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1 Gas and Oil Boilers

This page explains the main types of boiler available. Gas and oil boilers (and the heating installations) are actually not that
dissimilar. The page also explains the common flue arrangements and provides a very brief introduction to SEDBUK ratings. 
Two other important organisations are CORGI (Council for Registered Gas Installers) - the national 'watchdog' for gas safety
in the United Kingdom. OFTEC (Oil Firing Technical Association) is almost its oil equivalent.

Until the 1970s most boilers, whether wall mounted, freestanding or back boilers, had open flues (same as a chimney
basically). An open flue boiler must sacrifice some efficiency in order to vent unwanted products of combustion from the
house. By allowing flue gases to retain a high temperature, the natural force of rising hot air creates the chimney draft. At
the same time, air from the room is drawn into the burner to maintain combustion. If there is insufficient air for the
combustion process, poisonous carbon monoxide will be produced at the burner - a fixed open vent must therefore provide
enough air for combustion. 

A room sealed flue (sometimes referred to as a balanced flue) consists of two ducts, one inside the other. The fresh air for
combustion is taken into the boiler via the outer duct and the exhaust gas is usually discharged outside by the inner duct.
The flue terminal may only be fitted on an external wall. The combustion is independent of any air supply within the room
which is why these boilers are often called room sealed. There is usually a limit on the length of these flues - normally less
than a metre.

Most boiler now are fan assisted. They have smaller cross-sectional flue ducts than natural-draught flues. The flue fan
provides the fresh air to the burner and also removes the products of combustion from the combustion chamber. The use of
a fan allows for more compact boiler design and provides greater flexibility in terms of flue positions and length.

SEDBUK  http://www.sedbuk.com is an acronym for 'Seasonal Efficiency of a Domestic Boiler in the UK'. The system was
developed under the UK Government's energy efficiency best practice programme with the co-operation of boiler
manufacturers and provides a basis for fair comparison of different models of boilers. The SEDBUK rating is the average
annual efficiency achieved in typical domestic situations, making sensible assumptions about climate, control, pattern of
usage and other similar factors. The rating is calculated from laboratory tests together with other important factors such as
boiler type, fuel used, ignition type, UK climate, boiler water content and typical domestic usage patterns. The boiler's
performance is then scored which enables the boiler to be placed in a banding system using a scale from "A" to "G." "A"
banded boilers being the most efficient and are usually 'condensing' boilers.

Regular (or vented) boilers. These 'traditional' vented boilers
have been around, in one form or another for nearly a hundred
years. Modern ones are much more efficient than their
predecessors. Regular boilers are designed to heat water in a
separate cylinder (usually located in an airing cupboard) and
provide hot water for radiators. The boiler is fed by a storage
(feed and expansion) cistern usually located in the roof void, and
a pipe from the boiler vents back over, and into, the cistern if the
boiler controls go wrong and the water boils. The picture on the
left was kindly supplied by Worcester Bosch.

On the left you can see a free standing boiler from the
1960/1970s. On the right there is an animated sequence
showing the removal of a old back boiler - probably installed in
the late 1970s. Both these boilers were probably about 70%
efficient - modern boilers can reach efficiency levels of 90% plus.
Both the models shown here had open flues.

Nowadays regular or vented boilers can be wall-mounted (most
of them) or floor-standing. Until recently a regular or vented
wall-mounted boiler typically comprised a fan assembly for the
room-sealed flue (right), a cast iron heat exchanger, a burner &
combustion chamber, and an electronic control panel. Hot water
from the boiler circulates around the radiators; a feed also heats
water in the hot water cylinder (usually vented in a traditional
installation).  The picture on the left shows a Worcester Bosch
regular boiler. Nowadays condensing versions of these are also
available. In a condensing boiler more energy is extracted from
the fuel so the boiler is more efficient and heating costs are
therefore lower.  Modern condensing boilers usually have
aluminium heat exchangers.

A typical layout (hot water for washing and heating controls are
omitted) can be found here. More information on layouts is on
the next page (Gas & Oil Systems).

