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1475 – St Pauls Church

1. Introduction
This report has been prepared by Skelly and Couch Ltd to inform St
Pauls Church, located on Long Lane, Finchley, of their heating and
insulation options. The church was built in 1886, reordered in 1979 and
in 2008 an extension was built along the South Eastern face. The study
considers the most efficient way to heat the original church building
only. It does not review the gas fired boiler installation and underfloor
heating in the 2008 extension.

The sustainability goals are informed by Skelly & Couch’s knowledge of:
•
•
•
•

the minimum requirements set out in the current building
regulations;
the current UK construction industry best practice for
retrofits/upgrades of existing buildings;
the government’s aspiration for the country to be net zero
carbon by 2050; and
‘Shrinking the Footprint’, the church of England’s commitment
to reducing its carbon emissions by 80% by 2050.

Various methods to reduce annual heat energy demands are discussed
in the energy saving section. There is advice applicable to all buildings,
as well as solutions to church specific insulation challenges.
The advantages and disadvantages of each potential heating option are
discussed, including the payback time for each option.

The calculated heat losses were then used to calculate predicted energy
use and the results cross checked against actual gas consumption data
for the church to check accuracy of any assumptions. Average annual
energy usages have been calculated using ‘Degree Days’ data from
CIBSE A Guide, for average temperatures in London (Heathrow) 19822002.
The primary aims of the project are:
•
•
•
•
•
•
•
•

Currently, three services are held on Sunday (10am, 2pm and 5.30pm)
and the church is open from 9am until 9pm. Congregational numbers
vary considerably from 60 to 300 plus. Currently, there is no regular
midweek use. Occasional events are held in the building, such as music
concerts put on by community groups and workshops run by the church
to support Religious Education in three local primary schools as well as
special services to mark Christian festivals, including, Christmas and
Easter, and funerals and weddings.

The main St Paul’s Church nave
The report is split into four sections:
•
•
•

•

a review of the existing installations and building
the sustainability goals the project should consider;
the energy saving options available to reduce heating demand
(which could be implemented as part of this project or future
projects); and
the heating options available in the short-term.

It is the Church’s intention to carry out the upgrade works in the
summer of 2020 ready for the next winter.
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to enhance the worship experience of the different Christian
communities that use the building;
to enable the building to be a resource which promotes the
church’s witness to the local community;
to use the building more effectively in serving the local
community;
to increase the range of activities that take place within the
building;
to improve the accessibility of the space by making it more
comfortable;
to improve the control of the environmental conditions in the
winter;
to improve the financial sustainability of the church as a
whole; and
to reduce the environmental impact of the building.

Northern corner of St Pauls Church
All heat loss calculations have been carried out in accordance with the
Chartered Institution of Building Services Engineers [CIBSE] Guide A –
Environmental Design. The dimensions of the church were determined
from the scale drawings produced by BCH Architects in 2005 for the
extension building project, which also covered most of the main church
building. Existing building fabric constructions and airtightness levels
were based on assumption derived from site observations.
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2. The Existing Building and Heating
System
2.1

The Main Church Building

The church dates from 1886, a period in which the Victorians carried
out an extensive building programme around the country, including
many new churches. It is located on the corner of Long Lane and Dukes
Avenue, Finchley. It is orientated with the communion table at the east
end of the building. The adjoining St. Paul’s Centre was completed in
2008. The church is neither listed nor situated in a conservation area.
A detailed survey or analysis of the historic church fabric is not available
but some plans and elevations of the original building are included in
the 2008 extension planning report and drawings. These drawings have
been used to inform this study and the assumptions within it.
The walls are stone clad on the outside and brick clad on the inside. The
walls are approximately 0.7m thick and given the age of the building it
is likely the walls are solid (i.e. no cavity) with a rubble mix infill between
the stone and the brick faces.

The front half of the nave
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The main church wall envelope includes approximately 80m² of single
glazed stained-glass windows with stone mullions, tracery, sills and
jambs.

The side aisles have lower ceilings and smaller less ornate windows and
in places have been subdivided from the main church nave by partitions
to form, ancillary rooms lobbies and support facilities.

The roof structure is formed from large timber hammer arch trusses
which appear to have been strengthened through the addition of a
horizontal timber tie. The timber purlins are exposed and timber
panelling lines the inside of the roof to form the ceiling and covers the
rafters behind. The roof is topped with clay tiles. The church believe
that the roof is not insulated.

The next section describes the heating systems employed in the past.

The floor is a timber parquet floor. It is assumed that the floor structure
beneath is suspended with a ventilated cavity.
The nave has been subdivided half way along the plan with a solid
partition at high level and flexible moveable partition at low level.

The rear half of the church

Photo of the ceiling and windows in the aisles
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Plan of the historic church building before the 2008 extension (not to
scale)
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Elevations of the historic church building before the 2005 extension
(not to scale)
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2.2

The Original Victorian Heating System

The original church heating appears to be a Victorian warm air system,
with a stove apparatus in the basement plant room and outlet gratings
in the nave.
Such a system was installed in several Cathedrals, and numerous
Churches and Chapels throughout the country at the time St Paul’s
Church was constructed and was probably developed, manufactured,
supplied and installed by John Grundy (1844 – 1913) of John Grundy
Ltd, Heating and Ventilating Engineers, who were based in London but
had foundries in Parr Street Tyldesley in 1886.

John Grundy (1844 – 1913) of John Grundy Ltd

Photograph of a John Grundy show room in 393a City Road London,
N1.
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The stove door that remains visible in the basement is not original. John
Grundy Ltd had a reciprocal agreement with the Blackburn firm
Blakewater Foundry and they regularly passed work to each other
around the 1950’s or 60’s. Therefore it is likely the stove was upgraded
around this time using the latest stove technology. Indeed, the
inscription wording on the access door is similar to one at the United
Reformed Church, Hadleigh installed in the 1950's and the Christ
Church Cockfosters London. It is likely that the original stove was coal
fired and that in the 1950’s it was upgraded and converted to gas.

The Grundy warm-air stove, St Paul’s Church, Deptford, London.

Access door at the United Reformed Church, Hadleigh, has the same
inscription as St Paul’s Church.

Extract taken from a John Grundy Ltd 1930's publication "EIGHTY
YEARS of CHURCH HEATING".

St Peter’s Parish Church Yaxley, Cambridgeshire, showing similar
gratings to St Paul’s Church Finchley.
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Design drawing from the United Reformed Church at Hadleigh in
Suffolk, showing how warm air was ducted beneath floor to outlets in
a similar way to the way the outlet at the alter at St Paul’s Church is
served. Other outlets may also have been provided but these could not
be seen on our visit and may have been covered up or removed.

The Victorian principle of heating by warm air was relatively straightforward, particularly in Churches and similar buildings where it was
accomplished by gravity only. In the small number of cases where
gravity could be relied upon, a fan was introduced. Of course
acceptable comfort conditions were different to modern day
expectations, but at the time the system was thought to provide a
relatively uniform level of heat.
In operation, air when heated becomes lighter than the surrounding
atmosphere. It immediately rises at a high velocity in a perpendicular
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direction, until it reaches the highest point in any building. It then
spreads in a horizontal direction, and descends at a very low velocity.
During the process the leading stream of air gives up some of its heat
and becomes cooler and heavier. The incoming stream of warm and
light air, being continuous, gradually displaces the cooler and heavier
air, causing it to descend at a very low velocity, evenly throughout the
building.
As the roof was uninsulated this technique would have used more
energy than was necessary to achieve the desired conditions.
The Grundy Stove was the subject of patent no. 2949 dated 1864.
Initially it was probably fired by coal, but when the system was
reconditioned in the 1950’s it may have been converted to natural gas.

a.
b.
c.
d.
e.
f.
g.
h.
i.
j.

