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SUMMARY

Thisdocumend escri bes the Governmentds Standard Assessment
performance of dwellings. Theainindicators of energy performance &abric Energy Efficiency (FEE),

energy consumption per unit floor aréae energy cost ratingthe SAP rating)the Environmental Impact rating

based on C@emissiongthe El rating) the Dwelling Rimary EnergyRate(DPER) and Dwelling CQ Emission

Rate (DER)but other values calculatesuch as delivered energy fabric heat lossegsan also b used as

metrics.

The SAP rating is based on the energy costs associated with space heating, water heating, ventilation and
lighting, less cost savings froom-site energy generation technologies. It is adjusted for floor area so that it is
essentially independent of dwelling size for a given built form. The SAP rating is expressed on a scale of 1 to
100, the higher the number the lower the running costs. The ratmgxceed 100 if renewable generation
technologies are used.

TheEl rating is based on the annual £#nissions associated with space heating, water heating, ventilation and
lighting, less the emissions saved by energy generation technologies. Iste@ddqgu floor area so that it is
essentially independent of dwelling size for a given built form. The Environmental Impact rating is expressed on
a scale of 1 to 100, the higher the number the better the staflarthting can exceed 100 if renewable

generation technologies are used.

The DPER is used for the purposes of compliance with Building Regulations. It is equal to the annual primary
energy use of thbuilding per unit floor area for space heating, water heating, ventilation and ligitijogtel
for anyrenewablerimary energy generatexh the site of the dwellingexpressed iRWh/m2/year.

TheDERIs a similar indicator to the Environmental Impact rating, which is usedhéopurposes of compliance
with Building Regulations. It is equal thé annual C@emissions per unit floor area for space heating, water
heating, ventilation and lightingdjusted for angmissions saved by energy generation technologies, expressed
in kg/mz/year.

The method of calculating the energy performance andatiregs is set out in the form of a worksheet,
accompanied by a series of tables. The methodology is compliant wiméngy Performance of Buildings
Directive (2018/844EV). The calculation should be carried out using a computer program that impleheents t
worksheet and is approved for SAP calculati®RE approves SAP softwaused within schemes recognised

by governmenbn behalf of thddepartment for Business Energy and Industrial Strategy, the Ministry of Housing
Communities and Local Governmetite ScottishGovernmentthe Welsh Governmentind the Department of
Finance and Personrfelr Northern Ireland

| NTRODUCTI ON

The Standard Assessment Procedure (SAP) is adopted by Government as the UK methodology for calculating
the energy performance ofvellings.

The calculation is based on the energy balance, taking into account a range of factors that contribute to energy
efficiency:

materials used for construction of the dwelling

thermal insulation of the building fabric

air leakageventilation chareteristics of the dwellingand 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 apgdible

renewable energy technologies

=4 =4 -4 8 _a_a_9a_9

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

The procedure used for the calculation is based on the BRE Domestic Energy Model (BRE®EMwhich
provides gramework for the calculation of energy use in dwellings. The procedure is consistent with the
standard BS EN 1S0520161 and 5201&.

The Standard Assessment Procedure was first published thethBOE and BRE in 1993 and in amended form
in 1994, andtonventiondor its usewerefirst published in 1996 and amended in 19R@visedversionsof SAP
were published in 1998, 2002005 2009and 2012

The present edition is SARD 2. Significant changesompared t&SAP 2012nclude

- fuel prices, CO2 emissinsand primary energy factors have begrlated

- themonthly variationof CO2 aml primary energy factoris nowtaken into consideration

- the calculation of hot war consumption has beadjustedo takeaccountof the showerflow rate

- thecalculation of lighting energy has been upddtedllow for thelighting efficacyand amount

- thetreatment oflistribution losfactorsassociated with communal heatingtworkshasbeen revised

- the air flow rates associated with chimneys and flues heee bpdated

- the treatment of mechanical ventilatisystemheat recovery and aerodynamic performance has been revised

- additional flow temperature optiotgve been provideidr heat pumps and condensing boilensl a means
to recognise hybrid heat pump/leris added

- the selfuse factor for electricity generated plyotovoltaic(PV) systems has been revised and allows for the
effects of battery storagend PV diverters

- the ability to include solar thermal space heating has been added

- the assumedtandardheating pattern has been adjudietetter match UK practice

- provision has been made includeheat interface units (for heat networksgw heating controllers and
additional fuels ithe PCDB

- thereference building characteristics have beedated

- results from low pressure pulse testing have been alléoved the calculation of infiltration rate

- Appendix P (summer gains check) has besnoved

- the efficiency of waste water heat recoveygtems has been made to vary with shower flow rate

SOPE OF THE SAP PROCEDURE

The procedure is applicable to setintained dwellingsf any sizeand 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 suchhaatedaccess corridors, and other buildings (even though used
for residential purposes, e.g. nursing homes) are assessed using proceduresdomestic buildings.

Where part of an accommodation unit is used fonmercial 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 domesticauseamge of
occupancy. That would be applicable where:

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

- all is contained within the same thermal envelope, and

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

Where a seltontained dwelling is part of a subdtiafly larger building,andthe 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 nedomestic buildings.

SAP is a methodology for calculating energy use andcagedmetrics (e.grunning costs and G@missiony
It does not set any standards or limitations on data.

For SAP calculations, dwellings have a standard occupancy and usage pattermsestigtical values of
quantities that in practice vary substantially between dwellings of similar size and type. The occupancy assumed
for SAP calculations is therefore matitable for design purposes, for example of hot water systems.
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GENERAL PRI NCI PLES

Input precision and rounding
Data should be enteréato calculation softwaras accurately as possible, although geserallyunnecessary to
go beyond 3 significant figres (and some product data may only be available to lesser precision).

Input data

Various tables 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 avail&ldwever, 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 buil context.

A set of conventions is published separatghhttps://bregroup.com/sap/sapdfich should be used in
conjunction with this document in connection with data acquisition and assembly for input to a SAP calculation.
The conventions are updated from time to time so it is impaidagnisure the latest versimused.

U-valuesi walls, floors, roofs
For new build, Uvalues shouldbe calculatedbased orthe actual constructiotl-values forassessingxisting
homesare discussed below

Thermal mass

The Thermal Mass Parameter (TMPYequired for heating and cooling calculatiohs$s defined as the sum of
(area times heat capacity) over all construction elements divided by total flooit aeabe obtained from the
actual construction elements of walls, floors and roofs (including party and internal walls, floors and ceilings).
For further details see Tahle

Linear thermal transmittanc¥ {values)
Y -valuesare used for thermal bridgingihere are three possibilities.
a) The use of a global factor, which is multiplied by the total exposed surface area, as described in Appendix K.
b) On the basis of the length of each junction and the defaulilues in Table K1.
¢) On the basis of thehgth of each junction and ussrppliedY -values. It is not necessary to supaly
Y -value for each junction typgedefaultvalues from Table K1 can be mixed with usepplied values.

Window data

Window U-values and galues (total solar energy transraitte) can be from a certified window energy rating
or manufactureideclaration. Both values are needfm the calculation of respectively heat loss and solar
gain). Default valuedrom Table 6e may be use¢here this datés unavailable

Values oflight transmittance (J are given in Table 6b faralculation of lightingenergyrequiremerg as set out
in AppendixL.

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 windésMmportantin determining solar gajrso actual values

should be used wherever possilffeame factors should be assigned per window (or per group of similar

windows) particularly where window areas diffen different facades on the dwellirigefault values are given

in Table 6¢.

Boiler efficiencyi gas liquid and solid fues
Efficiency valuesshouldbe takenfrom theProductCharacteristicatabase(PCDB) wherever possiblgndin
preference to thdefault figures provided iables 4a and 4b.

Warm air heating systems (not heat pgjmp
Efficiency valuesshouldbetakenfrom thePCDB wherever possiblendin preference to the default figures
provided inTable 4a.

Heat pumps
Efficiency values should be takénom thePCDB wherever possible, and in preference to teiadlt figures

provided inTable 4a.

1 http://www.ncmpcdb.org.uk
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Heat network
Data for heat networkshouldbe obtained from the PCDBhere availablend applied via the procedures in
Appendix C. Default figures fromiable 4aand Appendix Ghould be used if PCDB data is unavailable.

Efficiency of gadiquid/solid fuel fires andoom heaters
Efficiency can be from a manufactuggdeclaratioras described in Appendix E, sectiBl. Otherwise a default
figure from Table 4ahouldbe used.

Standing los$ cylinders, thermal stores and CPSUs (includes both gas and electric CPSUSs)

The manufacturés declared los®btained in terms of the applicalBeitish Standaréind expressed in
kWh/day,shouldbe used irpreference talefaultdata from Table 2. (Tables 2a and 2b are applied to declared
loss as well as to loss froable2). Note The presence of heat pump buffer vessels is ignerazh if installed
outside the heated envelol®AP assumes that the specification of these will require an improvement in heat
pump performance at least equal to the standing loss from the buffelr vesse

Pressure test result

The result of a pressure tegthere available, igsed instead of the default calculationsioinfiltration. In the
case of a dwelling not yet built, a design value of air permeability can besuisgdtt to the requirement o
Building Regulations that apply in the administration where the dwelling will be constructed.

Solarthermalcollector performance
The zereloss collector efficiency and the colled®heat loss coefficieatan be used if obtained from test
results.If unavailable, default values are provided able H1.

Specific fan poweand ventilation heat exchanger efficiency

Measured values opscific fan power for these mechanical ventilation systems:

- positive input ventilation from outside (not loft)

- medanical extract

- balancedsupply and extract

and of heat exchanger efficiendgr MVHR systemsshouldbe used in place of the default values in Table 4g
for systems liste¢th the PCDB.

Existing dwellings

The SAP calculation procedure for existithgellingsfollows that for new dwellings. However, some of the data
items are usually defaulted or inferred. For further detail\ppendix Sof SAP2012. An updated version of
Appendix Sfor use with SAP 10will be developedn future.

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 use it. Thus, for example, thariéisgoased on the
original design concept and not trerooms the current occupants heat.

CALCULATI ON PROCEDURE AND CONVENTI ONS

The method of calculating energy performance is set out in the form of a worksheet, accompanied by a series of
tables. A calculation should follow the numbered entries in the worksheet sequentially. Some entries are obtained
by carrying forward earlier en¢s, other entries are obtained by reference to Tables4ldofiom user

supplied data. The following notes on calculations and conventions should be read in conjunction with the
worksheet.

The worksheet is intended as@thodof describing the caldation, andto assist withimplementing 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 area

10
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Dimensionsrefer to the inner surfaces of the elements boundiegitvelling. 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 heightis the total height between the ceiling surface of a given storey amgiting surface of the
storey below. For a single storey dwelliigcluding a single storey flatpr the lowest floor of a dwelling with
more than one storey, the measurement should be from floor surface to ceiling $iofeeeer any suspended
ceiling should be disregarded/here the room height varies, such as in a rimmnoof, the storey height should
be an average based on the volume of the space and the internal flqpiuaréae 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 a room extends to two storeys or
more only the actual accessible floor area shouldsee for the calculationslowever, as an exception to this

rule in the case of stairs, thedr area should be measured as if there were no stairs but a floor in their place at
each level.

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

Porches:
1 should be includei heated by fixed heating devices;
1 should not be includeiunh e at ed and external . In this context
protruding from the line of the external wall of the dwelling;

1 should not be includeiflunheated and thermally separated from the dwelling.

Conservatories:
1 should not be includeidithey ae separated from the dwelling according to the definition in 3.3.3
9 should be includeds part of the dwelling if they are not separated.

Store rooms and utility rooms:
1 should be include they are directly accessible from the occupied area of the dwelling, whether
heated or not;
1 should not béncludedif they are unheated and accessible only via a separate external door.

Basements:
1 should be included accessed via a permanent fixedilcase and either:
- basement is heated via fixed heat emitters, or
- basement is open to the rest of the dwelling.

Garages:
1 should be included heating is provided within the garage from the main central heating system;
1 should not be includedherethe garage is thermally separated from the dwelling and is not heated
by the central heating system

Attics:
9 should be includei accessed by a fixed staircase.

When porches dntegralgarages are not included in floor area, the door and part of theetmeen the
dwelling and these structures are adjacent to an unheated space anevdilegd should badjusted where
appropriatgsee section 3.3).

In flats, if corridors and stairwells are heated, treat walls between the flat and heated cdaiideetitsagparty
walls (see section 3.3)

No special treatmemtf ad we | | i n g 6 shodld bengiversim caseswhere a central heating boiler is
located in an unheated garageattic(i.e. the floor area used for the assessment should be the sétieea
boiler were in the kitchen or a utility room).

For existing dwellings see additional guidance in Appendix S.

11
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Pitched roofs

There are three main types of pitched roof construction:

1. pitched roof with insulation at ceiling levéhsulated between (and perhaps also above) jaigtgrama);

2. pitched roof insulated at rafter level (no insulation at ceiling level), insulated between and/or above rafters
(Awarm roob), with a nonventilated loft space but with a ventilated spacevbeh 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 habitahle space
diagrams c) and d)

Cold roof Warm roof
space space
a) Insulation ateiling level b) Insulation at rafter level

In the cases of a) and b) the roof space shootdbetreatedas a separate storey.

Ventilated

Wp

R N

Room in roof

¢) Room in roof built into a d) Room in roof built into 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 shatddase
a separate storey.

2 VENTILATION RATE

The ventilation aichange 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 a large number of factorg,ahamich 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.

The infiltration rate can be assessed either fagressuristion test or, in the absenceapressure test,
estimatedusing the SAP algorithras defined by9) to (16) of the worksheet

Whether or not a pressurisation test has been carried out, the ventilation calculation requires information on
chimneys, fans, gen flues and passive vent$iese itemgwhich areblocked off during a pressurisation test but
open in practice) should be countedéa)to (7c) of the worksheet.

Ventilation rates for chimneys, flues, fans and passive vents, flueless gas fipesaive stack ventilators are
given in Table 2.1 below.

12
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Table 2.1 Ventilation rates

Item Ventilation rate m%hour
Chimney oropenflue attached to closed fire (stove 10
Chimney oropenflue attached to solid fuel boiler 20
Chimney or flueattached to other heater 35
Open chimney 80
Chimney permanently blocked 20
Openflue/vertical ductwith diameter < 200mm 20
Intermittent extract fan 10
Passive vent 10
Flueless gas fire 40

Lif ventilator area does not exceed@ID mn%, otherwise treat as opehimney

2.1 Chimneys and flues

For the purposes of SAP a chimney is defined as a vertical duct for combustion gases of dianneteio200
more (or a rectangular duct of equivalent six&xtical ducts with diameter less than 200 mm should be counted

as flues.

Ventilation rates should be included only for open flwbsch take air from the roonthey should not be
included for roormsealedappliancesvhich take air directly from the oude.

2.2 Fans and passive vents

Intermittent -running extract fans which exhaust air (typically from the kitchen and bathroom), including
cooker hoods and other independent extractor fans, should be includednnitheb e r

continuously raning fans see section 2.6.

of

f Fom s 6

categor:

Passive stack ventilatorgpassive vents) are an alternative to extract fans. Such systems comprise extract grilles
connected to ridge terminals by ducts. Such systems should be supplied with air bricks or trickle vents for air
ingress. It is the number of extract grilles thatidddeused in the calculation

Trickle vents or air bricks alone do not count as passive vents and should not be included in the calculation.

2.3 Air permeability measurements

There are currently two recognised methods for measuring the air permedhligglings- the fan
pressurisatiomethod and the loyressure pulse method. Bdtstprocedures involve sealing all openings for

natural ventilation, openings for whole building mechanical ventilation or air conditioning systems, openings in
windows aml doors and any flues and chimneys. (These items are allowed for separately.)

A fan pressurisation teg& carried out by installing a fan asuitable openingp the dwellingand the air flow
rate required to maintain an excess pressure of 50 paBedls (determined.

A low-pressure pulse test uses a compressed air source positioned centrally within the dwelling to exert a

measured pressure pulse from within the building envelope. The measured rate of change in the background air
pressure is then ad to determine the air leakage rate at 4 pascals (Pa).

Both test methods should be carried out according to the air pressure testing procedure, as described in Approved
Document L- Conservation of fuel and power, Volume 1: dwellings

The air permeabty at 50 Pa(APsg) measured with the fan pressurisation technique, expressed in cubic meters
per hour per square meter of envelope area, is divided by 20 for use in the worksheet to give an estimate of the
air infiltration rate at typical pressure diféarces. In this case (9) to (16) of the worksheet are not used.

The air permeability at Ba(APs) measured with the loypressure pulse technique, also expressed in cubic
meters per hour per square meter of envelope mreaed in théollowing formula to estimate of the air
infiltration rate at typical pressure differences. In this case (9) to (16) of the worksheet are not used.

Air infiltration rate (ach) = 0.263 AP,*924
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For building regulations compliance assessments onlyfien calculating dwelling emission rate etc., but not
the EPC rating), where natural ventilation with background ventilators and intermittent extract fans are used,
SAP software shall modify the air permeability rate entered by the assessor to thenépllalies, if a lower

figure has been entered by the assessor:

In the case of an air permeability test result at 50 Pa: AP50 = 3 m3/h per square meter of envelope area
In the case of an air permeability test result at 4 Pa: AP4 = n&#5per m2

Where continuous mechanical extract ventilation or mechanical supply and extract ventilation (with or without
heat recovery) is used the actual figure entered by the assessor should always be used.

2.4 Draught lobby

A draught lobby is an arrangement of tdmors that forms an airlock on the main entrance to the dwelling. To

be included, the enclosed space should be at lea$({flbor area), it should open into a circulation area, and the
door arrangement should be such that a person with aghashor sinilar is able to close the outer door before
opening the inner door. It may be heated or unheated and may provide access to a cloakroom (but it should not
be counted as a draught lobby if it provides access to other parts of the dwelling).

A draught lobly 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 formasf external porch should not be counted as part of the area of the
However, the
should be calculated accordingly (see section 3.3).

dwel |l i ng.

door

b e tewkepeons etdhbe ed weatue nitn ga nadn di ttsh

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

2.5 Sheltered Sides

A side of a building is sheltered if there are adjacent buildings eheight hedges which effectively obstruct
the wind on that side of the building. A side glibbe considered sheltered if all 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 thefitbigiubstacle;

- 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 Figurd

Obstacle

Only this angle counts.
It must be at least 60°
within the central 90° at the wal

centre

Dwelling

Figure 1 Shelter angle

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

A party wallextending the whole width of the dwellisgoud be counted as a sheltered sider staggered
arrangements use the 60° rule above.
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2.6 Mechanical ventilation

Mechanical ventilation systems use continually running fans. They can beoimlguextractonly or balanced
(input and extract).

2.6.1 Mechanical ventiation systems

(a) Positive input ventilation (P1V)

Positive input ventilation is a fan driven ventilation system, which may provide ventilation to the dwelling
directly from the outside drom the loft space. Ieithercase, the SAP calculatisaquiresa minimum of two
intermittent extract fan be entered by the SAP asse$&0n/h ventilation raty

Where positive input ventilation sources input air from the |b&,$AP calculation proceduisthe same as for
natural ventilationexcept thatheenergy used by the PIV fasmtaken azero anccounterbalaned bythe effect
of slightly warmer air from the loft space compared with outside air.

