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SUMMARY

This manual describes the Government’ s Standard Assessment Procedure (SAP) for assessing the energy
performance of dwellings. The indicators of energy performance are energy consumption per unit floor
area, an energy cost rating (the SAP rating), an Environmental |mpact rating based on CO, emissions (the
El rating) and a Dwelling CO, Emission Rate (DER).

The SAP rating is based on the energy costs associated with space heating, water heating, ventilation and
lighting, less cost savings from energy generation technologies. It is adjusted for floor areaso that it is
essentially independent of dwelling size for agiven built form. The SAP rating is expressed on ascae of 1
to 100, the higher the number the lower the running costs.

The Environmental Impact rating is based on the annual CO, emissions associated with space heating,
water heating, ventilation and lighting, less the emissions saved by energy generation technologies. It is
adjusted for floor area so that it is essentially independent of dwelling size for agiven built form. The
Environmental |mpact rating is expressed on ascale of 1 to 100, the higher the number the better the
standard.

The Dwelling CO, Emission Rate isa similar indicator to the Environmental |mpact rating, which is used
for the purposes of compliance with building regulations. It is equal to the annual CO, emissions per unit
floor areafor space heating, water heating, ventilation and lighting, less the emissions saved by energy
generation technologies, expressed in kg/m?/year.

The method of calculating the energy performance and the ratingsis set out in the form of a worksheet,
accompanied by a series of tables. The methodology is compliant with the Energy Performance of
Buildings Directive. The calculation should be carried out using a computer program that implements the
worksheet and is approved for SAP calculations (BRE approves SAP software on behalf of the Department
for Energy and Climate Change; the Department for Communities and Local Government; the Scottish
Government; the National Assembly for Wales; and the Department of Finance and Personnel).

INTRODUCTION

The Standard Assessment Procedure (SAP) is adopted by Government as the UK methodol ogy for
calculating the energy performance of dwellings.

The calculation is based on the energy balance taking into account a range of factorsthat contribute to
energy efficiency:
- materials used for construction of the dwelling

thermal insulation of the building fabric

ventilation characteristics of the dwelling and ventilation equipment

efficiency and control of the heating system(s)

solar gains through openings of the dwelling

the fuel used to provide space and water heating, ventilation and lighting

energy for space cooling, if applicable

renewable energy technologies

The calculation isindependent of factors related to the individual characteristics of the household
occupying the dwelling when the rating is calculated, for example:
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household size and composition;
ownership and efficiency of particular domestic electrical appliances;
individual heating patterns and temperatures.

Except where the dwelling has afixed air conditioning system ratings are not affected by the geographical
location.

The procedure used for the calculation is based on the BRE Domestic Energy Model (BREDEM! *2343]),
which provides a framework for the calculation of energy use in dwellings. The procedure is consistent with
the standard BS EN 1SO 13790.

The Standard Assessment Procedure was first published by the then DOE and BRE in 1993 and in amended
formin 1994, and conventions to be used with it were published in 1996 and amended in 1997. Revised
versions were published in 1998, 2001 and 2005.

The present edition is SAP 2009 in which:

- gpace and water heating are calculated on a monthly, instead of an annual, basis

- gpace cooling isincluded

- thermal mass of construction elementsis explicit rather than implicit

- energy used for domestic hot water has been revised

- weather data has been updated

- CO, emissions factors have been updated using the latest available data

- thecalculation of boiler efficiency from test data has been amended

- the performance of heat pumps can be based on test data

- internal heat gains have been revised and areduced level of gainsis proposed for design purposes

At present the effect of feed-in tariffs has not been factored into SAP. Thisis under consideration and the
government will consult on proposals at the earliest opportunity.

Reduced Data SAP 2009 is described in Appendix S and is applicable from April 2011.

SCOPE OF THE SAP PROCEDURE
The procedure is applicable to self-contained dwellings (of any size and any age).

For flats, it applies to the individual flat and does not include common areas such as access corridors.

Note: Common areas of blocks of flats such as heated access corridors, and other buildings (even though
used for residential purposes, e.g. nursing homes) are assessed using procedures for non-domestic
buildings.

Where part of an accommodation unit is used for commercial purposes (e.g. as an office or shop), this part
should be included as part of the dwelling if the commercial part could revert to domestic use on a change
of occupancy. That would be applicable where:

- there is direct access between the commercial part and the remainder of the accommodation, and

- al is contained within the same thermal envelope, and

- the living accommaodation occupies a substantial proportion of the whole accommodation unit.

Where a self-contained dwelling is part of a substantially larger building, where the remainder of the
building would not be expected to revert to domestic use, the dwelling is assessed by SAP and the
remainder by procedures for non-domestic buildings.

SAP isamethodology for calculating energy use and the associated running costs and CO, emissions. It
does not set any standards or limitations on data.

For SAP calculations dwellings have a standard occupancy and usage pattern, which are typical values of
guantities that in practice vary substantially between dwellings of similar size and type. The occupancy
assumed for SAP calculationsis not suitable for design purposes, for example of hot water systems.
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GENERAL PRINCIPLES

Input precision and rounding
Data should be entered into calculation software as accurately as possible, although it is unnecessary to go
beyond 3 significant figures (and some product data may only be available to lesser precision).

Input data

Varioustables of performance data are provided as part of this document. The tables are used when specific
performance information on the product or system is not available. However, when specific performance
information is available for the following items, it should be used in preference to data from the tables,
particularly in the new build context.

U-values —walls, floors, roofs
For new build, U-values should be calculated on the basis of the actual construction.

Thermal mass

The Therma Mass Parameter (TMP) isrequired for heating and cooling calculations. It is defined as the
sum of (areatimes heat capacity) over al construction elements divided by total floor area. It can be
obtained from the actual construction elements of walls, floors and roofs (including party and internal walls,
floors and ceilings). For further details see Table le.

