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Abstract

A key objective of this researchwasto carry out a Post OccupancyEvaluationon a sustainable
home recently built in the United Kingdom (UK) (code level 4, UKECSH)through first person
researchin orderto produceevidencethat showsthat the assessmenprocessandthe certification
obtainedare not enoughto securetargets,giventhat the inclusionof occupantsandits complexity
have not been fully considered. Furthermore, the research reveals that the occupants of

sustainabléehomesare not fully awareof the lifestyleimplicationsof suchhomes.

Theinhabitants’ experienceof living and the performancein the experimentalsustainablehome
producedqualitative data that wasintegratedwith the quantitative data generatedand collected
by severaldifferent tools to measurethem. Amongthe tools the main one was the 48 sensors
monitoring systeminstalledin the house,the other tools were a trackingdevicesystemto analyse
individualusedof energyandroom permanencegdiary of home events,walk through, observations
and photographsfor architectureanalysis extendedand short length questionnairesand face to
face interviews were applied. The techniquesto processand analysethe obtained data ranged
from simpleExcelspreadsheetso the useof software packagessuchas SPS$StatisticalPackage
for the SocialSciencespand NVivo (for verbatim interviews). And, one of the main differences
between this POEstudy and those usually undertakenis the fact that this was a first person

research.

‘Handson’ experiencemakesit possibleto identify, selectand verify real and direct problemsthat
affect the expectedperformanceof a sustainablehome. So, when the researchprocessis rer
appliedto a similarcondition, it facilitatesthe procedureand techniques,potentially avoidingthe
production of excessivedata and over sophisticatedmeasuringsystemsand reducingthe time
takento obtain robust results. Thisprocedureshouldespeciallybe appliedto socialhousingwhich

isindustrialisedand hassimilarspecifications.

In the drive to make homessustainable energy efficiencymeasuresare moving at a pacefar in
excessof the preparednesof home usersand their culture. Theresults of this researchprovide
evidenceof the importanceof this issueandthe lessonlearnedfrom the first personresearchasa
tool for post occupancyevaluation,is that certain problems can easily be solved while others
require more profound revision. Instead of just being a new home for exhibition purposes,
demonstration homes present an opportunity for implementing a First Home Occupant POE
procedure,especiallyon new massivesustainable‘social housing”developments asthey can be
built quickly and inhabited by any prospectivetenant willing to contribute to sustainableliving,

before other new ownersor tenantsmovein.
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ExecutiveSummary

Thereis no doubt aboutthe role the buildingsectorplaysin the emissionof greenhousegases,
soits contribution towards mitigating climate changecould be very significantand beneficial
for all societies.For authoritiesis therefore crucialto coverthree main aspectsof this major
issue: policy measuresfor which political determination and will are needed; finance, for
which attractive and novel investmenttools needto be created;and training and education,
for which the awarenessand knowledgeof the generalpublic haveto be developed.Within
this scenario,architectsand academicscould contribute particularly towards the third key

factor; the proposalof this thesisis a stepin that direction.

Thisstudy aided to identify through direct experience,as a first home occupant(FHO)of a
sustainablehome, some of the issueson occupiednew sustainablehomesand the need to
study systematicallynomesin use.Forthe author, 1. the experienceof livingin an UKLevel4
sustainablehome, 2. to surveyand interview other occupantsof UK sustainablehomesbuilt
underthe Codefor SustainabldHomes(CSH)and 3. to surveythe generalpublicperceptionon
sustainablehomes in the UK, which involved more than three years exclusivelyto try to
understand and addressthe issue of sustainabilityin homes, provided the foundation to
establishthe needto work with people,from homebuildersto homeowners,from providers

andend users,from the whole chainof playersrelatedto the homeindustry.