A system boiler is designed along similar lines to a regular
boiler but is designed for use with an expansion vessel rather
than a feed & expansion cistern and an open vent. In some
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than a feed & expansion cistern and an open vent. In some
boilers the expanding water is accommodated in an expansion
vessel fitted inside the boiler. In others it is not part of the boiler
but is usually located near to it. The example shown here is made
by Worcester Bosch (this one is a non-condensing type). The
boiler is almost a 'half way house' between a regular boiler and a
combination boiler. To provide hot water for washing a system
boiler heats water in a cylinder. This can be either a vented
(traditional) cylinder or a modern pressurised one (see right).
The advantage of the system boiler is that there is no feed and
expansion tank in the roof - it would make sense to follow the
same approach for the hot water cylinder. 

See the next page for more information on system boiler
installations

Combination boilers.  These are very different from regular and
system boilers. Combination boilers (so called because they
deliver hot water for washing and heating) now account for well
over half of all the new domestic boilers installed in the UK every
year. They were originally developed for flats to save having lots
of tanks in the roof space.

The major difference between a combi and regular or system
boilers is that a combi eliminates the need to store hot water - a
hot water cylinder is not required. As with a system boiler the
heating system is topped up directly via a filling ‘loop’ fed directly
from the mains. The expanding water is accommodated by an
expansion vessel fitted inside the boiler (the orange cylinder
shown on the right - again just like a system boiler). Hot water
for washing is delivered instantaneously (well, almost) as and
when required - not always at very high flow rates but at mains
pressure - so very good for feeding showers. In the examples
shown here (left and right) a water-to-water 'plate' exchanger
heats the hot water for washing. The savings in installation cost
(no cylinder and no tank) are probably offset by the slightly
higher cost of the boiler. These boilers do have minimum
requirements in terms of mains water pressure. They also need a
good gas supply - at times these boilers work quite hard.

Condensing boilers (regular, system or combination). These
are available in regular, system and combi versions. In a modern
oil or gas fired boiler about 70 – 80% of the fuel is converted into
useful heat. The remainder is lost through the flue – the flue
gases can be as hot as 250 degrees Celsius. In condensing
boilers more heat is extracted from the fuel; their efficiency can
exceed 90%. In fact, so much heat is extracted that the flue
gases are only about 50-60 degrees. In a typical condensing
boiler there are two heat exchangers.  After crossing the first one
the combustion gases are directed over the second heat
exchanger to pre-heat the water returning from the radiators.  If
the water in the radiator return pipe is cool enough the exhaust
gases will condense on the heat exchanger releasing all their
latent heat. The secondary heat exchanger must, therefore, be
corrosion resistant and a drain pipe must be fitted to remove the
condensate. Have a look at the graphic on the right. The image
on the left shows a modern Worcester Bosch gas fire condensing
boiler (they also make an oil fired version). The exhaust gases of
condensing boilers 'plume' - this is quite normal and reflects their
lower temperature.

Note: some condensing boilers, if fitted in a compartment, may
need an air supply to keep them cool. All condensing boilers are
room sealed or fanned. The Building Regs now require new
boilers to be condensing boilers. In some situations there may
be practical reasons why a condensing boiler cannot be fitted -
this departure from the Regs needs official approval. This is
usually because of problems with siting the flue or condensation
drain.  

There are a number of rules regarding the siting of flues for gas
and oil boilers. These are quite detailed. The specific
requirements can be found in the Building Regulations or in trade
information. The graphic on the left shows some of the more
common rules for gas terminals. Do not rely on these exact
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figures and do remember that incorrect siting of flues is not
uncommon.

The plume from a condensing boiler can be a nuisance. This is
why it is sometimes preferable to fix the flue terminal at high
level or even site the boiler in another location. The plume
should not cross a frequently used access route or patio etc. It
should not discharge across a neighbour's dwelling. Nor should it
be directed towards a window or door or be sited close to a
facing wall. General Regs related to gas and oil flues are shown
in the left-hand drawing.