the bed plate, fire-box, and nozzle of the stove
the grate or fire-bars
the fire door
the flue or pipe leading to the chimney
the chamber
the walls
the ash-pit
the apertures opening into the chamber for the admission of
cold air
the pipes for the conveyance of the air heated by the heat of
the stove
iron bars built into the brickwork to support the bottom of
the pipes

An example of the plenum chamber arrangement for the installation of
the warm air stove can be clearly seen in this Grundy drawing which
dates from around 1890

A stove having at the top part a pipe connected by a flue to the chimney,
and placed in a chamber surrounded by brickwork, earthenware, or
other suitable material, so as to allow a space between the stove and
wall of the chamber (where the air is warmed). In many instances the
flue gases were routed in large cast iron finned tubing (economiser
pipes) to improve heat exchange between the combustion in the stove
and the air chamber (this appears to be the case at St Paul’s Church).
Near the bottom of the chamber there are apertures in the walls for the
entrance of cold air to be heated by the stove when the fuel is in a state
of ignition. Apertures at the top of the chamber allow the egress of
heated air to the building.
The economiser pipes and sometimes the stove itself are covered in the
aisle by cast iron floor gratings, and the church is heated by the natural
circulation of warmed air up through these gratings. Although originally
some cold fresh air from the outside was fed in through pipes under the
aisles, the main air circulation adapted to be routed through fireproof
screens which stand beside the stove and flue pipes, to draw down cool
air at the sides of the pit into the base of the stove.

Diagram of the stove from the patent
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2.3

The Current Heating System

The diagram below summarises the current arrangement of the heating
systems.
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Summary
The main body of the historic church building is heated by warm air
heating. Two separate units are located at either end of the church.
This split system allows the front and rear sections of the church to be
heated independently when the folding doors in the nave are closed.

The Rear Half of the Nave [Hall] Warm Air Heating
Systems
The rear of the nave is heated by a gas fired warm air heater located
above the toilets at the back of the church and heats the rear of the
nave.

The northern aisle has piped radiators and fan convectors connected to
domestic style wall mounted boiler.

However, the output from the system at the rear of the church is far
less than that of the system at the front.

The southern aisle also has a radiator in the room marked ‘Sunday
School’ on the sketch above. This radiator does not work and it not
clear whether it is connected to the northern aisle system. It is
understood that it is not connected to the new 2008 extension.

1 x Reznor Warm Air Unit 225 – Open Flue. Its assumed output is
225,000 BTU/hr (66 kW) rather than 225 kW, as no face plate was visible
upon inspection and anecdotal evidence suggests its output is
significantly lower than the front of nave unit. The unit was installed in
1979 and is at the end of its serviceable life.

Main Church Nave and Chancel Warm Air Heating System
The warm air heater serving the front half of the nave, the chancel and
sanctuary is located in a loft space above the Vestry in the south east
corner.
The unit is a direct gas fired flueless warm air heater (PC Rapid CE500)
installed in 1998 and is coming towards the end of its serviceable life.
Its output is 262 kW.
Whilst this type of unit is very efficient at transferring energy from the
gas into the air (90%), it does rely on heating cold air from outside to
generate the high flow rates to get the heat into the space.
Heating the air from outside rather than the air from the space itself is
very energy intensive and more difficult to control, so if this system was
to be replace with an equivalent warm air system, a recirculating
system should be considered.
Also, by being direct gas fired, the heated air also includes a large
amount of moisture from the combustion process, which can lead to
increased condensation risk within the building itself.
If a recirculating system were to be considered then the new warm air
heater would require a flue if it were to remain gas fired.
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Existing warm air heating installed in 1998 and 1979 respectively.
The Northern Aisle Heating System
This system was not producing heat when we visited site and we
understand it has not been functioning for some time. Whilst a review
of this system is not part of our original engagement, we suggest the
boiler that serves this system is replaced and the pipework flushed and
cleaned prior to restarting. This work could form part of a separate
project but it is suggested that this work is done alongside the main
church heating works.

Desired Improvements to the Heating System
At present, anecdotal evidence suggests that the existing system does
not generate enough heat to ensure that the building is warm in the
colder months of the winter and is no longer fit for purpose. As a result,
the building is not suitable for community use in the winter months and
so does not generate enough income to facilitate its maintenance and
development.
The gas fired boiler that serves the front of the church is the primary
heat source in the historic building. This is noisy and causes a high rate
of air circulation, so the presentation screen rattles when in use. As gas
is a finite fossil fuel, this is not a sustainable heating system. The high
roof of the church also means that much of the heated air is sitting in
the roof and not down in the occupied zone, thus making it a highly
inefficient system.
It is important that any new system can provide for independent
servicing and control of the two zones of the main nave.

The Southern Aisle Heating System
Whilst this area is outside the scope of this study, we suggest further
work needs to be undertaken to understand where the single radiator
in this wing is supplied from and what work is required to reinstate it.
Any improvement of the heating system and the temperatures in these
areas would help improve heat losses from the rear part of the nave.
One option might be to put in new radiators linked to the northern aisle
system. The northern and southern aisles could be linked using discrete
heating pipes boxed in at low level in a skirting detail at the back of the
church.

10

1475 – St Pauls Church

3. Sustainability Aims
The need to create a more sustainable built environment for future
generations has led to the introduction of a series of minimum design
standards for sustainable design and construction of new and
refurbished buildings. This section summarises the requirements for
sustainable design set by the building regulations (building control), in
relation to this project.
Any modern intervention with a historic building should aim to make
improvements to its energy use and look to make it as environmentally
friendly as possible. Improving the efficiency of buildings can have a
large impact on climate change; existing building stock is responsible
for 36% of CO2 emissions in the EU.

The best approach to energy conservation is to take a LEAN, CLEAN,
GREEN approach to design:
•
•
•

LEAN – Reduce Energy Demand by making the building more
efficient
CLEAN – Service energy demand efficiently
GREEN – Supply Energy for Renewable or Low Carbon Sources

The figure below illustrates how this hierarchical approach can be used
in building design.

Possible LEAN interventions to consider are covered in the next section
that discusses the options for saving energy by improving the thermal
fabric.
Possible CLEAN interventions are covered in the section covering the
different options for the replacement heating systems
GREEN options are not considered in detail here but the current use of
renewably source electrical energy from Good Energy by the church
could be considered to be contributing to this goal.

The minimum baseline for the design is to meet the requirements set
out in the Building Regulations Approved Document L2B.
The Government is aiming for the UK to be carbon zero by 2050 and
although regulations have not yet been adapted to match that
commitment, this goal should influence all decisions made regarding
insulation and heating fuel.

Graph courtesy of ICAX, showing the projections of the Carbon Grid
Factor made in 2016 and 2017
The rapid decarbonisation of the National Grid is making electricity the
most sustainable energy source; grams of CO2 per kWh have more than
halved since 2014 and are projected to halve again by 2035, as shown
in the figure below.

© Skelly & Couch /1475-SAC-RPT-Heating Options Report /Rev 3.0
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4. Lean Energy Saving Options
4.1

Lean Interventions

One of the best ways to conserve energy in existing buildings is to
increase the levels of insulation in the existing building fabric. The
advantages of this are:
•
•
•
•
•
•

Improved comfort in the space in winter
Improved comfort in the space in peak summer months
Reduced heat loads, thus meaning smaller plant and
equipment required
Reduced energy bills
Reduced carbon footprint and impact on the environment
Improved control of the thermal environment

The most effective options available to the church are:
•
•

Improving the performance of the glazing
Adding insulation to the roof

The rest of this section considers the impact of these interventions and
the likely benefit and paybacks.

4.2

Calculation Parameters

The CIBSE Journal recommends a constant minimum running
temperature of 8-12°C1 to keep surface and interstitial condensation at
bay. Historic England state that the best running temperature for the
fabric of the church is 8-10°C and churches should not be heated to
home or office temperatures (such as 20°C) as this puts strain on the
building.
The actual setpoint of the current heating system is not known. The
church’s desire room temperature based on experience of the existing
warm air heating system is 19°C. For the purposes of this study, the
Church has been analysed as a building that is kept at 18°C for 4 hours
a day, 5 days a week, and is run at 10°C the remainder of the time. As
the CIBSE Guide recommends, the baseline running temperature has
been set to 10°C to minimise energy usage.