Linear thermal transmittance (Y -values)

Y -values are used for thermal bridging. There are three possihilities.

a) Theuse of aglobal factor, which is multiplied by the total exposed surface area, as described in
Appendix K.

b) Onthe basis of the length of each junction and the default Y -valuesin Table K1.

¢) Onthe basis of the length of each junction and user-supplied Y -values. It is not necessary to supply
Y -value for each junction type — values from Table K1 can be mixed with user-supplied values.

Window data

Window U-values and g-values (total solar energy transmittance) can be from a certified window energy
rating" or manufacturers' declaration. Both values are needed (for the calculation of respectively heat loss
and solar gain).

Values of light transmittance (g,) are given in Table 6b for calculation of lighting energy requirements as
set out in Appendix L.

For new dwellings and other cases where solar gain provides a significant part of heating requirements the

frame factor (representing the glazed fraction of the window) is important in determining solar gain. Frame
factors should be assigned per window (or per group of similar windows) particularly where window areas
differ on different facades on the dwelling. Default values are given in Table 6c¢.

Boiler efficiency — gas and oil
Boiler efficiency can be from the Product Characteristics Database (preferably) or from a manufacturer's
declaration given in the terms stated in D3 or D6.

Boiler efficiency — solid fuel
Boiler efficiency can be from the Product Characteristics Database (preferably) or from a manufacturer's
declaration.

Heat pumps
Datafor heat pumps can be obtained from the Products Characteristics Database and applied via the

proceduresin Appendix N.

Efficiency of gas/ail/solid fuel fires and room heaters
Efficiency can be from a manufacturer's declaration given in terms of E2.

Standing loss — cylinders, thermal stores and CPSUs (includes both gas and electric CPSUs)

! Operated by the British Fenestration Rating Council
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The manufacturer's declared loss obtained in terms of the applicable BS and expressed in kWh/day, can be
used in place of datafrom Table 2. (Tables 2aand 2b are applied to declared loss as well asto loss from
Table 2).

Pressure test result

Theresult of apressure test can be used instead of the default calculations of infiltration. In the case of a
dwelling not yet built, adesign value of air permeability can be used subject to the requirements of building
regulations that apply in the administration where the dwelling will be constructed.

Solar collector performance
The zero-loss collector efficiency and the collector's linear heat 1oss coefficient can be used if obtained from
test results.

Specific fan power and ventilation heat exchanger efficiency

M easured values of specific fan power for these mechanical ventilation systems:

- positive input ventilation from outside (not |oft)

- mechanical extract

- balanced

and of heat exchanger efficiency for MVHR systems, can be used in place of the default valuesin Table 4g
for those systems that are listed on www.sap-appendixq.org.uk.

Existing properties

The SAP calculation procedure for existing properties follows that for new dwellings. However, some of
the data items are usually defaulted or inferred. For further details see Appendix S of SAP 2005 version
9.82.

The calculation is concerned with the assessment of the dwelling itself, as used by standard or typical
occupants, and not affected by the way current occupants might useit. Thus, for example, the living areais
based on the original design concept and not on the rooms the current occupants heat.

CALCULATION PROCEDURE AND CONVENTIONS

The method of calculating the energy performanceis set out in the form of a worksheet, accompanied by a
series of tables. A calculation should follow the numbered entriesin the worksheet sequentially. Some
entries are obtained by carrying forward earlier entries, other entries are obtained, using linear interpolation
where appropriate, by reference to Tables 1 to 15 or from user-supplied data. The following notes on
calculations and conventions should be read in conjunction with the worksheet.

The worksheet isintended as aform of describing the calculation, to be used for implementing the
calculation into computer software, rather than for manual calculations.

1 DWELLING DIMENSIONS

The boundary of the heated space consists of all the building elements separating it from external
environment or from adjacent dwellings or unheated spaces. Any internal elements (internal partition walls
or intermediate floors within the dwelling) are disregarded for the purposes of establishing areas.

Dimensions refer to the inner surfaces of the elements bounding the dwelling. Thus floor dimensions are
obtained by measuring between the inner surfaces of the external or party walls, disregarding the presence
of any internal walls.

Storey height isthe total height between the ceiling surface of a given storey and the ceiling surface of the
storey below. For asingle storey dwelling, or the lowest floor of a dwelling with more than one storey, the
measurement should be from floor surface to ceiling surface. Where the room height varies, such asin a
room-in-roof, the storey height should be an average based on the volume of the space and the internal floor
area (plus the thickness of the floor if it is the upper storey of a house).

Floor area should be measured as the actual floor area, i.e. if the height of aroom extends to two storeys or
more only the actual accessible floor area should be used for the calculations. However, as an exception to

7
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thisrule in the case of stairs, the floor area should be measured asif there were no stairs but afloor in their
place at each level.

In general, rooms and other spaces, such as built-in cupboards, should be included in the calculation of the
floor area where these are directly accessible from the occupied area of the dwelling. However unheated
spaces clearly divided from the dwelling should not be included. The following provides specific guidance:

Por ches:
- should beincluded if heated by fixed heating devices,

should not beincluded if unheated and external. In this context ‘external’ means an addition

protruding from the line of the external wall of the dwelling;

should not beincluded if unheated and thermally separated from the dwelling.

Conservatories:
should not be included if they are separated from the dwelling according to the definition in
333
should be included as part of the dwelling if they are not separated.

Storeroomsand utility rooms:
should be included if they are directly accessible from the occupied area of the dwelling,
whether heated or not;
should not beincluded if they are unheated and accessible only via a separate external door.

Basements:
- should be included if accessed via a permanent fixed staircase and either:-

- basement is heated viafixed heat emitters, or

- basement is open to the rest of the dwelling..

Garages:
- should be included if heating is provided within the garage from the main central heating
system;
should not be included where the garage is thermally separated from the dwelling and is not
heated by the central heating system
Attics:

should be included if accessed by afixed staircase.
When porches or integral garages are not included in floor area, the door and part of the wall between the
dwelling and these structures are adjacent to an unheated space and their U-values should be adjusted where
appropriate (see section 3.3).

