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ABSTRACT

Thisstudywascarriedouttoinvestigatetheopportunitiesofimprovingthermalperformanceby
focusingonenvelopeeffectsof abuilding located inLondon.Firstly, throughabroad literature
reviewofthepreviousconductedcasestudies,aninvestigationofallthebuildingenvelopeaspects
andparametersinfluencingthethermalperformanceofthebuildingwasconductedtoprovidecritical
informationofthermalperformanceoftheenvelopecomponentswithintheUKbuildings.Then,onsite
measurementswerecarriedouttoobtainthebuilding’sbasecaseheatingloadusingthestandard
CIBSEGUIDEA2017heatloadcalculationmethodology.Neglectingthermalbridgingintheheating
calculationshowed8%reductioninthebuilding’stotalheatingload.Also,17%reductioninenergy
consumptionandCO2emissionswasachievedbyapplyingpolyurethane-foamandpolystyrene-boards
ascavityandexternalwallinsulations,respectively.Moreover,theeffectofapplyingbothinsulation
intheenergyconsumption,CO2emissions,costandpaybackperiodanalysiswasanalysed.
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INTROdUCTION

Inthispapertheassessmentofopportunitiestoimproveenvelopeperformanceandtoprovidethermal
comfortforacasestudybuildinglocatedinLondon,wouldbecarriedoutusingmanualcalculation
methodprovidedbyCIBSEGUIDEA2017.Thebuildingcomprises25(1-bedroom)studioflats
builtin1970.

The doctrine of environmental sustainability assessments is based on reducing the energy
consumptionandcarbondioxideemissions;reducingthegrowthofenvironmentalemissions(Farsi,
etal.,2017;Hosseinian_far,etal.,2010).Oneofthemostdisturbingproblemswithwhichallthe
countriesaroundtheworldarestrugglingistheglobalwarmingwhichisaconsequenceofclimate
changeandtheCO2emittedmostlybyhumanactivitiesandpurposes.AlmostalltheemittedCO2in
theenvironmentcomesfromtheenergyconsumptionbytheindustries,transportationandhousings.



International Journal of Strategic Engineering
Volume 4 • Issue 1 • January-June 2021

2

InordertodecreasethegreenhousegasandCO2emissions,theUKgovernmenthasdecidedtoreduce
60%ofthecarbondioxideemissionsby2050asofthelevelsinyear1990(Hosseinian-Far,etal.,2017).

However,therearestillsomeunclearpointsleftaboutthedifferentdivisions’involvementand
thefinancialinstrumentsofreducingCO2emissionsfromtheatmosphereafter2020.Thebuilding
sectorhashadaconsiderablecontributionin0.7%ofthetotalenergyconsumptionreductionfrom
142,174(ktoe)to141,175(ktoe)intheUKin2017(ECUK,2018).Moreover,since1970,thedomestic
sectorhasfollowedthetransportationdivisionintermsoftheconsumedenergyby28%.Inthispaper,
themainfocuswillbeonoptimizingthermalcomfortandtheenergyconsumptionofthecasestudy
buildingbytakingtheenvelopeinfluenceintoconsideration.Comparedwiththeothercountriesaround
theworld,theUKhasalmosttheoldestbuildingstock.Duetoanabsenceofbuildingstandardsin
thepast,nowadayshousingsectorisoneofthemostinsufficientenergyconsumerdivisions.This
problemmeansalmost45%ofthetotalCO2emissionswithintheUKisresultedfromthebuildings
(Hosseinian-Far,etal.,2017;Daneshkhah,etal.,2017;Government,2018;HMGovernment,2010).
Ahugeamountofstudieshavebeencarriedoutduringthelastdecades,especiallyafterapplying
buildingregulationsince1970,toinvestigatetheamountofenergyconsumedinthebuildings.The
envelopeassessmenthasbeenconsideredasavaluabletooltosaveenergyinbuildings.Thispaper
investigatestheeffectsoftheenvelopeintheenergyconsumptionofacasestudybuildingbytaking
twoimportantfactorsofthermaltransmittance(U-Value)andadmittance(Y-Valueorthermalbridging)
intoaccountthroughloadcalculationsvalidatedbyCIBSEguides.HousingsectorintheUKhave
ahighpotentialforapplicationofenergyefficiencyimprovements.Theenergyconsumptionofthe
UKhousingin1997hasbeenreducedby4569(ktoe)andreached40,116(ktoe)in2017(ECUK,
2018).Thehighpotentialoftheenergysavinginthebuildingsectorhasbeenshownbyprevious
studies.Although,therehasbeenasignificantimprovementimplementedbytheUKgovernment,still
thedomesticsectorhasapotentialof32%ofcarbonemissionreductionamongtheotherdivisions
regarding5thcarbonbudget(Rosenow,etal.,2018).

The UK housing have 3 major divisions: flat or bungalow, detached and semi-detached or
terracedhouse(Palmer&Cooper,2011).Inordertomeetthe80%CO2emissionreductionandenergy
consumptiontarget,theUKgovernmenthasproducedaStandardAssessmentProcedureforEnergy
RatingofDwellings(SAP,2012)toclassifythenewandexistingbuildingsandprovideregulatory
measurementfordesigningandretrofittingpurposes.