The Approved Document that accompanies Part L of the Building
Regulations for Existing Buildings other than Dwellings calls for
insulation between rafters in a pitched roof to have a U-Value of
0.18Wm¯²K¯¹. The U-Value of the current roof is predicted to be
2.1Wm¯²K¯¹. This is significantly poorer than the modern standards set.
However, the building regulations state that exemptions may be
granted for historic buildings where it is unfeasible to achieve the
stated U-Value and conserve the appearance and character of the
building. In addition, if the payback time on any insulation exceeds 15
years then the building is not required to meet the 0.18Wm¯²K¯¹ target.
The rest of this section discusses how a lower U-Value for the roof can
be reached, and the monetary gains this will bring.

The analysis considers the impact of:
•
•

all the windows being provided with protective secondary
glazing, and
all 600m² of roofing above the main hall being insulated.

The cost shown for the roof insulation options is the price of adding the
insulation only. It does not include prices for scaffolding, taking tiles off
and reapplying them etc.
The price of gas used in the calculations is 3.1138 pence / kWh, which
is the rate currently charged to the church by their gas supplier CNG
(taken from the latest gas bill statements) No future increases in gas
prices have been factored into the calculations at this stage.
The following thermal transmittance values were used for the existing
fabric:
Component
Fabric

of

Church

Current Thermal
Transmittance
(U-Value)
[W/m2K]
2.1 W/m2K

Total Area
[m2]

Windows

4.3 W/m2K

80 m2

Walls (exposed to outside)

1.8 W/m2K

360 m2

Roof

600 m2

1

https://www.cibsejournal.com/general/tidings-of-comfort-and-joy-costefficient-church-heating/
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4.3

Windows

Despite the building not being a listed building, replacing the existing
single glazed windows for more efficient double-glazed windows is
unlikely to be acceptable in terms of the internal aesthetic. Therefore,
a secondary glazing system that leaves the existing windows in situ has
been considered.

The graph below shows how much energy is required from the heating
system to discount heat lost from the windows. Over the course of an
average year in London, 8800kWh of heating is required for single
glazed windows, and 2900kWh for double glazing. Energy consumption
concerning the windows reduces by 2/3 if protective glazing is added.

Type

~Cost

Money
saved/year
Protective
£33,000 £150
glazing1
U-Value
Polycarbonate
from
or glass.
4.3Wm¯²K¯¹
to
1.6Wm¯²K¯¹

Payback Advantages
Disadvantages
time
220
• Huge improvement on insulation value.
• Very expensive
years
• Conservation; relieves stained glass of role as climate
• Change the façade of the church.
barrier.
• As a proportion of their area, the windows are
contributing the most to heat loss from the building.
• Protects stained glass windows from environment and
vandalism
• Also provides noise insulation of around 45dB1.
• Improved comfort from reduced cold down draughts
from windows

1800

A stained-glass window in St Pauls Church

Single Glazing

Double Glazing

1600

Such systems are very popular in Switzerland - 50% of the 300 churches
in Zurich have been fitted with protective glazing (protective glazing).
They can be fitted either inside or outside depending on the depth of
the reveal and are usually unventilated (but it is hard to make them
airtight). The frame can be wooden or metal.

1400

Energy/kWh

1200
1000
800
600
400
200
0
Jan

Examples of secondary glazing on Church windows
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Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Month

Heating to compensate heat loss from windows
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Roofing
2.50

U-Value/Wm¯²K¯¹.

The table on the right summarises the costs, advantages and
disadvantages of different options for insulating the roof.
The costs for the roof insulations do not include installation costs and
therefore represent the additional cost of adding the insulation should
the church be doing work to the roof. Costs are estimated upon buying
630m2 of insulation – an additional 5% of the area to account for
wastage.

Materials for Insulation
Above and beneath the rafters
A rigid insulating board will normally be used above the rafters. Wood
fibre board with a breathable lime plaster is a typical material to use, as
it has sufficient thermal properties to reduce heat loss and cold bridging
and can be laid tightly to reduce unwanted air filtration. It is vapour
permeable so the structure can ‘breathe’.
Foam based insulation boards that have little to no vapour permeability
can cause long term problems of decay and mould for timber roofs.
Note for bats
At present there are no bats roosting in the roof of the church. But if
this were to change before works to the roof were undertaken, wood
fibre insulation boards should be used to remove the need for breather
membranes, which can be dangerous for bats, as they can get trapped
in the fibres. Wood fibre insulation is extremely good at transporting
moister, no such membrane is required.
Between rafters
Natural fibre-based insulation like sheep’s wool or hemp fibre are
suitable for use between the rafters, as they are hygroscopic2, nonhazardous and retain their thermal properties when damp. Cellulose
insulation (fibres derived from newsprint) can also be used, but its
performance is compromised if exposed to moisture. Flexible
insulation batts and rolls are best to use between rafters as they can
achieve a tight fit.
2

They can absorb and release excess moisture.
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2.00

20000

1.50

15000

1.00

10000

0.50

5000

0.00

The roof may need to be strengthened to bear the weight of the
insulation, although this is thought to be unlikely, and therefore the
costs of this have not been included.
Highly skilled workmanship is required to achieve effective insulation.
Although included, insulating only between the rafters is not a viable
option – once an air gap has been left to avoid condensation, there is
not enough depth left between the rafters to install a thickness of
ventilation that can achieve a low enough U-Value.

25000

U-Value

0
0

50

100

Price (£) per 630m²

4.4

150

Thickness/mm

How price and U-Value vary with thickness
of wood fibre sarking boards
Type
‘Sarking’
insulation
over
rafters

~Cost

Money
saved/year
~£21,0001
to £760
achieve U-Value
0.32Wm¯²K¯¹ +
cost
of
scaffolding?!

Payback
time
27 years

Advantages
•
•

•

Insulation
between
rafters

Insulation
below
rafters

~£5,0001
to £670
achieve U-Value
0.58Wm¯²K¯¹.

~£21,000
to £760
achieve U-Value
0.32Wm¯²K¯¹.

Combined ~£26,000 U-Value £800
approach:
0.22Wm¯²K¯¹
above and
between
rafters1

7.5 years

•
•
•

27 years

•
•

33 years

•
•

Disadvantages

Tightly fitted over rafters
reduces air infiltration.
Unbroken
layer
of
insulation – avoids risk of
thermal bridging.
Insulation above rafters
leaves structure of roof
warm and dry, reducing
risk of condensation
which could result in
timber decay.
Does not require height of
roof to be changed.
Cheaper
Lath and plaster ceilings
can be retained if
insulation added from
above.

•

Does not require height of
roof to be changed.
Can be installed without
stripping
the
roof
coverings (unless it is
impervious felt).
Likely to be most
effective.
Negates many of the
individual disadvantages
to each method.

•

•

•

•

•
•
•

Change in appearance – roofline
raised. Typical height increases of 25100mm. The verges and eaves will also
require changing.
Additional costs include scaffolding
and temporary roofing.

Worthwhile
improvements
to
insulation are only possible if the
rafters are deep enough to hold a thick
layer.
Impermeable insulation between
rafters could result in water vapour
permeating rafters and in extreme
cases causing rot.
Change proportions of internal
volume.
Difficult to detail at junctions, and may
conceal historic cornices/frames etc
Not readily reversible – removal may
result in extensive damage.
Additional cost
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4.5

Other Considerations

Condensation Risks and Ventilation
Warm air can hold more water vapour than cold air. When air is cooled
below its dew point (dictated by the ambient temperature and humidity
of the air) water will condense out of it.