A Proposafor the FirstHomeOccupantFHOPOE+ TheChileancaseasan application
scenery

The performanceof a sustainablenome shouldfulfil expectations,it shouldreflect what the
certification declaresit to be; theory and practice should be very close, if not the same.
Politicalandeconomicchangegelatedto the energyperformanceof buildingsare takingplace
at a veryfast pace,which doesnot leaveenoughtime for testing, learningfrom experienceor
educatingthe public. Throughoutthis study, major and minor discrepanciesetween the
designof a residentialdevelopment(a home) and the performanceof that home onceit is
occupiedand in use have been recognised.Consideringhis fact, some new initiatives have
beendevelopedand proposed.In November2010, TechnologyStrategyBoard(TSB)aunched
the programme“Building PerformanceEvaluation,DomesticBuildings”. This programmeis
very coherentwith the approachesand work of other institutions, suchas Zero CarbonHub
and the EnergySavingTrust. The focus of this programmewas targeted at either of the two

late phasedn the homeproductionline, whenthe homeis handedto its occupant:
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Phasel: Postconstructionand earlyoccupation,or

Phase?: In useand postoccupancy

The FHOPOEproposalacknowledgedhe unavoidablediscrepanciedetween the predicted
and actualperformanceof a homeonceit is occupied.lt is therefore suggestedcasan addition
to current and incipient feedback processesfor new sustainablehomes, with the main

objectivebeing:

To closethe loop within the feedbackprocessfor new sustainablehomes,to havea

holisticassessmenprocesof whichthe end users the home occupantscanbe part

Thesecondaryobjectivesare:

To reducethe high costsof POEprocessesand make them more accessibldo each
housingdevelopment.

To promote environmentaleducationand culture amongthe generalpublic, usingthe
bottom up approachfor education.

Tothoroughlyevaluatethe buildingprocessof new sustainabldhomes

Tolearnfrom practice

To count on a good bank of robust information for all the entities involvedin the

housingsector

The FHOPOEincludesall the acceptedstandardsand can adopt any convenientmonitoring
protocolsto determinethe three typicalaspectsdefinedby Hamiltonin 2010in relationshipto

energysavings:

Thethermal performanceof fabricafter construction

The performanceof installations,all the devicesand systemsthat use and generate
energy

The psychophysiologicalexperienceof occupants,taking into accountthe facilities,

comfort, controland conveniencg TSB2010)

Themain proposalof a FirstHome OccupantPOEoriginatedfrom this study is to add a new
stageto the existingassessmenprocessand certification for new homesto closethe loop,
consideringhat the recommendationgo be developedand appliedwill differ betweenthe UK

and Chile the author’'scontext. Thus,if a proposallike this isto be implemented,the authoris
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more familiar with the Chileancontextthan in the UK,especiallywith regardto legislationand
the possibilitiesof convertingit into a stageof the processln additionto this, the regulations
related to energyperformancein buildingsin Chileare at a different stageand it is expected
that in 2013, the first certification processfor energyperformancein homeswill beginto be
appliedto new homes,initially on a voluntary basis.However,in both casesthere is a great
opportunity for developing a proposal like this one, given that the housing industry is
projectedto continueproducinghomesin both countriesfor the comingdecadesandthat the

trend toward decarbonisationn homesis goingin the samedirection.

The First Home Occupant (FHO)Post OccupancyEvaluation (POE)proposal is based on
transforminga fact into an opportunity for a new post occupancyevaluation,giventhat the
majority of housingdevelopmentspoth private and public, normallyincludea demonstration
home for exhibition purposesand visits by prospectiveoccupants.In the UK,the author had
the opportunity to visit someof the demonstrationhomesin Upton, describedin appendix17.
The Upton code required for the different contractors to make a percentage of their
developmentsinto “demonstration homes”. The RuralZEDOn Upton homes project, was a
demonstration project by the Metropolitan Housing Partnership (MHP), to show homes
complyingwith Level6 of the Codefor SustainabléHomes(CSH)Oneof thesehomeswasfully
implementedwith a monitoring systemto be tested, measuredand evaluatedin regard to
energy performance; the study has not taken place yet (2012), however this idea of
consideringsome homesto be demonstrativeof good practice in sustainablehome design
seemsto the author asan opportunity for the applicationof a PHOPOE Asin RuralZERhe
monitoring systemcan be installedin the last stageof constructionand that home with its
prospectiveoccupantscould be part of a real life in use home study. In Chile,demonstration
homes,known as ‘pilotos’, are more commonin private home developmentsWhenit comes
to socialhousing,homesare allocatedmore than a year before they are occupiedand future
familiesbeginvisitingtheir future homeswhen they wish, aslong asit is safefor them, while

the constructionprocesss takingplace.Thisprocessavoursneighbourhoodorganisations.