“The state of mind which expresses satisfaction with the thermal environment is defined as the 
thermal comfort”.Thisconditionvariesintermsoftheclimate,occupantsclothing,activitylevelof
peopleinsidethebuilding,natureofthebodyandtypeofthebuilding(Tasssou&Jouhara,2017).

Thefactorsaffectingthethermalcomfortaredividedintotwomaincategories:environmental
factorsandpersonalfactors.Theenvironmentalfactorsinclude,thesunlight,airtemperature,mean
radianttemperature,relativeairspeedandhumidity.However,metabolicheatproductionandthetype
ofoccupants’clothingformthepersonalfactorsinfluencingthethermalcomfort(CIBSEGUIDE
A,2017).

Inastudy,(Myhren&Holmberg,2008)definedthethermalcomfortasarangeofairtemperature
around37°Cassociatingskintemperaturebetween32-32°Cwhichthehumanbodyperformance
is in the best position. Moreover, the thermal comfort can bedescribed as the anticipation of a
suitableconditioninsidethebuildingsfortheoccupantswhichrelatesdirectlytothetimeandplace
(Chappells&Shove,2005).Inastudy(Derks,etal.,2018),analysednurses’perceptionofthethermal
comfortwithinthehospitalward.Theresultsshowedthatbytakingseasonalandorientalconditions
intoaccount,theeasiestwaytoprovidebetterthermalconditionistodesigndifferentzonesinthe
hospitalwardsastheperceptionofthermalcomfortofstaffsdiffersfromthepatientsconsiderably.
Inaddition,inafurtherstudy(Luo,etal.,2018)assessedtheindoorthermalcomfortoffourcollege-
agedsubjectgroupsindifferentlocationswherelivedonlyinnorthern,migratedfromsouthtothe
north,livedonlyinsouthandhadmovedfromnorthtothesouthinChina.Theresultsillustratedthat



International Journal of Strategic Engineering
Volume 4 • Issue 1 • January-June 2021

3

thegeographicallocationhasasignificantimpactonfeelingneutralwithinthebuildingsforthose
migratedfromnorthtothesouthandviceversa.

Therefore,followingthediscussedpoints,thisresearchidentifiesthevitalelementsofaffecting
buildings’envelopecontributingtooverallthermalperformance,inordertoprovidethermalcomfort
foroccupants.Although,otherpapersthroughliteraturehaveillustratedthesignificanceofapplying
state-of-the-arttechnologiestomeetrequirementsandmaintainbuildingsthermalperformancein
anacceptablelevel;thisresearchemphasesonenvelopperformanceimprovementeffectsthrough
a coherent designed methodology of applying standard calculations to analyse energy demand,
greenhousegassesemissionsandcapitalinvestmentpaybackperiod.Andtheaimistoidentifythe
mostefficientwayofimprovingbuildingsenvelopthermalperformanceanddeterminebothpotential
energyandcostsavingsalongwithmeetingenvironmentalsustainabilityprinciples.

Thispaperconsistsof5mainparts.Inthefirstpart(Introduction),thesignificanceofstudying
globalwarmingasaconsequenceofgrowingenergydemandandgreenhousegassesemissionsis
discussed.Moreover,thermalcomfortfundamentals,theenergydemandwithinbuildingsandthe
importanceof improvingbuilding thermalperformance toprovide thermal comfort is discussed
withinthefirstpart.Havingintroducedtheimportanceofconductingtheresearchwithinthefirst
part,thepaperexpandsinthesecondpartthroughathroughliteraturereviewinordertoidentifythe
keyinfluentialelementswithinbuildingsenveloptoprovideindoorcomfort.Thefindingswithin
literatureareincorporatedtoanintegratedmethodologyofanalysingthekeyidentifiedaspectthrough
athoroughmethodologyinthethirdpart.Basecasescenarioisappliedinordertoprovidebothsolid
understandingofcurrentsituationandasareferencetothedegreeofimprovements.Thefindingsare
representedinthefourthpartalongwithappropriatediscussions,tablesandfigures.Inthefifthpart
aholisticviewofthestudyconsideringtheobtainedresultsisrepresentedandconcluded.

LITERATURE REVIEw

Theheatcanbedefinedasthetransformingenergyduetotemperaturevariationsandincludethree
types:heatflowbyconduction,convectionandradiation.Theheattransferbyconductionoccurs
betweentwoadjacentmoleculesastheresultoftemperaturedifference.However,inheattransferby
convection,presenceofafluid,eithergasorliquid,transferringtheenergyiscompulsory.Moreover,
theheattransferbyradiationoccursbetweentwosubstanceshavingdifferentsurfacetemperatures
whichthesunisthemainsourceofthistypeofheattransfer(Karayiannis&Ratcliffe,2016).The
factorsaffectingtheheattransferandthermalcomfortwithinthebuildingsarecalledthermalload.
Mostlytheseloadsbelongtotheartificiallightingwithinthebuilding,loadsoftheequipmentsuch
ascomputers,occupantsload,ventilationloadinthenewconstructedbuildings,infiltrationmostly
intheoldbuildingsandsolargains(Irsyad,etal.,2017).