The Benefits of LEAN Interventions
As mentioned above, modern roofs should have a U-Value of
0.18Wm¯²K¯¹. The present roof is estimated to have a U-Value of
2.1Wm¯²K¯¹. Currently, an estimated 55% of the church halls total heat
loss is through the roof - in a modern building, it is around 25%. Large
amounts of heat loss can be reduced by installing adequate insulation.

Thermal bridges are regions with less/ineffective insulation and are
consequently colder than surrounding areas. When the warm air
passes over a thermal bridge, (for example at a joint between sarking
insulation boards) it is cooled, and the water vapour held in the air
condenses. This can lead to the growth of mould and timber decay.
This is a health risk, and structural damage to the church. Damp fabric
also reduces thermal efficiency and spoils plasterwork and furniture.
The more people there are in the building, the more water vapour is
produced. Activities like bathing and cooking also produce more water
vapour. As the main hall of St Paul’s is not used for these activities and
is not continuously used, excessive water vapour production should not
be a problem for the church.

Examples of a Chimney ‘Sheep’ and Chimney ‘Balloon’ respectively

As stated in the table, it will take roughly 33 years to payback the cost
of insulating the roof to a U-Value of 0.22Wm¯²K¯¹. The current Building
Regulations do not require the roof to achieve a U-Value of
0.18Wm¯²K¯¹ if the payback time exceeds 15 years. The church is
unlikely to achieve the Regulations aim; however, considerable gains
can still be made.
The most advisable way of insulating the roof is a combined approach
of the methods discussed in the table. Adding sarking boards above the
rafters is considered the best and most effective way to insulate a roof.
This is best done the next time the roof needs to be maintained.

It is likely that St Pauls, along with most buildings built before 1919,
does not have damp-proof courses or membranes (DPCs or DPMs), so
there is no barrier to moisture seeping in the walls and floors
respectively. This also means that moist air from inside can leave the
roof. As the building can ‘breathe’, allowing evaporation, dampness
should not build up over time, and there is no need to have fully
ventilated roof and air gap.

This is also the most long-term solution.
Component
of Church
Fabric

Drafts and Leaks
There are many DIY options for finding and fixing air leaks. It would be
good to check around any attic openings, wiring holes, plumbing vents
and flues or ducts. Holding a smoking match and seeing if the trail of
smoke rises steadily or not is a way to check if there is air infiltration.

Total
Area
[m2]

Roof

600 m2

Windows

80 m2

Current
Potential
ImproveThermal
Thermal
ment
Transmittance Transmittance
(U-Value)
(U-Value)
[W/m2K]
[W/m2K]
2
2.1 W/m K
0.22Wm¯²K¯¹
90%
4.3 W/m2K

1.6Wm¯²K¯¹

62%

If St Pauls achieves these potential U-values for the windows and roof,
their annual energy bill would decrease from £16003 to £600 – a
percentage decrease of 60%. This is a reduction of roughly 50,000kWh
to 20,000kWh annually, which with gas heating is equivalent to
reduction of between 3.7 – 9.2 tonnes of CO2, and with electric heating
is equivalent to reduction of between 5.1 – 12.8 kg of CO2.

Caulk can be used to fill in small cracks and spray foam for larger ones.
Self-adhesive weather stripping can be put down the side of windows.
In St Pauls, the chimneys should be draught-proofed if not already. A
chimney ‘Sheep’ or ‘Balloon’ can be put up the chimney to stop air flow
(see figure below).
The large chamber where the old Victorian cast iron heating system is
still placed, leading from the choir’s seating area to the altar, should be
examined for air leaks and sealed accordingly.

3

£1600 has been predicted from the heat loss calculations and degree days
data. St Paul’s annual gas bill for October 2018 – September 2019 was £2892.
However, this is for the entire building and extension. In this report, we are
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only concerned with the main church hall. The total building has an
approximate footprint of 780m2, so the main hall (350 m²) is roughly 45% of
the total footprint. The prediction that heating the main church hall requires

55% of the total bill makes sense, as the volume of air is the largest for the
given footprint of the rooms.
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5. Heating
5.1

Simple Changes to Current Heating Systems

As a minimum, the existing warm air heaters can be reconfigured in
their current locations and replaced with new recirculating gas fired
warm air heaters. A few subtle tweaks could be made to the existing
design to make it more comfortable and efficient.
Rear of Nave Heater
The rear of nave warm air heater needs to have its entire installation
(with exception of gas and electrical supplies) stripped out to make way
for a new heater. A 75 kW heater is suggested.
We also suggest that the supply and extract grille arrangement is
changed. A series of supply jet nozzles along the length of the space
should be added to direct the warm air towards the occupants from
high level and thus heating the space more evenly. We also suggest a
low-level return grille is added, to pull cold air from the floor near the
large glazed window.
Installation costs are likely to be in the order of £45,000
The diagram on the right explains the proposal.
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Front of Nave Heater
The front of nave warm air heater needs to have its entire installation
(with exception of gas and electrical supplies) stripped out to make way
for a new heater. A 100 kW heater is suggested.
This heater should be reconfigured to allow it to heat air from the space
and not from outside. There is enough ventilation occurring from
natural leaks that this will not cause a problem for the rate of
ventilation in the space. This recirculating heat recovery will reduce
energy consumption significantly.
Again we also suggest that the supply grille arrangement is changed. A
series of supply jet nozzles arranged on the two sides of the vestry
should be added to direct the warm air towards the occupants from
high level and thus heating the space more evenly. We also suggest a
low level return grille is added, to pull cold air from the floor near the
large glazed window.
Installation costs for this heater is likely to be in the order of £45,000.
The diagram on the right explains the proposal.

Destratification Fans
Destratification fans can be added to the ceilings to recirculate the
warmer air that has risen to the roof. This will lower the heating output
necessary to achieve a comfortable internal temperature. They operate
quietly and effectively but would unfortunately affect the inner
appearance of the church.
The most discrete type of system that could be used would be
something like an Airius Model 45/PS-2, which is a 373mm diameter
drum about 450mm high.

Likely installation cost £30,000
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Without a destratification fan – 28°C roof. With a destratification fan –
21°C roof.
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Form of Heat

Due to the high ceiling of the church, heating by way of convection is
inefficient and ineffective. The air is warmed, and therefore is less
dense and rises to the roof, where it will be lost due to poor insulation.
Heating is required up to roughly 2m above the ground to ensure all
congregation members are comfortable; as shown in the figure below,
it is impossible to heat a targeted space via convection. The humidity
and condensation associated with spaces heated by convection heating
spaces can also result in the damage of church ceilings and paintings.

Radiant heating is not perfect – it won’t provide an ambient feeling of
warmth inside the church (it does not warm the air), and too much
radiant heat directed at the heads of the congregation can also cause
discomfort. It must also be noted that fabrics, fixtures and fittings can
suffer negative effects from radiation if the heaters are poorly
positioned.
Due to the nature of the building, radiant heating is the most
economical option, but on its own is unlikely to provide all the thermal
needs of the church, as on a very cold windy day, the negative effect of
cold drafts around ankles and feet, from air leakage, may counter the
positive effects of the radiant heat.

5.3

PMV is the Predicted Mean Vote; a seven-point scale varying from -3 to
+35, where zero equates to perfect thermal equilibrium. PPD is the
Predicted Percentage Dissatisfied.6 The results show that people are
likely to get more uncomfortable the greater the proportion θc comes
from radiant heat so in extreme conditions of low air temperature a
completely radiant system is not ideal. However, these results do not
take into consideration human activity – if the congregation are
uncomfortable, they can alter their ‘clothing insulation’ factor, so this
diagram purely serves as a simplistic guide.