The legislativeframework regardingbuilding performanceis currently at different stagesof
developmentin different countries. In Chile,the processof improving standardsin homes
beganjust fifteen yearsago and these improvementswere focussedon improving thermal
performanceand energy efficiency in building construction, putting the emphasison new
homes. In 1996, the Ministry of Housing (MINVU) along with the Building Construction

Institute (Instituto de la Construccion,IC), a not for profit organisation,along with other
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governmentinstitutions and NGOsstarted the new code to improve the U Malue of roofs,
determiningspecificU Maluesfor the 7 different climate zonesof Chile.In 2001, Article 4.1.10
was added to the Building Code, whereby all new residential buildings were required to
complywith these standards.Lateron, in 2007,the requirementsfor the rest of the building
envelopewere decreedand made a requirement. It was plannedthat in 2009,a compulsory
certification processwould begin, where the requirementsstarted with a minimum standard
based on the Chilean climates, as well as international codes. Only recently has the
certification packagebeen adaptedand fine tuned readyto beginapplicationin 2013.1t was
conceivedbasedon and adaptedfrom the Spanishassessmenstandard.The main objective
wasto haveit asa decisiontool for the housingindustry. It establishesmaximumvaluesfor
energydemandbasedon referencecaseghat compliedwith the ChileanBuildingCode Article
4.1.10.TheHousingMinistry provideda dynamicsimulationpackagecalledCCTE_GL2,which
allows home energydemandto be calculatedand comparedto the referencebuilding. The
result of a studyled into a more simplified packageby the addition of a static calculationplus
the provisionof an EnergyCertificationManualand a procedureguidespecificallydesignedor
new homes.During2012,severaltraining sessionsvere offered preparepeopleto becomethe

first EnergyAssessorfor NewHomes(Calificadore&nergéticosle ViviendasNuevas).

Besidesthe local certification package,it is important to mention that LEEDhas developed
many local institutions in Latin America, which offer coursesand training workshopsto
individualssothey canbecomeLEELxertified, LEEDs veryinfluentialin manydevelopingand
third world nations. The applicationof these standardsis very expensive gspeciallyfor third
world and developing nations and sometimesthey do not necessarilyrespond to local
circumstancesand evenlessto the local culture. Asan exampleof this, in Chilethere is only
onebuildingwhichhasbeenassesseih accordancevith the PassivHaustandard but none of
these buildingshas yet been awardeda “Platinum” label. Thesestandardsare far removed
from the Chileanenergycode (Reglamentaciéif érmica)andthe pricesare only affordablefor
big enterprisesand international companies. Homesare not consideredwithin certifications

suchPassivHausr LEED.

TheFirstHomeOccupant(FHO)PostOccupancyEvaluation(POEhasto be further developed
and adaptedto the contextwhereit isto be applied.Forthe Chileancase thisis particularlya
good moment, since many of the new improvementshave been taking place recently and
many additionswill follow. Theimagein figure 1 showsthe modelfor this proposal,in which

the main product is the development of a package for FHO POE
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Figurel ProposaModelfor a FirstHomeOccupantostOccupanc¥valuationFHOPOE)T helegislativeaspectof the FHOPOE



It is proposedto beginby addinga new part or article to the current legislation,wherebythe
assessmenfprocessincludesthe new requirementsfor evaluatinga home after the first
resident has occupiedit. Thisrequirementis proposedas part of the whole home delivery
procedure;so house builderswould haveto considerit as part of the whole home building
process.Constructioncompanieswould haveto have specialisedprofessionalssuchas POE
architects,POEsurveyorsand sociologists.To organisea POE they would needto selectthe
most typical home unit for the most typical family as the demonstration home. Key
stakeholdersamong prospective residents would need to be selected and offered the
possibilityof beingthe FHO receivingincentivesand training, becausethese occupantswould
then become“home monitors”. Anymemberof the family couldbe allowedto do this, subject
to employmentregulations,asthis an educationalopportunity startingat a family leveland to
be extendedacrossa community,beinga processthat relieson the socialeducationalmodel
that usesthe bottom up approach.Beginningat home could be the seedfor sowingcultural

changeregardinginhabitinga sustainablehome andleadinga more sustainabldife.