For positive input ventilation systems supiplyg air directly from the outsidehe procedure for these systeins
the same as for mechanical extract ventilation

(b) Mechanical extract ventilation (MEV)
MEYV is a fan driven ventilation system, which only extracts air from the dwelling. The SAP calcutabased
on a throughput of 0.5 air changes perrthuough the mechanical system

MEYV can be either:
- centralisedair is extracted from wet rooms via ducting and expelled by means of a ¢anjral
- decentralisedair is extracted by continusly-running fans in each wet room

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

A balanced system without heat recovery extragtBom wet rooms via ducting and expélvia a central fan.

Air is also supplied to habitable rooms, either via ducting and a central fan or by individual supply air fans in
each habitable roonThe SAP calculation is based on a throughput of 0.5 air @sgper hour through the
mechanical system, plus infiltration.

In a balanced 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 Data required
Centralised MEV The syster@s Specific Fan Power (SFP) and whether the ducting is rigid or flexible.

Decentralised MEVSFP of each fan together with the@uducting arrangements (the fan can be in the ceiling
of the room with a duct to the outside, ora duct, or in a througivall arrangement with no duct).

Balanced mechanical ventilation without heat recovBRP taking account of all fans and whether the ducting is
rigid or flexible.

MVHR. SFPis a single value for the systddepending on theumbe of wet rooms)thethermalefficiency of
thesystem isaffected bythe ductingoeing eitherigid or flexible and thehickness ofluctinsulation, if present

For systems that have been tested according tBAletestprocedures for mechanical ventitan systems

(details atwvww.ncmpcdb.org.uk the tested datiiom the Product Characteristics Databsiseuld be used for

the calculationprovided thatn the case of abuilt assessments of new dwellings thePS#ssessor has been

provided with a completed Alnspection checklist and air
Regulation Domestic Ventilation Compliance Gui@herwise the default data in Taldlg is usedin the

special case of SFP for MVH&/stemsthe §-P measuredn-situ can be entered by the SAP assessor, subject to

suitable documentary eviderddeeing supplied by a suitably qualifigustallertommissioner.

2 The following measurements for the installed system must be included in the documentary evidence, which
forms an additional requirement to that specified in the Building Regulation Domestic Ventilation Compliance
Guide:

1) MVHR fan speed settings at contmus background setting
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2.6.3 In-use factors

In-use factors are applied all casego the SFRand, for MVHR systems, heat exchanger efficiency to allow for
differences in practical installations compared to the laboratory test conditions that are define@Ad? thst
procedureFor SFP, the iuse factor allows for additional lengths and becwimpared to the optimal test
configuration and for the practicalities of setting the fan speed at the optimal value for the required flow rate. For
MVHR efficiency the tested result is the efficiency of the heat exchanger anduke factor allows folosses

from ductwork.

In-use factorare taken from the PCOQBut categodsare supplied imable 4h Specific fan power and heat
exchange efficiencaremultiplied by the appropriate inse factor for the purposes of SAP calculations. The
factors will ke updatedn future as relevartb take account of research results on the practical performance of
mechanical ventilation systerrend additional values applicable when the system has been installed under an
approved installation scheme for mechanicalaion if such a scheme implemented

2.6.4 Specific fan poweri measured data

The specific fan power for centralised MEV systems and MVHR systems is a single value representing the SFP
of the whole system. It is multiplied by the appropriateise factor ér 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 a given installation. The
average SFP, including adjustmentstfor inuse factors, is given by:

_ a SFR 3 FR; 3 IUF;

SFP _
v arrR,

D

where the summation is over all the fangpresentgach individial fan,FR is the flow rate which is 13 I/s for
kitchens and 8 I/s for all other wet rooms, and IUF is the applicahlsdrfactor.

The specific fan power, inclusive of theuise factor(s), is used to calculate the annual energy use of the fans
(Table 4f) andwhere 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 is included in the test results for
MVHR efficiency.

2.6.5 MEV systemsi air throughput and effective air change rate
The throughput is tadn as 0.5 air changes per hour.

2.6.6 Balanced mechanical systemis air throughput and effective air change rate
The throughput of balanced mechanical systemg,his taken as having been set toaéinchange rat of 0.5
ach

The MVHR efficiency is multiplied by the appropriateuse factoTable 4). The heat recovered is allowed
for via an effective air change ratggwhich is

Neff = Nagj * Nmech® (1 - h/100) @)

where g is theeffectiveair change rate obtained at worksh@2t) andh is the MVHR efficiency in %
including the inuse factorh is zero for balanced systems without heat recovery.

2) Total air flow rate at continuous background setting, supply and extract

3) Electrical power drawn when the system is at continuous background setting

4) Pressure difference across the MVHR on the supply and extract sides of the untiinaiocs
background setting
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2.6.7 Rigid and flexible ducting

Ventilation systems may be tested with rigid ducting, flexibletiidggor both, and the inse factors for SFP
depend on the ducting type. SAP calculationsuaidertakerusing test datheld in the PCDEand inuse factors
corresponding to the actual duct type. If data for the actual ducistyoeavailable the default values from
Table4g are used.

The data and huse factors for rigid ductwork may be used only if all the ductwork is rigid, spdlifica

- for centralised systems,all ducting is rigid ¢mall sections dfiexible ductingfor vibration isolation
maximum length 200mrper sectionis permitted);

- for decentralised systemnigall fans with ducting have rigid ducts.

If the above conitions do not apply, the calculationusdertaken usinfiexible ductworkdata, which may be
test data held in the PCDB or default data held in Tahle 4g

2.6.8 Semirigid ducts

Semirigid duct systems included in th€PB have demonstrated that thagrodynarit performance, when
installed in a variety ofystemconfigurations, is at leass good athatfor rigid ductsWhere these duct
systems aresed with balanced mechanical ventilatiSBAP calculationsise the performance data for rigid
ducts.

2.6.9 Two mecharical ventilation systems
Where two systems are used in the same dwelling:

a) If the two systems are identical, use the data for the system concerned corresponding to half the actual
number of wet roomdf there is an odd number of actual wet rooms, rouppmards (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 systeound SFP to 2 decimal placegafficiency to nearest whole
number for entry into SAP software.

c) If either of the systems are riatluded in the Product Characteristics Datalthsalefault 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 area refers to the total area of the openings, including frames. Wall area is the net area of walls
after subtracting the area of windows and doors. Roof area is also net of any rooflights or windows set in the

roof. Apart from party wall{see sectio.7) losses or gains to spaces in other dwellingsuddings that are

normally expected to be heatexthe same extent and duration as the dwelling concaneealssumed to be zero

(and these elements are therefore omitted from the catsutzftheat losses)

The calculation should allow for different types of element where the®lUes 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 extensiaof flat).

3.1 U-values of opaque elements

When the details of the construction are known, thealues should be calculated for the floor, walls and roof.
This should always be the case for new dwellings being assessed from building plans. For exiiiimgs dee
Appendix S.

U-values for walls and roofscontaining repeating thermal bridges, such as timber joists between insulation, etc,
should be calculated using methods based on the upper and lower resistance of elements, given in BS EN ISO
6946.

BS BN ISO 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 andyrsdnvolved. The standard also gives an approximate method
that can be used for inhomogeneous layers, except cases where an insulating layer is bridged by metal.
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Thermal conductivity values for common building materials can be obtained frd&BNBSO 13156 or the
CIBSE Guide Section A3. For specific insulation products, data should be obtained from manufacturers.

U-values for ground floors and basementshould be calculated using the procedure described in BS EN ISO
13370, in section A3 of the CIBSEuide A

The thickness of loft insulation should be determined by inspection if the loft is accessible. The thickness should
be measured at least as accurately as in the following list: 0, 12, 25, 50, 100, 12802800 mm.

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

Measurements of thermal transmittance in the case of doors and windows should be made according to
BSEN ISO 125671. Alternatively, Uvalues of windows and doorsay be calculated using BS EN ISO 10077

1 or BS EN ISO 10072. 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 arthBlebe or from BR443
(2019)should be appliedihe U-valuesof rooflights are testedsingBS EN 1SO1873in a horizomal position,

S0 no adjustment is needed.

Table 6e gives values that can be used in the absence of test data or calculated values. Use a value 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 callated values can be better than those in the table because of better frame
performance, improved spacer bars and other factors.

The effective windowroof windowor rooflightU-value to be used workshee{(27) and(27a)takes account of
the assumed esof curtaindblinds it is calculated using the formula:

_ 1
U w,effective ~ 2
1
T +0.04

W

where U, is thewindow U-value calculated or measured without curtéitisds. Thiscorrectionis based om
curtain/Bind resistance of 0.0&ut ths is halvedon the assumption that curtains/blirvddl be open
approximately half the time.

3.3 U-values of elements adjacent to an unheated space

The procedure for treatment ofddlues of elements adjacent to unheated spacedslokdin BS EN ISO 6946
and BS EN ISO 13789.

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

1

Us—/—— 3)
7+Ru
Ug

where: U = resultant Uvalue of element adjacent to unheated space,?¥¢/m
U, = U-value of the element between heated and unheated spaces calculated as if thevalksfulgnt
exposed t@xternalconditions W/meK;
Ry = effective thermal resistance of unheated space from the appropriate table below.

Ry 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 lobwisen the precise details on the structure providing
an unheated space are not available, or not crucial.
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The effect of unheated spaces, however, need not be included if the area of the element covered by the unheated
space is small (i.e. less than 1@%he total exposed ar@d all external walls itheunheated space abuts a wall,

or 10%of the total area ddll heatloss floors if the unheated space is below a jloBonsequently a door in an

element abutting an unheated space would not need ¢atsad\value changed (unless it is part of a very small

flat where the Wvalue of the door might make a significant contribution to the result).

3.3.1 Garages

The Uvalue of elements between the dwelling and an integral garage should be adjusted frsimgiBble 3.1
or Table3.2. Attached garages (not integral) should be disregarded.

Apply the following R, values fortypical configurations okinglegaragegapproximately\3m x @n), double
garagesdpproximately 6m x 6nmr similarunheated spacel the garage is substantially different from the
typical garags assumethenthe R, value should be calculated using formuadiven in sectior8.3.6.

Table 3.1 R for integral single garageg(single garage is a garage for one easuming = 3ach

Elements between garage Ru for a single garage
Garage type and dwelling Inside! Outsidé
Single fully integral = Side wall, end wall and flool 0.70 0.35
=5
Single fully integral One wall and floor 0.55 0.25
Single, partially integral Side wall, end wall and floor  0.60 0.30

displaced forward

)

Table 3.2 R for integral double garages(double garage is a garage for two ¢cassuming i 3ach

Garage tvpe Element between garage Ru for a double garage
ge yp and dwelling Insidé Outside
Double garage Side wall, end wall and flooi  0.60 035

fully integral

Side wall, halves of the

garage end wall and floor 035 0.25

Double, half integral

Part of the garage side wall
end wall and some floor

Double, partially integral

displacedorward 030 0.25

VLY

linside garagé when the insulated envelope of the dwelling goes round the outside of the garage
2outside garagé when the walls separating the garage from the dwelling are the external walls

3.3.2 Stairwells and access corridors in flats

Stairwells and access corridorg aot regarded as parts of the dwelling. If they are hehtediall between
stairwell or corridor and the dwelling is treated as party wall, see sectioli @nheated, the Walue of walls
between the dwelling and the unheated space shouttbt#ied using the following data for,R

Figure 3.1 shows examples of access corridors in flats.
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Facing wall ‘
I\ N
exposed Flat

\ Corridor ]
> Walls adjacent to unheated spad

1

|
*/ ~——Flat

Facingwall [ »
not exposed

T
\l Corridor above or below

Figure 3.1 Access corridors

The following table gives recommended values ofdR common configurations of access corridors and
stairwells.

Table 3.3 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 2.1
Facing wall not exposed 2.5

Access corridors:

Facing wall exposed, corridors above and below facing wall, floor and ceiling 0.6
Facing wall exposed, corridor above or below facing wall, floor or ceiling 0.5
Facing wall not exposed, corridor above and belc floor and ceiling 0.9
Facing wall not exposed, corridor above or below floor or ceiling 0.7

3.3.3 Conservatories

Since the definition of a conservatory can vary, use the definition and any additional requirements that are
appropriate to th8uilding Regulations of the administration where the dwelling is situated.

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

i) the Uvalues are similar to, or in the case of a needypstructed conservatory not greater than, thalles
of the corresponding exposed elements elsewheheidwelling;

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

For a conservatory which is thermally separated, the calculation sheulidertaken as if it were not present.

3.3.4 Other large glazed areas

Any structure attached to a dwelling that is not a thermally separated conservatory according to the definitions in
3.3.3 should be treated as an integral part of the dwelling. This meaiisetiggazed parts of the structure should

be input as if they were any other glazed component (both in the heat loss section, and in the solar gain section
according to orientationpee also section 3.2.

3.3.5 Room in roof

An approximate praedure applies in the case ofemmin-roof in an existing dwellingsee Appendix S). The
following applies to new dwellings and conversions to create a-inewof.
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In the case of rooAn-roof construction where the insulation follows the shape ofdbmr the Uvalue of roof
of the roomin-roof construction is calculated using the procedure described in paragraph 3.3 using thermal
resistancdr, from Table 3.4. The same applies to the ceiling of the room below.

U-value calculated as for a normabf

elements adjacent to an unheated space

Figure 3.2 Room in roof

Table 3.4 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 gitched insulated wall of room in roof 0.5
roof insulated at ceiling level

or insulated ceiling of room below 0.5

If the insulation follows the slope of the roof, thevalue should be calculated in the plane of the slope. For
existingdwellings see Appendix S.

3.3.6 Other casesof Ry

In mostother casethe effect of an unheated spaeiél be small andshould be disregarde@/here it needs to be
accounted for a general formula ey is:

A
Ru=3 @
3 (Ae? Ug) +0330V

Aj, Ag= areas of internal and external elements (m2), excluding any ground floor
Ue = U-values of externadlementgW/mz2K)

\% = volume of unheated spaceim

n = air change rate of unheated space (ach)

Typical values of the air change rate in unheated spaces are given in3abdedefault value of = 3 ach
should be used if the airtightness of the unheated space is not known.
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Table 3.5 Typical air change rates for unheated spaces

Alr tightness type (air char?ges per hour)
No doors or windows, all joints between components-a&diled, no ventilation 0.1
openings provided
All joints between components welealed, no ventilation openings provided 0.5
All joints well-sealed, small openingsovided for ventilation 1.0
Not airtight due to some localised open joints or permanent ventilation openinc 3.0
Not airtight due to numerous open joints, or large or numerous permanent 10.0

ventilation openings

3.4 Thermal bridging

The SAPcalculation 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 addedhe transmission heat transfer coefficient.

If specific values for thermal bridges are not knplagat loss should be calculated using the total exposed
surface areaFurther details argivenin AppendixK.

3.5 Dwellings that are part of larger buildings

In the case of a dwelling that is part of a larger buildfogexample a blockfdlats orwhere the remainder of
the building is used for nedomestic purposes, the elements between the dwelling and the remainder of the
building are considered:

1 as partywalls (se€d.7) in the case of wallg the spaces adjacent to the dwelling are normally heated to
similar levelsas thedwelling, or

1 to have zero heat loss in the case of floors and ceilings if the spaces adjacent to the dwelling are normally
heated toimilar levels as the dwelling, or

1 as heat loss elemer(see 3.3J0 an unheated space if tadjacenspaces are unheated, heated only
intermittently or heated to a low level

3.6 Curtain walling

Curtain walling is sometimassedfor flatsbut mayneed a speal procedure to get the heat loss and the solar
gains correct simultaneously.

Where he Uvalue of curtain walling is a Walue for the whole facade, i.e. an average value including mullions,
transoms, glazing and spandrel pamealsulated using BS EN ISO 12631:20ftvese should bassesseby:

a) entering the facade-thlueasthe wall Uvalue, applied to the opaque area;
b) entering the facade-alueasthe window Uvalue, applied to the glazed area;
¢) assigning a framfactor of 1.0 to the windows.

The facade Walue includes all effects of thermal bridging within the facaahel may also include the thermal

bridging for other junctions such as cornéiiserefore calculate the thermal bridging heat loss with

- the lergths of windowand doorsurrounds set to zero

- for otherjunctionsthat wereincluded in the facade-Malug enter their actual lengths but with {siluesset to
zero;

- for al other junctionghat werenotincludedin the facade Walue enter their atual lengtls and psivalues.

3.7 Party walls

In this confaeksodknown wacopisegaayrwalitbetwegn the dvelling and
another heated space which can be:

- another dwelling

- commerciabuilding
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- a heated corridor or stairweh a block of flats
- a heated common area

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 loft sparel between the cavity and outside allow forthis party walls
should be assigned aValue as followgTable 310):

Table 310: U-values for party walls

Party wall construction U-value (W/m2K)
Solid (including structurally insulated panel) 0.0

Unfilled cavity with no effective edge sealing 05

Unfilled cavity with effective sealing around all exposed edges 0.2

in line with insulation layers in abutting elements '

Fully filled cavity with effective sealing at all exposed edges ans 00

line with insulation layers in abutting elements

Where edge sealing is adopted, either on its own or in conjunction with a fully filled cavity, it must be effective
in restricting air flow and be aligned with the thermal envel@saling is required at top and bottom and
vertically.

4 DOMESTIC HOT WATER

The demand for hot water is derived from the floor area of the dwellintharcharacteristics of the bath

facilities (showers and baths) provided. The calculaisspecifiedin Appendix J The energy required to

produce that amount of hot watettlien calculated, taking account of losses in heatimtstorage. Heat to the

dwel ling from storage cylinders and distribution pipewo
(65)] so that it can be taken into account in the calculation afespaating 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 heatiRgawidyon is madseparately
for theuse ofinstantaneouslectric showers Appendix J.

For systems that recover wakiator usesurplus electrical energy from Photovoltaic (PV) systems to heat
water PV diverter$, rather than exporting to the electricity grég¢ee 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 hoawater vessel, such asyinder or thermal storédot water

cylinders contain secondapotable water; thermal stores contpiimary water6 Pr i mar yd and o&écyl i nde
are not used in the calculation for instantaneous heaters.

60Si pyplimt & heaters, which are | ocated at t thetionpoi nt of wu
losses either. Ga&red multipoint water heaters and instantaneous combi boilers are also instantaneous types
but, as they normally serve several outlets, they are assumed to have distribution losses.

¥ da)

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

heat pumpia pipework circulating primary watein both cases, water storageatlosses are incurred to an
extent that depends on how weléttvater storage is insulated. These losses apply for:

1 hot water cylinders

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

1 combined primary storage units (CPSUSs);

Water storage losses are set to zeraméorstoragecombi boilers and instantaneous water heaters.
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For cylinders the preferred way of establishing cylindeatlosses is from measured data on the cylinder
concernedin kWh/day,according to BS5660r BS EN 12897.

