SAP 2009 – Fabric energy
efficiency & thermal mass
Maximising fabric energy efficiency is at the heart of government policy on delivering low and zero carbon
dwellings, and forms the basis of the new fabric energy efficiency standard for zero carbon homes.

Thermal mass and
zero carbon homes
In November 2009 the Zero
Carbon Hub published its fabric
energy efficiency standard for
zero carbon homes which will
apply to all new homes from
2016. The Standard recognises
the role thermal mass plays in
fabric energy efficiency alongside
U-values, thermal bridging and air
permeability.

So, the incentive to actively use thermal mass in building design is greater than ever and this briefing note
explains how it will be accounted for in SAP and highlights the savings in energy and CO2 that it can provide.

How will the thermal mass provided by floors and walls be measured in SAP?
It will be measured by their k-value, which is the heat capacity per square metre. The units are kJ/m2K.
k-values are measured from the inside surface stopping at whichever of the following conditions occur first:
■■ Halfway through the construction element
■■ An insulating layer
■■ A depth of 100mm

In addition to the thermal mass in external walls and ground floors, SAP will also take account of internal
partitions, party walls and upper floors.

How much does the thermal mass vary in different types of floor and wall?
The tables on pages 2 and 3 provide a range of k-values for different constructions, as an example the k-value for
a timber frame wall is around 9kJ/m2K, whilst a dense concrete block wall with a plaster finish provides around
190kJ/m2K. For upper floors, the k-value for the floor/ceiling range from 9/18 kJ/m2K for timber, to around
120/160 kJ/m2K for concrete.

How will the overall thermal mass of a dwelling be measured in SAP?
The surface area for each construction element is multiplied by its k-value and the results added together.
The total is then divided by the floor area of the dwelling to give the Thermal Mass Parameter (TMP), also
measured in kJ/m2K, where m2 refers to the dwelling’s floor area.

How much does the overall thermal mass vary with different types of dwelling construction?
This depends on a number of factors including dwelling layout, materials used and finishes, but as an illustration, the
table below shows the approximate TMP for a typical semi-detached house built using a range of materials and finishes.
Thermal Mass Parameter (TMP) of a typical semi-detached house
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To gauge the significance of
thermal mass during the heating
season, the fabric performance
requirements detailed in the
Standard were applied to a typical
semi-detached house, which
was evaluated using the draft
SAP 2009 tool. The house had
equal north/south glazing and an
average level of overshadowing. By
moving from a low thermal mass
(TMP = 100) to high thermal mass
(TMP = 450) the house showed
about a 40 per cent reduction in
space heating emissions and about
a 6 per cent reduction in total
CO2 emissions i.e. the Dwelling
Emission Rate (DER). To put this
in context, moving from a low
to high level of thermal mass is
equivalent to the emissions saved
by about 2m2 of PV, on this house,
but without the cost.

Optimising fabric energy efficiency also looks set to be a key revision to the Code for Sustainable
Homes, which would see extra credits awarded for fully optimising fabric performance. Underpinning all
this is the Standard Assessment Procedure (SAP), which is being updated during winter 2010 and will
be called SAP 2009. One of the key changes to SAP will be greater recognition of thermal mass and its
ability to reduce the energy needed for heating and cooling.
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Typical k-values for walls, partitions and floors
Where available, values are taken from the SAP 2009 draft, otherwise they have been calculated using BS EN 13790:2008, and rounded
to the nearest 5 kJ/m2K. Values are provided for guidance only.

External walls (internal face is on the left of each diagram)
Precast concrete sandwich panel with
a fair-faced finish

Dense aggregate block (215mm) with wet
plaster finish

215 mm solid brick wall with external insulation
(wet plaster finish)

k-value:
230 kJ/m2K

k-value:
190 kJ/m2K

k-value:
170 kJ/m2K

Concrete:
2350 kg/m3

Block:
2000 kg/m3

Brick:
1750 kg/m3

Woodcrete block wall with in-situ concrete
core, integral insulation and wet plaster finish

Brick and aggregate block with wet plaster
finish

Hemcrete block and block with wet plaster
finish

k-value:
145 kJ/m2K

k-value:
140 kJ/m2K

k-value:
135 kJ/m2K

Woodcrete:
550 kg/m3

Block:
1400 kg/m3

Block:
1120 kg/m3

Concrete:
2300 kg/m3

Brick and aircrete block with wet plaster finish

Brick and aircrete block with plasterboard
on dabs

k-value:
70 kJ/m2K

k-value:
65 kJ/m2K

k-value:
60 kJ/m2K

Block:
600 kg/m3

Block:
600 kg/m3

Block:
600 kg/m3

Timber frame with two sheets of plasterboard
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Insulating clay block with wet plaster finish

Timber frame with single sheet of plasterboard

215mm solid brick wall with insulated
plasterboard (internal)

k-value:
18 kJ/m2K

k-value:
9 kJ/m2K

k-value:
9 kJ/m2K

k-value limited to
plasterboard

k-value limited to
plasterboard

k-value limited to
plasterboard
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Internal partitions
Dense aggregate block partition with wet
plaster finish