Inflats, if corridors and stairwells are heated, treat walls between the flat and heated corridorg/stairwells as
non-heat loss walls (i.e. assuming the same temperature on either side of the walls).

No special treatment should be given in cases where a central heating boiler islocated in an unheated
garage or attic (i.e. the floor area used for the assessment should be the same as if the boiler were in the
kitchen or a utility room).

For existing dwellings see additional guidance in Appendix S.

Pitched roofs

There are three main types of pitched roof construction:

1. pitched roof with insulation at ceiling level, insulated between (and perhaps also above) joists,
diagram a);
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2. pitched roof insulated at rafter level (no insulation at ceiling level), insulated between and/or above
rafters ("warm roof"), with a non-ventilated loft space but with a ventilated space between the
insulation and the roof covering, diagram b);

3. pitched roof insulated either at ceiling level or at rafter level, with roof space converted into habitable
space, diagrams c) and d).

Cold roof Warm roof
space Space
a) Insulation at ceiling level b) Insulation at rafter level

In the cases of &) and b) the roof space should not be treated as a separate storey.

_ Ventilated
Room in roof spaces
¢) Roominroof builtintoa d) Roominroof builtinto a
pitched roof insulated at rafter level pitched roof insulated at ceiling level

In the cases of ¢) and d) the floor area of the roof space that is converted into habitable space should be
treated as a separate storey.

2 VENTILATION RATE

The ventilation air change rate is the rate at which outside air enters/leaves a building.

SAP requires a reasonable estimate of the air change rate in order to calculate the overall heating
requirement. The actual ventilation rate depends on alarge number of factors, many of which may not be
known precisely (e.g. permeability of materials and inadvertent gaps and openings in the structure) and in
most cases cannot be assessed from a site survey or from plans.

Theinfiltration rate can be assessed either from pressurisation test or, in the absence of pressure test, using
the SAP algorithm as defined by (9) to (16) of the worksheet.

Whether or not a pressurisation test has been carried out, the ventilation cal cul ation requires the information
on chimneys, fans, open flues and passive vents. Chimneys, fans, open flues and passive vents (blocked off
during a pressurisation test but open in practice) should be counted in (6a) to (7b) of the worksheet.

Ventilation rates for chimneys, flues, fans and passive vents, flueless gas fires and passive stack ventilators
aregivenin Table 2.1 below.

Table2.1 Ventilation rates

Item Ventilation rate m*/hour
Chimney 40
Open flue 20
Intermittent extract fan 10
Passive vent 10
Flueless gasfire 40
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2.1 Chimneysand flues

Ventilation rates for chimneys and flues should be counted only when they are unrestricted and suitable for
use.

For the purposes of the SAP achimney is defined as a vertical duct for combustion gases of diameter
200 mm or more (or arectangular duct of equivalent size). Vertical ducts with diameter |ess than 200 mm
should be counted as flues. The following are also counted as flues:

achimney for solid fuel appliances with controlled flow of the air supply;

aflexible flue liner sealed into a chimney;

achimney fitted with a damper;

a chimney fitted with an open-flue gas fire where the flue products outlet is sealed to the chimney;
ablocked up fireplace fitted with ventilators (if ventilator area does not exceed 30 000 mm?)

Ventilation rates should be included only for open flues; they should not be included for room-sealed
boilers or room heaters. Ventilation rates for specific closed appliances may be introduced.

2.2 Fansand passive vents

I nter mittent-running extract fans which exhaust air (typically from the kitchen and bathroom), including
cooker hoods and other independent extractor fans, should be included in the ‘'number of fans' category. For
continuously running fans see section 2.6.

Passive stack ventilators (passive vents) are an aternative to extract fans. Such systems comprise extract
grilles connected to ridge terminals by ducts. Such systems should be supplied with air bricks or trickle
ventsfor air ingress. It isthe number of extract grilles that should be used in the calculation.

Trickleventsor air bricks aone do not count as passive vents and should not be included in the
calculation.

2.3 Pressurisation test

A pressurisation test of adwelling is carried out by installing afan in the doorway of the principal entrance
to the dwelling, sealing all flues and chimneys, and determining the air flow rate required to maintain an
excess pressure of 50 pascals (Pa). The pressurisation test should be carried out in accordance with BS EN
13829. The air permeability measured in this way, gso, expressed in cubic metres per hour per square metre
of envelope areais divided by 20 for use in the worksheet (to give an estimate of the air change rate at
typical pressure differences). In this case (9) to (16) of the worksheet are not used.

2.4 Draught lobby

A draught lobby is an arrangement of two doors that forms an airlock on the main entrance to the dwelling.
To beincluded, the enclosed space should be at least 2 m® (floor area), it should open into acirculation
area, and the door arrangement should be such that a person with a push-chair or similar is able to close the
outer door before opening the inner door. It may be heated or unheated and may provide accessto a
cloakroom (but it should not be counted as a draught lobby if it provides access to other parts of the
dwelling).

A draught lobby should only be specified if there is a draught lobby to the main entrance of the dwelling. If
the main entrance has no draught lobby but, for example, a back door does, then no draught lobby should be
specified.

An unheated draught lobby in the form of an external porch should not be counted as part of the area of the
dwelling. However, the door between the dwelling and the porch is a‘ semi-exposed’ element and its U-
value should be calculated accordingly (see section 3.3).

Flats with access via an unheated stairwell or corridor should be classified as having a draught lobby.

10
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25 Sheltered Sides

A side of abuilding is sheltered if there are adjacent buildings or tree-height hedges which effectively
obstruct the wind on that side of the building. A side should be considered sheltered if al the following

apply:
- the obstacle providing the shelter is at least as high as the ceiling of the uppermost storey of the dwelling;
- the distance between the obstacle and the dwelling is less than five times the height of the obstacle;

- the width of the obstacle (or the combined width of several obstacles) is such that it subtends an angle of
at least 60° within the central 90° when viewed from the middle of the wall of the dwelling that faces the
obstacle - see Figure 1

Only this angle counts.
Obstacle It must be at |east 60°

within the central 90° at the wall
centre

Dwelling

Figurel Shelter angle

Two partially sheltered sides should be counted as one sheltered side. Architectural planting does not count
as shelter unlessit actually exists (even though shown as mature trees on drawings).