For thermal stores and CPSUs (including electric CPSUSs) the preferred way of establishing heat losses is from
measured datr the thermal store or CPSU concerniadkWh/day,according to théeiWA Performance
Specification for thermal stog& Note: Heat pump buffer vessels are ignored

If measured dates not available, losses from the storage vessel should be estimated by ingltipéy/loss
factor from Table 2 by the volume of the vessel and the volume factor from Zable

In all cases, the loss rate is to be multiplied by a temperature factor from Table 2b. This factor accounts for the
average temperature of the cylinder @rthal 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. The loss is to be
included for a storage combination boiler if its effiggns the manufacturé& declared value or is obtained
from theProduct Characteristics Databasgsing the data in Tables 2, 2a and 2b (its insulation thickness and
volume are also to be provided by the manufacturer or obtained frotattdease).

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&cdtabi boiler the additional loss

in Table 3as included to allow fo draw-off lossesoccurring as a consequenmeunacceptablevater
temperatureduring warmup (in the case of combi boiler tested to EN 1320% OPS 2@he additional loss is
obtained fronthetest data using Table 3b or Table.3c)

The efficiencyof gas andiquid fuel boilersfor both space and water heating is reduced by 5% if the boiler is not
interlocked for space and water heating (see seétibd]).

4.3 Heat networks
Wherehot wateris providedby a heatnetwork

a) If the DHW is provideddy a heat nvork, a Heat Interface Unit (HIUnaybe usedThe heat loss of this unit
is obtainedfrom the PCDBThe PCDB contains a defatfiU for use wherthe particular system is not
listed

b) If there is a hot water cylinder within the dwelljmgeasuredylinderheatloss datgkWh/day)according to
BS 1566 or BS ENL2897should be usedf unavailableanappropriate loss factor should bktained from
Tables 2 and 2dhen corrected with Table 2k is possible for both a HIU and hot wategtinder to be
presentmeaning both heat losses shouldrmuded

c) If neither of the above appliesr the condition is unknowia measuredoss of1.72 kWh/dayshould be used
corrected using Table 2bhis isequivalent taa cylinder of 110 litres andfactory insulation thickness of
50mm (oss factor of 0.0152 kWh/litre/day

Primary circuit loss for insulatl pipework and cylinderstat should be includeddgTable 3).

The efficiency for water heating is incorporated in the price of meat &heat networkn 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 the lower part of a multi heat source cylindeparase solar
cylinder.For heat networksee KB in AppendixH.

4.5 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 namérsion heater should be disregarded if provided only for
backup where the principal water heating system is from a central heating boiler, as should other devices
intended 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 Pkdmly in the
heating seasgn
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(b) solid fuel room heaters with a back boiler where an immersion heater is provided to heat water in the summer
(see section2.4.9;

(c) canbined heat pump and boilpackageswhere hot water is heated by both heat generators throughout the
year.See sectiond) of N3.7.

In thesecase (only),software will create duplicate worksheet entaesl allowdifferentvalues for each heat
generator. These will occur at lin@@1), (217), (219), (247), (264). For (a) and (b)these duplicate entri¢for
summer immersionyill be zeroduring nonsummemonths For (c),the FGHRS savings if63d) are applied
only to thepart of thehot water demand that is met by the boiler, not the heat pump.

5 INTERNAL GAINS

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

Gains from central heating pumps located within the heated space and other items should be added and then
includedin workshee{(70)m, using the values given in Table 5a.

Gains from the fans in a whetiwdling mechanical ventilation system should be included, but no useful gains
are assumed from individual extractor fans.

6 SOLAR GAINS AND UTILISATION FACTOR

6.1 Solar gains for openings

The heat gain through windows and glazed doors is calculated as

Geolar=0.93 A, 2 S% g2 FF3 Z (5)

where:
Gg\ariS the average solar gain in watts

0.9 is a factor representing the ratio of typical average transmittance to that at normal incidence
A, is the area of an opening (a window or a glazed door), m?

S is the solar flux othe applicablesurface fromU3in Appendix U W/m?2

g~ is the total solar energy transmittance factor of the glazing at normal incidence (see Table 6b)
FF is the frame factdor windows and doors (fraction of opening that is glazed)

Z is the 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 faeadn the dwelling. Default values are given in Table 6c.

In the case of a window certified layreputable rating schefrtae quoted solar factor ig,g g0 Which is equal
to 0.9 x g x FF. The solar gain for such windows is calculated as

Gsolar:AW3 S3 gwindow3 Z (6)

In the case of déarrow slitd windows where the width of
less than the width of the window, this should be taken into account by multiplyiray Frtie case of a

schemerated window, g qow) DY 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 then totalled for use in thHercaigWat
orientation of windows may be assumed if the actual orientation is not kndha solar access factor describes

3 Such aghe British Fenestration Rating Cound@SI Kitemark or CERTASS.
" Subject, in the case of a new dwelling, to any requirements of Building Regulations that apply in the
administration where the dwelling will be constted.
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the extent to which radiation is prevented from entering the building by nearby obstacles. Téieaoirgy

categories are dependem how much the view of the sky through the windows is blocked. The categories are
defined in Table 6d in terms of the percentage of sky
many cases, and can be used for SAP calculations if theslaaging is not knowt).

6.2 Openings for which solar gain is included

Openings should be classified as windows, glazed doors or solid doors accotttiagércentage 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 definitioms Table 6.1apply:

Table 6.1 : Classification of openings

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

Patio doorswhich generallyhave glazing areasf 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 doors in categories 1 and 2 even
though they have some glazing. French windows often have high frame factors (around &é%)thns

classified asemiglazed doors for which no solar gain is included.

6.3 More than 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 caledlaeparately for each glazing type, and added in the same mafir@r as
to (82), to obtain the entry fa{83)m, for each month.

6.4 Utilisation factor

The solar gains are added to the internal gains to give total heat gains. A utilisation factor is tdnafy

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
obtainedasdescribed iMrable9a

7 MEAN INTERNAL TEMPERATURE

The calculated mean internal temperaforeecach monttis based on the heating requirement of a typical

household, taking account of the extent to which the dwelling is insulated and how well the texatieg

controlled. The average temperatig®btained separately ftire living areaand for the rest of the dwelling and

then combined to obtain the mean internal temperature for the dwelling, using the data and equations in Tables 9,
9a and 9b.

The temperature difference between the living area and the rest of the dwelling is obtained from Table 9, using

theHeat Loss Parametadl(P) fromworkshee{f4d0)and t he 6Control 6 column of Tabl e

7.1 Living area

The living area is the room marked on a parthe 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 loungegordovin. Living area does

not, however, extend over more than one storey, even when stairs enter the living area directly.

The living area fraction is the 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
Appendix U
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9 SPACE HEATING REQUIREMENT

The oO6useful 6 ener gy r eaachimondigcal¢ulatedironintereal amceatérnan g sy st em
temperatures and the heat transfer coefficaatwving for internal and solar gain$otalled over one yeahis
guantity is known as the dwellingds Spd¥ Heating Requi

The quantity of fuel or electrid energy equired taprovide that useful enerdgyg then calculatetbr each month
taking account of the efficiency of the space heating system (obtainedPfomtact Characteristics Database
(PCDB)or Table 4a or 4b).

9.1 Heating systems

It is assumed that thebwvelling 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 A@p&hdiproportion of heat from
the main and secondary systems is as given in Table 11

For a new dwelling that has no heating system specified, it should be assumed that the dwelling will be heated by
direct acting electric heaits

Heat networks are characterised as systems where heat is generated and supplied by a network and heat
gererationtakes placeutside of the dwellings it servesee Appendix C.

For an electricCombined Primary Storage Un€PSU, see Appendix F.
9.2 Heating system efficiency(space and DHW)

9.2.1 Heating systems based on a gas biquid fuel boiler

Boiler efficiencymay be obtained from:
a) TheProduct Characteristics DatabdB&€DB),
b) Table 4b of this document.

The preferred source of boiler efficiency is #@DB, which contains boiler efficiency figures intended for use
in SAP, for further details refer to Appéix D. If there is no entry in the database an indicative seasonal
efficiency should be taken from Table Aherea boiler has beelisted in the PCDB for operation with a
particular fuel (e.g. mains gas), this data record cannot be applied for usediffégrent fuel (e.g. LPG), a
separate PCDB data record is required using applicable test data. Otlzettefigelt value from table 4b should
be used

Separate efficiencies are used for space he#tipg,.,) and for water heatinh,, ;e

9.2.2 Gas orliquid fuel boiler with flue gas heat recovery system

A condensing gas diquid fuel boiler may be fitted with a flue gas heat recovery sysigm.requisite
parameters are obtained from f#€DB. The amendments to the calculation procedure aiited in
Appendix G.

9.2.3 Heating systems based on a gas bquid fuel range cooker boiler

For definitions see paragraph B4 (Appendix B). Boiler efficiency may be obtained from:
a)ThePCDB,
b) Table 4b of this document.

For twin burner models the preferred source of efficiency is frorRP@i2B, which contains the boiler seasonal
efficiencyvaluesand case heat emissidataintended for use in SAP. If there is no entry in the database or it is
not of the twin burner typéndicative seasonal efficienaaluesshould be taken from Tabikb.

Separate efficiencies are used for gpheating and for water heating, as described in 9.2.1 above.

9.2.4 Heating systems based on a solid fuel boiler
This applies to independent sofitel boilers, open fires with a back boiler and rooeaters with a boiler.
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Boiler efficiency may be obtained from:
a)ThePCDB
b) Table 4a of this document.

The preferred soae of boiler efficiency is thBCDB. The heating type and responsiveness is tiratie
applicable type of appliance given in Table Wahere is no entry in the database an indicative seasonal
efficiency should be taken from Table 4a.

Table 4a gives two sets of efficiency values for solid fuel appliances:

(A) the minimumefficiency for HETAS approved appliances;

(B) default values

Values from column (A) can be used for consideration of a design where it is anticipated that & HETAS
approved appliance will be used: data for the actual appliance should be used to praficiestgnergy

ratings. Values from column (B) should be used for appliances, particularly those already installed in dwellings,
for which efficiency data are not available.

Solid fuel boiler efficiencies for open fires and closed rdwaters with boiles are the sum of the heat to water

and heat directly to room. I't is the designerdéds respons
to thedwelling beingassessedrhese systems are assigned a lower responsiveness to allow fardimsion the

controllability of heat output to the room.

9.2.5 Direct-acting electric boiler

A directacting electric boilerglso known asin electric flow boiler) heats watfar space heating radiators as it
circulates. Possible tariffs are standard taoff;peak7-hour and offpeak10-hour. Heaihg control options are
the same as for other radiator systems.

Water heating is usually by electric immersion. The cylinder can be within the same casing as the boiler or it can
be a separate cylinder; the treatmhin SAP is the sanfer both of theseass.

9.2.6 Micro-cogeneration (micraCHP)

Datais obtained from th&CDBand used as described in AppendiXTiie data providethe secondary heating
fraction based on thmicro-cogeneration packageitput power and theéesign heat loss of the dwelling.

9.2.7 Heat pumps

Heat pump data may be obtained from:
a) ThePCDB,
b) Table 4a of this document.

Heating control options for heat pumps are given in Gro(pe2 systems) or Group 5 (warm air systewfs)
Table 4e. Abypass arrangement is usually necessary with TRVs to ensure suffiekentiscirculating while
the heat pump is operating. Zoning arrangements or TRVs may not be appropriate for small domestic
installations for this reason.

The preferred source ahnualefficiencydata for heat pumps is tFRCDB, which isused as described in

Appendix N.This dataincludes anysecondary heatingequired based on the heat pump output power and the
design heatdss of the dwellinglt alsotakes account of any proportion of domestic water heating provided by an
electric immersion.

If a heat pump is not included in the databiseappropriatéefaultannualefficiency (given in Table 4a under
"Efficiency"), is uised inworkshee{(206) or (207)for space heatingnd(217)for water heating

MCS approvedheat pumpnstallatiors

Where a heat pump has been installed under the Microgeneration Certification SchemeofiM@&iyalent,

and the SAP calculation uses an efficiency from Tablg.daits performance is not available via the Products
Characteristics Database) installation factor from the table belds applied to the efficiency.
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Installation factors for electric heat pumps installed Multiply efficiency by:
in accordance with MIS 3003 Code (Table 4a) Spari:)e/ DHyWy
Ground source heat pump wilbw temperature <=

35°C (se9.3) 211,213 1.39 1.32
Air source heat pump witthow temperature <= 35°C 214 1.47 1.03
(see9.3d

Heat pump for water heating only 941 - 1.03
Ground source heat punipother cases 221, 223 153 135
Air source heat pumim other cases 224 129 112

Theseinstallation factos apply only where an MCS certificater equivalenthas been produced by the installer,

and made available to the assessor, that attests the heat pump has been installed and commissioned to the current
version of Microgeneration Installation Standard MIS 3005
(seewww.microgenerationcertification.org/mssandards/installestandardg or an equivalent standard

9.2.8 Electric storage systems

A 6high heat ea®temdiion one®rwigteh hheat retention not | ess
BS EN 60531.It incorporates a timeelectronic room thermostand fanto control the heat outpult is also

able to estimate the next demnpedatureiboedemperatyre setingmandd based on
heat demand periodQualifying storage heaters are included inR&DB.

9.2.9 Room heaters

Where available, manufactuéerdeclared valueshould be used for the efficiency of ghguid andsolid fuel
room heaters, certified as explained in Appendix E.

Otherwise, and for other types of room heaters, the efficiency should be taken from Table 4a.
Gas fires
The following notes providguidance for identifying the appropriate entry from the room heater section of Table

4a, for gas fires already installed in a dwelling. (They are not intended to classify gas fires for testing purposes.)

Gas fires can be A op emnedmweaansihe fuebmedahdcombustiom yased are Otp e n f

fsealedod from the room in which the gas fire is fitted.
the fuel bed, but the glass panel will not be sealed to the front of the fire. Qloststifmeans the fuel bed and
combustion gases are fisealedo (generally with a glass p

which the gas fire is fitted.

Fuel effect gas fires can be fAliEp buefndetbdberatdvelLFiael
(DFE). The products of combustion from a DFE pass unrestricted from theefireo the chimney or flue; for

the LFE/ILFE the products of combustion are restricted before passing into the chimney or flue. For further

clarification of LFE/ILFE/DFE see clauses 3.1.2, 3.1.3 and 3.1.4 and Higluref BS79771:2009+A1:2013

Room heaters with boilers
Gas,liquid and solid fuel room heaters can have a boiler, which may provide either domestic hot water only or
both space heatirand domestic hot water.

For gas back boilers, separate efficiencies apply to the boiler and to the associated room heater. This means that:
- if the back boiler provides space heating, it should be defined as the main heating system, and the gas fire
shoud be indicated as the secondary heater;
- if the back boiler provides domestic hot water only, the boiler efficiency is used for water heating and the gas
fire efficiency for space heating (gas fire as main or as secondary heater).
Gas back boilers aredad only behind opeflued gas fires without fan assistanbiate that the fire and the
boiler share the same flue.

Forliquid and solid fuel room heaters with boilers, the efficiency is an overall value (i.e. sum of heat to water
and heat to room). Thimeans that:

4 Microgeneration Installation Standard MIS 3005 (Heat Pump Standard), issue 3.0 or any later issue.
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- if the boiler provides space heating, the combination of boiler and room heater should be defined as the main
heating system;

- if the boiler provides domestic hot water only, the overall efficiency should be used as the efficiency both for
water heating and for the room heater (room heater as main or as secondary heater).

9.2.10 Other heating systems

For other systems the seasonal efficiency should be taken from Table 4a. For systems not covered by the table
guidance should be sought from BRE.

9.3 Temperature of heat emitters forcondensing boilers ancheat pumps

The efficiency of condensing boilers and heat pumps is higher when they supply heat at lower temperature. SAP
calculations allow for this in the case of a lesmperature heating system.

A low-temperature heating system is defined as one in which ti{#idw} water leaving the heat generator

never exceeds a temperature limity en on t he 6design dayd (a day with col d
calculating the maximum heat losses fridma building).This compares to standard design practice for

condensingpoilers, where this water may reach 80°C or 70°C, depending upon deiga desigrreturn

(boiler inlet)water temperature of 60°@ either caseFor heapumps, standard practiée design flow

temperature is assumed at 58°itrespective of heat emitter typ&lternate space heating efficiencies are made

availablefor condensing boilers and heat punapsiesign flow temperatures of 5545°Cand35°C.

Thelow-temperature heimg systendefinition does not include heating systems in which the water temperature
is lower only some of the time, such as those with weather compensation or load compensation controls, nor
does it include underfloor systems in which a thermostatingiixalve is used to blend water at a high
temperature with cooler water before entering the underfloor heating 8ystem

Low-temperature heating requires a different system design, mainly to ensure that the heat emitters (radiators,
fan-assisted radiateror convectors, or underfloor heating pipes) can deliver the same amount of heat at the
lower temperature as a traditional radiator system would have dartg@ctal highetemperature. The emitters

in each roonmust be sized correctly to ensure they @apable of achievinipe necessary heat outp8uitable
controls must also be installéal ensure the design temperature of water leaving the heat generator is not
exceeded while the system is providing space headimgjthe system commissionfed low temperature

operation Provided that space heating and water heating are not carried out simultaneously, separate control
arrangements can apply to the water heating.

Low temperature emitters apply to SAP calculations when a suitable commissionirigatertifat confirms
compliance with all aspects of the design, installation and commissioning requiréondois temperature
operationhas been signed by a suitably qualified individual and supplied to the SAP assessor.

At present the only design guidamrecognised by SAP BRE Trust Report FB 59, Design of kh@mperature
domestic heating systemé includes an example design, installation and commissioning certificate. Other
guidance that may become available in futueg/also be recognised if éhlsame conditions and restrictions are
observed.

9.3.1 Condensing boilers

Condensing boilers operate at higher efficiency with lower return temperaturespddesheatingfficiency
data in Table 4b and database records for boilers is based on the design flow temperature of the water in the heat
distribution system being0°C or80°C (regardless, a desigaturntemperature of 60°C)

Where the heating system has been daesigo operate at a lower temperaturesiiece heatingfficiency of a
condensing boiler is increased by the applicable efficiency adjustment given in Table 4c. These adjustments
apply to all heat emitter types when the design flow temperatsrgtatedn the commissioning certificate

5 High temperature heat pumpee capable of supplying a design flow temperature of g#i€is taken ashe

default design flow temperatufer SAP calculationsProvision for recording annual efficiency data fagth

temperature heat pumissprovided bythe PCDB.