Inanotherstudy,(Yoshino,etal.,2017)realised6mainfactorsaffectingthebuildingthermal
load,accordingtotheinternationalenergyagencyassessment,including:localweather,building’s
façadefeatures,buildingenergymanagement,internaldesignrequirement,typeofoccupantsactivities
andthebuildingperformance.

Inordertoprovideoptimisedthermalcomfortwithinbuildingstheamountofconsumedenergy
bytheAir-Conditioningsystemshouldbetakenintoaccount.Moreover,themoreenergyisconsumed,
themoreCO2willbeemittedintotheenvironment.The30%ofemittedCO2comesdirectlyfromthe
consumedenergyinthebuildingsectorwhichhastaken40%ofglobalenergyconsumptionaroundthe
world(Yang,etal.,2014).Currently,awarenessoftheglobalwarmingandclimatechangedangerhas
beenincreasedandisaboutthreefactorsofeconomicgrowth,energyuseandassociatedenvironmental
pollutants.Thishascausedtoattemptsintryingtodecreasethefossilfuelsusage(Lean&Smyth,
2010;Hosseinian-Far,etal.,2017;Farsi,etal.,2017).Moreover,although,theresidentialbuildingin
Malaysiacontributeto19%oftotalenergyconsumption,utilizingAir-Conditioningsystemsduring
thewarmseasonsaffectsthisamountthatwillincreasecontinuously(Cheung,etal.,2005).
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THE EFFECT OF BUILdING ENVELOPE ON THERMAL 
COMFORT ANd ENERGy CONSUMPTION

Althoughcurrentlyalargenumberofresearchesandstudieshavebeencarriedouttoinvestigatethe
energyconsumptionreductionwhileprovidingthermalcomfortwithinthebuildings,mostofthem
haveconsideredusingsustainableenergiessuchaswindpower,solarthermalandPVpanels,andless
attentionhasbeenbroughtintoenvelopeperformanceofthebuildings.IntheUK,manybuildings
existfrommanyyearsagoespeciallysomeofthembelongtotheVictorianera.Therefore,theUK
islikelytohaveolderbuildingsincomparisonwiththeotherEuropeancountries.Thisshowsthat
mostofthebuildingshavepoorinsulationresultinginmoreenergyconsumption(ECUK,2018).

LIGHTING LOAd wITHIN THE BUILdING

Thelightingloadisconsideredasaninternalload.Location,orientationandtypeofthelightshave
significantinfluenceonbringingtheheattointernalsurfaces.Inordertoprovidebetween150to
800luxilluminanceswithinthebuildings,theamountofthelightingloadforthebuildingsbuiltin
1970sand1980swasaround30W/m2.However,inthenewbuildingsbyusingmodernmethodsin
manufacturingandbuildingthermalloaddesigning,ithasreducedbyaround15W/m2toprovide
500luxilluminance(CIBSEGUIDEA,2017).TheenergyconsumedwithinthebuildingsbyHVAC
systemstoprovidethermalcomfortandsatisfytheoccupantstakesaboutonethirdofthetotalenergy
consumed in theworld. Inaddition, theamountof theelectricityconsumed toprovideartificial
lightinghasbeenestimatedaround19%ofthetotalelectricityconsumedintheworld(Baloch,etal.,
2018).Thus,itisclearthatlightingloadhasasignificantimpactonthethermalloadwhichshould
beconsideredduringdesigningstagesbybuildingservicesengineers.

SOLAR HEAT GAINS wITHIN THE BUILdINGS

During the last decade many studies have been carried out to investigate the effect of the solar
radiationontheinternalheatloads.Accordingtothetable5.19CIBSEGUIDEA,2017,heatgains
bysolarradiationaredividedinto4categories:thedirecttransmittedheattotheenvironment,the
heatabsorbedbytheglazing,theamountofabsorbedheatbytheshadesinsidethebuildingand
theabsorbedheatbybuildingfaçade(walls,roofandfloor).Solarheatgainsshouldbeconsidered
duringsummerforcalculationsofthecoolingloadspeciallyinbuildingswhereabroadareaofthe
envelopeconsistsofglazing(Lu,etal.,2017).

Inordertobuildhighefficiencybuildings,theamountoftheglazingareatotheenvelopeshould
beconsideredwhichplaysthemostimportantroleinsolargainswithinthebuildings.Theradiated
solarenergytotheEarthisdividedin3parts:4%ultra-violateradiationwhichthehumanisunable
torecognise,47%canbeseenasthenaturallightbyhumaneyesandnearly50%ofthisenergyis
infrared radiation (Ahmed, et al., 2017).Although this radiation affects theheat gains, utilizing
naturallightofthesuncanreduceusingtheamountofartificiallightingproducedbythelightsand
consequentlyreductioninthecoolingloadaswell(Bodart&Herede,2002).