 

Most manufacturers supply tables or software to help installers
and engineers calculate boiler size.  The linked spreadsheet is an
adaptation of a manual method provided originally by the Energy
Saving Trust. It's included here primarily so you can assess how
different U values etc affect boiler size. Don't use it for 'real'.   
In order to calculate radiator size a similar approach is required.
Have  a look at the page on radiators for more information.
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2 Gas and Oil Layouts

The diagrams below show three central heating types. The vented boiler (regular boiler) and combination boiler systems
probably account for over 95% of water-based central heating installations. System boilers are slowly becoming more
common. You should read this page in conjunction with the page on boilers and the page on heating controls.  Most solid
fuel central heating systems are not dissimilar to the first one shown below. They do however, incorporate one or two safety
features because of the nature of solid fuel boilers. Solid fuel systems are shown on another page.

Vented systems. The majority of existing systems with a regular
boiler and an indirect hot water cylinder are open vented. ‘Open
vent’ refers to the separate vent pipe which is open to the
atmosphere. The system also needs a feed-and- expansion cistern
to allow for changes in water volume with temperature. This
cistern has to be at the highest point of the system, usually in the
loft space where it must be protected against freezing.
Recommended controls on the system include:

programmable room thermostat with optional hot water
timing capability
cylinder thermostat
TRVs on all radiators except in rooms with a room
thermostat
automatic bypass valve (see Controls for more information)
boiler interlock (see Controls for more information)

The picture on the right shows just the heating system, the one
on the left includes a vented hot water cylinder. It is possible to
use a mains-fed pressurised hot water cylinder (with an
expansion vessel) but there seems little point.

Sealed systems.  A sealed system normally operates at about 1
Bar above atmospheric pressure.  A stop cock in the link allows
for the system to be pressurised - the pressure is only likely to
drop if there is a leak or when the radiators are bled. As you can
see from the drawings a sealed system does not require a feed &
expansion tank nor does it require a vent. However, they need a
number of safety devices in case faults develop (see right). The
expansion vessel and safety features can be part of the boiler or
separate from it. Note that that not all boilers are suitable for
connecting to sealed systems: consult the manufacturers first. In
these graphics the 'controls' have been omitted for simplicity.

With a sealed system the hot water for washing can be provided
from either a vented (left)  or pressurised cylinder (right). More
information on pressurised hot water systems can be found in the
section on hot water.

Sealed system with instant hot water (combi system).  A
combination boiler works in a similar way to a system boiler
although the expansion vessel and safety features are all
contained within the boiler. Unlike a system boiler it heats water
for washing instantaneously. It can therefore provide a continuous
flow of hot water, but at a lower rate than typical hot water
storage systems. As such, they may be less suitable for dwellings
where there may be simultaneous demands for hot water, ie
multiple bathroom/shower room dwellings. The systems are easy
to install because they do not require tanks in the roof or a
cylinder. Like a system boiler a stop cock in the link allows for the
system to be pressurised. A dial on the face of the boiler shows
the pressure. Before choosing a combi system check with the
maker to ensure the property has satisfactory water pressure and
an adequately-sized water supply pipe.  As combi boilers use high
gas inputs (when supplying heat for the rads and hot water),
make sure the gas supply and pipework have adequate capacity,
taking into account the demands of other gas appliances.

About half the boilers now
sold are combination boilers.
20 years ago they were
virtually unknown in the UK.
They have been popular for a
long time in France and
Germany where more people
live in flats.
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3 Solid Fuel Central Heating

The overall efficiency of a heating system depends on running costs (fuel, maintenance and renewal costs) as well as capital
cost. Over the year the efficiency of solid fuel central heating has increased; nevertheless it produces more carbon dioxide
than gas or oil, and probably similar amount to electricity. The Energy Saving Trust (Domestic Heating: Solid Fuel Systems-
CE47) has stated that the efficiency of an appliance depends on:

whether it's a closed or open appliance (stove or fire)
combustion controls (fans, dampers etc)
turn-down ability and range
chimney design
ventilation
fuel type
ignition method

and for a central heating system two key factors in efficiency are:

system design (whether fully pumped or semi gravity - where the water in the cylinder flows through gravity but the
supply to the radiators is pumped)
the system controls.

