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Up and unde

Underfloor heating has been around for quite some time, the Romans
used the hypocaust to heat their buildings and bath houses. Ceiling
heating is a much more recent invention, developed using low-profile
electrical heating elements. Malcom Doughton considers the application
of both floor and ceiling heating and the particular requirements of each.

the region of 80OW to 230W per
square metre, distributed over
the available floor area.

The use of suitable insulation
below the heating element
considerably reduces heat loss
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he heating of our
habitable space began
with the use of open
fossil fuel fires when
man was living in caves, and
remained fairly unchanged for
millennia. The Romans used
an innovative alternative to this
rather inefficient and somewhat
unpleasant heating system.

The hypocaust placed the
fire outside the habitable rooms
and raised the floor on support
pillars. The heat produced by
the fire was then drawn through
the space below the raised floor,
heating the floor and hence the
room(s) above. It is thought that
similar systems have been in use
since 1000BC.

The advantages of this system
included a clean and unobtrusive
heating system that provided
heat throughout the room, and it

also allowed the total area of the
room to be used.

Modern underfloor heating
uses both wet systems and
electrical heating elements. The
electrical heating system is the
one considered here and may be
used in almost any location.

Versions of the underfloor
system are used to heat roadways,
runways, sports fields and ramps
to keep them free of ice and snow.
They are also used in horticultural
greenhouses to protect plants and
promote growth, though none
of these systems are considered
in this article.

Building systems

Correctly installed, underfloor
heating within buildings can
provide efficient and cost-effective
heating. The system uses a fairly
low output element, typically in

away from the room and the floor
surface above effectively becomes
a heat store. It is important that the
heating elements are not installed
below fixtures and fittings or in
areas where equipment may be
fixed to the floor.

A temperature sensor is
installed in the floor between the
loops of the heating conductor
but without being in contact with
any of them. This - in conjunction
with a thermostat - is used to
control the temperature within
the room.

Natural convection currents in
the room create a level of warmth
that is consistent across the room
(subject to air changes due to
open doors or windows) and has
no obvious hot or cold spots.
Having warm feet in the winter
is often seen as an additional
advantage to the underfloor
heating system.
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Rising temperatures

Ceiling heating, on the other hand,

appears to be counterintuitive
because heat naturally rises.
However, insulation and natural
convection results in the
distribution of heat throughout
the room despite the heat source
being placed at high level.

The ceiling heating system
may be considered the same
as the floor heating system but
upside down. The same criteria
for insulation apply, but obviously

it will be placed above the heating

elements rather than below them.

While arrangements using
heating cables are the most
common system of underfloor
heating, ceiling heating most
often makes use of thin-film
heater elements. Where flexible-
sheet heating elements are used,
these must comply with the
requirements of either BS EN
60335-2-96 or IEC 60800.

These systems are generally
installed during the construction of
the building, but modern materials
make retro-fitting a practical
option for a number of locations.
In dwellings, the use of underfloor
heating is popular in locations
such as bathrooms, shower
rooms, utility rooms and kitchens.

Special installation kits allow
underfloor systems to be installed
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with a relatively small change in
floor level. These use smaller csa
conductors with special, thinner
insulation material used below the
elements, allowing a tiled floor finish
to be applied over the elements.
Of course, the heating system
alleviates the problem of cold
tile floors - for example in a
bathroom - and removes the
intrusive heating components
from what is often a small room.

Specialist standards
BS 7671 identifies the general
requirements for heating cables
and conductors in the Regulation
Group 5544. However, there
are a number of additional
requirements identified in BS 7671,
Section 753 specifically related to
the installation of floor and ceiling
heating systems as these are
considered ‘special installations’.
Section 753 excludes systems
installed outdoors and wall
heating systems. There are also
further requirements for these
systems where they are installed
within a room containing bath or
shower (contained in Section 700.
Where underfloor heating is
installed in locations containing
a bath or shower, either an
overall earthed metallic grid or
a heating cable that has earthed
metallic sheath must be installed
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Figure 1. Typical underfloor heating system - solid floor.
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Figure 2. Typical underfloor heating system - wooden floor.
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Figure 3. Typical ceiling heating system.
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and connected to the protective
conductor of the supply circuit.
The installation of these
systems is considered to be
a specialist activity, and the
manufacturer’s instructions
must always be followed during
construction and commissioning.
The particular risks associated
with these types of installation
include the additional potential
fire risk, penetration by nails,
screws and the like and the
expansion and contraction of the
building structure. The heating

> These systems are
generally installed
during the construction
of the building, but
modern materials
make retro-fitting a
practical option for a
number of locations. <

cables or units must not cross
expansion joints within the
building structure in order to
prevent stress on the cables and
their possible fracture.