6 Underfloor systems may still have a mixing valve but only as a protection device

7 Available fromwww.brebookshop.comA supporting calculation tool and guide can be found at
www.ncmpcdb.org.uk/sap/lowtemperatureheating
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(rounded to the nearest whole numbir)ess thathe default case. THeAP assessoshouldenter this value in
software, whereby linear interpolation is used to derive an efficiency adjustment

9.3.2 Heat pumps

Heat pumps opate at higher efficiency with lower flow temperatures. @béultefficiency data in 9.2.7 and
Table4a provide values fatesign flow temperatures of 856°C and>35°C. PCDBrecords providefficiency
valuesand maimum outputfor design flow temperaturesf 35°C, 45°C 55°Cand 58°C(and 65°C for high
temperature heat pumpshere available

The defaulflow temperaturdor heat pumps with a wet heat distribution systeB8RC, with the exception of

high temperature heat pumps, where 838C. If the heating system has been designed to operate at a lower
temperaturgandthis is evidenced bgcommissioning certificateahen temperaturunded to the nearest

whole number)then heat pump efficiencgata forthe flow temperatures applied TheSAP assessor should

enter the design flow temperatunesoftware, whereby linear interpolation is usednecessary derivea space
heatingefficiency, water heatingfficiencyand naximum outputfrom PCDB data records bounding the entered
flow temperature (extrapolation cannot be usadjl in the case of hybriteat pumpthe fraction provided by
theheat pump and space heating efficiency of the boiler should also be interpetatddsign flow

temperatures below 35, thedataat 35°C is usedDesign flow temperatures above 58°C cannot be entered,
unless a high temperature heat pumgelectedin which case a maximum temperature of 65°C can be entered.

9.4 Heating controls

The type of controls incorporated into the heating system influencealthdated energy us&his section gives
specifications of the types of controls mentioned in Tabl®der control options may be added via the Product
Characteristics Databas®€9.4.20.6 Heat generatord means a device that pr

pump.

9.4.1 Room thermostat

A sensing device to measure the air temperature witkitouilding and switch on and off the space heating. A
single target temperature may be set by the user.

9.4.2 Time switch

A switch operated by a clock to control either space heating or hot water, but not both. The user chooses one or
mor e fiono [yeadadydrsweekly gyalea |

9.4.3 Programmer

Two switches operated by a clock to control both space heating and hot water. The user chooses one or more

ffond periods, usual |y i-programnmkralloivyspace heating ankvbater tcbgonl e. A mi n
together, or hot water alone, but not heating alone. A standard programmer uses the same time settings for space

heating and hot water. A full programmer allows the time settings for space heating and hot water to be fully

independent.

9.4.4 Programmable room thermostat

A combined time switch and room thermostat which allows the user to set different periods with different target
temperatures for space heating, usually in a daily or weekly dyateSAP calculations this is treated the same
as a sparate programmer and room thermostat.

9.4.5 Delayed start thermostat

A device or feature within a device, to delay the chosen starting time for space heating according to the
temperature measured inside or outside the building.

9.4.6 Thermostatic radiator valve (TRV)

A radiator valve with an air temperature sensor, used to control the heat output from the radiator by adjusting
water flow.

9.4.7 Programmable TRV

A TRV that allows the heating times for the room in which it is situated to be settedp&@m those of othe
rooms.
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Note A system of programmable TRVs do rlbemselveprovide a boiler interlock (seé®4.17). Systems of
programmable TRVs recognised in SAP are included in the Products Characteristics Diathfst 20Q)

9.4.8 Communicating TRV

A TRV that has the capability to respond to commands (relating to both timing and temperature level) from a
central contrbler.

Note. Systems of communicating TRVs recognised in SAP are included in the Products Characteristics Database
(see 9.4.20andincorporate provision for boiler interlodkr space heatin{see9.4.11).

9.4.9 Cylinder thermostat

A sensing device to measufreettemperature of the hot water cylinder and switch on and off the water heating. A
single target temperature may be set by the user.

Note: A cylinder thermostat should be assumed to be present when the domestic hot water is obtained from a
heat networkan immersion heater, a thermal store, a combi boiler or a CPSU.

9.4.10 Flow switch

A flow switch is a device which detects when there is no water flow through the system because the TRVs on all
radiators are closed.

9.4.11 Boiler interlock (gas andliquid fuel boilers)

This is not a physical device but an arrangement of the system controls so as to ensure that the boiler does not
fire when there is no demand for heat. In a system with a combi boiler it can be achieved by fitting a room
thermostat. In a system with ayréar boiler it can be achieved by correct wiring interconnections between the

room thermostat, cylinder thermostat, and motorised valve(s). It may also be achieved by a suitable boiler energy
manager.

In systems without an interlock the boiler is keptliyg even though no water is being circulated through the

main radiators or to the hot water cylinder. This results in a reduction in operating efficiency and for this reason
Table £ specifies that a seasonal efficiency reduction of 5% should be maslecfosystems. For the purposes

of the SAP, an interlocked system is one in which both the spacg@edwater heating are interlocked. If

either is not, the 5% seasonal efficiency reduction is applied to both space and water heating; if both are
interlocked no reductions are made.

It is also necessary to specify whether a hot water cylinder has a thermostat or not. A cylinder thermostat
normally shuts down the primary circuit pump once the demand temperature in the cylinder is met. The cylinder
thermosat itselfmight not switch off the boiler; this is only done if the pump and boiler are interlocked and so

the presence of a cylinder thermostat does not in itself signify the presence of an interlock for water heating. If
there is no cylinder thermostépwever, there can be no interlock since the system does not know when the
demand temperature is reached. A boiler system with no cylinder thermoassumed cylinderstat (se«.9

must therefore be considered as having no interlock.

A boiler systenwith no room thermostdbr a device equivalent in this context, such as a flow switch or boiler
energy managergven if there is a cylinder thermostaiust be considered as having no interlock.

For solid fuel boilers and electric boilers the boilderfock question is not relevant and the efficiency values in
Table 4a allow for normal operation of these appliances. For such systems there is no efficiency reduction for the
absence of interlock.

Note: TRVs alondother tharsomecommunicating TRVsJlo not perform the boiler interlock function and
require the addition of a separate room thermostat in one room.

9.4.12 Bypass

A fixed bypass is an arrangement of pipes that ensures a minimum flow rate is maintained thrbagh the
generatorlt is commonly used to ensure a minimum flow rate through a bmilkeeat pumgnd to limit

circulation pressure when alternative water paths are closed (particularly in systems with thermostatic radiator
valves).
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A fixed bypass is achievedtleér by ensuring that one radiator stays open or by adding a short pipe with-a fixed
position valve between the flow and return pipe. A radiator without a TRV or hand valve is a common form of
fixed bypass.

An automatic bypass valve controls the watewftbrough it according to the water pressure difference across it,
typically by spring loading, so that the bypass operates only to the extent needed to maintain a minimum flow
rate through the system.

The control typ@TRVs + programmer + bypasis a na-interlocked system in the absence of other
arrangements to provide the interlock function.

9.4.13 Boiler energy manager

Typically a device intended to improve boiler control using a selection of features such as weather compensation,
load compensation, starontrol, night setback, frost protection, acyicling control and hot water oveide. For

the purposes of the SAP it is an equivalent to a-lreld interlock any other features (e.g. thoseSid.150r

9.4.18 are considered separately

9.4.14 Time and temgerature zone control

A system of control that allowtbe heating times of at least two zobe®e programmethdependently, as well
as having independent temperature control.

In the case of wet systems tiesn be achieved by:

- separate plumbing circsit either withtheir own programmer, or separate channels in the same prograommer
- programmabld RVs (9.4.7) or communicating TRV$9.4.9 that are able tprovide time and temperature zone
control(conventional TRVs without a timing function providelpindependent temperature control)

In the case oflirectactingelectric systems, including underfloor heatiiigan be achievely providing
separate temperature and time controls for different rooms.

Time and temperature zone controafplicable when the following conditions are met:

a. there are at least two zones in which heating times and temperatures are controlled independently of each
other;

b. each zone is either a single room or number of adjacent rooms, and these zeeparated from each
other by door®r a change of storey

c. one of the zones includes the living area;

d. if the controls are communicating TRVs or programmable TRVs they are fitted to all heat emitters within
that zone;

e. the time and temperaturerrolled zones, taken together, cover at least 80% of the dwelling floor area;

and aditionally, for wet systents

f. timing does not depend on a shared time switch or programmer controlling all zones simultaneously;

g. boiler interlock is assured tetecting and reacting (by shutting down the boiler electrically) to the
condition in which there is no call for heat from any of the zones;

h. if domestic hot water is heated by the same device as space heating it has separate time and temperature
contol independent of the space heating controls.

9.4.15 Weather compensator

A device, or feature within a device, which maintains the temperature inside the building by sensing and limiting
the temperature of the water circulating throughhtbat generataand heat emitters in relation to the

temperatures measured outside thédng. This control type is equivalent to the Ecodesign regulation

(811/2013) temperature control Class Il (for modulating heat generators) and Class Il (for on/off heat
generators).

Note. Weather compensators recognised for 8#fhcluded in the ProducCharacteristics Database.

9.4.16 Enhanced weather compensator

A device, or feature within a device, which maintains the temperature inside the building by sensing and limiting
the temperature of the water circulating through the heat generator and heat emigdat®on to the
temperatures measured inside and outside the building. This control type is equivalent to the Ecodesign
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regulation (811/2013) temperature control Class VI (for modulating heat generators) and Class VII (for on/off
heat generators).
Note Weather compensators recognised for SAP are included in the Product Characteristics Database.

9.4.17 Load compensator

A device, or feature within a device, which adjusts the temperature of the water circulating through the heating
system according to the tempairre measured inside the buildiftp efficiency credit is awarded for this
control type.

9.4.18 Enhanced load compensator

A device, or feature within a device, which maintains the temperature inside the building by sensing and limiting
the temperature of the & circulating through thkeeat generataind heat emitters in relation to the

temperature measured inside the buildifgis control type is equivalent to the Ecodesign regulation (811/2013)
temperature control Class V and VIII (for modulating heat ggnes only).

Note. Enhanced load compensators recognised forg@iRcluded in the Product Characteristics Database.

9.4.19 Controls for electric storage heaters

There are three types of control that can be used with electric storage hesatsl charge carl, automatic
charge contrQICELECT-type controland, for high heat retention storage heaiemit and outputontrolsas
defined in9.2.8

Automatic charge control can be achieved using internal thermostat(s) or an external temperature sensor to
control the extent of charging of the heaters. Availability of electricity to the heaters may be controlled by the
electricity supplier on the basis of daily weather predictions (sde@dtariff, 12.4.3; this should be treated as
automatic chargeontrol

A CELECT-type controller has electronic sensors throughout the dwelling linked to a central control device. It
monitors the individual room sensors and optimises the charging of all the storage heaters individually (and may
select direct actingdaters in preference to storage heaters).

9.4.20 Other controls

Other controbptionsmay be added via tHeCDB. A standard control type must still be selected from Table 4e,
thenone or two cotrols from the PCDB ray be selected anglarameteraffected by thé?CDB controls) are
adjusedby applyingthe figures from the database entig Table 9 Note that for controtodes 2112 and 2208,
acontrolmust beselected from the PCDtat affectghe nonliving areaand isof control type 3.

10 SPACE COOLING REQUIREMENT

The pace cooling requiremeshould always bealculatedsection 8c of the worksheel).is included in the
DPER, DER and rating# the dwelling has a fixed air conditioning systefine cooling requiremers based on
astandardised cooling pattern of 6 hours/day operation and cooling @ff jparall the dwelling t24°C. Details
are given in Tables 10a and 10b and the associated equations.

11 FABRIC ENERGY EFFICIENCY

Fabric Energy Efficiency is defined as the space hgati cooling requirements per square metre of floor area,
obtained at workshe¢t09)when calculated under the following conditions:
- climate is UK average for heating and cooling
- natural ventilation with intermittent extract fansvith (6a) to(6f) and (7b) and (7c) set to zero.
- 2 extract fans for total floor aré&FA) up to70 m2, 3 forTFA >70m2 and up to 100 mz, 4 for total floor
area > 100 m%etchimneys, flues angassive vents to zero.
- for calculation of heat gains from the hot water system workgéto (61) inclusive and63) are set to
zero (equivalent to an instantaneous water heater)
- showes and bathsone9.3kWinstantaneous electric showbath also present
- dwelling deggn achieves water use target of not more thabsl/day
- fixed lighting capacity (Im) = 185 x TFA, efficacy of fixed lighting = 6&G9W
- column (B) of Tables is used for internal gains in the heating calculation
- column (A) of Table 5 is used famternal gains in theooling calculation
- overshadingf windowsnot less than average (i.e. very little is changed to average)
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- no heat gains from pumps or fans

- the heating system has responsiveness 1.0 and control, typeéeZnperaturadjustmenttemperature and
heating periods according to Table 9 irrespective of the actual heating system

- cooledfraction is 1.0

Other data items are those for the actual dwelling (for DFEE) or the notional dwelling (for TIHEEEbove are
special caditions for calculation oFabric EhergyEfficiency anddo not applyto othercalculations.

12 TOTAL ENERGY USE AND FUEL COSTS

12.1 Energy use

The annual energy use is calculated for the following items:

main space heating systésh

secondary space heating

spacecooling

domestic hot water heating

electricity forinstantaneouslectric showers

electricity for pumps and fans (including mechanical ventilation if present)
electricity for lighting

=8 =4 =4 =4 -4 -89

12.2 Fuel prices

Fuel costs are calculated using the fuel prices givdmaite 12. The fuel prices given are averaged over the
previous three years and across regions. Other prices must not be used for catdfusti®matings

Since fuels have to relate to realistic heating systems it is important that preatidahations of fuel types are
used.

12.3 Electricity tariff

The electricity tariff is specified as one of:
- standard tariff;

- 7-hour offpeak

- 10-hour offpeak

- 18-hour tariff

- 24-hour heating tariff

The 24hour tariff is used only with specificalgesgned electric storage systems ($8e4.3. Otherwise a
dwelling can have standardhour or 168hour tariff.

The followingsystemsieed an offpeak tariff:

- electric storage heaters (7, 10 or 24 hour)

- electric underfloor heating) marked "offpeak taiffs" in Table 4a (7 or 10 hour)

- electric dry core or water storage boiler (7 hour)

- electric CPSU (1@r 18hour)

- dual electric immersion (7, 10 or 24 hour)

and the datareinconsistent if standard tariff is indicated when any of the above ardiespec

On the other hand thehour or 16hour tariff is possible with other systenSee alsd2.4.3

If the dwelling is on a-hour or a 1¢€hour tariff the proportions of electricity applied at the high and low rates
are defined in Table 12a.

SAP softvare should allowssessorso record whethea smart electricity meter is fitted. Thises noaffectthe
results of theSAP calculation butmay bereferenced ithe EPC

12.4 Main fuel types

Main space heating systems may use any of the fuel lighexd in Table 12 as long as they are relevant to the
particular heating system. Specifying the main heating fuel is usually straightforward but the following points
should be borne in mind.
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12.4.1 Gas systems

Conventional gas fuelre mains gadulk LPG andbottled gas. Bottled gas is normally used only with gas
room heaters. In dwellings where the main heating system uses mains gas or bulk LPGfieey sondary
systemnormally uses the same fuel as the main syst@atthough exceptions to this can ogcThe use of biogas
(usually from anaerobic digestion) is subject to assurance of supply.

Where mains gas is used SAP software should allow assessors to record whether a smart gas meter is fitted. This
does not affect the results of the Sédtculation but may be referenced in the EPC.

12.4.2 Liquid fuel systems
Forappliancesising mineral oils, use thaatain Table 12 for heating ail

Forapplianceghat use specifiblends of mineral and liquidiofuels the applicablefactoris a weighting ofttose
for the constituent pts. At present the onlguchfuel is B30K (see Table 12).

Biodiese| derived wholly from vegetable sources or from wholly biomass sources, is applicable to appliances
that can use only the fuel concerned.

12.4.3 Electric systems
SAP provides fofive electricity tariffs. The standard tariff is the normal domestic supply.

7-hourtariff is generally known aEconomy?7 in England, Wales and Northern Ireleanti Economy White

Meter in ScotlandThere are two unit prices folegtricity, depending on time of dayhis tariff should be

selected when thiew-rateavailability is during a single period overnight: the actual duration can be between 7
and 8% hoursWhen a dwelling is on the-fiour offpeak tariff, all electricity isharged at the low rate during

the lowrate period and at the high rate at other times. Storage heaters are arrangedrggedenahaduring the
low-rate period; for other electricity uses (including secondary heating, pumps and fans, lighting and water
heating)see Table12aand 13for proportions of electricity used at the high and low rakéss tariff is used in

SAP for between 7 and 9 hourslo#v-rateelectricity per day.

The 10-hourtariff provides 10 hours dbw-rateelectricity inthreeperiods (typicallyoneduring the nightpnein

the afternoon andnein the evening)lt may be described as Econoih®. When a dwelling is on th&0-hour

off-peak tariff, all electricity is charged at the low rate during therai® period and at the higate at other

times. Storage heaters are arranged to beyetaonly during the lowate period; for other electricity uses

(including secondary heating, pumps and fans, lighting and water heating) see Tables 12a and 13 for proportions
of electricity used at the high and low rates

The 18hour tariffis only for use withelectric CPSUs with sufficient energy storag@tovidespace (and

possibly water) heating requirements for 2 hoHisctricity at he lowrate price isavailable for 1&ours per

day, with interruptions totalling 6 hours per dayith the proviso that no interruption will exceed 2 hours. The
low-rate price applies to space and water heating, while electricity for all other purposes is at-tatehighe.

The tariffis notavailable inall areasof the UKandshould not be assumed based on the presence of an electric
CPSU

The 24hour tariff is for use with storage based systems wherm#ie heatingsecondary heatingndwater

heating are all charged at the-Rdurrate. The storage heaters may be recharged at any time of the day with the
recharging being remotely controlled by the electricity company. THeR4 tariff is used only with whole

dwelling heating systems which are designed for about 60% storage %ndiré@tacting heaterd.ights,

appliances etc use standard tatiffs available only in certain areas.

Integrated storage/direct systems comprise:

a) electric storage heaters with reduced storage capacity but incorporating adiiegtradiant hear, designed
to provideabout80% of the heat output from storage atmbut20% from directacting

b) underfloor heating designed to take about 80% of the heating needpatbkffimeglow rate)and about
20% at orpeak timeghigh rate) This heatingcan be controlled by a "low (effeak) tariff control” which
optimises the timing and extent of the-pfak charge according to outside temperature and the quantity of
stored heat. Low tariff control optimises the storage of heat in the floor durihguthrateperiod, and is
assessed usirgghigher system responsiveness.
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A secondary system issed in the calculatiowhen the main system is electric storage heaters -qreaifk
electric underfloor heatinfportable electric heaters if no secondary system is identiied)Appendix A

12.4.4 Solid fuel systems

I ndependent boilers can be fuell eduley dambhreaciot @ser ewo d
solid fuel open room fires the fuelould generally be house coal, smokeless fuel or wood. For further details see

Table 12b. Some pellet boilers and stoves may be room sealed, in which case the flue ventilation loss (see

section 2) does not apply.

Independent boilers that provide domesiit water usually do so throughout the year. With open fire back
boilers or closed roomeaters with boilers, an alternative system (electric immersion) may be provided for
heating water in summeln that casevater heating is provided by the boifer months October to Magndby
the alternative systefior months June to September.

12.4.5 Smoke controls areas

Outside Smoke Control Areas any fuel can be used subject to the manufadnstenctions for the appliance
concerned.

Within Smoke Control Areas sdlifuel may be used if:

(a) it is an Authorised Smokeless Fuel that has been approved by Parliamentary Statutory Instrument for burning
in a Smoke Control Area, or

(b) it will be used on an Exempted Appliance that has been approved by ParliamentaryyStegtrtonent for
installation in a Smoke Control Area (the exemption applies to a specific fuel or fuels for the appliance
concerned).