Any party wall should be counted as a sheltered side.

For new dwellingsit will often be appropriate to assume that two sides of the dwelling are sheltered.

2.6 Mechanical ventilation

Mechanical ventilation systems use continually running fans. They can be input-only, extract-only or
balanced (input and extract).

2.6.1 Mechanical ventilation systems

(a) Positive input ventilation (PIV)

Positive input ventilation is a fan driven ventilation system, which often provides ventilation to the dwelling
from the loft space. The SAP calculation procedure for systems which use the loft to pre-heat the
ventilation air is the same as for natural ventilation, including 20 m3/h ventilation rate equivalent to two
extract fans or passive vents. (The energy used by the fan is taken as counterbalancing the effect of using
dlightly warmer air from the | oft space compared with outside).

Some positive input ventilation systems supply the air directly from the outside and the procedure for these
systems is the same as for mechanical extract ventilation.

(b) Mechanical extract ventilation (MEV)
MEV isafan driven ventilation system, which only extracts air from the dwelling. The SAP calculation is
based on a throughput of 0.5 air changes per hour through the mechanical system, plusinfiltration.

MEV can be either:
- centralised: air is extracted from wet rooms via ducting and expelled by means of a central fan., or
- decentralised: air is extracted by continuously-running fans in each wet room.

(c) Balanced whole house mechanical ventilation
Balanced ventilation provides fresh air to habitable roomsin the dwelling and extracts exhaust air from wet
rooms.

11
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A balanced system without heat recovery extracts from wet rooms via ducting and expelled by a central fan.
Air isalso supplied to habitable rooms, either via ducting and a central fan or by individual supply air fans
in each habitable room.

In abalanced system with heat recovery (MVHR) both the extract and supply air are provided via ducting,
with a heat exchanger between the outgoing and incoming air.

2.6.2 Datarequired
Centralised MEV: The system's Specific Fan Power (SFP) and whether the ducting isrigid or flexible.

Decentralised MEV: SFP of each fan together with the fan's ducting arrangements (the fan can be in the
ceiling of the room with aduct to the outside, or in aduct, or in athrough-wall arrangement with no duct).

Balanced mechanical ventilation without heat recovery. SFP taking account of all fans and whether the
ducting isrigid or flexible.

MVHR. SFP as asingle value for the system as a whole, the efficiency of the heat exchanger, whether the
ducting isrigid or flexible and whether the ducting isinsulated (where outside the building's insulated
envelope).

For systems that have been tested according to the Appendix Q procedures for mechanical ventilation
systems (details at www.sap-appendixg.org.uk) the tested data from the Product Characteristics Database
should be used for the calculations. Otherwise the default datain Table 4g is used. Data sheets for each
tested system are provided on the Appendix Q website.

2.6.3 In-usefactors

In-use factors are applied in all casesto the SFP and, for MVHR systems, heat exchanger efficiency to
allow for differencesin practical installations compared to the laboratory test conditions that are defined for
the Appendix Q methodologies. For SFP, the in-use factor allows for additional lengths and bends
compared to the optimal test configuration and for the practicalities of setting the fan speed at the optimal
value for the required flow rate. For MV HR efficiency the tested result is the efficiency of the heat
exchanger itself and the in-use factor alows for losses from ductwork.

In-use factors are given in Table 4h. Specific fan power and heat exchange efficiency are multiplied by the
appropriate in-use factor for the purposes of SAP calculations. The factors will be updated in future as
relevant to take account of research results on the practical performance of mechanical ventilation systems,
and additional values applicable when the system has been installed under an approved installation scheme
for mechanical ventilation if such aschemeisput in place..

2.6.4 Specific fan power — measured data

The specific fan power for centralised MEV systems and MVHR systemsis a single value representing the
SFP of the whole system. It is multiplied by the appropriate in-use factor for the purposes of SAP
calculations.

In the case of decentralised MEV the specific fan power is provided for each fan and an average value is
calculated for the purposes of the SAP calculations. There are two types of fan, one for kitchens and one for
other wet rooms, and three types of fan location (in room with ducting, in duct, or through wall with no
duct). This gives six possible permutations although all would not normally be present in agiven
installation. The average SFP, including adjustments for the in-use factors, is given by:

[o] - ,
SFP. " FR; " IUF,
SFPaV=a o )
a FRr;

(D

where the summation is over all the fans, FR isthe flow rate which is 13 /s for kitchens and 8 I/s for all
other wet rooms, and |UF is the applicable in-use factor.

The specific fan power, inclusive of the in-use factor(s), is used to calculate the annual energy use of the
fans (Table 4f) and, where applicable, the gains to the dwelling from the fans (Table 5a). Note that
electricity consumption of MVHR systems is not added into the gains because their effect isincluded in the
test results for MVHR efficiency.
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2.6.5 MEV systems—air throughput and effective air changerate
The throughput is taken as 0.5 air changes per hour.

2.6.6 Balanced mechanical systems—air throughput and effective air change rate
The throughput of balanced mechanical systems, n, o, IS taken as having been set to an air change rate of
0.5 ach.

The MVHR efficiency is multiplied by the appropriate in-use factor (Table 4g). The heat recovered is
allowed for via an effective air change rate ng; whichis

neff = najj + nmech ’ (1 - h/lOO) (2)
where N isthe effective air change rate obtained at worksheet (22b) and h isthe MVHR efficiency in %
including the in-use factor. h is zero for balanced systems without heat recovery.

2.6.7 Rigid and flexible ducting

Ventilation systems may be tested with rigid ducting, flexible ducting, or both, and the in-use factors for
SFP depend on the ducting type. SAP calculations are done using the test data and in-use factors
corresponding to the actual duct type. If data for the actual duct type are not available the default values
from Table 4g are used.