Care needs to be taken to
ensure that the heating system is
not subjected to damage during
the installation process. Where
the finished system is designed
to be mechanically protected,
such as by a floor screed, this
should be installed as soon as
possible once the heating system
is installed. Temporary protection
may be necessary to prevent
damage during the installation
of this protective finish caused
by foot traffic, materials and tools
and equipment

Where it is necessary to attach
room fittings, kitchen cupboards,
baths, shower trays and the
like, heating free areas should
be provided to ensure the heat
emission is not restricted or
prevented by the fittings.

Protection against electric shock
is to be provided by automatic
disconnection of supply using

RCDs with an operating current (I,

not exceeding 30mA. Additional
protection is also required for

systems supplying Class |l
eqguipment by the use of RCD's
with an I, not exceeding 30mA.
It is worth noting that leakage
capacitance of these systems
may result in nuisance tripping
of these 30mA RCDs. Limiting
the rated heating power to
75kW at 230V or 13kW at 400V
downstream of a 30mA RCD may
prevent this unwanted tripping.

@ NOTE:
Values of leakage

capacitance may be obtained
from the system’s manufacturer.

There are some additional
requirements relating to thermal
effects and the level of IP
protection.

« To protect against overheating
of the systems, the temperature
of any zone should not exceed
80°C.

« To avoid burning to feet, floors
should not become excessively
hot for example a 35°C max.

< The heating elements are
connected to the electrical
installation via ‘cold tails’.

To provide protection against
external influences, a minimum of
IPX1 for ceiling systems and IPX7
for floor systems is required.
For each heating system,
the installation designer must
provide a plan that contains the
following details:
« Manufacturer and
type of heating units
« Number of heating
units installed
Length/area of heating units
« Rated power
« Surface power density
Layout of the heating units in
the form of a drawing or picture
Position/depth of heating units
Position of junction boxes
« Conductors, shields, etc
« Heated area
Rated voltage
Rated resistance (cold)
of heating units
« Rated current of overcurrent
protective device
« Rated residual operating
current of RCD
Insulation resistance of the
heating installation and the test
voltage used
« |eakage capacitance

This plan is to be fixed on or
adjacent to the heating system
distribution board.

Handover information

There is also a considerable

amount of information to be

provided to the user of the
installation relating to the

floor or ceiling heating system.

A description of the heating

system must contain at least

the following information:

« A description of the
construction of the heating
system including the installed
depth of the heating elements.

» A location diagram with

information concerning the

distribution of the heating
circuits and their rated power,
the position of the heating

units in each room, and the

conditions that have been taken

into account when installing the
heating units - such as heating-
free areas and unheated areas

for fixing into the floor covering.

Data on the control equipment

used, with relevant circuit

diagrams, the dimensioned
position of floor temperature

sensors and any weather
conditions sensors that may
have been installed, and the
type of heating units and
their maximum operating
temperature.

Instructions for use of the system

must include:

« A description of the heating
system and its function.

« The operation of the heating
installation during the first
heating period regarding drying
out, etc.

» The operation of the control
equipment for the heating
system in the dwelling area
and any complementary
heating zones.

= Any restrictions including
whether additional floor
coverings are permitted and
any restrictions on placing of
furniture, etc.

« In the case of ceiling heating
systems, restrictions regarding
the height of furniture. Room
height cupboards may only
be placed below the area
of ceiling where no heating
elements are installed.

« Dimensioned position of
complementary heating zones
and placing areas.

« A statement that, in the
case of thermal floor and
ceiling heating systems, no
fixing shall be made into the
floor and ceiling respectively
(unheated areas are excluded
from this requirement).

TO SUM UP

HEATING

Both the designer and the
installer of the system have to
provide a considerable amount
of information for the client

and user of the system. This
information will also be necessary
for any future maintenance on
either the system, other services
or the fabric of the building. W

Underfloor and ceiling heating systems can provide
clean, efficient and unobtrusive heating solutions in

almost any location.

These systems are considered to be special installations
and additional requirements exist because of this.

The correct design and installation of the system is
essential to ensure a safe and efficient heating system.

Protection of the system by the use of 30mA RCD(s)

isrequired.

Precise and detailed information is to be provided to
the client and user of the system, regarding the rating,
construction, layout and operation of the system.

Pictures or diagrams of the installation with relevant
dimensions are essential. It is always worth photographing
the finished installation before it is concealed.