Fuel Limitation in Smoke Control Areas
House coal* Not permitted

Anthracite** -

Smokeless Authorisedsmokeless fuel only

Wood logswood chipswood pellets  Exempted appliance only

Dual fuel* Not permitted

* The calculation cannot be considered as valid under these conditions
** Anthracite is natural smokeless fuel that is permitted in Sniodetrol Areas

Information on Smoke Control Areas is providedhtps://www.gov.uk/smokeontrolarearules by local
authority area. If it is not known whether it is a Smoke Control Area the applicable statemretite above
tableis qualified by "ifthe dwelling is in a Smoke Control Area".

12.5 Secondary fuel types
Secondary heating systerusd applicable fuel typeswe taken from the room heaters sectibfable 4a

12.6 Water heating fuel types

Water heating may be provided by the main heating systéinmaty be supplied using an independent water
heating system.

Whenever water heating is supplied by a system usingeafk electricity it is assumed that a proportion of the
water heating will, nevertheless, take place apeak times (and so be chargedhat highrate). This proportion

is calculated using Table8land the percentage is dependent on the total floor area and the cylinder size. This
table should be linearly interpolated (in both directions where necessary) for intermediate values. The limits of
cylinder size in the table are eoff points, so thatfj for instance, the cylinder size used is 105 litres, the values
for 110 litres should be used instead.

12.7 Electricity for pumps and fans
An allowance for the electricity used has to be made for systems that include any of the following:
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central heating pump

boiler with fan assisted flue;

warm air heating system fans;

whole house mechanical ventilation;

keephot facility (electric) for gas combi boilers

E R ]

Where there is an offeak tariff the proportions of electricity at the high and low rates are giveabile 12a
Note that the allowance in this section for-&ssisted flues only applies famain heating systeinfan-assisted
flues forsecondary heateshiould not be counted. Datgiven in Table 4f.

12.8 Electricity for lighting

The electricity used foiidghting is calculated according to the procedure in Appendix L. The calculation allows
for low-energy lighting provided by fixed outlets (both dedicated fittings and compact fluorescent lamps) on the
basis of the proportion of the fixed outlets that hawe-&nergy fittings.

13 ENERGY COST RATING
The SAP rating is related to thatal energy cost by the equations:

ECF =deflator xtotal cost/ (TFA + 45) 7
if ECF2 3.5, SAP10=10887 120.5% logio(ECF) 8)
if ECF < 3.5, SAP10=100i 16.213 ECF 9

where the total cost is calculatednairkshee(255) or (355 and TFA is the total floor area of the dwelling at
workshee(4). The deflator is given iffable 12a.

The SAP rating takes intaccount energy for lightingand also energy generated in the dwelling using
technologies like micr@HP orphotovoltaics.

The SAP rating scale has been set so that SAP 100 is achieved-B&CEerid can rise above 100 if the dwelling
is a net exporter of energy. The SAP rating is essentially independent of floor area.

The SAP rating is rounded to the neaistger. If the result of the calculation is less than 1 the rating should be
quoted as 1.

Energy efficiency rating bands are defined by the SAP rating according to Bable 1

14 CARBON DIOXIDE EMISSIONS AND PRIMARY ENERGY

CO; emissionattributable to awdelling are thoséor space and water heatingentilationand lighting, less the
emissions saved by energy generation technologies.

The calculation should proceed by following the appropriate section of the SAP worksheet, designed for
calculating carbowulioxide emissions for:

a) individual heating systems ahdat networksvithout combined heat and power (CHP); or

b) heat networkvith CHP or utilisingwaste heat from power stations.

The Environmental Impact Rating (El rating) is related to the annuak@@sions by:

CF = (CQ emissions) (TFA + 45) (10
if CF >=28.3 El rating = 200" 953 logio(CF) (11
if CF < 28.3 El rating = 100" 1.343 CF (12

where the C@emissions are calculated (272) or (383) and TFA is the total floor area of the dwellinty4).

The El rating scalbas been set so that EI 100 is achieved at zero net emissions. It can rise atibtre100
dwelling is a net exporter of energy. The El rating is essentially independent of floor area.
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The El rating is rounded to the nearest integer. If the result of the calculation is less than 1 the rating should be
quoted as 1.

Environmental impact rating bands are defined by the El rating according to Bable 1

The pimary energyconsumption of the dwelling calculatedn the same way as G@missiors, using the
primary energy factors in Tabl? in place of the C&emission factord-dowever, hisresultis not used to create
a rating (i.eequations (10), (11) and (12) are msed for primary energy

15 BUILDING REGULATIONS AND ASSOCIATED METRICS

Building Regulations may refer toutputs fromSAP as a method of demonstrating compliance with regulations
for the conservation of fuel and powaard/or limitation of energy use

At the date of this publicatioBAP 10.2 has been formally adopted for use in England from Junelta@22
building regulationsareunderreviewin each of thetherUK administrationsThis section will updatedn
completion of those reviewn future
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Reference

Title

Content

BS EN ISO 694017

BS EN 1SO137892017

BS ENISO 104562007

BS EN ISO1007%#1:2017

BS EN ISO 1007+2;2017

BS EN ISO 1256+1;2010

BS EN ISO 1256+2;2005

BS EN 1873:2014

BS EN ISO 13372017

BS ENISO 137902008

BS EN132032

OFTEC Oil Firing Product
Standard
OPS 26

Building components and building element
T Thermal resistance and thermal
transmittancé Calculation method

Thermal performance of buildinds
transmissiorand ventilatiorheattransfer
coefficiensi Calculation method

Building materials and products
Hygrothermal properties Tabulated design
values and procedures for determining
declared and design thermal values

Thermal performance of windows, doors at
shuttersg Calculation of thermal
transmittancé Part 1: General

Thermal performance of windows, doors ai
shutters Calculation of thermal
transmittancé Part 2: Numerical method fo

frames

Thermal performance of windows and doot
Determination of thermal transmittance by
the hotbox method. Complete@indows and

doors

Thermal performance of windows and doot
Determination of thermal transmittance by
hot box method. Roof windows and other

projecting windows

Prefabricated accessories for roofing.
Individual rooflights of plastics. Product
specification and test methods

Thermal performance of buildingsHeat
transfer via the ground Calculation

methods

Energy performance of buildings
Calculation of energy use for space heating

and cooling

Gasfired domestic appliances producing h¢
wateri Part 2: Assessment of energy

consumption

Calculation of Uvalues for
walls and roofs.

Heatloss rate from whole
building

Lists of thermaldata for
materials

U-values for windows and
doors

U-values for window
frames

U-value measurement for
completewindows and
doors

U-value measurement for
roof windowsand
projecting windows
U-value measurement for
rooflights

U-values for floors

Energy calculations

Efficiency of gascombi
boilers for DHW heating.

Guidance for the use of BS EN 1322006 Efficiency of oil combi
for liquid fuelfired combination boilers up tc boilers for DHW heating.

70 kW rated input and with up to 100 litres

hot water storage capacity

41

t

hi



SAP version 10.2721-04-2022)

Reference

Title Content

BS EN 161472017

BS EN 605311999

BS79771:2009+A1:D03
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See below

Heat pumps with electrically driven Efficiency of heat pumps
compressors Testing andequirements for  for DHW heating
marking of domestic hot water units

Household electric thermal storage room  Characteristics of storage
heaters Methods for measuring heaters
performance

Specification for safety and rational use of Gas fires
energy of domestic gas applianéeBart 1:
Radiant/convectors

Heat Networks: Code of Practice for the Ut Defines minimum
performance requirements
for heat networks

Energy performance of buildings Method Performance of solar

for calculation of system energy thermal systems

requirements and system efficiencies
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Appendix A: Main and secondary heating systems

Al General principles

Themain heating systemis that which heats the largest proportion of dwelllbgs a heating system which is

not usually based on individual room heaters (although it can be), and often provides hot water as well as space
heating. Main heating systems are either identified vi@thduct Characteristicsdiabase or are categordsen

the basis of the genic types in Tables 4a and 4b.

Occasionally there may be twaain heating systems, for example two separate boilers used to heat different
parts of thedwelling or a system that utilises more than tweat generatoil he total space heating requirement
(98¢) is divided between the two systems in proportion to the amount of heat provided by each\&etem.
the two systems heat separate parts ofltheling, unless specified otherwise for particular systems, the
proportion of heat providelly each systershould be taken as the relative heated floor area served by each
system. The calculation of the space heating requirement uses the characteristics (responsiveness and control
type)weighted for the two systems (seables9b and 9c)Separate efficiencies, costs and emission factors are
then applied for each systeiirhe following restrictions apply:
- system 1 always heats the living area;
- heat networksmicro-CHP and heat pumps from the database can be only nsénsy except that a heat
pump from the database providing DHW only can be assigned to main system 2 with a space heating fraction
of zerg

Thesecondaryheating systems a room heatedype taken from the room heaters section of Table 4a.

Only fixed secondary heaters are included in a description alradling (e.g. a gas fire, a chimney and hearth
capable of supporting an open fire, a watbunted electric fire).

Except as mentioned in the next paragrajpintgble heaters are not countedtfog purposes of SAP

assessmerntthese are characterised by being:

- completely free standing and sslipporting on feet, legs or base on the floor, i.e. not wall mounted or
specifically designed for a fireplace, and in the case of gliguid fuel heaters containing a buih fuel store;
and

- readily and easily transferred and relocated from one toamother, in the case of an electric heater having a
lead and a plug.

A secondary system is alwaiyrluded for the SAP calculatiomhen the main systefor main system 1 when

there are two systemis) electric storage heaters or-pak electric undéioor heating.This applies to main

heating codes 401 to 40709and 421 Portable electric heaters (693) are used in the calculation if no secondary
system has been identifieBAP ®ftwareinserts portable electric heaters for the calculatiosuch caes

For detailed selection rules for main and secondary systeexisting dwellingsee A2 below.

Note thatBuilding Regulations or other regulations may make additional specifications in relation to secondary
heaters, which should be followed in tese of compliance calculations.

The SAP calculation is based on the characteristics of the dwelling and the systems installed and not on the
heating practices of the occupying household. That does not preclude further estimates of energy consumption
being made to take account of actual usage. Such estimates are not part of SAP but could form the basis of
advice given to the occupying household on how to make best use of the systems at their disposal.

A2 Procedure for identifying main and secondary heatingystemsin existing
dwellings

A2.1 Identifying the main systemin existing dwellings

(2) If there is a central system that provides both space and water heating and it is capable of heating at least 30%
of the dwelling, select that system as the main heating syHttrare is no system that provides both space
and water heating, then select the system that has the capability of heating the greatest part of the dwelling.
For this purpose onhabitable rooms should be considered (i.e. ignore heaters ihaiwtabé rooms).
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(2) If two main systems are identified and both systems heat the living area, main systakef &s heating
most habitable rooms or, if both heat the same number of habitable rooms, the atssfiravides water
heating;

(3) If there is still doubt about whidls the main systengr which is main system $glect the system that
supplies useful heat to the dwelling at lowest cost (obtained by dividingriaeby efficiency).

A2.2 Identifying the secondary systenin existing dwelings

In some cases several fixed secondary heaters may be present in the dwelling. The rules for identifying the
secondary heating system are:

(1) If a fixed secondary heater is found in a habitable room, that heater is the secondary, and any fixed secondary
heaters in noiabitable rooms are disregarded.

(2) If there is no fixed secondary heater in any habitable room, but there is a fixed heatenhabitable
room, that heater is the secondary.

(3) If no fixed secondary heater is identified in either habitable oftmenb i t abl e room, speci fy
heater 0; SAP calculation wildl assumemel ectric room

If two types of secondary heater are present, the fixed heater which heats the greater number of rooms should be
specified as the secondary system. If that condition does not resolve the choice, the one with the lowest cost
(obtained by dividing fugbrice from SAP Table 12 divided by the efficiency of the room heater) should be
specified.

A3 Dwellings with inadequate heating systems

A3.1 New dwellings

The SAP assumes that a good standard of heating will be achieved throughout the dwelling. For dwellings in
which the heating system is not capable of providing the standard, it should be assumed that the additional
heating is provided by electric heaters, using the fraction given in Table 11 (but see also A3.3). For new
dwellings that have no heating system sfied] it should be assumed that all heat will be provided by electric
heaters using electricity at the standard domestic tariff.

A3.2 Existing dwellings

Some existing dwellings have heaters only in a limited number of rooms, generally gas or electrictfiese In

cases the usual basis of calculation, that the dwelling is fully heated, still applies. Rooms without heaters are
assumed to be heated by electric room heaters. The choice between main and secondary heating for the purposes
of the calculation is dégded as follows.

(1) Count the number of habitable rooms and the number heated habitable rooms (for the definition of habitable
rooms see S9.1 in Appendix S).

(2) If 25% or less of the habitable rooms are actually heated, and are heated by room heaigidduesother
than electricity, the (assumed) electric system is the main systemain system 1 when there are ta)
the purposes of the calculation and the other fuel is the secondary. This applies only if the identified main
heater is a room heatand there is no identified secondary heater, and is subject to A3.3 below. If water
heating is from the main system (e.g. the room heater has a back boiler) the water heating becomes from the
secondary system for the calculation. A heated room meansitina heat emitter in the room.

(3) If the number of habitable rooms actually heated is more than 25% but there is no identified secondary
heater according to the rules in A2.2, the heaters in these rooms are the main system and the (assumed)
electric leaters are the secondary.

(4) If the number of habitable rooms actually heated is more than 25% and a secondary heater is ittentified,
procedure for assigning main and secondary heating systems outlined in section A2 applies.
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ExamplesA housewith 6 habitable rooms with one gas fire would be treated as being electrically heated with a
gas secondary heater (1 room out of 6). If there were two gas fires (2 rooms out of 6), the gas fires are the main
heating and electricity the secondary. If therre 4 habitable rooms, and one gas fire (1 out of 4), the main
heating would be electric and the gas fire the secondary.

A3.3 Highly insulated small dwellings

In the case of highly insulated small dwellings, itelthig A3.2 may not be realistic, for exam@e3kW gas fire

could suffice to provide most of the heating needs. Accordingly, if the design heat loss (DHL) is less than 3 kW,
the heating in the main room is the main system irrespective of the number of rooms heated. For this purpose,
DHL is theannudaverageheat loss coefficient as calculatedwatrkshee{(39), multiplied by a design

temperature difference oi2K.

Note. When considering improvement measures, this condition is tested only for the existing dwelling.

A3.4 Broken heating system®r no heating system

SAP assumes that the installed heating systems are operational and takes no account of whether they are working
or not. However, in the case where the main heating unit (e.g. boiler) is missing and thus the dwelling has no
installed nain heating systenay if there is no heating system present at all, the calculation should be done for

main heating as direct electric heaters in all rooms (no secondary heaters).

A4  Description of the dwellings heating systems an®dSAP software implementdion

A SAP assessor should record, for the purposes of entry into SAP calculation software, the actual heating
systems (as found in the dwellimdhen surveyeq together with the number of habitable rooms and the number
of heated habitable rooms. Whereeds.2 (1) applies, the description of #heelling includes the actual main
system. Where a choice has to be made between alternative systems, as described in Section A2, the SAP
assessor should make the choice according to the circumstances existedwnrlting while recording in a
separate note any other fixed heaters present.

Software implementing the SAP calculation procedure then applies the remaining rules of this Appendix,
namely:

a) If there is no heating system, assign electric heatefeanain system heating all rooms (no secondary
system).

b) If 25% or less of the habitable rooms are heated and their heating is by a room heater (not electric), assign
electric heaters as the main system and the identified room heaters as the segstatarapplying the
secondary fraction according to Table 11 for electric room heaters as the main §ybies.not done when
the condition in A3.3 applies.)

If two main heating systems have been identified (e.g. a gas fire in onea@oal fire h another room, plus
6 unheated habitable roonthen
- assign electric heaters as main system 1
- assign the room heater entered as main system 1 as the secondary system
- main system 2 remains as it is
- set the fraction of heat from main systeracial to heated habitable rooms divided by total habitable
rooms

c¢) Otherwise if there are any unheated habitable rooms and no secondary system has been identified, undertake
the calculation with electric secondary heatjpgrtable electric heaters)

d) If any fixed secondary heater has been identified, the calculation proceeds with the identified secondary
heater.

€) An assumed heater, where main or secondary, is an electric portable heater. In case of imgihduest
not have thermostatic control

Table 11 gives the fraction of the heating that is assumed to be supplied by the secondary system. The
treatment of secondary systems is not affected by any control options for the sgcystEan.
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Appendix B: Gas andliquid fuel boiler systems, boilers with a thermal
store, and range cooker boilers

B1 Boilers in the database

TheProduct Characteristicsdiabase (see section 9.2.1) contains, in addition to efficiency, all the boiler
parameters relevant to SAP calculations.

B2 Gas andliquid fuel boiler systems in Table 4b

General definitions of the various modern boiler types are given in Appendix D. Table 4b gives efficiency values
for use whemmeasured data amot available. The folling notes give guidance for the categories in Table 4b.

B3 Combination boilers

Table 4b does not distinguish between thetsubpes of combination boiler, and the
apply to all suktypes (on/off or modulating, instantaneous or storage)

For definitions of storage combination boilers see Appendix D.

A combination boilewith an internal hot water store may be either:

1 Primary- a primary water store contains mainly water which is common with the space heating circuit.

Hot ,: Hot
water water
ay ( \
Space = 0 Space
heating \ heating
load padl G load
I —

1 Secondary a secondary water store contatgablewater which is directly usable as domestic hot water.

Primary storage combi boiler Secondary storage combi boiler
Figure B1 Primary and secondary storage combboilers
The essential difference between a CPSU (see sec?ié) &d a storage combination boiler with a larger

primary store is that in the case of a CPSU the feed to the space heating circuit is taken from the store, while in
the case of a storagerbi with a larger primary store, the store does not fhedpace heating circuit.

B3.1 Boilers 1998 or later

If the ignition type is not known, a boiler with a fassisted flue may be assumed to have automatic ignition,
and one with an open flue to have arpanent pilot light.

B3.2 Boilers with fan-assisted flue

6Low thermal capacity® means a boiler either having a ¢
not exceeding 5 I|litres I f the posi tshaldbeuseduncertain th
B3.3 Boiler selected by date

The date refers to the year of manufacture of the boiler. If this is uncertain the older category should be used.
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B3.4 Combined Primary Storage Unit (CPSU)

A CPSU is defined il\ppendix D The store must be at leastlitfes - if the store is less than 70 litres, the
appliance should be treated as a storage combination boiler. A schematic illustration of a CPSU is shown in
Figure B2.

Note: If the store is a different appliance from the boilee.(contained within a separate overall casing) the
system should be treated as a boiler with a thermal store as describ&d in B

.

s

Space
heating
load

Hot
water

E‘\ 0
* ﬁ

Figure B2 Combined primary storage unit (CPSU)

B4 Boilers with a thermal store

All systems described in this section hdn water stores as a separate appliance from the boiler.