In tall spaces, heating by form of radiation is the most effective method;
radiant heaters provide warmth instantly when turned on, and only
heat the people and fabric of the building and all of the energy put into
the emitter is converted to heat (100% efficient). No preheating time
is required, unlike convection heaters which would need hours before
the service to achieve a suitable temperature inside the church. Energy
is not wasted heating the air, so it is not affected by drafts. Air
temperatures can be 1 to 2°C lower than with a convective system. A
lower wattage is required for a radiation heater to reach an equivalent
temperature in comparison to a convection heater. So, energy bills can
be lower, when comparing gas convective heating with gas radiant
heating, or electrical convective heating with electric radiant heating.
All the radiant heat options listed below operate silently, so won’t
disrupt the peace of worship.

4

This is based on a middle-aged woman sitting down. Air humidity is average
for December.
5
-3 cold, -2 cool, -1 slightly cool, 0 neutral, +1 slightly warm, +2 warm, +3 hot
6
This model was developed by Fanger, who used heat-balance equations and
empirical studies to define comfort.
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Variable
Metabolic energy production

Average value4
58Wm¯²

Clothing insulation

1.3 clo (=0.202Wm¯²K¯¹)

Ambient air temperature

Variable

Mean radiant temperature

Variable

Relative air velocity

0.1ms¯¹

Relative air humidity

80%

The standard index of thermal comfort for moderate environments
(when air speed is less than 0.2ms¯¹ - no drafts) is the operative
temperature. This is given by θc = (θair + θradiant)/2 where θradiant is the
mean radiant temperature in the room and θair is internal air
temperature (°C). Therefore, for a given comfort temperature θc, the
temperature of the air can fall if the mean radiant temperature rises.
So, energy can be saved through reducing the heating of the air.
The figure below shows how comfort varies with radiant heat, if the
operative temperature is modelled at a constant 18°C (therefore when
MRT is 20°C, ambient air temperature is 16°C).

7

PMV

PPD

0.2

Comfort Analysis

The maximum difference between the radiant temperatures on the surface
of an element cube. An asymmetry of 23°C is accepting an average of 5% of
people experiencing discomfort. There have been no significant differences
observed between men and woman reacting to radiant asymmetry. 23°C is for
a vertical heat source.

25
20

0

People will be comfortable if their body is in thermal equilibrium with
their environment; their rate of heat loss equals rate of heat gain. There
are six relevant parameters that determine thermal comfort, stated
below along with the average values used in the calculations.

Heating by convection vs heating by radiation

Mean radiant temperature (°C)

0.4

PMV

0

5
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15
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10
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5.2

-0.6
5

-0.8
-1

0

How comfort varies with radiant heat

Using the PMV method, no more than 20% of occupants can be
dissatisfied (as symbolised by the red line), which shows mean radiant
temperatures higher than 25°C are not desirable, meaning that as the
air temperature gets warmer and the overall fabric temperature
increases, the temperature and area of the radiant heaters needs to
decrease.
The ISO 7730 (2005) specifies that 23°C is the maximum radiant
temperature asymmetry that can be tolerated before people become
uncomfortable. 7
Longwave and mediumwave IR have high absorbency, low reflection,
and do not penetrate deep into the skin. They provide both efficient
and comfortable heating for the congregation. Shortwave IR provides
very high temperatures and is intensive heat. However, much of the
shorter wavelengths are reflected by humans.8
8

As humans are 80% water, the optimum wavelength of IR is the wavelength
at which water best absorbs it.
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5.4 Other Heating Options
The impact of a range of different heating options normally utilised in
churches have been considered.
Type

Heat

Radiators

~60%
convection
40%
radiation

Convectors

Convection

Price

Usage
Occasional/all
the time

Electric/
gas
powered

£318
per
0.45x1.6m
2kW radiator9
Plus boiler and
installation
costs – Total
~£90,000.
£270 for 2kW
heater10, total
£100,000.

Electric/
gas
powered

~£240 per m2
240 x 350
=£84,00011

Needs to be on
all the time

Wall Heating
Radiation
Electric radiant
heating
panels/quartz
radiant
heaters

Electric

£1000 for 1kW Occasional
heater, 1.2 x usage
0.85m
(For
total
prices
see
below)

Drywall
Radiation
Installation
Radiant Wall
heating kit12

Hot water £2600 for four All the time
– gas
9.6m2 walls,
830W,
plus
boiler costs
£300,000 total
installed cost

Underfloor
heating

Radiation

Energy
source
Electric/
gas
powered

The table below summarises the results of this study.

Occasional/
the time

Advantages

all

Further details can be found in Appendix A.
Disadvantages

•
•
•
•

Simple and compact
Low maintenance
Wide range of styles and sizes
Combined radiation and convection output
promote a comfortable environment.

•
•
•

Slow thermal response
Will be visible around perimeter
Despite name, are mainly convective

•
•

Quicker warm up time compared to radiators
Can be wall mounted or free standing

•

All hot air will rise to ceiling, congregation will not
receive much heat.
Periodic cleaning required to remove dust/dirt build
up in casing.

•

9

Stelrad Vita Plan K2 radiator. This size radiator had the best price to power
ratio.
10
Estimated using De’Longhi Thermo Convector Heater.
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•
•
•
•
•
•

•
•
•

Largely radiant heat, more effective for church
environment. Heat is not lost to ceiling.
Not a visible heating source
More energy efficient than radiator or convector
systems.

•
•
•
•

Floor must be removed
Can be difficult to access for repairs.
Not suited for intermittently occupied spaces.
Slow response to changes in temperature settings.

Can be installed with little damage to fabric of the
building.
Can be attached to walls or free standing.
Panels can be directed to users

•

Visually intrusive (particularly the quartz radiant
heaters with the orange glowing filaments).
The quartz heaters also emit UV radiation poses a
risk for both people and artwork.
Requires wall space.

Efficient assembly – prefabricated drywall panels
Invisible heat source
Offers individual room control and can be
connected to existing heating system.

•
•
•
•

•
•

•

11

Estimated using JUPITER Heating Systems Ltd and Church Underfloor
Heating.

Very Expensive
Changing appearance and width of the walls.
Large areas required
Not easy to integrate in areas where finish is
exposed brickwork.
Panels are not directed towards users.

12

https://flexiro.de/en/wall-heating-drywall/ Price estimated from water
temperature of 32°C and room temperature of 20°C.
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Type

Heat

Pew Heating
Within seats13

Radiant

By feet14

Chandelier
heating15

Electrically
heated glass

Convection

Radiant

Radiant

Energy
source
Electric

Electric

Electric

Electric

Price

Usage

£20,000
for
60m
(120
people) of pew
heating,
including
materials and
installation.
10-year
guarantee
£1000
for
750W, 95cm
heater.

Occasional requires 10
minutes
preheating.

£60,000 for 8
chandeliers at
6kW each with
installation
and
lighting
included.
Not viable

Advantages
•
•
•
•
•
•

Occasional,
requires 15
minutes
preheating.

•
•
•
•
•

Suitable for
occasional
usage.
Heats to
operating
temperature in
one second.
All the time

•
•
•

Disadvantages

Invisible heating source.
Efficient transfer of radiant heat around the body
as the most blood vessels in the buttocks.
Very effective – for example, it is the only heating
source in the Basilica in Slovakia.
Still safe even if water split on seats.
Pews can be heated in isolation.

•
•
•

All pew heating is only possible in permanent pews.
Heat is only provided when seated – church will still
be cold.
Irreversible changes will be made to historic pews

Can be mounted to backboard immediately below
seat or the floor using floor brackets.
Will create ambient warmth in church.
Will automatically switch off if flow of air is
obstructed at any point along heater.
Pews can be heated in isolation.
Can be portable – on wheels (see below)
Discreet heating source – nothing visible at eye
level.

•

As above

•
•

Not preferable to have too much radiant heat
directed at people’s heads.
Unnecessary cost associated with lighting and
brackets if current lights do not need replacing.

•
•

Expensive
Hard to repair

Invisible heat source
Prevents condensation forming on the windows
Can heat up to 60°C in 20 minutes due to low
thermal mass.