The data and in-use factors for rigid ductwork may be used only if al the ductwork isrigid, specifically:

- for centralised systems, all ducting isrigid (although occasional flexible ducting to join components
together is permitted and allowed for in the in-use factor);

- for decentralised systems, al fans with ducting have rigid ducts.

If the above conditions do not apply, the calculation is done for flexible ductwork.

2.6.8 Two mechanical ventilation systems
Where two systems are used in the same dwelling:

a) If thetwo systems are identical, use the data for the system concerned corresponding to half the
actual number of wet rooms. If there is an odd number of actual wet rooms, round upwards (e.g. for
Kitchen+6 wet rooms use data for Kitchen+3 wet rooms).

b) If the systems are different, use an average of the data for the two systems, weighted according to
the number of wet rooms served by each system. Round SFP to 2 decimal places and efficiency to
nearest whole number for entry into SAP software.

c) |If either of the systems are not listed on the SAP Appendix Q website the default data (Table 4g)
applies.

3 HEAT TRANSMISSION

The areas of building elements are based on the internal dimensions of surfaces bounding the dwelling.

Window and door arearefersto the total area of the openings, including frames. Wall areais the net area of
walls after subtracting the area of windows and doors. Roof areais also net of any rooflights or windows set
in the roof. Apart from party walls (see section 3.7) losses or gains to spaces in other dwellings or premises
that are normally expected to be heated to the same extent and duration as the dwelling concerned are
assumed to be zero (and these elements are therefore omitted from the calculation of heat |osses).

The calculation should allow for different types of element where their U-values differ (e.g. some windows
single glazed and some double glazed, masonry main wall and timber framed wall in an extension, main
roof pitched and extension roof flat).

3.1 U-values of opaque elements

When the details of the construction are known, the U-values should be calculated for the floor, walls and
roof. This should aways be the case for new dwellings being assessed from building plans. For existing
dwellings see Appendix S.
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U-valuesfor walls and roofs containing repeating thermal bridges, such as timber joists between
insulation, etc, should be calculated using methods based on the upper and lower resistance of elements,
givenin BSEN SO 6946.

BS EN SO 6946 gives the calculation that applies to components and elements consisting of thermally
homogenous layers (which can include air layer) and is based in the appropriate design thermal
conductivity or design thermal resistances of materials and products involved. The standard also gives an
approximate method that can be used for inhomogeneous layers, except cases where an insulating layer is
bridged by metal.

Thermal conductivity values for common building materials can be obtained from BS EN 1SO 10456 or the
CIBSE Guide Section A3, For specific insulation products, data should be obtained from manufacturers.

U-valuesfor ground floorsand basements should be calculated using the procedure described in BS EN
SO 13370, in section A3 of the CIBSE Guide A or in the Approved Document 'Basements for
dwellings .

The thickness of loft insulation should be determined by inspection if the loft is accessible. The thickness
should be measured at least as accurately asin the following list: 0, 12, 25, 50, 100, 150, 200, 250, 300 mm.

3.2 Window U-values
The U-value for awindow should be that for the whole window opening, including the window frame.

M easurements of thermal transmittance in the case of doors and windows should be made according to
BS EN IS0 12567-1. Alternatively, U-values of windows and doors may be calculated using BS EN 1SO
10077-1 or BSEN 1SO 10077-2. In the case of roof windows, unless the measurement or calculation has
been done for the actual inclination of the roof window, adjustments as given in Notes 1 and 2 to Table 6e
should be applied.

Table 6e gives values that can be used in the absence of test data or calculated values. Use avalue from
Table 6e which corresponds most closely to the description of the actual window; interpolation should not
be used in this table. The table provides default values for windows corresponding to the generic
descriptions given in the table. Measured or specifically calculated values can be better than thosein the
table because of better frame performance, improved spacer bars and other factors.

The effective window or roof window U-value to be used in worksheet (27) and (274) takes account of the
assumed use of curtains; it is calculated using the formula:

1
U effective = I (3)
T +0.04

w

where U,, iswindow U-value calculated or measured without curtains.

3.3 U-values of elements adjacent to an unheated space

The procedure for treatment of U-values of elements adjacent to unheated space is described in BSEN 1SO
6946 and BS EN 1SO 13789.

The following procedure may be used for typical structures (no measurements are needed of the
construction providing an unheated space, just select the appropriate R, from Tables 3.1 to 3.3 below).

=—— (4)
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resultant U-value of element adjacent to unheated space, W/m?K;

U-value of the element between heated and unheated spaces calculated asiif there were no
unheated space adjacent to the element, W/m?’K ;

R, = effective thermal resistance of unheated space from the appropriate table below.

wheree U
U,

R, for typical unheated structures (including garages, access corridors to flats and rooms in roof) with
typical U-values of their elements are given below. These can be used when the precise details on the
structure providing an unheated space are not available, or not crucial.

The effect of unheated spaces, however, need not be included if the area of the element covered by the
unheated space issmall (i.e. less than 10% of the total exposed area of all external wallsif the unheated
space abuts awall, or 10% of the total area of all heat-loss floors if the unheated space is below afloor).
Consequently a door in an element abutting an unheated space would not need to have its U-value changed
(unlessit is part of avery small flat where the U-value of the door might make a significant contribution to
the result).

3.3.1 Garages

The U-value of elements between the dwelling and an integral garage should be adjusted using R, from
Table 3.1 or Table 3.2. Attached garages (not integral) should be disregarded.

