and raise technical questions which they feel are relevant to
their organisation’s specific needs. For construction professionals, the
guide provides a quick reference to building services systems and can
assist their working knowledge of the subject.
To ensure the guide is simple and quick to use, a brief introduction to
each system is provided, followed by a list of key points. Photographs
and simple drawings are used to help explain the appearance and
operation of each system.
It is acknowledged that the design team’s role includes assessing and
recommending appropriate design solutions for a given project. This
guide does not aim to provide a route for system selection other than
pointing out typical applications for many of the systems covered.
Since the previous edition of this guide, further information has been
added on pumps, pressurisation, low carbon heat sources, MVHR
systems, commissioning, handover and project evaluation along with
updates of the original information.
BSRIA has also published a companion guide BG 5/2005, The Illustrated
Guide to Electrical Building Services – Second edition. This provides
information on electrical systems including, power supply and
distribution, fire detection and alarm systems, security systems, lighting
systems, uninterruptible power supplies and structured cabling. More
detailed information on systems covered in this guide can be found in the
following publications:
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BG 2/2009 The Illustrated Guide to Ventilation
BG 1/2010 The Illustrated Guide to Mechanical Cooling
BG 1/2008 The Illustrated Guide to Renewable Technologies
BG 7/2009 Heat Pumps
BG 2/2007 CHP for Existing Buildings.
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The Illustrated Guide
to Mechanical Building Services
Complementing the current series of BSRIA’s Illustrated Guides, this
second edition of The Illustrated Guide to Mechanical Building Services
outlines the most common mechanical building services systems,
covering heating, ventilation, air-conditioning and controls.
Illustrated with simple line diagrams and photos, the Guide
demystifies the subject of mechanical building services
for lay people and experienced engineers alike.
Other guides in the series include The Illustrated Guide to Electrical Building Services,
The Illustrated Guide to Mechanical Cooling, The Illustrated Guide to Ventilation
and The Illustrated Guide to Renewable Technologies.

All of these guides are available from the BSRIA Bookshop
www.bsria.co.uk/bookshop or Tel: +44 (0)1344 465529
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OVERVIEW – BUILDING DESIGN AND
BUILDING SERVICES
The design of a building will affect many of the costs which an operator
will encounter during the life of a building. The building services can
account for around 30% of the capital cost and 50% of the operating cost
for a typical office building. It is therefore important that the services
form an integral part of the overall building concept to help ensure they
will operate efficiently. Involving the specialist building services engineer
at an early stage in the design process can help achieve this objective.
If the services are not considered until a later stage, problems which
could have been overcome by simple measures may require a more
complex technical solution. A well-designed building may cost a little
more initially, but the overall cost of ownership should be reduced. Lifecycle costs of building services systems should be considered, as the costin-use element can form a large proportion of the total cost, outweighing
the initial capital cost.
Decisions about which services to incorporate into a building design
require consideration of many factors including the following:



Cost
Both initial costs and life cycle costs.



Level of thermal comfort required
See overview: thermal comfort, page 8.



Level of control required
See control systems and components, page 44.



Complexity
What type of system is appropriate and will it be difficult to
operate and maintain? For example a full air-conditioning system
provides close control of air temperature and humidity, but this
comes at a price.



Noise levels
Will heating, ventilation and air-conditioning plant adversely
affect noise levels in occupied areas? What about noise from
outside the building? The noise rating (NR) is a European
measure of sound levels which relates to the sensitivity of the
human ear. It is often used to specify an acceptable interior or
exterior sound level, for example NR 35 - 40 for offices, NR 20
for a concert hall.



Adaptability and flexibility
To meet possible future requirements.



Energy use
Mechanical building services plant can account for a major part
of a building’s energy use.



Plant space
Air-conditioning systems can require a large amount of space to
accommodate the refrigeration and air handling plant. Access for
operation, maintenance and replacement must be considered (see
overview: location of building services, page 7).

It is not always possible to design a building that can utilise all possible
energy-saving measures. Urban noise and pollution may dictate the need
for sealed buildings incorporating mechanical ventilation or airconditioning system. The activities in some buildings can also necessitate
air-conditioning to offset a high internal heat gain.
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If internal heat gains are sufficiently low and the external
environment is suitable, natural ventilation can provide a low
energy solution to cooling and ventilating a building.

High internal heat gains and/or the need to have sealed windows to
keep out external noise and pollution means that some buildings
cannot avoid the use of mechanical ventilation or air-conditioning.

Some basic energy efficiency strategies relevant to most building types
are:

6



During cold weather useful heat gains should be maximised and
heat losses minimised while ensuring adequate ventilation.



Heat gains during warm weather should be minimised to avoid
overheating. Correct orientation, external shading and
fenestration can all reduce heat gains.



Natural ventilation should be used wherever practicable. Deepplan depths and substantial partitioning can preclude this. Where
natural ventilation alone is not adequate for cooling, a mixedmode system (combined natural and mechanical ventilation) may
be sufficient as opposed to an air-conditioning system.



Where mechanical ventilation is used, outside air should be
employed directly for cooling in preference to operating
refrigeration plant. This technique is known as free cooling.



Wherever possible, maximum use of daylight should be made to
reduce the energy used by artificial lighting.
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Post-Occupancy Evaluation (POE)
Powered window actuators
Pressurisation units
Programmable controls
Pumps
Quartz heaters
Radiant cooling
Radiant heating
Radiation
Radiators
Re-circulation
Regulating valves
Re-heaters
Relative humidity (RH)
Room based heat pumps (Versatemp)
Room thermostats
Sensors
Single-sided ventilation
Soft Landings
Solar gain
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40
40
48
42
30
29
38
7
15
47
50
21
9
47
9
16
37
15
12
12
27
50
32
8
39
44, 45
46
22
50
29
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Split systems
Stack and wind ventilators
Stack ventilation
Stratification
Supply and extract systems
Supply ventilation
Swirl diffusers
Temperature sensors
Terminal unit controllers
Thermal comfort
Thermal mass
Thermography
Thermostatic radiator valves (TRVS)
Time switches
Transformers
Trench convectors
Trickle vents
Underfloor heating
Variable air volume (VAV)
Variable occupancy controllers
Variable refrigerant flow (VRF)
Variable-geometry supply diffusers
VAV terminal units
Ventilation
Volatile organic compounds (VOCs)
Warm air unit heaters
Window actuators
Windows
Zoning

40
24
23
8
27
26
43
45
48
8
29
9
12
44
7
13
20
14
33
46
41
33
33
18
18
17
21
19
29