B4.1 Integrated thermal store

An integrated thermal store is designed to store primary hot water, which can be used directly for space heating
and indirectly for domestic hot water. The heated primangmia circulated to the space heating (e.g. radiators).
The domestic hot water is heated instantaneously by transferring the heat from the stored primary water to the
domestic hot water flowing through the heat exchanger. A schematic illustration eégraiad thermal store is
shown in Figure B3.

For an appliance to qualify as an integrated thermal store, the specification for integrated therrhahssotss
complied with, and at least 70 litres of the store volume must be available to act f&5 tolthe space heating
demand. If thedWA specification is not met then the device should be treated like a conventional boiler and hot
water cylinder. If only the volume requirement is not met, then the device may be treated as a hot water only
thermalstore.

Space
(=] Hot heating

) o o water
Fuel |=> 5 load

Separate \ J/

boiler

Thermal store

Figure B3 Integrated thermal store

8 performance Speciication for Thermal Stores. Obtainable from the Hot Water Association
(www.hotwater.org.uk
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B4.2 Hot water only thermal store

A hot water only thermal store is designed to provide domestic hot water only and is heated by a boiler. The
domestic hot water is heated by transferring the heat from the prtoaed water to the domestic hot water
flowing through the heat exchanger, the space heating demand being met directly by the boiler. A schematic
illustration of a hot water only thermal store is shown in Figure B4.

For an appliance to qualify as a hotteraonly thermal store, thdWA specification for hot water only thermal
storesmust be complied with. If this requirement is not met then the device should be treated like a conventional
boiler and hot water cylinder.

0o E
SN hot | |
- | = water 9
Fuel @ load
Separate ;}
boiler

Thermal store

Figure B4 Hot water only thermal store

B5 Range cookers
Range cookers are flued cooking appliances predominantly constructed of cast iron designed to provide some
heat from their case into the space in which they are located. There are three types.

B5.1 Range cooker with boiler for spacéheating

This type provide an independent water heating function for space heating in addition to the cooking function.
There are two design variations:

() Twin burner range cooker/boiler i an appliance with two independently controlled burners, one for the
cooking function, one for the water heating function for sat/or wateheating

(i) Single burner range cooker/boileri an appliance with a single burner that provides a cooking function and
a water heating function for spaaed/or wateheating

For thetwin burner type, the efficiency can be can be fromRteduct Characteristicsdbabase, manufactudsr
declaration or Tablda4b, as explained in section 9.2.2 of this document.

For the single burner type, the efficiency should be obtained from Falle.

B5.2 Single burner range cooker/water heater
This type provides a cooking function and some heating of domestic hot water.

B5.3 Single burner dry heat range cooker

This type is an appliance with a single burner that provides a cooking furiti®not included in SAP
calculations.

48



SAP version 10.2721-04-2022)

Appendix C: Heat networks, including thosewith Combined Heat and
Power (CHP) andthosethat recover heat from power stations

C1l Heat network definition

Heat networks are characterised as systems where heat is generatgupéed by a network and heat

generator(s) that is located outside of the dwellings it serves. Various descriptive words may be assigned to such
networks for categorisation purposes, such as fAdistrict
network variations need not be considered.

CHP (Combined heat and Power) is defined as the simultaneous generation of heat and power in a single
process.

The below diagrams compare how to calculate the emissions of a heat network only using boilers against a heat
networks using a combination obikers and gas CHfbut see also section C5):

- heat produced by boilers only (Figure C1);
- heat produced by a combination of boilers and CHP units (Figure C2).

Boilers Only
=)
3 Heat
' Distribution losses Site heat load
Losses

Figure C1: Heat networks with heat supplied by boilers only

Electricity
Losses

- t A
- Heat I—‘ a E |
Bl el R 1 =

Boilers Distribution losses

!

Losses

Site heat load

Figure C2: Heat networks wth heat supplied by a combination of boilers and CHP

For heat networks with CHP, the CHP unit is the primary heat source, andpacdiers of conventional
design are used when the heat output of the CHP unit is insufficient to meet the instantameouds tke
proportion of heat from CHP and from boilers vaffregn installation to installation.

The annual proportions of heat from the CHP and from conventional boilers, and the heat and electrical
efficiencies of the CHP for the calculation of £€nisions and Primary Energy are heldtie PCDB for the
heat network. If the network is not held in the database, 8ieséd be obtained either on the basis of
operational records or in the case of a new network on the basis of its design specifieati@fficiency is
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defined as the annual useful heat supplied by the CHP divided by the total annual fuel input, based on gross
calorific value, and excludingny dumped heat (see Figure C)e power efficiency is the total annual
electrical power outputidided by the total annual fuel input.

800
700 A
600 M

500 1 O Boiler Heat Supplied

400 7 B CHP Heat Dumped
300 1 O CHP Heat Supplied
200 A
100 A

0 N B e

Average Monthly Heating Demand (kW)

Figure C3: An example of a heat profile chart
See FigureC4 for optionsfor inputting heat networks into SAP software.

Where a heat network is listed in the PCBtafrom the PCDB recordescribing theorice (as well as th€02
emissions and primary enejgyer unit heat delivered atsed In other caseshe price of heat for heat networks
is taken from Table 12. This price incorporates bulk rates for buying the fuel used in the heat generator,
operatng costs, energy used in pumping the hot water and, in the case of CHP, receipts from the sale of the
electricity generated. The factor in Table 4c(3) allows for controls and charging method.

For heat networks not listed in the PCDB8;, the calculation oCO, emissions and Primary Energy, the

efficiency to be used is that of the heat generator. A default figure is given in Table 4a for boilers connected to
heat networks but, if known, the actual efficiency of the heat generators should be used insteayl (ser

CHP units, the efficiency can be specified as either (a) the heat efficiency and the power efficiency, or (b) the
overall efficiency and the he&t-power ratio.

Section 12b of the SAP worksheet includes provision for a credit ge@Wsions and Primary Energy for
electricity generated by CHP. This credit is available whether or not the electricity is provided directly to the
dwellings concerned; the only requirement is that the CHP provides heat to the dwelling via a heat main.

Peformance data for specific heat netwofiem the Products Characteristics Database shawedysbe used
when available.

C2 Boiler efficiency

The gross efficiency of boilers from the PCDB connected to heat networks is assessed for SAP purposes in the
same vay as for domestic boilers. The efficiency is calculated according to the procedures referred to in

Appendix D, except that the winter gross efficiency is used for all parts of the year (thus a separate summer gross
efficiency need not be calculated or Beed).

Where boilers of different efficiency are used in combination they are entered separately in wBkedig &t
(303e)and corresponding subsequent lines. Alternatively, boilers using the same fuel may be treated as if they
were a single boildoy assigning an average gross efficiency and total fraction calculated as follows:

.
afj
_ ]:l .s
haverage™ g and  fi =Q fj
s 7] ]=l
a.

j:]_ J

n
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where
n is the number of boilers
fj is the fraction of annual heat provided by boiler j

hj is the winter gross efficiency of boiler j calculated as referred to in Appendix D

The gross efficiency of large/commercial boilers connected to heat networks is assessed following the procedure
given in the NorDomestic Building Services Compliance Gelid

C3 Heat distribution

C3.1 Distribution loss
Heat network distribution heat losses are accounted for by multiplying the heat to be delivered by the heat
net work by a o6distribution loss factordéd (DLF), cal

Distribution Loss Factor (DLF) = Heat genezat- Heat delivered

OHeat deliveredd is defined as the amount of heat
measured at the interface between the heat network and the connected building, whether domestic or non
domestic. Note: In the case of a blodKlats, it is the heat supplied to individual flats (dwellings) within the
block. For example, a heat network distribution loss of 40% represents a DLF of 1.67 (10e40))100

Where a heat network is listed in the PCDB, the DLF is already factomthatost, CO2 and primary factors
recorded thereirsoa DLF of 1 should be entered in worksh¢@®6)to avoid double counting he remainder of
this section therefore only apmiéor heat networks not listed in the PCDB.

For the purposes of SAP asse®ents, either desiggtage or abuilt, the networkspecific heat loss, expressed as
a DLF, can be determined using actual consumption data and entered in the PCDB. Where network heat losses
are estimated for the purpose of the PCDB entrynarse facto maybe applied to the DLF.

For desigrstage SAP assessments, a DLF of >= 1 can be manually entered by the SAP assessor. The entered
DLF will require a suitable formal notification by the PropestyHeat NetworkDeveloper to be supplied to the

SAP assesor; this must confirm the design target DLF. Any shortfall in the DLF during construction may result
in noncompliance with the Building Regulations at thebadt assessment stage.

For asbuilt SAP assessments, a default DLF of 1.5 is applied (whebBRIata is not available) if the heat
network is designed and c¢commi s s HeanNetdorks:rCoda of Practicd a n ¢ e
f or t.Aswill duire that the SAP assessor receives evidence via a certificate or headed letter from both
the network designer and commissioning engineer, both of whom must have the necessary authority and
competence to make such declarations.

For asbuilt SAP assessmenter new dwellings supplied by heat networks, a default DLF of 2.0 is applied
(where POB data is not available) if the networkriet designed and commissioned in accordance with the
Cl BSE/ A&t 6Net wor ks Code of Practice for the UKS®S

For undertaking RASAP assessments of existing buildimgsethere is no PCDB entry for the netwotlable
12c provides Distribution Loss Factors by dwelling age.
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Formal declaration by Property Developer
confirming the design target DLF and heat
source information, recognising that any N DLF and heat source information
shortfall may result in dwellings being non- g manually entered by SAP assessor
compliant with Building Regulations at the as-
built assessment stage.

Design-stage SAP assessment »

Heat Network compliant with CIBSE/ADE Code

—» of Practice
A default DLF of 1.5 used. Appropriate selects whether Heat
Network compliant with CIBSE/ADE
Code of Practice or not. Heat source
information manually entered by SAP
Heat Network not compliant with CIBSE/ADE assessor
=l Code of Practice

A default DLF of 2.0 used.

As-built DLF and heat source information determined
SAP assessment from measured data and entered in PCDB

DLF and heat source information determined

I»{ from design data, multiplied by in-use factor and > Appropriate PCDB entry selected by SAP

entered in PCDB assessor
DLF and heat source information determined
L» from forecast data, multiplied by in-use factor ——
and entered in PCDB
DLF automatically determined by SAP software RASAP assessor must ensure dwelling
—» with reference to dwelling age. Heat network age is recorded. Heat source information
age is not considered. manually entered by SAP assessor.

DLF and heat source information determined
from measured data and entered in PCDB

RASAP assessment

DLF and heat source information determined
B> from design data, multiplied by in-use factor and >
entered in PCDB

Appropriate PCDB entry selected by
RASAP assessor

DLF and heat source information determined
9 from forecast data, multiplied by in-use factor ——
and entered in PCDB

Figure C4: SAP Heat network input process

C3.2 Energy for pumping

CO; emissions and Primary Energy associated with the electricity used for pumping water through the
distribution system are allowed for by adding electrical energy equal to 1% of the energy required for space and
water heating. For heat networks that are iéed in the PCDB, actual electrical pumping energy will be

included in the data record (though this may be an estimate).

C4 Heat networks that use recovered heat

For heat networks that use recovered heat, the recovered heat is the primsoytoeatand secondary boilers of
conventional design are used when the available recovered heat is insufficient to meet the instantaneous demand.
Typically, high-grade recovered heat can be fed directly into a heat network, wheregsaldswrecovered heat

will need to be boosted/elevated (e.g. by a heat pump). The proportions of heat from the recovered heat source
and from the conventional boilers will be held in the Product Characteristics Database for the heat network.
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Otherwise, these should be estingateither on the basis of operational records or in the case of a new network
on the basis of its design specification. In the case of recovered heat, a heat generation efficiency of 100% should
be assigned.

c4.1 Heat recovered from waste combustion
Where a hat network recovershighr ade heat from a waste combustion plant
wasteo, or Ef W, t hat heat can be considered to be free

waste would have been burnt anyway) othen in its impact on reducing any electrical generation from the

waste combustion process. Most EfW systems use the heat produced during incineration to generate electricity

which is supplied to the grid. Where heat (usually in the form of steam) is dféifrom the turbine by a heat

network, the electricity production will consequently fall, although the overall efficiency (heat plus electricity)

will rise. Typically, electrical output will fall by around 1 unit for every 9 or 10 units of heat drawi aifng

this reduction into account the net fuel factors will be similar to those for heat recovered from a waste power

station (taking into account the pumping/auxiliary energy), so the CO2 and Primary Energy factors in Table 12

for heat nbewbrkscosengdoéfrom waste combustiond are use

C4.2 Heat recovered from power stations

This includes higkgrade heat recovered from power stations rated at more thdi\V3@lectrical outputi

ot herwise, networks should ateremoissri pihhs dor@édPt hehenddi
CO2 emission and Primary Energy factors in Table 12 for
are used, which include an allowance for energy use associated with a reduction in power statwty electr
generataonof{6z as described in C4.1 above) and an all ow

water from the power station.

C4.3 High grade heat recovery

Heat networks recovering high grade heat from processes which would have hapgardids® of the heat

being recovered (i.e. while carrying some other necessary process), can be considered to be free in terms of CO2

and Primary Energy, subject to any additional energy required to facilitate the recovery of that heat (e.qg.

pumping energy . For this purpose, 6high grade heatd means hea
elevate temperature before delivery to a heat network. The CO2 emission and Primary Energy factors in Table

12 for heat net wor ks uare usegl, whidhingude ap allandrece for ¢ha electrickyc over y 6
used for pumping the water from the heat source.

C4.4 Low grade heat recovery

Heat networks recovering low grade heat from processes which would have happened regardless of the heat
being recovered @. while carrying out some other necessary process), and which require additional energy
input to elevate the temperature of the heat transfer medium, should determine CO2 and Primary Energy
emissions based on either:
a) Where a centralised electrically deiv heat pump utilises recovered or ambient heat, the CO2 emission
and Primary Energy factors in Table 12 for heat net
b) Where a system utilising recovered heat includes heat pumps at dwelling level without &
centralised heat pump (including ambient loop networks), a bespoke PCDB calculation is used,
accounting for all heat pump electricity consumption and pumping energy.

For this purpose, 6l ow gr ade he atniuttostenatesempematare. whi ch r eq
Examples of recovered heat sources in this category include heat from: data centre cooling; refrigeration
processes; sewage treatment and wastewater processing; substation heat rejection.

C4.5 Heat recovered from geothermal or othenatural source

Where a heat network recovers heat in a sustainable manner from a natural heat source, and does not use
additional energy to elevate temperature (e.g. through a heat pump), this heat can be assumed to be free of
impact in terms of CO2 arférimary Energy, subject to any additional energy required to facilitate the recovery
of that heat (e.g. pumping energy). An example of this would be the recovery of geothermal heat. The CO2
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emission and Primary Energy factors in Table 12 for heat networks h 6 geot her mal heat sour ce

which include an allowance for energy use associated with the electricity used for heat extraction (e.g. pumping).

C5 Permutations of heat generators

Possible heat network configurations include (and can be combisatipthe following:

1. A single boiler or set of boilers all using the same fuel. In the case of a set of boilers the average seasonal
efficiency for the boilers is used for the calculation (see C2).

2. Two or more boilers or two or more setshafilers, using different fuels such as mains gas and biomass. In
this case the total heat requirement is divided between the boilers or sets of boilers according to the design
specification of the overall system. Different average seasonal efficiencigs@ime sets of boilers and
the CQ emissions and Primary Energy are calculated using the emission factors of the respective fuels.

3. CHP units and boiler(s), calculations according to section C1.

If there are two or more boilers or two or more sétsoilers using different fuels (in addition to the CHP
units) the heat requirement from boilers is divided between the boilers or sets of boilers according to the
design specification of the overall system. Different average seasonal efficiencieoapplgets of boilers
and the C@emissions are calculated using the emission factors of the respective fuels.

4. Utilisation of recovered higlgrade heat from a waste combustion process, power station or other process (as
per C4.1i 4.3 above), topped upy boilers.

5. Geothermal heat or heat from another natural source topped up by boilers (as per C4.5 above).

6. A centralised electrically driven heat pump with various recovered or ambient (C4.4a) heat sources. The
calculation is essentially the sangethat for boiler systems, with the Seasonal Coefficient of Performance
(SCoPY for the heat pump system being used in place of boiler efficiency. The SCoP should take account of
winter and summer operation as appropriate and of the temperature oftteeurea.

SAP software should allow for combinations of up to five of the above heat sources for a heat network.

Other permutations may be dealt with via a PCDB entry, including those described in C4.4b above, and where
energy generating/boosting plastdither at dwelling level, or present in both an energy centre and a dwelling.
Examples of this arrangement could include ambient loop networks, arrécmrered / fossil fuel heat sources
supplying dwellinglevel heat pumps.

C6 Heat network providing DHW only

Some heat networks provide DHW only, with the space heating provided by heaters in each dwelling.

In this case the specification and calculation of space heating is the same as for a dwelling not connected to a
heat network.

SAP software shouldlaw for up to two heat sources for a DH@vily heat network.

Data required are:

- fuel used by heat network (same fuel options as for network providing space and water heating)

efficiency of boilers, heat pump or CHP

if CHP, theheatto-power ratio

distribution loss factor (Section C3.1)

whether a Heat Interface Unit (HIU) is within the dwelling (see Section 4.3)

whether a hot water cylinder is within the dwelling and if so its volume plus either its measured loss factor or
its insulation type and insulation thickness (see Section 4.3)

®To be determined using a method consistent with that for domestic heat pumps, see Appendix N.
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Note: If the presence of a HIU is unknown, it should not be specified. If a hot water cylinder is present, but the
specification is unknown, default cylinder details should be entered, sgenS& 3. If both HIU and cylinder are
present, heat losses from both should be included. If neither are present, default cylinder details should be
entered.

Allow for the control factor from Table 4c(3), for the distribution loss factor as in C3.1lwangipg energy as in
C3.2. Include ondnalf of the normal heat network standing charge in the calculation of fuel costs unless the
space heating is also a heat network (see next paragraph).

This also allows for the case where the heat network is diffesespace heating and for water heating. Separate
heat network parameters apply to each system including heat distribution characteristics. In this case the total
standing charge is the normal heat network standing charge.

C7 CHP

For heat networks with CHR,is possible for the total C&missions calculated é&73)and/or the primary

energy calculated §473)to be negative. Once this quantity becomes negative, it becomes advantageous to
increase the heating requirements of the dwellings, e.g. by regimnlation. Accordinglyif this is thecase

then the quantity in questiathould be set to zero unless the dwellings served by the heat network have a high
standard of thermal insulation. That can be taken to be applicable if the dwelling has a dé&xraoseter

(HLP) of less than 2 when averaged over the 12 months of the year.
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Appendix D: Method of determining seasonal efficiency values for gas
liquid and solid fuelboilers

This appendiprovides boiler type definitions aride process for utilising gasiguid and solid fuel boiler
efficiency data held in the Product Characteristics Database. This data has ariseonfiamity withthe
Ecodesign regulatia@B11/2013and813/2013 The method for deriving seasonal efficiency valiggshese
boiler typeds contained within a supporting document availablevatw.ncmpcdb.org.uk

D1 Definitions
Except for D1.1 these definitions apply onlybiilers fuelled by gas diguid fuel.