The choice of fuel depends on availability, local smoke control regulation and the nature of the appliance. The page on Fuel
(in Chimneys and Coal Fires) contains more information. Note that bituminous coal (ie ordinary coal) cannot be used in
smoke control areas.

To work efficiently and safely a well designed and constructed
chimney is vital.  The key elements of good design are that:

it must be high enough (to provide enough updraught)
there should be no sharp bends or obstruction
there should be no air leakage (to prevent cooling and
spread of toxic fumes)
the terminal needs siting in a position where it can discharge
safely without the risk of back pressure.  

The pages on existing and
new chimneys are worth
reading if you want more
information on new and
existing chimneys.

The fire should be sited on a
hearth constructed in
accordance with the Building
regulations.

In addition there must be an adequate supply of air to a solid fuel
appliance so that complete combustion takes place. Apart from the
risk to health (carbon monoxide poisoning) a lack of air will
adversely affect the updraught. 

NB. Extractor fans should not
normally be installed in the
same room as an open-flued
solid fuel fire.

With the exception of fires, solid fuel appliances are referred to as
closed. Unlike gas fires or gas boilers they cannot be switched on
and off, but they can be turned down. On fan assisted models the
fan can be switched on and off - usually via a thermostat or timer.
Open fires are not very efficient and are difficult to control. They
can be fitted with a back boiler which will heat hot water for
washing purposes. Some open fires have enough output to serve
a few radiators. A stove (left), unlike a fire, usually has glass
doors. It is therefore possible to control the air supply and the
rate of burning. They are generally much more efficient than open
fires.  Note that a stove does no imply any cooking facilities
(although a few actually have an oven above the fire - right)
although many can be fitted with back boilers for heating
purposes. The example on the right is feature on the Stovax web
site. It's one of the Austroflamm range. This stove with a
maximum heat output of up to 11kW has a steel or ceramic finish
and includes a bread oven. This particular model does not include
a back boiler.

 

Many stoves can burn a
variety of solid fuels including
wood. Wood is carbon neutral
in terms of emissions.

Stoves with back boilers are quite popular. The stove is normally
sited in the kitchen or main living room and gives the room a focal
point. They are also very reliable and provide a local source of
heat in case of central heating failure. They need to be correctly
sized - if the appliance is over sized (in terms of heat output into
the room) the stove may have to kept burning low - this may not
provide enough heat for the radiator system. One way round it is
to use a stove with a high central heating output and a low direct
fire output. - and to provide a radiator in the same room as the
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stove. Some stoves have a damper which controls the heat-to-
water and heat-to-room ratio. 

Solid Fuel boilers can provide full central heating for most
dwellings and are available in a wide range of outputs and sizes.
Batch fed units will provide domestic hot water and sufficient heat
for a three to four bedroom house. Gravity fed boilers (which
have a large hopper over the fire box) will operate for up to 36
hours at minimum output and for 10 hours on full burn rate
without refuelling or de-ashing.  Combustion is usually assisted by
a built-in thermostatically controlled fan, which helps adjust
output to demand. Gravity-fed units have a high turn down
(around 10:1), which means that they can kindle at low
combustion rates, compared with other solid fuel appliances. There
is still some background heat given off when the boiler is turned
down to minimum, helping to prevent condensation within the
dwelling.

Most boilers and cookers can burn a range of fuels and are
suitable for use in Smoke Control Areas. Gravity feed boilers offer
infrequent refuelling and semi-automatic de-ashing. Batch fed
boilers allow a wide range of fuels to be burnt and some are
multi-fuel. They can burn coal or wood if installed in a Non-
Smoke Control Area. The range of rated outputs for boilers is
very wide starting at 3.5kW and going up to 40kW. Solid fuel
cookers (right) can also be fitted with back boilers to provide hot
water and central heating. Their design means that they always
produce some warmth - they are probably not therefore suitable
for modern, highly insulated, housing.