Table3.1 R, for integral single garages (single garage is a garage for one car)

Garage tvpe Elements between garage R, for asinglegarage
getyp and dwelling Inside’ Outside’
Single fully integral Side wall, end wall and floor 0.68 0.33
Single fully integral One wall and floor 0.54 0.25
! o <>
Single, partially integral ) Sidewall, end wall and floor 0.56 0.26
displaced forward n

Table3.2 R, for integral double garages (double garage is a garage for two cars)

Garage tvpe Element between garage R, for a double garage
getyp and dwelling Inside’ Outside’
Double garage Side wall, end wall and floor 0.5 0.28
fully integral

Side wall, halves of the

garage end wall and floor 0.34 na

Double, half integral

Part of the garage side wall,
end wall and some floor

Double, partially integral

displaced forward 0.28 n‘a

Ve

linside garage — when the insulated envelope of the dwelling goes round the outside of the garage
%outside garage — when the walls separating the garage from the dwelling are the external walls

3.3.2 Stairwellsand accesscorridorsin flats

Stairwells and access corridors are not regarded as parts of the dwelling. If they are heated they are not
included in the calculation. If unheated, the U-value of walls between the dwelling and the unheated space
should be modified using the following data for R,.

Figure 3.1 shows examples of access corridorsin flats.
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Facing wall
“\
exposed ‘\ Flat

\ Corridor
= | walls adjacent to unheated space

7

N
Facing wall _ | |
not exposed — w‘/ Flat

\l Corridor above or below

| —»

Figure 3.1 Accesscorridors

The following table gives recommended values of R, for common configurations of access corridors and
stairwells..

Table3.3 R, for common configurations of stairwells and access corridors.

Elements between stairwell/corridor and dwelling Heat loss from corridor Ry
through:

Stairwells:
Facing wall exposed 0.82
Facing wall not exposed 0.90

Access corridors:
Facing wall exposed, corridors above and below facing wall, floor and ceiling 0.28
Facing wall exposed, corridor above or below facing wall, floor or ceiling 0.31
Facing wall not exposed, corridor above and below floor and ceiling 0.40
Facing wall not exposed, corridor above or below floor or ceiling 0.43

3.3.3 Conservatories

Since the definition of a conservatory can vary, use the definition and any additional requirements that are
appropriate to the building regulations of the administration where the dwelling is situated.

Thermal separation between a dwelling and a conservatory means that they are divided by walls, floors,
windows and doors for which

i) theU-valuesare similar to, or in the case of a newly-constructed conservatory not greater than, the
U-values of the corresponding exposed elements elsewhere in the dwelling;

ii) inthe case of a newly constructed conservatory, windows and doors have similar draught-stripping
provisions as the exposed windows and doors elsewhere in the dwelling.

For a conservatory which isthermally separated, the cal culation should be undertaken as if it were not
present.

3.3.4 Other large glazed areas

Any structure attached to adwelling that is not athermally separated conservatory according to the
definitionsin 3.3.3 should be treated as an integra part of the dwelling. This means that the glazed parts of
the structure should be input asif they were any other glazed component (both in the heat | oss section, and
in the solar gain section according to orientation). See also section 3.2.
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3.3.5 Room in roof

An approximate procedure applies in the case of aroom-in-roof in an existing dwelling (see Appendix S).
The following applies to new dwellings and conversions to create a room-in-roof.

In the case of room-in-roof construction where the insulation follows the shape of the room, the U-value of

roof of the room-in-roof construction is calculated using the procedure described in paragraph 3.3 using
thermal resistance R, from Table 3.4. The same applies to the ceiling of the room below.

U-value calculated as for anormal roof

elements adjacent to an unheated space

Figure 3.2 Room in roof

Table3.4 R, for room in roof adjacent to unheated loft space

Area (figure 3.2) Element between dwelling and Ry
unheated loft space

Room in roof built into a pitched insulated wall of room in roof 0.50
roof insulated at ceiling level

or insulated ceiling of room below 0.50

If the insulation follows the slope of the roof, the U-value should be calculated in the plane of the slope. For
existing dwellings see Appendix S.

3.3.6 Other cases

In most other cases the effect of an unheated space should be disregarded. Where it needs to be accounted
for ageneral formulafor R, is:

_ Aj
A (Ae” Ug)+0.33nV

()

Ry

>
>
A

= areasof internal and external elements (m?), excluding any ground floor

U-values of external elements (W/m2K)
volume of unheated space (m?3)
air change rate of unheated space (ach)

@

S <C

Typical values of the air change rate in unheated spaces are given in Table 3.5. A default value of n =3 ach
should be used if the airtightness of the unheated space is not known.
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Table 3.5 Typical air changeratesfor unheated spaces

I n
Air tightnesstype (air changes per
hour)
No doors or windows, all joints between components well-sealed, no ventilation 0.1
openings provided
All joints between components well-sealed, no ventilation openings provided 0.5
All joints well-sealed, small openings provided for ventilation 1.0
Not airtight due to some localised open joints or permanent ventilation openings 3.0
Not airtight due to numerous open joints, or large or numerous permanent 10.0

ventilation openings

3.4 Thermal bridging

The SAP calculation takes account of thermal bridging, at junctions between elements and around openings.
If linear thermal transmittance values are available for these junctions, they can be multiplied by the length
of the junction concerned, and the total added to the transmission heat transfer coefficient.

If specific values for thermal bridges are not known, and the calculation can be done by including an
allowance based on the total exposed surface area. Further details are in Appendix K.

3.5 Dwedllingsthat are part of larger premises

In the case of adwelling that is part of alarger building where the remainder of the building is used for non-
domestic purposes, the elements between the dwelling and the remainder of the building are considered:

to have zero heat loss if the spaces adjacent to the dwelling are normally heated to similar levels asthe
dwelling, or

as heat loss elements to an unheated space if the spaces are unheated, heated only intermittently or
heated only to alow level, or

asif they were external elements but with their U-value reduced by afactor of 2 if the spaces are
heated to a different pattern to that of the dwelling (e.g. commercial premises).

3.6 Curtain walling

Curtain walling is used sometimes for flats, but it needs a specia procedure to get the heat loss and the solar
gains correct simultaneously.

The U-value of curtain walling isa U-valueis that for the whole facade, i.e. an average value including
mullions, transoms, glazing and spandrel panels. SAP cal cul ations should be done by:

a) entering the fagade U-value for the wall U-value, applied to the opaque area;

b) entering the facade U-value for the window U-value, applied to the glazed area;

¢) assigning a frame factor of 1.0 to the windows.