Theconstructionand demonstrationperiodof the FHOPOE

Whenthe constructionperiod begins,the FHOPOEdemonstrationhome requiresto be built
before the rest, whichis normallydone in housingprojectsin Chileto beginselling“in green”
asit is calledin Chile,this allow people from the publicto visit and see“the piloto” of what
couldbe their future home,in casesdependingon the development,sometimestwo different
homesare showcasingand normally someclientsby this “pilotos”, in privatesdevelopments
especiallyThisdemonstrationhome must be finished,furnishedand fully implementedwith a
monitoring systemto measureperformanceand it must be readyto be monitored for at least
amonth duringthe extremeseasonsThetime for the FHOto be trained on site mustbe borne
in mind. Alongwith the home monitor training period, the planningfor the demonstration
home visits needs to be developed taking account of family life and the numerical
measuremenperiods.Thehomemonitor mustbe preparedto periodicallyshowhis/herhome
as part of his/her job. Thisis particularlyinterestingin the context of Chileansocialhousing,
becausdt is commonamongstthe occupantsof new homesof this type for peopleto organise
themselvesaheadof time andto elect representativesindeedhomesare often the basisfor

the communityorganisation’operations.
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Themonitoringperiodandits outcomesof the FHOPOE

Basedon an existingmethodology,the BuildingUse Studies(BUS)rovidesa very appropriate
method for adaptationto situationslike the socialhousingdevelopmentin Chile, given its
openendedformat. Succinctlydescribedin chapterthree and basedon the brief called“BUS
OccupantSurvey Method: Details for Licensees™written by Adrian Leaman,published by
Usable Buildings,London and last updated in April 2009, this is clearly one of the most
practical and costeffective approachesfor assessinguildings.It beganlife with the Office
EnvironmentSurveya study of sickbuildingsyndromecarriedout in the 1980s wasdeveloped
through the POEfor officesin the 1990suntil it evolvedinto the more recent versionsof a
quick, complete and complexapproachto obtain professionakevel feedbackdata on in use
building performanceassessedy analysingthe responsedy building occupantsto the BUS
guestionnairesThereis a not BUSversionfor SouthAmericayet, the governmentalpoliciesin
Chilein regardto energyefficiencyin buildingsare goingthrough manychangeshat startedin

2000, placinga goodopportunity for know how transfer.

After the FHOPOHRpilot experience

Theessenceof evaluationspringsfrom the needto constantlyretro feed, upgrade,learnfrom
experience and make things better. Information and education are also key aspectsin
achievingsustainabilityin homes,so they needto be accessibldo everybodywithin the built
environment. Homesare fundamentalin the lives of a great part of the population, so it is
crucialto includepeoplewithin the buildingprocessof housing.lt is vital to makethingssimple
for everybody the implementationof new standardsin a home cannotmeanthat it is more

difficult for peopleto livein it.

“I think they (the governmentneedtrying to do something,pushmore literature, makeus awareof
it rather just sitting a device.. so literature, information needsto passout to us” (User1, Upton
Homes2010),

It seemsthat political interest is paramount — currently it is almost unthinkable that a
governmentcould not have an environmentalagenda.lt is convenientand fashionablefor
publicand private institutionsto wavethe “greenflag”; indeedit is evenbecomingprofitable.
A greenbuildingis perceivedasmore attractive and havingaddedvalue. Thiscould be seenas
a positive symptom,giventhe synchronisatiorof many playersin societypushingin the same
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direction. Howeverthe materialisationof this is full of contradictions.At a lecture in March

2010in London BillBordasspokeaboutthe credibility gap:

“we couldn’tdeliverlow energyand carbonperformancereliablyin the 1990's.We are still finding

it difficult” (Bordass2010)

Consistencypetweenhighergoalsin regardto climate and energysavingss essentialand one
way of contributingtowardsthis is education,by gainingparticipationfrom all levelsof society.
A proposallike the FHOPOEcouldbe adaptedto existinghome developmentghat needto be
urgently refurbishedto addressthe energysavingand consequentdecarbonisatiorntargetsin
the latest climate goals.And this FHOPORype is basedon peer education.However,for the
green agenda the situation should be looked at more carefully; if sustainable energy
technologies(SET)s expensivefor developednations,the price is evenhigherfor developing

ones.
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Chapterl. Introduction