THE EFFECT OF THE wALLS ON ENVELOPE PERFORMANCE

In2016,outof27.7millionpropertiesintheUK,around70%(13.3million)ofthepropertieshave
cavitywalls,thenumberofbuildingswith125mmloftinsulationwas15.8million(66%)and718,000
buildings(around8%)hadsolidwallinsulation,(BEIS,2017).TheExternalwallsusuallyconsistof
differentlayers.Theoutersurfaceofthemnormallyisconstructedbyheavyweightmaterialssuch
asbrickworks.However,theinnerandmiddlesurfacesincludelightweightmaterialsandinsulations
suchasplaterandmineralwool(Leccese,etal.,2018).Although,theapproachofusingheavywright
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andlowthermalperformancematerialsinexternalwallshaschanged,ahugenumberofexisting
buildingsintheUKhavelowthermalperformancematerialsintheirwallssuchasbrickworkthe
usageofwhichgoesbackto1970s.Inthehistoricbuildingstheexternalwallsmostlyareconstructed
bybrickwork(Calle&Bossche,2017).Theproblemismoisture;waterhasharmfulinfluenceon
thebrickworks,resultinginmouldgrowth,condensationandundesirableheatlossspeciallywhen
theraindropsheattheoutersurfaceoftheexternalwallsofbuilding.Theseissuescanbesolvedby
increasingthermalinsulation(Abuku,etal.,2009).However,addingmoreinsulationtoovercome
heatlossinthewintermaycauseoverheatinginsummertime.(Tink,etal.,2018).

Although currently, the amount of unfilled voids by mortar has been reduced, still historic
buildingssufferfromthisissueduetoabsenceofdata(Guizzardi,etal.,2015).Theycarriedouta
testtoinvestigatetheHydrothermalperformanceofanextensivewallexposedtothemoisture.The
testshowedthatmoisturemovementisfasterwithintheoutersurfacesofthewallcomparingtothe
innerside.

Wallinsulationsaredividedinto3categoriessuchasinternalwall,cavitywallandexternalwall
insulations.Wallthermalinsulationscanresultinincreasingthewallthermalresistance,airtightness,
thermalcomfortandreducingtheenergyconsumption(Rovers,etal.,2017).

Oneofthemostcommonwaystoreducetheenergyconsumptiontoprovidethermalcomfort
withinthebuildingisapplyingexternalwallinsulations,especiallyinsolidwallandcavitybuildings.
Reductionintheprobabilityofinsidesurfacecondensationwouldbeagoodresultofexternalwall
insulation.Moreover, thiswouldnot cause significantproblem for thebuilding residentsduring
retrofitting(Tingley,etal.,2015).

Theselectionofmaterialstobeusedinthebuildingfabricplaysasignificantroleintheenergy
consumption.Uninsulatedexternalwallscancontributetoalmost35%ofthetotalheatloss.However,
fillingthecavitiesoftheexternalwallsorapplyingothertypeofinsulationscanpreventaround60%
ofthetotalheatloss(EST,2010).Inanotherstudy,(Kontoleon&Giarma,2016)whichexamined
passivethermalbehaviourofbuildings,hasfoundthatthethermaltransmittanceofeachmulti-layered
wallisresponsibleforitsthermalperformance.

THERMAL BRIdGING INFLUENCE ON HEAT LOSS THROUGH THE FABRIC

Oneofthemostimportantfactorsinfluencingtheheattransferandtemperaturefluctuationthrough
thebuildingenvelopeisthermalbridging.Thesurfacetemperaturereductionresultingfromheat
transferthroughtheenvelopelayersshouldbediminished.Thehighpotentialpartsofthebuilding
facadewhichcanplayasathermalbridgeareroofeaves,windowanddoorframesandthejunctions
attheendofeachsurface.Thereasonthatthethermalbridginghasnotbeentakenintoaccountwas
thatitseffectisnegligiblecomparingtothetotalheatlossbytransmission(CIBSEGUIDEA,2017).
Thisissuecancauseamajorproblemofmouldgrowth.However,thiscanbesignificantlyreduced
byapplyingaminimumlayerofinsulationtothewalls(Fantucci,etal.,2017).

Inoldbuildings,ventilatedenvelopeisawell-knownfabricdesigntechniquespeciallythosemade
byaluminium.Byusingthistechnique,thebuildingwillbenefitintermsoftheheatlossthrough
linearthermalbridging,moistureproblems,fireprotection,andnoiseannoyance(Theodosiou,etal.,
2017).Therearedifferenttypesofthermalbridgingwithinthebuildingenvelope.Themostcomplex
thermalbridginginthewindowsystembuildingsoccursinthewindowsastheirthermalperformance
dependsonthethermalperformanceoftheframeaswell(O’Grady,etal.,2018).