The fagade U-value includes all effects of thermal bridging within the fagade. It is therefore permissible to
calculate the thermal bridging heat loss with the lengths of window surrounds set to zero. All other
junctions are included as normal (as described in Appendix K).

3.7 Party walls

Where of cavity construction a party wall can provide a mechanism for heat loss via air movement within
the cavity between lower floors and the |oft space. To alow for this party walls should be assigned a
U-value asfollows (Table 3.6):
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Table 3.6 : U-valuesfor party walls

Party wall construction U-value (W/m2K)
Solid 0.0

Unfilled cavity with no effective edge sealing 0.5

Unfilled cavity with effective sealing around all exposed edges and

T T . . 4 0.2

in line with insulation layers in abutting elements

Fully filled cavity with effective sealing at all exposed edges and in 0.0

line with insulation layers in abutting el ements

Where edge sealing is adopted, either on its own or in conjunction with afully filled cavity, it must be
effectivein restricting air flow and be aligned with the thermal envelope.

4 DOMESTIC HOT WATER

The demand for hot water is derived from the floor area of the dwelling and is specified in Table 1b. The
energy required to produce that amount of hot water is then calculated, taking account of lossesin heating
and storage. Heat to the dwelling from storage cylinders and distribution pipework is also estimated [* heat
gains from water heating’, (65)] so that it can be taken into account in the calculation of space heating
requirements.

Water can be heated by any of the systems in the water heating section of Table 4a which includes systems
that provide both space and water heating and systems that provide water heating only.

For systems that recover heat from waste water see Appendix G.

4.1 Distribution loss
A distinction is made between instantaneous water heating, which heats water when it is required, and water

heating that relies on storage of hot water in a cylinder, tank or thermal store. ‘Primary’ and ‘cylinder’
losses are not used in the calculation for instantaneous heaters.

‘Single-point’ heaters, which are located at the point of use and serve only one outlet, do not have
distribution losses either. Gas multipoint water heaters and instantaneous combi boilers are aso
instantaneous types but, as they normally serve several outlets, they are assumed to have distribution losses.

4.2 Storageloss
Stored hot water systems can either be served by an electric immersion heater or obtain heat from a boiler

or a heat pump through a primary circuit. In both cases, water storage losses are incurred to an extent that
depends on how well the water storage is insulated. These losses apply for:

hot water cylinders;

the store volume of storage combination boilers (where the boiler efficiency is derived from test data);
thermal stores;

combined primary storage units (CPSUs);

community heating schemes.

Water storage losses are set to zero for other combi boilers and instantaneous water heaters.

For cylinders the preferred way of establishing cylinder lossesis from measured data on the cylinder
concerned, according to BS 1566.

For thermal stores and CPSUs (including electric CPSUs) the preferred way of establishing heat lossesis
from measured data on the thermal store or CPSU concerned, according to the WMA Performance
Specification for thermal stores.

If measured datais not available, losses from the storage vessel should be estimated by multiplying the loss
factor from Table 2 by the volume of the vessel and the volume factor from Table 2a.
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In all cases, the lossrateisto be multiplied by atemperature factor from Table 2b. This factor accounts for
the average temperature of the cylinder or thermal store under typical operating conditions, compared to its
temperature under test.

For combi boilers the storage loss factor is zero if the efficiency is taken from Table 4b. Thelossisto be
included for a storage combination boiler if its efficiency is the manufacturer's declared value or is obtained
from the Product Characteristics Database, using the datain Tables 2, 2a and 2b (its insulation thickness
and volume are also to be provided by the manufacturer or obtained from the database).

For boiler systems with separate hot water storage, primary losses are incurred in transferring heat from the
boiler to the storage; values for primary losses are obtained from Table 3. For acombi boiler the additional
lossin Table 3aisincluded to allow for the draw-off of water until an adequate temperature at the tapsis
attained (in the case of combi boiler tested to EN 13203-2 or OPS 26 the additional loss is obtained from
the test data using Table 3b or Table 3c).

The efficiency of gas and oil boilers for both space and water heating is reduced by 5% if the boiler is not
interlocked for space and water heating (see section 9.3.9).

4.3 Community schemes
Where hot water is provided from a community heating scheme:

a) If thereisahot water cylinder within the dwelling, its size and the appropriate loss factor should be used
(Tables2 and 2a).

b) If the DHW is provided from the community scheme via a plate heat exchanger use the volume of the
heat exchanger (rounded upwards to the nearest litre) and the insulation of it in Tables 2 and 2a; if there
are plate heat exchangers for both space and water heating use the volume of both added together.

¢) If neither of the above applies the calculation should assume a cylinder of 110 litres and loss factor of
0.0152 kwh/litre/day.

Primary circuit loss for insulated pipework and cylinderstat should be included (Table 3).

The efficiency for water heating isincorporated in the price of heat for community schemesin Table 12..

4.4 Solar collector

A solar collector coupled with solar water storage reduces the fuel needed for domestic hot water (see
Appendix H). The solar water storage can be either as the lower part of a multi heat source cylinder, or asa
separate solar cylinder. For shared systems supplying dwellings with community heating see H2 in
Appendix H.

45 Alternative DHW heating systems

In most cases the system specified for water heating should be that intended to heat the bulk of the hot
water during the course of the year. For example, an immersion heater should be disregarded if provided
only for backup where the principa water heating system is from a central heating boiler, as should other
devicesintended for or capable of heating only limited amounts of hot water. Exceptions are (a) micro-CHP
and heat pump packages assessed by Appendix N where the package provides DHW only in the heating
season, and (b) solid fuel room heaters with a back boiler where an immersion heater is provided to heat
water in the summer (see section 12.4.4).

5 INTERNAL GAINS

Internal gains from lights, appliances, cooking and from the occupants of the dwelling (metabolic gains) are
estimated from floor area (Table 5).