Note on Pew Heating Options
All the seating in St Pauls Church are not fixed in position to provide
flexibility for various events. The primary seating is portable chairs.
There are some pews, but these are moved around the space and are
not the primary form of seating.
Whilst the KovoSchmidt pew heating underneath cushions or electric
convection heater beneath pew itself have a number of advantages and
can be installed so the pews remain portable (the cables can be plugged
into floor sockets), there are currently no floor sockets in the floor and
the space needs to remain flexible therefore pew heaters are not
suitable in this specific context.

St Pauls Church; both forms of seating shown
Pew convection heater by NorthWest Heating Solutions

13

https://www.pewheating.com/pew-heating-uk/church-heatingsolution/the-concept/
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14
15

http://www.bnthermic.co.uk/products/convection-heaters/blc/
http://www.electricheatingsolutions.co.uk/Content/ChandelierHeating
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5.5 The Recommended/Preferred Option
Reasons Behind Selection of the Preferred Option
Following a presentation of this study to representatives from the
church, the Archdeacon, and subsequent discussions, a FAR IR electric
radiant wall panel heating strategy was chosen as the recommended
option for the main form of heating in the main body of the church.
This system was recommended for the following reasons:
•

•
•

•
•
•

With the gradual decarbonisation of the nation’s electrical
infrastructure, an electrically driven system is seen as more
resilient and future proof than a gas-powered system;
the electricity currently purchased is 100% renewable;
The radiant electric panels are more efficient in terms of
energy use than the gas fired alternatives, as the radiant
system does not rely on heating the air in the entire volume of
the building and there are no immediate plans or budget
available to upgrade the fabric of the building;
The radiant heating system will be no more expensive to run
per hour than the current gas system;
The radiant heating system will be easier to control than a
warm air system;
The installation of the radiant heating system will be less
intrusive than the other solutions.

Two radiant heating panel options were shortlisted for consideration
and a preferred option chosen. The chosen solution is outlined on the
following page. For information, the rejected alternative is summarised
in Appendix C.
In addition to implementing the radiant heating system it is also
recommended that the northern aisle heating system and its boiler is
replaced and extended to cover the southern aisle. This would then act
as a secondary level of heating to the main nave to supplement the
radiant electric heating system and help mitigate some of the
disadvantages of only having radiant heating in the space.

Disadvantages that Need to be Considered and
Overcome in the Next Stage.
The radiant heating system comes with some potential disadvantages
and extra considerations that need to be mitigated in the next stage of
design development.
Electrical Supply Capacity
The heating capacity for the building is large and currently the heating
is fuelled by gas. Heating the building using electricity will increase
the demand on the electrical supply significantly and therefore it is
likely that the electrical supply would need to be upgraded.
The analysis undertaken to date assumes that an additional 150A
Three Phase of electrical supply is required and therefore the existing
supply needs to be upgraded.
Radiant Heating can be Uncomfortable if the Air Temperature is Very
Low
If the air temperature in the nave is allowed to get very cold during
unoccupied hours, then the surface temperatures (mean radiant
temperatures) of the walls and floors and ceilings within the church
can also get very cold. Turning the radiant heating on can create a
large asymmetric difference in the mean radiant temperature on one
side of a person compared to the temperature on the other side, and
this can be uncomfortable. To help mitigate against this, the design
will try to create an even distribution of heaters around the spaces. It
also proposes to provide some supplementary heating from the north
and south aisle heating system that can be used to help prevent the
main church nave getting too cold in the deep winter months when
the radiant heaters are not in use.

People with sensitive skin can find radiant heating uncomfortable
People with sensitive skin sometimes find that radiant heating causes
their skin to have a burning sensation. To reduce this effect as much
as possible, the radiant heaters will be located as high as possible and
lower temperature far Infra-red options are being considered.
A range of radiant heaters are available in the market. Appendix B
outlines a few of the options. The chosen form of radiant heater offers
a more gentle heat compared to many of the alternatives.
Each heater will need its own cable circuit and therefore many cables
will need to be routed around the historic building.
Heater locations have been chosen to reduce the amount of exposed
electrical containment required in the main church space. Further
work will be required to agree routes for cables in the next stage along
with the preferred location of the main electrical switchboards.
The diagram on page 22 illustrates how the cabling routes could be
arranged to minimise visual impact.
Cost of Heating using the Radiant Panel System
The current cost associated with running the gas fired warm air heating
system is around £11.35/hour. Despite electricity being more
expensive per kWh than gas, the new electrical heating system will be
approximately the same cost per hour than the gas fired system.
Further savings are likely to achieved via better control of the radiant
system compared to the warm air system.

It is also suggested that the front warm air heating system could be
retained for a period to provide an extra boost function to warm the
air. This could be useful whilst the church gets used to the operation
of the new system.
Radiant Heating can be Uncomfortable if the Air Temperature is High
As air temperatures rise, the full extent of installed radiant heat is no
longer needed to maintain comfort, therefore the output of the
heaters needs to be controlled to reduce its surface temperature or
the number of heaters that come on in needs to reduce. Control
options will be investigated in the next stage.
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Preferred Radiant Heater Option

Cost Analysis
Heating
method
Radiant
heaters
(walls)

Quantity Price

53
x 53 x £700
0.8m
= £37,100
long
heaters
Electrical
£35,000
supply
upgrade
Total
£72,100

Power
/kW
53 x 1.3
= 69

Radiation
correction /kW
100

100

https://www.infraredcompany.com/products/far-infrared-heatersthermo-glass-max-absolutely-transparent-infrared-panels-400w600w-800w-1000w1300w?variant=30290692833369&currency=GBP&gclid=EAIaIQobCh
MI2evsmpGI5wIVi7HtCh2z5g4NEAYYASABEgKWvvD_BwE
The second option is a 1.3kW white far infrared linear panel heater.
This option requires three times as many heaters but they would
provide a less intense heat and may be considered more visually
appealing.
53 heaters would be needed to meet the heating requirements, and
these could be distributed as shown in the diagram to the right.
A visual mock-up of how the panels might look in the space is shown
below.
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Electrical Cabling Routes
The diagram below illustrates some initial thoughts on how the new
cabling to the electric heaters could be introduced in a way that
minimises the visual impact on the building. The strategy would be to
route the cables in steel trunking that could be finished and powder
coated in any colour deemed appropriate for the decoration.
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Generally it would run at high level in the ancillary spaces feeding each
heater individually from behind. Where the trunking needs to be
routed through the main church hall in will be run at low level where
possible in a skirting detail integrated with the new low temperature
hot water heating system pipework.

Heaters adjacent to the Vestry will be fed from the existing electrical
supply distribution board that is located in the plant room directly
below the vestry, to reduce the need for exposed cable trunking and
reduce cable lengths. The final routing could be agreed once a detailed
survey of the building is completed.
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Cost Allowance for Upgrading Northern Aisle Boilers and
Radiator System
A £40,000 cost allowance has been added to the scheme to replace the
existing domestic boiler in the northern aisle wing and replace it with a
commercial grade 65 kW or 100 kW capacity boiler.
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This system would be used to feed a new set of radiators in the northern
aisle, the ancillary office spaces, the northern section of the church, the
lobby and the soon to be refurbished toilets.

The system will also be extended to cover the southern aisle ancillary
spaces, as outlined in the sketch below. All radiators will be Low Surface
Temperature (LST)
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6. Conclusion
6.1

Fabric Enhancements

Ideally fabric enhancements would be carried out as part of any works
to the historic church building to improve comfort conditions and
energy efficiency. Unfortunately, this level of intervention is not
planned or budgeted for at present, and the payback periods are
currently too long to justify raising more money to fund extra works.
However, the church is keen to ensure that any work to replace the roof
or do work to the windows in the future would look to improve the
thermal fabric.
It is recommended that attempts are made to improve the airtightness
of the building where possible, particularly around doors, and the old
Victorian heating system gratings.
A small budget of £3,000 could be allocated to this work to help reduce
draughts in the peak winter months.