Solid fuel boilers must be vented. This is for reasons of safety
because, unlike gas and oil boilers, they cannot be instantly
turned off. The vent discharges over a feed and expansion cistern
which accommodates the expanding warm water. As the water
heats up the level in the cistern will rise slightly. If something
goes wrong and the boiler boils (which, of course, it never should
do) the water is discharged into the cistern and out through the
overflow. The controls differ slightly from oil and gas boilers - this
is because the boiler cannot be switched off and on in the same
way. Control is normally effected by operating the pump through
a programmable room thermostat.

Control of the hot water should be achieved with a cylinder
thermostat linked to a ‘normally-open’ motorised valve. An
overheat thermostat mounted on the flow pipe can operate the
pump (and motorised valves if necessary) and so dissipate any
excess heat. A low limit thermostat may also be fitted to prevent
pump operation when the temperature is too low (this helps
prevent boiler corrosion). TRVs should be fitted on all radiators
except in rooms with a room thermostat or slumber radiator. The
system on the left shows a fully pumped system. It is also
possible to have a semi-gravity system - in this case the hot
water to the cylinder flows through 'gravity' and the heating is
pumped.

In some houses it is possible
to link a solid fuel boiler to
an existing central heating
system. This means that the
system is "dual-fired".

 

NB. HETAS (Heating Equipment Testing and Approval Scheme)
is the official body recognised by government to Approve solid fuel
domestic heating appliances, fuels and services. Its work in
Approving products covers boilers, cookers, open fires and stoves
and room heaters. It also lists in its brochure factory made
chimneys and carbon monoxide detectors and alarms suitable for
use with solid fuel.
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4 Central heating - Controls

Modern central heating systems incorporate a number of controls. These turn parts of the
system on and off according to a number of criteria and control temperature levels. In large
houses the control systems can be very sophisticated; for a typical house, however, they are
fairly straightforward.   This page has been adapted from an article written by the National
Energy Foundation and it examines the controls normally found in a vented water-based
central heating system. The three port valve and the pump are not really controls (they
respond to the controls) but they been included in the left-hand graphic.

NB The page on solid fuel
central heating contains more
information on special
controls for solid fuel
appliances. 

To work effectively a basic modern central heating system needs
four main controls:

an electronic timer (the programmer)
a space thermostat
a cylinder thermostat
thermostatic radiator control valves (TRVs)

In a larger system it might be
worth adding:

intelligent heating
controls

a weather compensator

a boiler energy
manager

full zone control

A timer or programmer
The electronic timer or programmer is basically a timed switch
(right). You can set periods when the heating can be ON
(subject to the other controls) and times when the heating will
be OFF. Some switches have separate controls (left) for hot
water and heating. Timers usually incorporate an 'override' -
flick a switch and the heating and/or hot water will be on
constantly.

A seven day timer is recommended (left). This makes it possible
to have different settings for Saturday and Sunday, and even
different days of the week if required.

Note that even if the timer is ON or the heating switch is set to
CONSTANT the heating system will not work if the the room or
radiator thermostats are turned down. 

A room thermostat
A room thermostat switches the system ON and OFF as
necessary. It works by sensing the air temperature - if the
temperature rises above the chosen setting, say 20 degrees
Celsius, the heating is switched off (but not the hot water -
assuming it's controlled separately). The thermostat is best
located in a living room, rather than the hallway, so it is not
affected by the front door being opened. Do not confuse the main
room thermostat with TRV - thermostatic radiator valves (these
are mentioned below).

In some larger houses there will be two thermostats because the
house is divided into 2 zones - each with separate controls.

Note you can also buy programmable thermostats. This is
combined time switch and room thermostat that allows the user
to set different periods with different target temperatures for
space heating.

NB The thermostat does not
control the speed at which a
room warms up.