D1.1 Boiler

A gas, liquid or solid fuelled appliance designed to provide hot water for space heating. It may (but need not) be
designed to provide domestic hot water as well.

D1.2 Condensing boiler

A boiler designed to make use of the latent heat released by the condensation of water vapour in the combustion
flue products. The boiler must allow the condensate to leave the heat exchanger in liquid form by way of a
condensate dr ain. 0 Cledhtdteerdafinitiorgdd.5andDi.10inciusiye. Boikers mopsp
designed, or without the means to remove the condensate in liquid forcmnaatehoa-cbndénsing .

D1.3 Modulating boiler

A boilerwith the capability to vary the fuel burning rate, whilst maiiming continuous burner firing, to achieve
a heat output no greater than 30% of nominal heatoipMto dul at i ng6é may beDBhRplied
andD1.10inclusive.

D1.4 On/off boiler

A boiler without the capability to vary the fuel burning rate whitgintaining continuous burner firing or a

boiler unable to achieve a heat output of 30% or less whilst continuously firing. This includes those with
alternative burning rates set once only alieagplieane of
to the definitiond1.5andD1.10inclusive.

D1.5 Regular boiler

A boilerwhich does not have the capability to provide domestic hot water directly (i@caotbination boiley.
It may nevertheless provide domestic hot water indirectly geparate hot water storage cylinder.

D1.6 Combination boiler

A boilerwith the capability to provide domestic hot water directly, in some cases containing an internal hot
water store.

D1.7 Instantaneous combination boiler

A combination boilewithout an internal howvater store, or with an internal hot water store of capacity less than
15 litres.

D1.8 Storage combination boiler

A combination boilerith an internal hot water stofprimary or secondary/potable watef)capacityat least 15
litres but less than 7i@ares.

OR

A combination boiler with an internal secondary/potable hot water store of capacity at least 70 litres.

OR

A combination boilewith an internaprimary hot water store of capacity at least 70 litresyiich the feed to

the space heating circuit isttaken directly from the stor8tored heat is only used for potable hot water

service, i.e. via a heat exchandéthe store is at least 70 litres and the feed to the space heating circuit is taken
directly from the store, treat as a CP321(9).
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D1.9 Combined primary storage unit (CPSU)

A single appliance designed to provide both space heating and the production of domestic hot water, in which
there is a burner that heats a thermal store which contains mainly primary water which is in common with the
spae heating circuit. The store must have a capacity of at least 70 litres and the feed to the space heating circuit
must be taken directly from the store.

D1.10 Low temperature boiler

A non-condensing boiler designeahd testeds a low temperature boilexs defined by EN 15502. These are
not recognised by thealculation methodssociated with this appendix

D1.11 Keep-hot facility

A facility within aninstantaneous combination boilghereby water within the boiler may be kept hot while
there is no demandhE water is kept hot either (i) solely by burning fuel, or (ii) by electricity, or (iii) both by
burning fuel and by electricity, though not necessarily simultaneously.

D2 Method for calculating efficiencies for gas andiquid fuel boilers

The efficiencies daulatedand held in the PCDEare:

a) Winter and summer seasonal efficiencies for SAP calculations. The winter seasonal eficigrgys used
for space heating. Th eumns) applieeto waterchaaing m aummes;fitdtér c i e ncy
heating efficiency in winter is derived from both.

b) The comparative hot water efficiencyhisis a general indicator of efficiency for boilers; it is not used for
SAP calculationg?

D2.1 Using efficiency values from the PCDB

(1) Space heating
The dficiency is the winter seasonal efficienby,iyer (from PCDBrecord or Table 4b), increased if

appropriate by an increment from TabléAfapendix D2.2

(2) Water heating by a boiler for which EN 13223r OPS 26 datis not availablé'

If the boiler provides both space and water heatimgl the summer seasonal efficiency is lower than the
winter seasonal efficiencyhe efficiency is a combination of mter and summer seasonal efficiencies
according to the relative proportion of heat needed from the boiler for space and water heating in the month

concerned:
S & - (D1)
If both space heatin@8c)m and water heatin(64)» demands zero in any monttateymonthiy = Nsummer

where
Qspace(kWh/month) is the quantity calculated(88c)m multiplied by (204)or by (205);

Quater(KWh/month) is the quantity calculated(&# ),
hwinter @hdhgymmer@re the winter and summer seasonal efficiencies (frabie4b). For the purposes of
equation D1), hy,interdoes not include any efficiency adjustment duddsign flow temperaturer

controls- seeTable 4cand D2.2
If the summer efficiency is higher than the winter valrdf theboiler provides water heating only,

h =h for all montts.

watermonthly summer

10 For combination boilerand CPSUs it is determined in accordance with1BR0O32 load profileM test
results. For regular boilers oombination boilers and CPSUs not tested in accordance with that staardard,
alternative procedure is provided.

11 The existence of suitable EN1GB22 or OPS26 test data in the PCDB will be detected by SAP software.
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(3) Water heating by a gas liquid fuel combi boiler where test data according to EN 132@8as) or OPS 26
(liquid) areavailable in the?CDBrecord?

Follow the same procedure defined in (2) above, exceptighkga, andhg,mmefrom PCDB record
(instead of Table 4b) as appropriate.

When the summer efficiency is higher than the winter value, the water heating efficiency is the same as the
summer efficiency for all monthfn this case different procedures apply to the calculation of storage loss
(for a storage combi boiler) and addital combi loss, see Tablgb and 3c.

D2.2 Efficiency corrections for condensing boilers from the PCDB
SAP provides condensing boiler space heating efficiency calculatigpsd,) that are corrected f@ach of the
the followingEcodesign contratlasse¥:

a) Modulating boilers withouenhancedoad or weather compensation (Ecodesign Class I)

b) Onl/off boilers withouenhancedoad or weather compensation (Ecodesign Class | or IV controls)
c) Modulating boilers with Ecodesign Class Il, V or VIII controls

d) On/off boilers with Ecodesign Class Il controls

e) Modulating boilers with Ecodesign Class VI controls

f) On/off boilers with Ecodesign Class VIl controls

While the class definitionbsted aboveare adopted from Ecodesifpr usefor SAP, the correctiors applied in
SAP are different to thosesed forEcodesignsince they are beirappliedin different situationsSee technical
paperS10TR12on the SAP website for further details.

For efficiency corrections relating to Ecodesign control€fasnly where a controller is compatible with the
condensing boiler and compliant with the relevant definition, as declared by the manufacturer, then entered in the
PCDB, can an efficiency credit be awarded.

Tables D1, D2 and D3 display efficiency catiens derived generically for on/off and modulating boilers.
These are compared against an emitter system degigntemperature of 60°C the default base case.

The tables provide for four design flow temperatures categories. The design flowaemgpean be designed
and specified by a suitably qualified person, then recorded and reported to the SAP assessor via a design,
installation and commissioning certificate in accordance with the requirements 6f &&Bection9.3.

For design flow tempatures that are not categorised, SAP software will enable the entry of specific design flow
temperatures, providing linear interpolation between categories. For design flow temperatures @habe 80
efficiency correction for 8T is used. For designoflv temperatures below 35, the efficiency correction for

35°C is used.

12 These corrections do napply to norcondensing boilers.
13 See section 9.4 for details of how Ecodesign temperature control class definitions relate to SAP definitions.
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. Efficiency adjustment for various control and emitter

Mains gas . .
temperature options (% gross points)

Design flow/return temperature (°C) 80/60 or 70/60 | 55/47.1 | 45/38.6 | 35/30
On/off boiler
Class lor IV
(Room thermostat or TPI) 0% 2.1% 5.2% 0%
Class Il
(Weather compensator) 0.7% 3.5% S 4%
Class VI 1.8% 4.9% 6.7% 8.1%
(Enhanced wather compensator)
Modulating boiler
Class | (Room thermostat) 0% 2.9% 5.5% 7.5%
Class II, V and VI
(Weather compensator Bnhanced 0.5% 3.5% 5.9% 7.7
load compensatpr
Class VI
(Enhanced wather compensator) 1.4% 4.6% 6.5% 8.0%

Table D1- Efficiency improvement values for main gas condensing boilers with various contrdésigeh flow
temperature options

LPG (all types) Efficiency adjustment fqr various control_and emitter
temperature options (% gross points)

Design flow/return temperature (°C 80/60 or 70/60| 55/47.1 | 45/38.6 | 35/30

On/off boiler

Class | or IV

(Roomthermostat or TPI) 0% 1.6% 4.2% 6.0%

Class Il

(Weather compensator) 0.9% 2.5% 4.8% 6.4%

Class VIl 1.7% 3.9% 5. 7% 7.1%

(Enhanced wather compensator)

Modulating boiler

Class | (Room thermostat) 0.0% 1.8% 4.5% 6.5%

Class I, V and VI

(Weather compensator Bnhanced 0.7% 2.5% 4.9% 6.7%

load compensatpr

Class VI

(Enhanced wather compensator) 1.3% 3.9%6 54% 6.9%

Table D2- Efficiency improvement values for LPG condensing boilers with various control and design flow
temperature options
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Efficiency adjustment for various control and emitter

Oil and other Liquid fuels temperature options (% gross points)

Design flow/return Temperature (°C| 80/60 or 70/60| 55/47.1 | 45/38.6 | 35/30
On/off boiler
Class lor IV

0, 0, 0,
(Roomthermostat or TPI) 0% 1.2% 3.3% 5%
Class I

0, 0, 0,
(Weather compensator) 0.8% 1.9% 3.8% 5.5%
Class Vil 1.6% 3.0% 4.8% 6.2%

(Enhanced wather compensator)
Modulating boiler

Class | (Room thermostat) 0% 1.4% 3.6% 5.6%
Class II, V and VI

(Weather compensator Bnhanced 0.7% 1.9% 3.9% 5.7%
load compensatpr

Class VI

1.1% 2.7% 4.5% 0%
(Enhanced wather compensator) 0 ° % 6.0%

Table D3- Efficiency improvement options fdiquid fuel condensing boilers with various control and design
flow temperature options

60



SAP version 10.2721-04-2022)

Appendix E: Method of determining seasonal efficiency for gasiquid and
solid fuel room heaters

Note: The data and equations in this appendix are for manufacturers to calsaésenal efficiency for
declaration purposes. They are not to be used by SAP assessors.

This appendix sets out the method to be used to determine the seasonal efficiencyifpidjasd solid fuel
room heaterdt applies to room heaters used as nfaating or as secondary heating.

E1 Efficiency determination

Only test results obtained by one of the recognised methods given in Table E1, Table E2 and Table E3 may be

used to establish a seasonal efficiency for SAP calculations. The methods give compaudtisle

Table E1 : Recognised efficiency test methods for gas room heaters

Reference

Title

Applies to (code in
Table 4a or 4b)

assist transportation of combustion air and/or flue gases

BS EN 613:2001 Independent gafired convection heaters 609
BS EN 13278:203 | Openfronted gadired independent spateaters 607
BS EN 1266:2002 | Independent gafired convection heaters incorporating a fan 610

BS 7977
1:2009+A1:2013

Specification for safety and rational use of energy of gas
domesticappliances. Part 1: Radiant/Convectors

603, 604, 605, 606

BS 79772:2003

Specification for safety and rational use of energy of gas
domestic appliances. Part 2: Combined appliances: Gas

fire/back boiler

109

Table E2 : Recognised efficiency test methoaf oil room heaters

Reference

Title

Applies to (code in
Table 4a or 4b)

OFS A102:1999

Oil fired room heaters with atomising or vaporising burners

with or without boilers, heat output up to 25 kW

131, 132, 621, 622,
623, 624

Forroom heaters usingther liquidfuelsplease contact BRE for advice.
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Table E3 : Recognised efficiency test methods for solid fuel room heaters

Reference Title Applies to (code in
Table 4a)

BS EN 1329:2001 | Inset appliances including open fifd®d by solid fueld 156, 631, 632
Requirements and test methods

BS EN 1320:2001 | Roomheaters fired by solid fuelRequirements and test 158, 633, 634
methods

BS EN 14785:2006 | Residential space heating appliances fired by wood péllets| 159, 635, 636
Requirementand test methods

Efficiency test results are normally calculated using the net calorific value of fuel. Before a declaration can be

made, conversion to gross must be carried out by multiplying the efficiency by the appropriate coraetsion f

given in Table E4.

Table E4: Efficiency conversion factors

Fuel Net-to-gross conversion factor
Natural gas 0.901
LPG (propane or butane) 0.921
Oil (kerosenegas oil) 0.937
Biodieselor bioethanol 0.937
House coal 0.97
Anthracite 0.98
Manufactured smokeless fug 0.98
Wood logs 0.91
Wood chips 0.91
Wood pellets 0.91

E2 Declaring the efficiency of gasliquid and solid fuel room heaters

Manufactu

rerso

decl arations

so cal cul

ated shoul d

"The netefficiency of this appliance has been measured as specified in
[insert appropriate entry from Table E1, Table E2 or Tabl¢ &l the

resultafter cowversion to gross using the appropriate faétom Table E4of
SAP 2009s [x]%. The test data & been certified byifisert name and/or
identification of Notified Body The grossefficiency value may be used in
the UK Governmeris Standard AssessmenbPedure (SAP) for energy

rating

of dwellings."
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Appendix F: Electric CPSUs

An electric CPSU is a central heating system providing space and domestic water Reatary. waterheated
mainly or entirelyduringlow-rate periodss stored in a thermal stor.can use the electric Bour or18-hour
tariff.

The space heating circuit operates in the same way as a wet central heating system, with controls appropriate for
wet systems. For domestic hot water, secondary water flows directly from the cold mainsaate@achanger,
where it is heated by the hot water in the store before being delivered to the taps.

The heat losses from the CPSU are calculated, as for other hot water storage vé&esglionid of the
calculation using data from Table 2 or Talilb.

F1 Electric CPSUsusing 1Ghour electricity tariff

The CPSU draws some electricity at the high rate and some at the loWh@ataghrate fraction is calculated as
follows. The procedure below applies to worksh@gtl) onwards.

1. Calculate thénigh-ratefraction (for each monthysing the following methodology:

a) Calculate minimum external temperature for which the stored heat can satisfy the demand temperature

1 _[BYm® 9m]- Cona +[100C (49, - (24° )] - (99,
min (39)m

(F1)

Ny, is the number of days in the mon@,,, is the low-rateheat available irrespective of power rating of
the heating elementalculated using the formula:

Crnax= 0.1456 x \.gx (T, T 48) (F2)
whereV gis the CPSU capaciiy litres andT,,, is winter operating temperatuire C.
In equations (F1) to @) items written as (39) etc. are references to worksheet numbers.
b) Calculatehigh-rateenergy required
if Tmni Te=0,  Eon peak = 0.024° (39 ® Ny

0.0243 (39,3 Ny 3 (Trin - T,
otherwise Eon- peak = BYm* Nm ( min e)
1- eXF(' (Trnin - Te))

where Tis the external temperatuf@ month m

(F3)

2. For June to September (water heating only) sehigiierate fraction to 0. For other monthalculatethe
high-ratefraction

E= Eon- peak (F4)
(98 m +(49m
3. Apply thehigh-rateprice to fraction F of the heating requiremémth space and wateahd thelow-rateprice
to fraction (1 F).

4. Enterthe applicable value forentral heating pumfTable 4f)in workshee{2309.

F2 Electric CPSUs using 1&our electricity tariff

The 18hour low rate applies to all space heating and water hgatbvided by the CPSU'he CPSU must have
sufficient energy stockto provide heating during at®ur shutoff period. The 18hour high rate applies to all
other electricity uses.
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Appendix G: Flue gas heat recovery systemgVaste water heat recovery
systemsand PV diverters

G1 Flue gas heat recovery systems (FGHRS)

When fitted to aondensing boiler a flue gas heat recovery system (FGHRS) recovers heat from the flue
products to préneat the domestic hot water supply. Passive flue gas heat recovery devices (PFGIFHRD)
subset of FGHRS.

The boiler can be fired byainsgas, LPG opil. The heat recovered is mostly from condensation of water
vapour in the flue products and the application of an FGHRS is restricted to condensing boilers because
non-condensing types are not generally adequately protected against the corrosivefeffaudensate. For
non-condensing boilexrthey would also alter the buoyancy characteristics of the combustion products posing a
potential safety hazartiVhere the device hasriGHRSheat storeenergy recovered during space heating
production can also hgsed to later offset the heat required for providing domestic hot water.

Data for FGHRS are brought into SAP calculations viaPttaeluct Characteristics DatabaB€DB). The SAP
assessor selects the FGHRS being used from a list offered by the sofienatifying the device by means of
brand name and model. The software then fetches the parameters needed RGDRhe

A FGHRS is an optioonly if:

- main heatings from a boiler fired bymainsgas, LPG or oil, and

- the boiler is a condensirtgpe, and

- the fuel to which the FGHRS data app$ythe same as the boiler fuahd
- theboiler type is one of those to which the FGHRS datayappl

It is not relevant if the above conditions do not apply.

Note. The gains from the water heating sys(68),, must be calculated before the calculation of space heating

If there is a FGHRS the output from the water he(@#),, is calculatedafterthe calculation of space heatinigp
include(63d),,,. This does nbcreate a circularity because the water heating gains are not affected by the FGHRS
andso(65)y can be calculated befo(@3d)m and(64)» are known.

If there is also a WWHRS see sectiGh.

Gi1.1 FGHRS without a FGHRS heat store
If the FGHRS has no hestore calculate the saving in each méhhly:

Sn=Ki® Kn2® Qnw,m (Gl)

where

Sn  is the saving in month m due to the FGHRS;

Ky is the useful fraction of heat recovered directly lmoawater performance test (EN132B3(from
PCDBrecord);

Kn is defned by (G7) below;

Qnwm is the energy content of water heated by the boiler in mntfhis is worksheg#5),,, less any

saving for a WWHRS calculated by equation (Gl@ss any input from a PV divertand less any
solar input calculated by equationiHn AppendixH. If the boiler is part of a combined heat pump
and boiler packagehen this should also be multiplied by the fraction of the hot water that isqeod
by the boiler.

14 A PFGHRD is passive (does not consume electricity) whereas an FGHRS may do; also a PFGHRD is a single
component whereas an FGHRS may consisepfrate individual components that are not contained within a

single package when installed.

151f the FGHRS is integrated within a boiler, then heat recovered directly will normally be incorporated in boiler

hot water performance test results (EN132)2 nd ref |l ected in the boilerds PCDB
coefficient b of the FGHRS PCDB data record will be affected.
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G1.2 FGHRS with a FGHRS heat store

The heat store is within the FGHRS .dddition,there can be a closmupled store (se81.5 which can be
heated also by a PV array (¥82.6).

The energy saving depends on the monthly hot water usage and space heating requiremeneicéydifta an
FGHRS includes two sets of coefficients a, b and c¢ defining a set of equations relating energy saving in kWh to
hot water provided by the boiler @ for different space heating requirements (typically 6 equatfor@he

set ofcoefficientsapplies to instantaneous combi boilers without a Kestfacility and without a&losecoupled

store, the other applies to all other boiler ypéthere is also a WWHRSee sectioi5 below.