METHOdOLOGy

Inthissection,themethodologywhichwasfollowedtoinvestigatetheenergyconsumptionofthe
buildingandacquirethebestsolutiontoimprovethelevelofenergyconsumptionalongwithproviding
thermalcomfortisdesignated.Theeffectofexternalwalllayersandglazingontheheatlossand
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energyconsumptionwillbeinvestigatedthroughU-ValueandY-Valuecalculations.Moreover,the
effectsofinfiltrationheatlossintheconsumedenergywillbeanalysedasthebuildingisoldand
infiltrationheat losseshavenotbeenconsideredduringdesigningstagesdue to lackofstandard
methodologyorlegislativedesigningapproaches.Atthenextstage,applicationof30(mm)Extruded
Polystyrene-Boardasanexternalinsulationandcalculationoffillingthecavitybetweentheexternal
wallbyclosedcellPolyurethane-Foamwouldbecarriedoutinordertoselect thebestoptionof
optimisingthebuildingenergyperformance.OncebothfillingthecavityandPCMapplicationis
done,thelowerheatlossinthebuildingbetweeneachonewouldbeselectedconsideringthebestcase
scenarioandcostanalysiswouldbecarriedoutinordercalculatetheapplicationcostsandenergy
consumptionbytheboilerstoprovidethermalcomfortwithinthebuilding.Therefore,thestandard
heatloadcalculationmethodologyprovidedwithintheCIBSEGUIDEA2017wasfollowedinorder
toconductrequiredcalculationsanddiscoverthebestsolution.

Accordingtothemonthlyenergybills,costoftheheatingsourcewasconsidered0.0338(£/
kWh)forthegasfuelboilers.Moreover,capitalcostofboththeinsulationsaretobecalculated.
Althoughboththeinsulationsarewellknownandbroadlyprovidedinthemarket,duetolackof
sufficientdataaboutthelabourcosts,thepricesofboththeinsulationswillbetakenfromthem(BEIS,
2017).Thepriceofexternalwallinsulationhasbeenprovided£55perm2ofthewallareaincluding
materialandlabour;whileforthecavitywallinsulationitis£5per(m2)ofthewallarea.Thenas
thebuildingisoccupiedbythepeoplewhoare60yearsoldormore,theUKgovernmentsuggests
VATof5%insteadofthenormal20%,incaseofenergyimprovementretrofitting(GOV.UK,2018).
Lastbutnotleast,theobtainedsavedmoneyinamonthwillbemultipliedby12inordertoachieve
theapproximateannualsaving.Oncethecapitalcostsofbothmethodsarecalculated,thepayback
periodwillbeanalysedusingtheannualsavingandcapitalcostofapplyingPolyurethane-Foamand
Polystyrene-Boardsinsulations.

THE CASE STUdy BUILdING CHARACTERISTICS

Thecasestudybuildingisa2story25flatsretirementhousingbuilding,including1bedroomfor
eachunit,builtin1972,andconsistingofsoldredbricksintheexternalwalls,flatroofanddouble-
glazedwindows.Currentlyisusedbyoldpeopleandthosewhoneedextracare.Thetotalnetfloor
areawasmeasured737.5m2onsiteandwascomparedwiththeGoogleearthsoftwaretoolsinorder
togetthemostaccuratedata.Moreover,thetotalheightofthebuildinghasbeenmeasured5.6(m)
fromtheground.Therefore,eachfloorheightisobtained2.8(m).

Thebuildingcomprises3mainparts,tworesidentialblocksfacingtothewest(westernblock)
andeast(eastern)respectivelywherehavethesameshapeandamiddlepassageblockwhichisused
asconnectionbetweenthetwomainresidentialblocks.Eachoftheresidentialblocksinclude12units
6oneachfloorand1unitinthemiddleblock(zone5).Thebuildingdoesnothaveanairconditioning
systemandisnaturallyventilatedbyopenablewindows.Duringthewinterthermalcomfortwithin
thebuildingissatisfiedbyheatemitterslocatedineachflat.Heatemittersarefedbycentralplant
usingthreeatmosphericconventionalgasfiredboilers,eachonehavinganoutputof67(KW)which
givestotaloutputof201(KW)alltogether.

ZONING

Duetoabsenceofbuildingplanschematics,theaimwastotakethebestdecisiontocalculatethe
mostaccuratethermallossfromthebuilding.Therefore,thefirststepofcarryingheatlossandheat
loadcalculationsiszoning.Accordingtotheshapeandlocationofthebuildingwhichincludes3
blocks,itwillbedividedinto10individualzones.Thewesternandeasternblockswillbedivided
to4zonesforeachoneandthemiddleblockwillbedividedintwozoneswhichgives10zones
alltogether.Themainentrancesandreceptionsinthewesternandeasternblocksareconsideredas
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unconditionedspacesduetoabsenceofheatemittersinthoseareas.Figures1and2illustratesimple
schematicofbuildingzoningdivisions.

THE EXTERNAL wALL OPTIMIZATION APPLyING 30 (MM) EXTRUdEd 
POLySTyRENE-BOARd AS EXTERNAL INSULATION

Inorderoptimisethebuildingenvelopeperformance30(mm)ExtrudedPolystyrene-BoardFigure3.
waschosenasanexternalinsulationfortheexternalwalls.Ithastheabilityofbeingfullyrecycled

Figure 1. Case study building’s ground floor

Figure 2. Case study building’s first floor
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andenvironmentallyfriendly.Thisinsulationisagoodchoicefortheplaceswithsevereweather
conditionsliketheUKduetoitsstrengthandresistance.Therearemanytypesofthisinsulationin
themarketandithasbeenwidelyusedtooptimisethebuildingenvelopeperformanceasexternal
wall,roof,internalwallandfloorinsulationspeciallyintheUK.