Thermostatic radiator control valves (TRVs)
These switch individual radiators on or off, depending on the
warmth of each room. They usually have a numbered wheel
marked with a * and numbers from 1 to 5. The * setting is to
protect against frost; it will usually leave the radiator switched
off unless the temperature falls below 6°C or so. For a lounge or
living room a setting of 3 or 4 is usually adequate; a bedroom
might be 1 or 2. A wax filling in the head of the valve operates a
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valves and shuts off the radiator when it reaches specific
temperatures. Turning the dial to a higher number when when
the radiator is already hot will not increase the room
temperature. 

Normally, one radiator should not be fitted with a TRV (so it's
always on), unless the boiler is fitted with a flow meter to detect
when all TRVs are closed. This radiator may be a bathroom towel
rail, or in the same room as the room thermostat. It is not a
good idea to have a TRV on the radiator in the same room as
the main thermostat, because if it turns the radiator off, the low
temperature in the room can mislead the main thermostat into
thinking the whole house is cool. Similarly, if there is a fire in
the same room as the thermostat the heat from the fire may fool
the thermostat into switching off the heating.

Thermostatic controls on the hot water system
These are attached to the hot water cylinder (not therefore to
combi boilers) and control the temperature of the water in the
cylinder. When the water temperature reaches the set level -
usually about 60° Celsius the three port valve (assuming the
water and space heating can be controlled separately) stops the
flow of hot water to the cylinder.

The room or space thermostat and the hot water thermostat
should be wired up to the boiler in what is known as an interlock
- if both the house and hot water are at the required
temperature, the boiler will be switched off. NB TRVs alone are
not sufficient for boiler interlock. Some boilers contain a
thermostat which controls the temperature of the water sent to
the cylinder and the radiators. Without the interlock this
thermostat will sense the drop in water temperature and fire the
boiler. After a few minutes it will stop as the water heats up.
This stop/start process is known as 'short' or 'dry cycling' .

The cylinder thermostat is normally fitted between one quarter
and one third of the way up the cylinder. There is no point in
setting the thermostat above 65 degrees as it will only waste
energy; it also increase the risk of scalding.

Automatic bypass valve
Not really a control but worth mentioning. An automatic bypass
valve controls water flow in accordance with the water pressure
across it, and is used to maintain a minimum flow rate through
the boiler and to limit circulation pressure when alternative water
paths are closed. A bypass circuit must be installed if the boiler
manufacturer requires one, or specifies that a minimum flow rate
has to be maintained while the boiler is firing. The installed
bypass circuit must then include an automatic bypass valve (not
a fixed-position valve). Care must be taken to set up the
automatic bypass valve correctly, so as to achieve the minimum
flow rate required (but not more) when alternative water paths
are closed. It also keeps noise down.

 

More advanced controls Intelligent Heating Controllers
Intelligent heating controllers combine several of the functions
above and can also 'learn' how long it takes for a house to heat
up in different weather conditions. These also often allow for
different temperatures to be set between day and night. They
give the very best control over central heating, although they
cost more than normal controls. They are often unnecessary.

Most of these advanced
controls are unnecessary in
modest-sized houses.

 

Weather Compensators
These measure the temperature inside or outside and can make
the heating system respond accordingly. On mild mornings, for
example, the heating comes on later, on cold ones it comes on
sooner. Some of the simpler ones are not very expensive and
usually replace the room thermostat.

 

 

Boiler Energy Managers
There are several types of boiler energy manager. They are
devices intended to improve boiler control using a number of
features. These include weather compensation, optimum night
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start, frost protection, load compensation, hot water override and
so on. They are usually unnecessary.

 

Full Zone Control
In large houses the pipework can be divided into zones, each with
its own thermostat and timer. This means that different parts of
the house can be maintained at different temperatures for
different periods of time.

 

 

The Energy Saving Trust publishes recommendations regarding central
heating specifications.

http://www.est.org.uk

In addition the Department for Communities and Local Government
publishes a guide  "DOMESTIC HEATING COMPLIANCE GUIDE" which
specifies minimum standards for new and replacement heating systems.
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5 Radiators - An Introduction

There are three pages in this section - one is shown below as a jpg. The document is a pdf - click here to download all three
pages.
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6 Microbore & Underfloor Systems

Microbore systems were very popular in the 1970s. The pipework
for these early systems was copper. In modern construction
microbore is once again becoming popular - but this time using
plastic pipes. The pipework which circulates the water to the
radiators is divided into two sections:

Flow and return from the boiler to a manifold (using, say,
22mm pipes (right)).
Flow and return from the manifold to each radiator (using,
say 10mm pipes).