If Qnw,m ¢ O set the saving for month m to zero.
Otherwise the equations, valid in the ranget &hw,m ¢ 309, are of the form:
Som=[ax In(Qwm) + bX Quwm+ €] x GF + (K x Qum) X (1- GF) (G2)

where

Som IS the energy saving in month m, in kWh

Qnwm is the energy content of water heated by the boiler in montthis isworkshee{(45),,, less any
saving for a WWHRS calculated by equation (G1€3s any input from a PV divertand less any
solar input calculated by equationiHn AppendixH. If the boiler is part of a combined heat pump
and boiler package, then this should also be multiplied by the fraction of the hot water that is
provided by the boiler.

GF s a factor thatepresents the change in sagsdueto different boiler operating temperatures (see
Table G1)

In denotes natural logarithm

If Qnw,m < 80, use equation @ with Qnw,m= 80 and multiply the result bys@m+ 80
If Qnw,m> 309, use equation @pwith Qmw,m= 309.

For each fuel for which the device has been tested thefeGD®8 record containing:

a) whether &GHRSheat storend/or closecoupled stordseeG1.5) is fitted;

b) the useful fraction of heat recovered directly imod water performance test (EN132DB Kt = Ky, for
use with an instantaneous combi boiler without a keep hot facility and without ecolagled storé¢see
G1.5;

c¢) the total fraction of heat recovered directly iha water performance test (EN13288 Kr = Ky, for use
with all other boiler types;

d) annual electcal consumption in kWh/year, if any;

e) first set of coefficierga, b and c for a range of space heating requirements applicable to an instantaneous
combi boiler without a keehot facility and without a closeoupled store (assumtee FGHRS reduces
theamount of lukewarm water rejecied

f) second set of coefficiemd, b and c for a range of space heating requirements applioatilether boiler
types and combi configuratioi@ssumes no water is rejected

The procedure is defined by steps 1)Yo

1) Obtain the 12 monthly space heating requirements of the main heating sysieifvalies for the months
June to September are zero).

If fitted to the first main heating system:

Qsp.m= (98C)m x (204) (G3)
If fitted to the second main heating system:

Qspm= (980)m X (205) (G4)

Qsp,m= 0 if the boiler with the FGHRS does not provide space heating.
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2)

3)

4)

5)

6)

7)

From thePCDBrecord, obtain the coefficients a, b and c for the space heating requirement immediately
above (@1, and below (@2 the actual monthly space heating requiremeisQf the boiler is an
instantaneous combi without ke@pt facility and without a closeoupled store (se81.5 use the first set

of coefficients a, b and c; for any other type of boiler use the second set of coefficients and apply a
correction according to the water storage arrangement irY st&iQspmis exactly equal to a value in the
PCDBomit steps 3) and 4) and use the cqroesling coefficients to calculate the monthly savings, S
according to equatiorGR).

Calculate the estimated monthly saving for the space heating requirements immediately ghayar®
below (Qy2,n the actual requirement using equati@2).

Using linear interpolation, calculate the monthly savings, $or the each monthly space heating
requirement (@,» of the main heating system from the saving for space heating requirements immediately
above (Q1,nm) and below (@2,n)-

If So,mis negative set it to zero.

If Qsp,mis greater than the largest value of space heating requirementi@€Digrecord, calculate the
saving using the equation for the largest value of space heating requiremerR @GDBeecord.

For instantaneousombi boilers without a keepot facility and not connected to a clesaupled store (see
G1.95, set & = S mand omit this step.

Otherwiseamend the savings to include the heat recovered while heating tiveatmt store according to
the waterstorage arrangement as follaws

In the case of a combi boiler with kebpt facility,

If Qnw.m ¢ 0 set & = 0, otherwise
Sn=Som+ 0.5 % Ko X (Qumi Qeem) (G5)

where

Sn is the saving in month m due to the FGHRS;

Som is the savingalculated at step 4);

Ks, isthe total fraction of heat recovered directly iha water performance test (EN132D83

Qcm s the applicable combi loss in month m (Table 3a, 3b or 3c)(@&4 gt;

Qee.m is the electrical energy used in month m by kieephot (Table 4f), if any;

0.5 allows for the lower heat transfer to the FGHfR&itstore compared to heat transferedily to
the cold water feed.

If the boiler is a storage combi, a regular boiler supplying a cylinder or thermal s@P&4 or an
instantaneous combi connected to a closapled store,

If Qhw,m ¢ O set & = 0, otherwise
Sn= SJ,m"' 0.5 x Kgp x [ Qloss,m' (l - Kn) X an,m] (Gﬁ)

where

Sn is the saving in month m due to the FGHRS;

Som is the savingalculated at step 4);

Kr, isthe total fraction of heat recovered directly ihat water performance test (EN132083

Quoss,mis thetotal of thestorage, primary and combi loss in month m, equé T, + (59)m + (61)m;
note thafor combined heat pump amelgularboiler packages, the storage Ieg®uld be
multiplied by the fraction of hot water provided by the boiterthe purpose of calculating
Qloss,m'

Kn isrelated to the coincidence of hgater drawoff and boiler firingand is given byquations
(G7);

Qnw,m is as defined below equation (G2).
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Kn=0 if Vi >144xp

Kn=0.48pT Vi =+ 300 if 75xp < V‘k O144xp G7)
Kn= 1+ (023xpi 1)(Vii15)+ (75xpi 15)  if 15 < Vi O75xp

Kn=1 if Vi ¢ 15

Note144xp and 75%p
are limited to a
minimum value of 15.

where

p is the proportion of the hot watenergymet by the boilef>0 and¢1). For heat pump and
regular boiler hybrid it can be less thame For other cases it is one.

Vi  is the storag@olume in the case of a regular boiler, a secondary storage combi boiler or-a close
coupled store;
Vi is 1.3 times the storage volume in the case of a primary storage combi or a CPSU.

Note 1 In the case of a twigoil cylinder connected toragular boiler, Vis the volume of the
cylinder less the dedicated volume for solar or WWHRS storage.

Note 2 In the case of a closmupled store Vis obtained from th@CDBrecord for the FGHRS. In
other cases Ms obtained from th®@CDBrecord for tke boiler (if applicable) or is supplied by
the SAP assess@e.g. volume of hetvater cylinder used with a regular boiler)

G1.3 FGHRS adjustment to energy requirements for water heating
Include §, (as negative values) {®3d)m.

If there are two boilers each with an FGHRS fittepply the savings for the boiler that provides domestic hot
water.

Gl.4 FGHRS dectrical power

Some systems may require electrical power. If that is the casezermmalue (kWh/year) is included in the
PCDB record which is added in{@31).

G1.5 FGHRS using a closecoupled store

A FGHRS for an instantaneous combi boiler without a Keaipfacility may include a closeoupledstore
containing primary wategs a packagd his is in addition to any FGHRIgatstore. Theclosecoupledstore is
connected to the boiler by not more thanm.6f insulated pipeworkprimary loss = Oand its heating is
controlled by a time clockso that 0.9 is applied to the loss factoifable 2b) In this case the characteristafs
theclosecoupledstorein the PCDB record (volume and heat store loss) and data from Pabéesl 3a, 3b or
3cfor an instantaneous combi boiler with a claseipled store are uséusection 4 of th&APworksheet and
the procedure iG1.2

G1.6 FGHRS using a closecoupled store and a directlypowered photovoltaic array

The closecoupled store in FGHRS is kept warm by the combi boiler and maintained at 65°C by a separate
channel that is controlled by a time clock. Electricity produced by the PV modukeddedvoltage DC

electric immersion heater within the cleseupled store via standard twin and earth mains cable. The store is
subject to a maximum temperature of 85°C. There are no additional pumps and no power conversion to 230V
AC. The procedure takeaccount of power loss in the connecting cable.

For these systems tRCDBrecord includes the fraction of PV power lost in the connecting cable, and user
supplied information is the installed kWp of the PV array and the orientation, tilt and oversbétitiad®V.

Calculation of solar input

The annual solar input,sQn kWh/year is calculated as follows.
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Peak power of PV array |:| (G1)
Annual solar radiation per m2 froli3.3 for the orientation and tilt of the collector |:| (G2)
Overshading factor Zpy (from table M1) [ ] (®3
Cable loss (provided iRCDBrecord) |:| (G4)
Solar energy available 0.843 (G1)® (G2)°® (G3)2 [1-(GA)l= [ | (GB)
Solarto-load ratio (G5)+ & Qnhwm= |:| (G6)
Utilisation factor  if(G6) >0, 1-exp[1/(G6)] , ot her wi €& ent er |:| (G7)
Volume of store, Y (provided inPCDBrecord) [ ] ©8
Effective solavolume, Vb = 0.76 x(G8) [ ] ©9)
Daily hot water demand, Javerage (litres) (G10) = (43) [ ] (c10

Note that for combined heat pump and boiler packageseMeshould be multiplied by the fraction of hc
water that is provided by the boiler.

VO|Ume l‘atIO \éﬁ/deaverage (Gg) - (Glo) = I:l (Gll)

Solar storage volume factor f{/V q averagd 1+022 InG1D= [ |(G12)
(not greater than 1.0)

Annual solar input kwh) (G5)3 (G7)? (G12)= [ | (G13)

Note: (43) and(45) are numbers of the main worksheet
The solar input (in kWh) for month m is
Qs m=-Qs * fy X Ny, /365 (G8)

where f,, is thesolar irradiance for month m divided by the annual average solar irradiance for the applicable
climate orientation and tiltValues of fradiance valuesn the horizontahremodified by the procedure in
sectionU3.2for orientation and tilt. The monthlyalues Q ,areincluded as negative values(BBd}, of the

main worksheet.

G1.7 FGHRS combined with compensating controls and/ofow temperature heating

For FGHRS with a FGHRS heat store, the monthly savangsalculated at step §1.2usingthe factor in
Table Glbelow.Adjustmentis not applicale to FGHRS without a FGHRS heat sto&l(1). Refer t09.3, 9.4
andD2.2for low temperaturéeating and compensating control definitions.

Where a low temperature heating system is used, see Se@mmd9.3.], then the design flow temperature, as
stated on the commissioning certificate (rounded to the nearest whole number), is less than the default case.
Using linear interpolation, theesign flow temperatunealue entered in SAP software should be used toalar
factor from Table G1 with reference to compensation control (R3L).

Table G1: Factors (GF) for combining FGHRS with a FGHRS heat store and low temperdure heating
and/or compensating controls

Design flow/return Temperature (°C)

80/60 or 70/60| 55/47.1| 45/38.6| 35/30
:\Ig)rcl:\o/;npensaﬁn control(Ecodesign Clas 124 084 057 031
e e v | 11 | ors | os | oz7
Conanced e S| o9 | oso | 0w | oz
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G2 Wastewater heat recovery systems (WWHRS) Instantaneous

An instantaneouwaste water heat recovery system uses a heat exchanger to recover heat from waste warm
water ast flows through the waste plumbing system to-peat the cold water feed of a shower and a combi
boiler ormains pressurbot watersystem (thermal store anvented cylinder)The energy recovered depends on
the temperature of the cold water feed to the dwelling (which varies by month) and the number and type of
systems that are installed. The procedure described in this section deals with WWHRS lihkeddstatic

mixer showers (where the shower water is a mixture of cold feed and that from the combi bodérsor
pressurédnotwatersysten). It is assumed that the WWHRS is located inside the heated envelope.

There are three types of plumbing arrangefmtan instantaneous WWHRSee Figure G1):
1 System Aoutput of the heat exchanger is fedbtiththe showeandthe combi boiler or hot watetystem
1 System Boutput of the heat exchanger is fed to the shower only
1 System Coutput of the heat exchanger is fed to the combi boiler or hot sygmbut not to the shower

,,,,,,,, Cold water
—_— Hot water
Preheated water

[T T
Y !
Hot i ™ | Hot | o Hot
. water = i} : Tl water s 1Y Ty water
| heater i R Lo heater 1 AL ! 1 heater
1 AR ] 1Y |
| LT % I %
: = — : = — :
[ — —_ — —
i o i dl i
1 | |
1 | |
i 1 i
1 | |
A . 4
i Mains i Mains i Mains
| pressure | pressure | pressure
v - | e —_'__water Fre=] ) N | IS - water ez N | PR . water
I supply l supply I supply
E——— e e
| Waste water Waste water Waste water
drain drain drain
System A System B System C

Figure G1: InstantaneousWWHRS configurations

A WWHRS linked to an instantaneous electric shower (IES) is not covered by this procedure. How¢x&r any

present in the dwelling must be included in the total number of showers.

System data for WWHRS are brought into SAP calculations vie@igB. The SAP assessor selects the
WWHRS being used from a list offered by the software, identifying the deviogehys of brand nammnodel
and system typeMore tharoneinstantaneous WWHR®ay be installedbut any second or subsequent
WWHRS can be Systel only. The software then fetches the parameters needed frdAChBfor each

mode| brandand system typrlentified.

If there is also a FGHRS see secti{®h

G2.1 Dwelling-specific data required forinstantaneousWWHRS

Data on shower types and flow rates is collected as part of the hot water calaeatidghedn Appendix J The
only additional data needérbreis which shower outlets drain into each WWHRS.
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G2.2 Calculation procedure for Instantaneous WWHRS
1. Obtain performancdatafrom the PCDBor eachWWHRS present in the dwelling
2. Establish which shower outledsain intoeach WWHRS (from SAP assessor inputs)

3. For each WWHRSK, sum themonthlywarm water volumg Vshower.im(litres/month), fromAppendix J step
1i, for eachrelevantshower outleto obtain the total volume of warm watdnaining intoit, Viww km
(litres/month).

4. Calculate the heat camtof the warm watedraining toeach WWHFS, Quw «m (KWh/month), with respect
to the incoming cold water temperature for the monghgh(°C), from TableJ1, assunng warm water
reaches the WWH®Rat a temperature of 35°C.

Quw,km= Vwwkm X (3571 Tcolgm X 4.18- 3600 (G9)

5. Obt ai n t he fWWHR, 2tdhe gverage|shower flow rate of the showers draining into it from the
efficiency data for the applicable system in the PCDB, using linear interpolation if data for the specific flow
rate is not listed.

If the flow rate idess than theolwest flow raten the PCDB record, use the efficiency at the lowest flow rate
recorded.

If the flow rate ismore than the highest flow rate recorded in the PCDB recordheséficiency at the

highest recorded flow ratél nighestrecordeds @ndmultiply it by the ratio othe highest flow rate in the database
fk,highest_recordedto the actual flow ratdy: i.e.dx = d_k,highest_recorde(?( fk,highest_recordeé fi

6. Calculatehe heat recovered by each WWHRRn (kWh/month),by multiplying the heat available by the
syst emds h e anhcyfrom stepBead utilisagoh fadtoc, Lietaken fromthe PCDB dateentry.

Scm= Qwwkm X dk X UF (G10)
7. Sum the heat recovered by each WWEHR give the total savinffom WWHRS S, (kWh/month)
Sm =mES (G1)

8. Include & (as negative values) imorkshee(63a),y,.

G2.3 Electricity for pump

The system may use an electric pump for heat exchanger operation or other accessory pumps. From the data
record obtain the daily electricity used by thystem (f), calculate the annual electricity usage according to

equation (G2) and include in worksheet &30h)or (330h)

Eannua= 365 x g (G12)

G3 Waste water heat recovery systems (WWHRS) Storage

A Storage WWHRS is a wholkouse system whereby héméxtracted from waste water from baths and
showersand used to preheat the incoming cold water tombi boiler ohot watersystem The system may
include a heat exchanger circulation pump and additiaccessory pumps for satisfactory operation. Unlike an
instantaneous WWHRS it does not require simultaneous waste ahdgiesl water flow and so is able to
recover heat from bath watétris assumed that tretorage VWHRS is located inside the heateavelope.

It is not possible to haveore than onstorageVWHRS, and a storage/WHRS cannot be applied in addition
to an instantaneous WWHRS

A storage WWHRS incorporates a storage voluwig,, dedicated to the recovered héddiere are two types:
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Combined: the dedicated storage volume is within the

Separate: the dedicated storage volume is a separate viggpidally for connection to instantaneous hot
water heaters such as a combi boiler)

Storage WWHRS products are tested wigeparate ocombinedhot watervesselwhose specification is
defined by the manufacturérhe resulting performance daeevalid when thededicated storageolume is
between Yg, and \igh, Where

- Vjow is the low &d of thevalidity range othe dedicated storage volume
- Vhighis thehighendof thevalidity range of theledicated storage volume
If the dedicatedrolume is outside this range the energy savings are redsee@3.2step 3).

Viow: Vhighand the storage volume typee recorded in theCDBrecord for a ®rageWWHRS.

G3.1 Dwelling-specific data required for Storage WWHRS
Table G2 : Dwelling data required for Storage WWHRS
Description of parameter Symbol
Total number of bathgresent in dwelling Biotal
Number of baths whose waste water is routed through the WWHRS Brecovery
Dedicated WWHRS storage volume (litres) Viw

The definition of \{,,, is the same as that of dedicated solar voltonsolarwater heatingi.e. the volume of

the cylinder below the coil heated by the boiler (or other heat genetatthg case of a combined (twin coil)
cylinderit is thevolume of the cylinder allocated to the WWHR8e diagram H2 b) in Appendik In the cae
of a separate dedicated storg,Yis the volume of the separate siasee diagrams H2 a) and c) in Appenidix

G3.2 Calculation procedure for Sorage WWHRS
1. Obtain datdor thestorageWWHRSfrom the PCDB.

2. Establish which showers and baths supply tette WWHRS (from SAP assessor inputs)

3. Calculate thevolume ofwarm wateravailablefrom instantaneous electric showers (JEich drain to the
WWHRS, Vww,ies,m (litres/month), by amming therelevantmonthlywarm watewolumes Viesjm
(litres/month) from Appendix J step8d.

4. Calculate thevolume ofwarm wateravailablefrom othershowerswhich drain to the WWHRSVww shower,m
(litres/month), by smming the relevantmonthly warm water volung Vshower,im(litres/month),calculatedn
Appendix J stepli.

5. Calculate therolume ofwarm wateravailable frombathswhich drain to the WWHRSVww bath,m
(litres/month), bymultiplying the totalvarm watewnolume for bathsVpaim (litres/month) from Appendix
J, step2e, by the proportion of batha the dwellingwhich drain to the WWHRS
VWW,bath,m= Vbathm x Brecovery' Brotal (613)
(Brecoveryand Botal @re from table @)

6. Calculate the quantity of heat containeaiirshowerwaterdraining tothe WWHRS, Qww,shower,m
(kwh/month), with respect to the incoming cold water temperature for the maegpth, &ssunmg warm
waterfrom showergeaches the WWHRat a temperature &5°C.

Qww,showerm = (Vww;,iEsm + Vww,shower,) X (35T Tcolg,m) % 4.18- 3600 (G149

7. Calculate the heat caaritof bath watedrainingto the WWHRS, Quw pathm(KWh/month), with respect to

the incoming cold water temperature for the monthg  assumingathwaterreaches the WWHRat a
temperature of 42°C.

71

dwel























































































































































