6.2

The Recommended Heating Solution

Whilst relevantly simple changes to the existing warm air heating
system strategy could make significant improvements to the current
comfort conditions and overall energy efficiency, the proposals look to
change the heating strategy to an electric radiant heating system.
This change is recommended for the following reasons:
•

•
•

•
•
•

With the gradual decarbonisation of the nation’s electrical
infrastructure, an electrically driven system is seen as more
resilient and future proof than a gas-powered system;
the electricity currently purchased is 100% renewable;
The radiant electric panels are more efficient in terms of
energy use than the gas fired alternatives, as the radiant
system does not rely on heating the air in the entire volume of
the building and there are no immediate plans or budget
available to upgrade the fabric of the building;
The radiant heating system will be no more expensive to run
per hour than the current gas system;
The radiant heating system will be easier to control than a
warm air system;
The installation of the radiant heating system will be less
intrusive than the other solutions.
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6.4
A Far Infra-Red white panel electric heater has been selected to provide
a gentle heat that can be integrated more effectively with the existing
fabric.

Next Steps

The next steps are:
•

In addition to implementing the radiant heating system, it is also
recommended that the northern aisle heating system and boiler is
replaced and extended to include the southern aisle spaces. This would
then act as a secondary level of heating to the main nave to supplement
the radiant electric heating system and help mitigate some of the
disadvantages of only having radiant heating in the space.

•
•
•

Further back-up can be provided by leaving the large warm air heating
system that serves the front of the church in situ to provide some boost
when required.

•
•
•
•

6.3

Budget

•

to purchase trial sample radiant heaters and test in a mockup;
to obtain formal quotations for an electrical supply upgrade;
to develop the control strategy for the radiant system;
to develop a scheme design for the northern aisle heating
system;
to review the cabling routes and distribution board locations
for the radiant heating system;
to obtain budget quotes from contractors for the works;
to get approval for the works from the Diocese.
to engage with building control.
to appoint a principal designer under the CDM regulations to
review the health and safety aspects of the proposals.

The following minimum budget should be allocated to the project:
Heating
method

Quantity

Radiant
22 x 1.9m
heaters
long heaters
(walls)
Electrical
supply
upgrade
New
Heating
System to
Northern
Aisle
Draftproofing
the space
Total

Price

Power
/kW

22 x £1000
= £22,000

22 x 3.0
= 66

Radiation
correction
/kW
100

£35,000

£40,000

100

£3,000

£100,000

100
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7. Appendix A Further Heating
Information
Figure 15 shows the spatial temperature profile for underfloor, radiator
and convector heating systems. The occupied zone is up to 2m above
the floor.

radiators which are a combination of both. Electrically powered heating
is the most sustainable, particularly if your boiler is gas powered.
The greater the surface area of the radiator, the more heat is emitted
to the room. As seen in Figure 16, the double panel double convector is
the most common and effective design.

Fig (17) - Installation steps for BEKA capillary heating mats
Alternatively, BEKA produce capillary mats that are designed to be
retrofitted and can be installed directly on the existing floor if it is
deemed suitable. The capillary tubes in the mats have an outer
diameter of 4.5mm, and the self-levelling compound brings the total
thickness to 10mm. The new surface finish for the floor can be laid on
this layer, resulting in a very small height change to the floor. This may
be problematic aesthetically, as the dimensions of the skirting
boards/trims of columns etc. will be changed.

Ideally a person’s feet will be slightly warmer than their heads. The
underfloor heating temperature profile is the closest to the ideal
profile. In tall spaces the profiles are further exacerbated, meaning
underfloor heating will provide the best thermal comfort in the church.

Fig (16) –different designs of radiators available
Based on a 50cm high radiator, here is a rough equation to determine
the length of the convector radiator required:

Wall heating
Flexiro offer Drywall Radiant Wall Heating kits, designed to be installed
DIY and connected to the hot water system. They come with a KOMPA
Box to control the room temperature. The wattage is relatively low, so
a large area would have to be covered to be effective. The inner façade
of the church would change, but no visible heating source.

Length = Heat Demand (W) / (X*62)
Where X=0.09 for single panel radiators with no convector, 0.13 for
single panel convectors, 0.19 for double panel convectors and 0.24 for
double panel double convectors.

Fig (15) – Temperature profiles with different heating methods
Underfloor heating, heated wall panels and heated glass all provide
heat without creating turbulence in the air. This is good for asthma and
allergy suffers, as up to 80% of dust mites can be eliminated by reducing
convection driven air circulation.
Radiators
When discussed in this document, radiators refer to the typical,
predominantly convector style heaters, unless stated as infrared
radiators. There is a huge range of radiators on the market – central
heating radiators filled with hot water from the boiler, electric radiators
in which a thermo-fluid is heated by an electrical element, or dual fuel
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Convectors
They are very effective at heating up the space quickly, but equally the
heat quickly dissipates once turned off. For intermittent use of the
church hall, this is fine. However, convector heaters are not suitable for
permanent use to maintain a baseline temperature (e.g. 10°C)
throughout the year. Convector heaters are considered less energy
efficient than electric radiators, so cost more to run.
Underfloor heating
Underfloor heating systems are perfect for provided constant low
temperature background heating. They are robust, require low
maintenance and have a long life.
For typical underfloor heating systems, the existing floor will be lifted,
and warm water pipes will be laid. This is highly invasive but effective.

Fig (18) –showing the network of the Flexiro Drywall heating kits
Infrared radiant heater panels can be installed on the walls. This is less
invasive and doesn’t require permanent change. The panels will be too
hot to touch though, so need to be mounted at sufficient height to
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prevent injury. The plain white panels would be more subtle to use in
the church.

Fig (19) – white radiant heating panels and quartz radiant heating
panels
Pew heating
The main benefit of pew heating is the localised, directed heat at the
congregation. Individually controlling each pew means it is very
efficient if the service is small. However, there will need to be other
heating systems in place as well to warm those sitting in temporary
chairs/when the hall is being used for functions in which people are not
seated. Portable pew heaters are available if permanent pews are not
installed.

KovoSchmidt Church Heating provide heated pew seats, by installing a
heating element layer beneath the fabric and cushioning, shown in
Figure 21. The upholstery on the current pews would need to be
replaced in the process; the most popular fabrics provided by
KovoSchmidt are shown above. Therefore, this heating method may
not be an option if the pew seats have great historic value, as it is not
easily reversible.

IQ Glass provide heated glass for roofs, windows, doors and internal
divides. Glow by Tuffx glass provide heated bi-folding doors and walkon glass floors.
Heated glass is often made from toughened, laminated glass. However,
if it does break, NewGlassTechnology claims their glass will remain fixed
in place without crumbs, and there is no risk of electric shock. NGT also
claim that their glass does not require maintenance/periodic checks.

Chandelier heating
Chandelier heating is a very expensive option, as the light fittings and
lights are included. If the church was looking to redo the lighting, this
could be a very good option. These radiant heaters would be much
more integrated into the church than IR panels on the walls. The style
of the chandelier would have to be in-keeping with the aesthetic of the
church – many are ‘Medieval style’ chandeliers. Chandelier heaters are
offered by many companies in the UK.

Fig (23) – diagram of Glow glass by Tuffx

Fig (20) - Convection heaters under the pews
The heaters come in black and dark browns to provide a discreet
heating source. Convector heaters under pews are sold by many
retailers in the UK.