A pump is used to force the water around the system, although it
will usually have to be slightly more powerful than with an
ordinary small-bore system because of the smaller pipe diameter.
There are a number of advantages to microbore systems:

The thin copper pipes and all the plastic pipes are very
flexible. Therefore, they are easy to manipulate and feed
through floor structures. This reduces installation time and
causes less disruption to the structure. This flexibility makes
the approach popular in rehabilitation work.
As a continuous length of pipework can be used from the
manifold to each radiator this reduces the number of fittings
and joints, so lowering the likelihood of leaks - micro-bore
pipes are available in lengths up to 100m.
There is a faster response than with a small-bore system as
water is circulated more quickly.

There may, however, be a greater risk of blockage and copper
microbore pipes are easily crushed. In hard water areas, lime
scale can build-up in the pipework so additives or a water softener
are essential.

The pipework between the manifolds and each radiator is
normally kept below 5 metres, and, in early installations, special
radiator fitting were used so that both the feed and return micro
bore pipes are connected to the same end of each radiator.

The graphics either side show the Hep20 manifold system. The
pipes which run from the manifold to the radiators are 10mm, the
feed and return from the boiler 22mm.

The development of plastics in coils has led to a resurgence in
underfloor heating systems. These were common (but not very
popular) during the 1960s when they tended to be electric wires
embedded in solid floors (left) or water pipes hidden in suspended
ceilings (right). They were moistly found in high and medium-rise
housing. They were unpopular because they were unreliable,
expensive to run (especially after fuel prices increased rapidly in
the early 1970s) and difficult to control.

Modern underfloor
systems

Modern underfloor systems are much easier to control than their
earlier counterpart. They are also far more reliable and efficient.
The principle is not so very different from microbore - but instead
of the manifold feeding a radiator, it feeds a coil of pipework
below the floor. Warm water is circulated through a series of pipes
laid in the floor of the room. These pipes form a continuous loop
and act to create a large radiant surface that will heat the room
to a comfortable temperature.

This is just a brief
introduction Visit the Hep20
web site for more
information.

Underfloor heating leaves wall space free from obstructions, giving
more freedom in room layout. It creates a comfortable
environment whilst needing lower energy input than traditional
radiator systems. Hepworth claim that the heat gradient creates a
‘warm feet, cool head’ environment in which heat is concentrated
at ‘living level’ rather than being wasted warming the ceiling
space. As a consequence energy costs are significantly reduced –
typically as much as 20%. No radiators also removes the risk of
the young and very old being burnt by hot surfaces.
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Underfloor heating systems typically have outputs of 80 – 100
watts per m2. Condensing type boilers are particularly suited to
underfloor heating because the low return temperature means that
the boiler will frequently operate in condensing mode when the
system is running. The underfloor heating system should be
connected to the boiler through the manifold. The manifold
controls the heat requirement for the underfloor system by
blending hot water from the boiler with cooler returned water from
the floor circuits. Most boilers have a high output temperature (80
to 85°) to cater for the other heat requirements of the dwelling
(e.g. hot water cylinder, radiators and towel rails), which means
that they should not be connected directly to the underfloor
system.