Gains from central heating pumps located within the heated space and other items should be added and then
included in worksheet (70),, using the values givenin Table 5a

Gains from the fans in a whole-dwelling mechanical ventilation system should be included, but no useful
gains are assumed from individual extractor fans.
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6 SOLAR GAINSAND UTILISATION FACTOR
6.1 Solar gainsfor openings

The heat gain through windows and glazed doorsis calculated as

Ggy=09" A, S0 FF Z (6)
where:

G, o isthe average solar gain in watts

0.9 isafactor representing the ratio of typical average transmittance to that at normal incidence

A,, isthe area of an opening (awindow or a glazed door), m?

Sisthe solar flux on a surface from Table 6a, W/m?

0~ isthetotal solar energy transmittance factor of the glazing at normal incidence (see Table 6b)

FF is the frame factor for windows and doors (fraction of opening that is glazed)

Z isthe solar access factor from Table 6d

Frame factors (FF) should be assigned per window (or per group of similar windows) particularly where the
areas of the windows differ on different facades on the dwelling. Default values are given in Table 6c¢.

In the case of awindow certified by the British Fenestration Rating Council (BFRC), see www.bfrc.org,
the quoted solar factor is g,yiqon Which isequal to 0.9 x g x FF. The solar gain for such windowsis
calculated as

G A

solar =Aw S” Gwindow  Z (7)
In the case of ‘arrow dlit” windows where the width of opening at the external side of thewall is
substantially less than the width of the window, this should be taken into account by multiplying FF (or in

the case of a BFRC-rated window, g,inqon) PY the ratio of the opening width at the external surface of the
wall to the width of the window.

Solar gains should be calculated separately for each orientation and for rooflights, and then totalled for use
in the calculation. E/W orientation of windows may be assumed if the actual orientation is not known". The
solar access factor describes the extent to which radiation is prevented from entering the building by nearby
obstacles. The over-shading categories are dependent on how much the view of the sky through the
windowsis blocked. The categories are defined in Table 6d in terms of the percentage of sky obscured by
obstacles (the ‘average’ category appliesin many cases, and can be used for SAP calculationsif the over-
shading is not known ).

6.2 Openingsfor which solar gain isincluded

Openings should be classified as windows, glazed doors or solid doors according to the percentage of
glazed area (the percentage of total area of opening that is glass, i.e. excluding framing, mullions, transoms,
solid panels etc.). For SAP calculations definitionsin Table 6.1 apply:

Table6.1: Classification of openings

Category Description Glazing area Solar gain included
1 Solid door <30% No
2 Glazed door 30% - 60% No
3 Window > 60 % Yes
4 Roof windows All cases Yes

Patio doors which have large glazing areas, generally 70% or more, should be treated as windows and so
should take account of solar gain. No allowance should be made for solar gain via doorsin categories 1 and

" Subject, in the case of anew dwelling, to any requirements of building regulations that apply in the
administration where the dwelling will be constructed.
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2 even though they have some glazing. French windows often have high frame factors (around 50%) and
are thus classified as glazed doors for which no solar gain is included.

6.3 Morethan one glazing type

Sometimes a dwelling has more than one type of glazing (e.g. some double glazing and some single
glazing). In these cases the gains should be calculated separately for each glazing type, and added in the
same manner as (74) to (82), to obtain the entry for (83),, for each month.

6.4 Utilisation factor

The solar gains are added to the internal gainsto give total heat gains. A utilisation factor isthen applied to
the gains, which has the effect of reducing the contribution of gains where they are large in relation to the
heat load. This factor is calculated from the ratio of the total heat gains to the heat loss coefficient of the
dwelling and is obtained as described in Table 9a

6.5 Solar gain in summer

Solar gainsin summer (see Appendix P) take account of blinds or curtains that can be drawn to reduce solar
gain, and overhangs. These factors are not included in the calculation of solar gainsin the winter period.

7 MEAN INTERNAL TEMPERATURE

The calculated mean internal temperature for each month is based on the heating requirement of atypical
household, taking account of the extent to which the dwelling isinsulated and how well the heating can be
controlled. The average temperature is obtained separately for the living area and for the rest of the
dwelling and then combined to obtain the mean internal temperature for the dwelling, using the data and
equationsin Tables 9, 9aand 9b.

The temperature difference between the living area and the rest of the dwelling is obtained from Table 9,
using the HLP and the ‘ Control’ column of Table 4e.

7.1 Livingarea

Theliving areais the room marked on a plan as the lounge or living room, or the largest public room
(irrespective of usage by particular occupants), together with any rooms not separated from the lounge or
living room by doors, and including any cupboards directly accessed from the lounge or living room. Living
area does not, however, extend over more than one storey, even when stairs enter the living area directly.

Theliving area fraction isthe floor area of the living area divided by the total floor area.

8 CLIMATIC DATA

Calculations are based on the climatic data (solar radiation, wind speed and external temperature) provided
in Tables 63, 7 and 8.

9 SPACE HEATING REQUIREMENT

The ‘useful’ energy required from the heating system each month is calculated from internal and external
temperatures and the heat transfer coefficient allowing for internal and solar gains. Totalled over one year
this quantity is known as the dwelling’s Space Heating Requirement and is calculated at worksheet (98).

The quantity of fuel or electrical energy required to provide that useful energy isthen calculated for each
month, taking account of the efficiency of the space heating system (obtained from Product Characteristics
Database or from Table 4a or 4b).

9.1 Heating systems

It is assumed that the dwelling has heating systems capable of heating the entire dwelling. Calculations are
on the basis of a main heating system and secondary heaters as described in Appendix A. The proportion of
heat from the main and secondary systemsisasgivenin Table 11.
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For a new dwelling that has no heating system specified, it should be assumed that the dwelling will be
heated by direct acting electric heaters.

For community heating schemes and combined heat and power, see Appendix C. A heating system
supplying more than one dwelling should be regarded as a community scheme. Thisincludes schemes for
blocks of flats as well as more extended district schemes.

For an electric CPSU, see Appendix F.