1.1. Buildingsthat makepeoplesick

Concerningthe health of building occupants,in 1984 the World Health Organization(WHO)
Committeestatedthat more than 30%o0f new andrehabilitatedbuildingsare “pathogens”and
this causediscomfortto 10 80%of their occupantgMurphy,2006).TheMinister of Work and
SocialAffairs of Spainconsidersthat a building is sickif at least 20%o0f its occupantssuffer
from discomfortas a result of poor air quality and indoor conditions. Thoseaffected show
symptomssuchas headachesmigraines respiratoryproblems,throat inflammationor ocular
irritation, dry throats and dry and itchy eyes,stressand/or depressionprovokedby diverse
factorsrelatedto the performanceand conditionsof the specificspaceor typesof technology

of abuildingwherethey undertaketheir activity (MTASE]L991).

It is well knownthat concernregardingthe needto saveenergyin buildingshasits originsin
the petroleumcrisisof the seventieswhich, becauseof their greaterenergydependencehad
a more direct effect on developednationsthan on developingnations. At that time, almost
75% of the world’s energy was being consumedby people from developednations, who
representeda third of the world’s population (Pimentel, 1998, p 4). However,the percentage
distribution between developedand developingnationsis how rapidly inverting. Soit wasin
the 1970sthat energy efficiencybeganto be introducedin building initiatives and the first
energyconservationegislationwas seen.Architects,buildersand professionalgelated to the
built environment and building design, under the pressureof policies to reduce energy
consumptionwhile still maintaininginterior air quality for users,opted for more hermetic
solutions for buildings which depended much more on mechanical HVAC systems to
acclimatisethe interior environments. A collateral effect of this strategy is sick building
syndrome(SBS)asdefinedby the WHO.Sickbuildingsyndromeis ascribedto a buildingwhen
its occupantsexperiencenegative health effects or discomfortlinked to the length of time
they remainin the spacesof the building. In these casesiit is difficult to identify the actual,
specifictypes and causesof the sicknessalthough suchdiscomforttendsto disappearwhen
the people affected leave the specificindoor spaces.In developednations, SBSwas more
common in commercialbuildings than residential ones. SBSstudies appearedas the first
assessmentelated to in use building, where the PostOccupancyEvaluation(POEpecamea
crucialprocedurein determiningif the occupant’swellbeingand healthwasor wasnot directly

relatedto the buildingandits quality.



Figure2 Buildingin SantiagoChilewith air conditioningsystemsaddedafter construction(Author
source,2011)
Theproblemsexperiencedyy the occupantsof commerciabuildingsare not exclusivelydue to
their poor ventilation and airtight buildings, although this might also becomea problem in
residentialuse, giventhe changesin regulationsregardingair leakage.Many buildingswith
other uses nesidential, educational, leisure, sports etc. provoke problems for people’s
comfort, health and productivity, which are not necessarihjust derived from the interior air
quality (IAQ).For example,a building with large glassfacades(see photographin figure 3),
where solaramplification producesan elevatedinterior temperature, may require additional
acclimatisationdevices.Figures2 and 3 showtwo buildingswhich have had individualHVAC
systemsadded after construction and suffer from dazzleand pollution due to excessive
lighting. Meanwhile old buildingstend to have inefficient or deficient thermal, acousticand
lighting control and many have deteriorating building materials. Another problem which can
occuris when a building has equal facadesin all orientations, as seenin figure 3, and other

typesof indoor pollution.



Figure3 Buildingin SantiagoChile,where all facadesare treated the sameway (Authorsource,2011)

A researchproject on socialhousingin Chilein 2004 demonstratedthat building pathologies,
such as mould and indoor humidity, shown in figure 4 below, causedallergiesand various
respiratory illnessesin occupants.The problem was produced by the poor quality of the
envelopeand construction— non insulatedbrick walls and singlepane windows (Colonelliet

Al,2004).