Theselectedinsulationhasalengthandwidthof1200(mm)and600(mm)respectivelyand
forthe30(mm)thicknessitcanprovidethermalconductivityof0.034(W/mK).ThisExtruded
Polystyrene-Board can be applied to the building without causing annoyance to the occupants.
Moreover,ithashighresistanceagainstthewaterandthereisnoneedforspecialtoolstosetupand
cutofftheinsulationfromthewall.

CAVITy EXTERNAL wALL INSULATION By APPLyING 
CLOSEd CELL POLyURETHANE-FOAM

Asthesecondoptiontooptimisethebuilding’senvelopeperformance,applicationofclosed
cellPolyurethane-FoamFigure4,will be examined.This typeof insulationhasbeenused
widelyintheoldbuildingstoimprovetheenvelopeperformance.Thisfoamhasdensityof
40(kg/m3)andthermalconductivityof0.022(W/mK)andisgoingtofill50(mm)airspace
betweentheexternalwall.

RESULTS ANd ANALySIS

Inordertostarttheanalysis,thebuilding’sbasecaseheatlosswascalculatedaccordingtotheonsite
measurement.TheTable1givesasummaryoftotalcalculatedbasecaseheatingloadthroughthe
buildingincorporatingeachindividualzone.

Figure 3. Extruded polystyrene external wall insulation
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HEATING LOAd CALCULATIONS AFTER APPLyING THE 
EXTRUdEd POLySTyRENE-BOARd EXTERNAL INSULATION

Theselectedinsulationhasbeenprovidedtotheindustryindifferentcategoriesintermsofthethickness
andthermalconductivity.Atthefirststepusingthegivendataof0.034(W/mK)thermalconductivity
and30(mm)thicknessthenewU-ValueofthewallwascalculatedasshownintheTable2.

Since theexternalwall insulationwasapplied toexternalwall, theU-Valuewasreducedby
1.671from1.7to0.029(W/m2K).Oncetheresultswereobtained,itwasobservedthatasignificant
amountoftheheatingloadwasreducedbyapproximately18%from169.11to139.73(KW).The
dataofeachindividualzonecomparingwiththebasecaseheatingloadisillustratedinFigure5.

Consideringzones1,2,7and8whichincludedmoreexternalwallscomparingtheotherzones,
theheatingloadwasreducedbyapproximately19%;whereas,forthezones3,4,9and10which

Figure 4. Closed cell polyurethane foam

Table 1. Base case calculated heating load

Onsite Measurement 

Description Heating Load (kW)

Zone1 24.40

Zone2 26.97

Zone3 10.87

Zone4 11.94

Zone5 9.45

Zone6 11.31

Zone7 24.40

Zone8 26.97

Zone9 10.87

Zone10 11.94

TotalLoad(withoutdiversityfactor) 169.11

Applyingheatingdiversityfactor 135.29



International Journal of Strategic Engineering
Volume 4 • Issue 1 • January-June 2021

10

coveralittlebitlessexternalwallsurfacesdecreasedbyaround22%.Itshouldbeconsideredthatthe
heatingloadofthezones5and6wherearelocatedinthemiddleblockofthebuildinghadavery
smalldifferencecomparedwiththebasecasedataasthesezonesaremostlycoveredbytheglazing.

CLOSEd CELL POLyURETHANE-FOAM (PUF) U-VALUE ANALySIS

Usingthegiventhermalconductivityof0.022(W/mK)bythemanufacturerthenewU-Valueafter
applyingtheinsulationwascalculatedwhichisshownintheTable3.

ApplyingthecavityinsulationgaveaU-Valueof0.028(W/m2K)fortheexternalwall.Comparing
thenewresultwiththebuilding’sbasecasetherewasareductionof1.74(W/m2K);around98%.
Inaddition,percentagereductioninthenewcalculatedU-Valuewasappliedtothebasecasewhich

Table 2. Optimised U-Value by applying extruded polystyrene-board

Optimized U-Value by External Insulation Polystyrene Board

Component Description Ri 
(m2K/W)

Ro 
(m2K/W)

Thickness 
(m)

Thermal 
Conductivity 

(W/mK)

RT 
(m2K/W)

U-Value 
(W/m2K)

ExternalWall

30mm
Extruded
Polystyrene
Board

0.13 0.04

0.03 0.034

33.91 0.029
ExposedBrick 0.105 0.77

airspace 0.05 0.42

ExposedDense
Concrete 0.1 1.87

Figure 5. Heating load data before and after applying extruded polystyrene-board
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forexamplegaveareductionfrom2347(W/K)to2336(W/K)inthezone7.Althoughtheobtained
U-valuewaslowerthanthePolystyrene-Boards,therewaslittledifferencewhichcanbeneglected.