Click here for a more detailed
pdf showing floor coils and
floor sections. layout

Careful consideration needs to be given to the positioning of the
insulation in a ground floor slab (left). Insulation is generally
placed underneath the floor slab in order to meet Building
Regulations. However, in the case of an underfloor heating system
the insulation should be placed above the slab so the heat is
conducted up through the floor screed into the room. Pipes can
then be fixed directly to the insulation. The thickness of insulation
above the slab will vary according to the Building Regulations, but
is generally between 50 and 100 mm. Edge insulation should also
be positioned around the perimeter of rooms (above the slab), so
significantly reducing heat loss through the walls. Pipes are then
fixed into position following the appropriate circuit layout. There
are various fixing options. Some underfloor heating insulants have
pre-formed plastic facings into which the pipe can be located.
Alternatively special clips which push into the insulant and hold the
pipe firmly can be used. These clips are typically 45mm deep so,
to be effective, the insulant depth will need to be greater than
this. If there is reinforcing mesh in the screed the pipe can be
cable tied to the mesh. In timber floors (right) insulation is
battened between the joists and it is also common practice to lay
diffuser plates across the insulation to aid an even distribution of
heat.
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7 Electric Heating

Storage Radiators
Electric storage heaters are not really central heating but we still have included them on this
web site because it is an option worth considering. Storage Heaters use off-peak electricity
(supplied at a cheaper night-time rate) to store heat in special heat-retaining clay blocks.
These then give out heat slowly during the following day. Economy 7 and Economy 10 are both
current off-peak tariffs which usually require  a second electricity meter. Storage heaters are
manufactured in a range of sizes with storage capacity quoted in kWh, and a typical heater is
capable of being charged at a rate of 3.4kW and able to accept a maximum charge of 24 kWh
in a 7 hour charging period.

Modern, slim-line storage heaters often have a charge control (or an automatic charge
control) which adjusts the amount of heat stored overnight. An automatic charge control does
this by measuring the temperature in the room (or more rarely, outside the house) and if it is
milder, stores less heat (saving money in the process). If the storage heater has a manual
charge control, you will have to make this adjustment yourself.

Storage heaters give out their heat partly by radiation and partly
by convection:

radiation comes from the front panel - it cannot be
controlled (ie up or down)
the convected warm air can be adjusted by flaps above the
blocks. Some heaters also have a fan to produce a heat
boost; however it will also cool the heater down more
quickly.

Many people who use storage radiators are quite happy with
them. They are reliable, don't leak and unlike a boiler a
breakdown does not disable the whole house. On very cold days
supplementary heat is often required.

On some storage radiators (such as the Dimplex FXL model - left)
a fully automatic charge system ensures just the right amount of
heat is stored whatever the weather.  This meets the
requirements of Building Regulations Part L1, which now requires
all storage heaters installed in new buildings to be fitted with
automatic change controls. This particular model is also wired to
on-peak electricity so it can be used as a normal convector
heater as well.

These radiators can get quite hot and guards are available to
protect the young and the very old.

Thermal Storage
Whereas in a traditional system the boiler heats the water for the radiators and, via a heat
exchange coil, heats the water in the cylinder for the domestic hot water, an electric thermal
store reverses these functions. In a thermal storage system it is the water in the cylinder which
is heated by the electric boiler (mostly off-peak), then stored and maintained at a constant
temperature and pumped through the radiators as required. The water for taps and showers
coming from the mains supply, is heated by the hot water in the cylinder via a highly efficient
plate heat exchanger and then goes on to the taps and showers - still at mains pressure. 

This offers a number of benefits:

The store acts as a 'cushion', with the boiler only having to
meet average demand - so it is possible to install a smaller
boiler.
The boiler will operate at close to peak efficiency. With the
exceptionally high insulation levels of the thermal store
ensuring that the water temperature rarely drops more than
10-15 degrees, the demands on the boiler are such that
stop/start cycles are greatly reduced, producing savings in
running costs.
The primary water in the thermal store is always available
instantly at optimum temperature. Radiators are therefore
heated almost instantaneously, resulting in a rapid rise in
room temperature.
With combined units available which include an integral
boiler, it is possible to take the boiler out of the kitchen and
into the airing cupboard.
Controls are simplified as hot water programming is no
longer necessary.
Good shower pressure
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The capability to provide high simultaneous demands, to
serve different locations at the same time
No cisterns or pipes in the loft, so no need to worry about
freezing pipes in the winter

The graphic on the left shows the main features of a thermal
storage system. Gledhill, the makers of the unit, shown on the
right, also produce units suitable for oil and gas boilers.
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