Fig (21) – KovoSchmidt Church Heating provide electric element
under seat, delivering radiant heat to the body
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Fig (22) – an example of Chandelier heating, courtesy of Midshires
Electrical & Lighting Ltd
Electrically heated glass
There are a few companies in the UK that offer heated glass. A
transparent metal oxide coating is applied to the pane, and electricity
is passed through the coating via buzz bars at the top and bottom of the
unit. In most cases, new double-glazed windows would be installed,
with a heater in between the layers of glass. Heated glass is an invisible
heating source, that provides an ambient feeling of warmth. They
prevent the formation of condensation and can be used to stop snow
build up if the outer pane is heated.
If the glass is being used as an invisible heat source, it is recommended
that an area at least 20% of the floor area is used.
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8. Appendix B – Selection of Electric Radiant Heaters

Brackets

Company/Brand

Dimensions (mm)

Price per panel

Power

Predicted number of Load
panels needed

Price/Watt

800 x 120 x 10
800 x 180 x 10
800 x 230 x 10
800 x 290 x 10
800 x 370 x 10

£176
£206
£236
£266
£296

400W
600W
800W
1000W
1300W

45

18kW
27kW
36kW
45kW
59kW

0.45
0.34
0.30
0.27
0.23

Heated area Surface
from
one temperature
2
panel (m )
8
12
16
20
26

800 x 120 x 10
800 x 180 x 10
800 x 230 x 10
800 x 290 x 10
800 x 370 x 10

£146
£166
£186
£206
£256

400W
600W
800W
1000W
1300W

45

18kW
27kW
36kW
45kW
59kW

0.37
0.28
0.23
0.21
0.20

8
12
16
20
26

160-180°C

1600 x 200 x 11

£129

400W

19

7.6kW

0.32

8

85°C

600 x 600 x 22
500 x 900 x 22
1000 x 600 x 22
1200 x 600 22
1200 x 800 x 22
1200 x 1000 x 22

£108
£120
£135
£150
£209
£222

360W
450W
600W
720W
960W
1200W

37
26
19
19
23
22

13.3kW
11.7kW
11.4kW
13.7kW
22.1kW
26.4kW

0.30
0.27
0.23
0.21
0.22
0.19

Picture

UK infrared heating
company16
CLEAR

Far Infrared17
WHITE

Panels

SunWay18
WHITE

Infrared
Heating
19
Supplied
WHITE

16

https://www.infraredcompany.com/products/far-infrared-heaters-thermo-glass-crystal-absolutely-transparent-infrared-panels-400w-600w-800w-1000w-1300w2500w?variant=30290580373593&currency=GBP&gclid=EAIaIQobChMI2oOduZGI5wIVRrTtCh1oHQVWEAYYAyABEgINKPD_BwE
17
https://www.infraredcompany.com/products/far-infrared-heaters-thermo-glass-max-absolutely-transparent-infrared-panels-400w-600w-800w-1000w1300w?variant=30290692833369&currency=GBP&gclid=EAIaIQobChMI2evsmpGI5wIVi7HtCh2z5g4NEAYYASABEgKWvvD_BwE
18
https://infraredtechnologies.co.uk/sunway-slimline-cassette-panel/
19
https://infraredheatingsupplies.com/product/infrared-heating-panel-600-x-600-ic-series/
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1200 x 600 x 15

£350 (all colours) 380W
£400
(custom
design)

25

9.5kW

0.92
1.05

8 – 10

910 x 450 x 15

£199

550W

27

14.9kW

0.36

12

600 x 1200 x 22

£282

700W

25

17.5kW

0.40

13 – 15

100°C

1900 x 150 x 63

£291

3000W

18

54kW

0.10

42 – 50

200-300°C

660 x 660 x 25
1000 x 600 x 25

£330
£420

350W
500W

42
25

14.7kW
12.5kW

0.94
0.84

8
12

Smart
Lighting
20
Industries
STONES

Far Infrared21
STONES

Surya
Infrared
22
Heating
BLACK GLASS

Helios23WiFi
controllable
BLACK

Herschel Select24
MIRROR

20

https://www.smart-light.co.uk/product/350w-far-infrared-stone-wall-panel-copy/?gclid=EAIaIQobChMI2oOduZGI5wIVRrTtCh1oHQVWEAYYBCABEgIAjfD_BwE
https://www.infraredcompany.com/collections/black-friday-sale/products/far-infrared-heaters-with-build-in-thermostat-stone-infrared-heating-panels-550w-1
22
https://www.suryaheating.co.uk/glass-ir-panels/700w-glass-infrared-heating-panel.html
23
https://www.suryaheating.co.uk/3000w-infrared-bar-heater-3982.html
24
https://www.infraredheatersdirect.co.uk/herschel-select-xl-glass-infrared-heating-panels-mirror/
21
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600 x 600 x 40
700 x 500 x 40

Either size:
400W
£259
(on/off
switch)
£289 (built in
thermostat)

37
38

14.8kW
15.2kW

0.65
0.72

560 x 550 x1090
(14.3kg)

£170

2800W

20

56kW

0.06

1110 x 380 x 400

£208

2300W

20

46kW

0.09

470 x 440 x380
(10.3kg)

£80

1500W

20

30kW

0.05

UK Infrared Heating
Company25
MIRROR

Portable

Rhino26
BLACK
FILAMENTS

5–8

WITH

UFO Micatronic27
BLACK
WITH
FILAMENTS

Klarstein Heatbox28
WOODEN

25

https://www.infraredcompany.com/collections/far-infrared-heaters/products/mirror-infrared-heater-400w?variant=21965521092697
https://www.amazon.co.uk/Rhino-TQ3-Infra-red-Heater-2-8kW/dp/B001H6KEFC/ref=pd_aw_sbs_60_2/257-3773730-6488934?_encoding=UTF8&pd_rd_i=B001H6KEFC&pd_rd_r=96bbee02-3368-449c-97352fb6b1d97412&pd_rd_w=nXd3A&pd_rd_wg=Ty9gP&pf_rd_p=0208d703-a674-4413-8899-c3889837d212&pf_rd_r=97Y6DDZG04JDGS5R3RXD&psc=1&refRID=97Y6DDZG04JDGS5R3RXD
27
https://www.amazon.co.uk/UFO-Micatronic-Standing-Electric-Infrared/dp/B0163B4KU0/ref=pd_aw_sbs_201_6/257-3773730-6488934?_encoding=UTF8&pd_rd_i=B0163B4KU0&pd_rd_r=afff9ce5-b414-4493-8ce2931e936156d4&pd_rd_w=hkXFo&pd_rd_wg=YEPZ6&pf_rd_p=0208d703-a674-4413-8899-c3889837d212&pf_rd_r=7YT8EECPVQ6E4DHK88FW&psc=1&refRID=7YT8EECPVQ6E4DHK88FW
28
https://www.amazon.co.uk/Klarstein-Heatbox-Infrared-Temperature-Anti-DryAir/dp/B07L15MBM8/ref=sr_1_fkmr0_1?keywords=oak%2Binfrared%2Bheater%2Bcabinet&qid=1579261672&sr=8-1-fkmr0&th=1
26
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Disc

470 x 470 x 135

£400
2000W
(£544 with wall
mount)

10

20kW

0.20
(0.27)

4.5

Caloray29
BLACK

can go on wall or ceilings

29

https://www.infraredheatersdirect.co.uk/caloray-infrared-heating-disc-2kw/
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9. Appendix C – The Rejected Shortlisted Electric Radiant Heating Option
Radiant Heater Option 1

Cost Analysis
Our heat loss calculation predicts a peak load in the main body of the
church of 102kW. However, this peak load is not applicable for radiant
heating, as the air will not be heated, and heat will not be lost through
drafts and leaks. We will assume a peak load of 66kW is required
when radiant heating methods are used in tandem with some
convection.

Heating
method
Radiant
heaters
(walls)

Quantity Price

22
x 22 x £1000
1.9m
= £22,000
long
heaters
Electrical
£35,000
supply
upgrade
Total
£57,000

Power
/kW
22 x 3.0
= 66

Radiation
correction /kW
100

100

https://www.suryaheating.co.uk/3000w-infrared-bar-heater3981.html
This option is to provide the radiant heat using a compact black linear
infrared bar heater that works at a higher temperature than the heater
suggested for option 2.
22 heaters would be required to meet the heating requirements, and
these could be distributed as shown in the diagram to the right.
A visual mock-up of how the panels might look in the space is shown
below.
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