Theresultsshowthatasignificantamountoftheheatlossthroughthebuildingwascutdue
toimprovingtheexternalwallcavity,considerablyinthezones1,2,7and8whereincludemore
externalwalls.Then,thedifferencesbetweenthebasecaseandthecavityheatingloadsafterfilling
werecomparedwhichareillustratedintheFigure6.Consideringthefourzonesmentionedabove,
theheatingloadafterapplyingthecavityinsulationhasbeenreducedaround5(KW)ineachzone.
RegardingZones3,4,9and10,theyexperiencedapproximately3(KW)heatingloadreductionin
eachzone.Consideringthefourzonesmentionedabove,theheatingloadafterapplyingthecavity
insulationhasbeenreducedaround5(KW)ineachzone.RegardingZones3,4,9and10, they
experienced approximately 3 (KW) heating load reduction in each zone. By taking zone 6 into

Table 3. The new calculated U-Value of the external wall after filling the cavity by closed cell polyurethane foam

Optimized U-Value by Polyurethane Foam

Component Description Ri 
(m2K/W)

Ro 
(m2K/W)

Thickness 
(m)

Thermal 
Conductivity 

(W/mK)

RT 
(m2K/W)

U-Value 
(W/m2K)

ExternalWall ExposedBrick 0.13 0.04 0.105 0.77 35.178 0.028

Cavity
Filledby
Polyurethane
Foam

0.05 0.022

Exposed
Dense
Concrete

0.1 1.87

DensePlaster 0.013 0.57

Figure 6. Heating load of individual zones before and after applying polyurethane foam
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considerationwherehasasimilarreductiontozone5,thezone’ssouthfaceiscoveredbyglazing
andthenorthfacewasconsideredasaninternalwall.

Stilltheeffectofapplyingexternalcavitywallinsulationcanbeseenbyhavingareductionof1
(KW).Thisisbecausethepolyurethanefoamcanevenfilltheunfilledtinyholesduringconstruction
bymortar,resultinginreducingtheeffectofthermalbridginginthezonejunctions.

EFFECT OF THERMAL BRIdGING IN THE BUILdING HEATING LOAd

AftercalculationandexaminationofapplyingtheExtrudedPolystyrene-BoardsandClosedCell
Polyurethane-Foaminsulationstotheexternalwallofthebuilding,theeffectofheattransferthrough
thethermalbridgingintheenvelopejunctionswasanalysed,comparingtothecalculatedbasecase
heatload.Although,theeffectofheatlossthroughthethermalbridgesineachzonewasnegligible,
thetotalheatingloadbecame156.17(KW)byareductionofaround13(KW).Figure7showsthe
effectofneglectingthermalbridgingheatlossthroughthebuilding.

ENERGy CONSUMPTION ASSOCIATING CO2 EMISSIONS ANALySIS

Sincealltheheatingloadanalysiswereobtained,theamountofenergyconsumedbyapplyingboth
thermal insulations to the external wall associating the emitted CO2 was calculated. Examining
applicationofboththeinsulationsgave17%reductionintheconsumedenergyandemittedCO2.
MultiplyingtheamountreducedCO2by12,gaveannualreductionof518.16(KgCO2).Theobtained
resultsareshownintheTable4.

THE ENERGy CONSUMPTION ANd SAVINGS

Considering that thebuilding is fedby3gas fuelboilers, the costofdaily andmonthly energy
consumedbytheboilersaccordingtotheheatingloadsofallthreecases(Basecase,withExtruded

Figure 7. Effect of neglecting thermal bridging heat loss through the building
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Polystyrene-BoardandClosedPolyurethane-Foam)tosatisfythermalcomfortwithinthebuilding
wascalculatedwhichisshownintheTable5.

Moreover,theamountofthedailyandmonthlycostsavingwasobtainedforboththeinsulations
whichisshownintheTable6.

CAPITAL COST ANd PAyBACK PERIOd

Thecapitalcostofboththeappliedinsulationsaccordingtothematerialprice,labourcostper(m2)
andVATfactorwascalculatedinordertoanalyseandexaminethebenefitsoftheseinvestments.
Moreover,thepaybackperiodsofapplyingboththeinsulationswereobtainedusingtheapproximated
annualsavingprovidedbybothinsulationswhichareshowninTable7.

Theresultsshowedalthoughbothmethodsprovidesameamountofcostsaving,thereisahuge
differenceinthetotalcapitalcostbetweenthem.ThetotalcapitalcostofapplyingtheExtruded

Table 4. Energy consumption and associated carbon dioxide CO2 emission

CO2 Emissions Investigation Considering the Energy Consumption

Description Total Heat 
Loss (KW)

Energy 
Consumed 

(kWh)

Conversion 
Factor

CO2 Emitted 
(KgCO2)

Saving (%)

BaseCase 169.11 1352.92 0.184 248.88 -

PolyurethaneFoaminthe
Cavity

139.77 1118.16 0.184 205.70 17

PolystyreneBoardas
ExternalInsulation

139.79 1118.29 0.184 205.72 17

Table 5. The energy consumption cost analysis

Energy Consumption Cost

Description

Total 
Heat 
Loss 

per Day 
(KW)