Dense aggregate block partition with
plasterboard on dabs

Timber stud partition with single sheet of
plasterboard

k-value:
100 kJ/m2K

k-value:
75 kJ/m2K

k-value:
9 kJ/m2K

Block:
2000 kg/m3

Block:
2000 kg/m3

k-value limited to
plasterboard

Upper floors
Hollowcore (carpeted screed, wet plaster soffit)

Beam and block (carpeted screed, plasterboard
soffit)

Timber (carpeted chipboard, plasterboard soffit)

k-value: 120 kJ/m2K above,
160 kJ/m2K below

k-value: 120 kJ/m2K above,
40 kJ/m2K below

k-value: 18 kJ/m2K above,
9 kJ/m2K below

Hollowcore: 2300 kg/m3, 150mm

Block: 1480 kg/m3, Beam: 150mm

Ground floors
In-situ concrete (carpeted screed on concrete)

Beam and block (carpeted screed on insulation)

Timber (carpeted chipboard)

k-value: 140 kJ/m2K

k-value: 110 kJ/m2K

k-value: 20 kJ/m2K

Concrete: 2300 kg/m3

Block: 1480 kg/m3, Beam: 150mm

Key points
■■ Revisions to SAP include greater account of the benefit thermal mass can provide during the heating season.
■■ The new fabric energy efficiency standard for zero carbon homes includes an upper limit for heating and cooling energy in all types of dwelling.
■■ The thermal mass in medium and heavyweight buildings can enhance year-round fabric energy efficiency, reducing the need for heating and cooling.
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How will SAP take account of a dwelling’s Thermal Mass Parameter during the summer?
The new Thermal Mass Parameter replaces the existing admittance based approach, and more up-to-date weather data is used which slightly increases the
risk of overheating. Moving from a low to high Thermal Mass Parameter reduces the peak internal temperature by about 1.5 degrees in the overheating
check. In reality, the benefit will often be greater than this, with the temperature reduced by several degrees, particularly where good night-time ventilation
is possible. The revised SAP also calculates a dwelling’s cooling energy requirement which, although not currently used in Part L, is likely to be included in
a new metric for fabric energy efficiency (see final section). Both the cooling calculation and overheating check recognise the ability of thermal mass to
stabilise the internal temperature throughout the summer months.

How much will the Thermal Mass Parameter affect space heating performance in SAP?
During the heating season, the new version of SAP takes account of the way in which thermal mass can store and release beneficial heat gains from the
winter sun and domestic appliances etc., helping reduce the fuel used by the heating system. A medium to high Thermal Mass Parameter can reduce the
requirement for space heating and lower a dwelling’s CO2 emissions. The extent to which it can do this depends on a number of factors, particularly the:
■■ Overall level of dwelling insulation and air tightness – the higher these are the more effective thermal mass will be.
■■ Boiler and heating controls – high efficiency systems will maximise the benefits of thermal mass.
■■ Window size and orientation – glazing on elevations with a southerly aspect should ideally be optimised.

Actual savings in dwellings with a high Thermal Mass Parameter will vary from one project to another and also in response to the factors highlighted above.
However, highly insulated heavyweight homes (e.g. Code level 4 and higher) with an efficient heating system can reduce their space heating requirement
by up to 40% or more compared to an equivalent low mass dwelling (based on draft SAP 2009).

Why does the new version of SAP also calculate a dwelling’s cooling energy requirement?
Heating and cooling energy is likely to be the new metric for benchmarking fabric energy efficiency in both the Code for Sustainable Homes and the
new standard for zero carbon homes. It will be measured in kWh/m2/year, and would replace the Heat Loss Parameter (HLP) which takes no account of
summertime performance or beneficial solar gain during the heating season. The new approach should encourage greater use of passive solar design in
winter, and more effective measures to minimise heat gains in summer. The new standard for zero carbon homes includes an upper limit on fabric energy
efficiency of 39 kWh/m2/year for apartments and mid terrace homes, and 46 kWh/m2/year for end terrace, semi detached and detached homes. Proposed
revision to the Code for Sustainable Homes will award credits for this level of performance, with additional credits available for achieving greater efficiency.

Free tool available for calculating thermal mass
In response to the increasing use of thermal mass and changes to SAP, The Concrete Centre
commissioned Arup to produce a simple tool for calculating the thermal mass in walls and floors. This
can be downloaded at www.concretecentre.com
The thermal properties tool has been produced in Excel and is compliant with BS EN 13786: 2007 (Thermal
Performance of Building Components) and BS EN 13790: 2008 (Energy Performance of Buildings). It produces
k-values that can be used in SAP and SBEM, and also calculates admittance and decrement values, providing
a comprehensive means to assess the thermal mass related properties of construction elements. Admittance
values give a good indication of the rate of heat flow to and from floors and walls over a heating and cooling cycle e.g. day and night. Decrement
describes the rate (decrement factor) and time taken (decrement delay) for external heat gains to travel through a wall. Alongside adequate internal
thermal mass, a long decrement delay and low decrement factor can help reduce the risk of overheating in summer. For more information download
the publication ‘Thermal Mass Explained’ at www.concretecentre.com/publications.
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