Energy 
Consumed 
(kWh) 8 hr/

day

Fuel 
Consumption 

Rate (0.0338 £/
kWh)

Applying 
5% VAT

Total 
Energy 

Cost per 
Day (£/
kWh)

Total 
Energy 

Cost per 
Month (£/

kWh)

BaseCaseHeatLoss 169.11 1352.92 45.73 2.29 48.02 1440.45

PolyurethaneFoaminthe
Cavity 139.77 1118.16 37.79 1.89 39.68 1190.50

PolystyreneBoardas
ExternalInsulation 139.79 1118.29 37.80 1.89 39.69 1190.64

Table 6. Cost saving analysis after applying both the thermal insulations

Energy Cost Savings

Description Per Day (£) Per Month (£) Saving (%)

PolyurethaneFoamintheCavity 8.33 249.95 17

PolystyreneBoardasExternalInsulation 8.33 249.81 17
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Polystyrene-Boardsobtained£38,866which is around11 timesbigger than total capital cost of
applyingClosedCellPolyurethane-Foam.TheanalysisofapplyingthePolyurethane-Foambecame
£3533resultinginlessthan1.5-yearpaybackperiod.Whereas,thementionedabovecapitalcostof
Polystyrene-Boardsgaveaperiodof13yearstoreturntheinvestedmoneyinimprovingtheenergy
efficiencyofthebuilding.

CONCLUSION

Inconclusion,theanalysisshowedthatasignificantamountofheatlosscanbepreventedbyU-Value
measurementandusingexposedwallinsulations(cavityorexternal).Moreover,theresultsofthis
papershowedthatbyapplyingotherenvelopecomponentsuchasroof,ceiling,groundfloorthermal
insulationsandtripleglazingwindowssignificantamountofheatingload,consumedenergyand
emittedCO2willbereduced.Furthermore,neglectingthermalbridgingcanleadtounderestimating
theheatingloadandmoreenergyconsumptionandmoreCO2emissions.

InconclusionAlthoughtheExtrudedPolystyrene-Boardiscompletelyrecyclable,usingClosed
CellPolyurethane-Foamasthecavityinsulationwasfoundmorecosteffective.Asthefocusofthis
researchisontheeffectofbuildingenvelopeonthethermalloads,suggestionsandrecommendations
arerelatedtothetopicofthestudy.However,duringsitevisititwasobservedthatbuildingsuffers
fromlackofefficientHVACsystems:

• Inordertogetthemostaccurateresults,thebuilding’sschematicplans,hotwaterandpiping
detailsofthebuildingshouldbeprovidedtotheinvestigators,whichcanhelpthemuseananalyser
softwaresuchasIESVEandEnergyPlus.

• Although,applyingexternalwallinsulationhasasignificanteffectontheenergyconsumption,
andusingroofandfloorthermalinsulationscanaddmoreenergysaving.

• Moreover,usingtripleglazingwindowscancontributetoenergysavingduetotheirlowerU-Value
comparingtothedouble-glazedwindows.

• Inadditiontothethermalinsulationthatreducesprobabilityofoccurringthecondensation,the
mainimpactofcondensationinthebuildingsisduetolackofefficientairconditioningsystem.
Whilethereisnoairconditioningsysteminthebuilding,electricaldehumidifierscanbeused
inordertohelpreducethechanceofcondensationwithinthebuilding.

• It isbetter to recognise thematerialsused in thebuilding fabricby theenvelopeexperts to
calculateeachcomponent’sthermalresistance.

• Providingpartywallinsulationtotheinternalwallsadjacenttothestaircasescanimprovethe
energyefficiencyofthebuildinginadditiontotheotherenvelopecomponents.

Table 7. Total capital cost and associated payback period

Total Capital Cost and Payback Period

Description Material 
and Labour 

(£)

Area (m2) Cost (£) VAT 
(5%) (£)

Final 
Cost (£)

Annual 
Saving (£)

Payback 
Period 
(Year)

PolyurethaneFoamin
theCavity

5 673 3365 168 3533 2999 1.2

PolystyreneBoardas
ExternalInsulation

55 673 37015 1851 38866 2998 13
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Table 8. Glossary

Abbreviations Description Unit

VAT ValueAddedTax n/a

SAP TheGovernmentsStandardAssessmentProcedure n/a

CIBSE TheChartedInstitutionofBuildingServicesEngineers n/a

ktoe KilotonofOilEquivalent n/a

CO2 CarbonDioxide n/a

KgCO2 KilogramsofCO2 n/a

f DecrementFactor n/a

Np NumberofPeople n/a

Ɛ Emissivity n/a

M2 MeterSquare n/a

M3 CubicMeter n/a

Cº Temperature Celsius

K Temperature Kelvin

k ThermalConductivity w/m.K

w Power W,KW

U-value ThermalTransmittance w/M2K

Y-value ThermalAdmittance w/M2K

RT TotalThermalResistance M2/K.W

Ri InsideSurfaceResistance M2/K.W

Ro OutsideSurfaceResistance M2/K.W

Ti InsideTemperature Cº

To OutsideTemperature Cº

λg ThermalConductivity w/m.K