Figure4 Twophotographsrom socialhomesin CentralChile,from year2002,depictingindoor mould
problems(SourceColonelliet al, FONDEPO0O0I103%Project— CONICYR004)

In this way, the conceptof a “building that makespeople sick” becomesa more generaland
wider connotationthan SBSthus, it shouldbe understoodas a building that generatesnonr
healthy conditionsfor developingindoor activitiesdue to any combinationof poor thermal,
lighting and/or acousticmanagementwithin its design,poor air quality, the presenceof bad
odours, the abnormal deterioration of componentsand high energy consumption. These
factors combinedresultin high operatingcostsfor the building and inefficient use of energy,
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causingpoor performance,discomfort for occupantsand a generalimpoverishmentof the

quality of life of its inhabitants.

1.2. Sustainablehomesand energysavings

The housingindustry in a number of countries started to respondto environmentalissues
during the seventiesin many different ways, not all of which contributed positively to the
improvement of the current or predicted situation of our planet, namely global warming.
Many governments however, are beginning to assume their responsibilities through
regulationsand agreementswithin and between nationsin order to mitigate the disastrous
predictions,which sometimessoundlike propheciegSteemers2003).Thereality, however,is
quite different for developedand developingcountries,where the former are undoubtedly20
to 30 years ahead of the latter. These differences reside in the energy consumption
distribution and development rates among Organizationfor Economic Cooperation and
Developmen{OECDand non OECzountries.
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Figures Energyconsumptiondistribution from 1990to 2035amongOECEand Non OEChations.
SourceU.S Energyinformation Administration(EIA)(2011)

Theworld’s energyconsumptionis growingquicklydueto the rapidly developingeconomiesof
countrieslike China,India, Braziland SouthAfrica.Ascanbe observedfrom the graphin figure
5, between 1990and 2000, the incrementwas 15%,while from 2000to 2008, it was around
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25%.Wherein the 1970s,0ECzountriesaccountedfor 75%o0f energyconsumptionand nonr
OECDcountries 25%, this gap is closingand is now closeto 50:50. By around 2035, it is
projected that OECDcountries will accountfor 37% of energy consumptionand non OECD
countriesfor 63%.Therelationshipbetween energyconsumptionand populationdistribution
is still veryunbalancedabouttwo billion inhabitantsin OECzountriestogether consume50%

of the world’s energywhile somefive billion peoplesharethe other 50%(U.SEIA,2011).

Asaresultof the variousinitiativesto achievethe requiredenergyefficiencyin buildings there
are a vast number of new (and relatively new) good examplesof sustainableaffordable
housingspreadacrossmany northern latitudes, mostly concentratedin developednations.
Thisprovidesa very good opportunity for the post occupancyevaluation(POEf sustainable
homes, becausethe only way to assessthe many implementationsis precisely through
studying and evaluating them. A post occupancy evaluation is an assessmentof the
performanceof a buildingafter it becomesoccupied POE$iavebeencarriedout sincethe late
sixties and today are becomingincreasinglyimportant to our understandingof occupants’
behaviourin and satisfactionwith sustainablehomes.Asthe updatingof codesandregulations
continues,it seemsthat the assessmenof humanbehaviouris a crucialprocedureto develop
in order to really achievecarbon emissionreduction targets, while maintainingthe balance

betweenenergyconservatiorandthe comfort of the occupant.

Someof the manygoodreasondor carryingout POEsre:

Validatingthe exampleand provingwhether the hypothesesformed in regardto the
performanceof sustainablehousingaretrue or false.

Learningrom them andsharingthe findingsin order to adopttheir principles.
Usingthem asexamplesf goodpracticeand promotingthem with evidence.
Developingnore efficientand appropriatetypesof technology.

Contributingto the developmentof policiesandregulations.
Obtaininginformationanddata.

Promotingsustainabldifestylesamongthe public.

Promoting proactive behaviourby the occupantsof a home by revealingin a more
transparentway how technologyis contributing towards achievingsustainabilityin

housing.



Takinginto accountthis last point, incorporatingthis into the POEprocessis certainlya major
challenge, since the information obtained will not be solely for researchers,housing
authoritiesor the buildingindustrybut alsofor all type of occupantsandhomeusers,including
families as a whole. In this way, the occupantsthemselvesbecome an active part of the
processaddressingthe issue of the lack of involvementon the homeowners’side. So, by
involving and committing people through their own homes, their sensitivity towards
environmentalissuess alsoenhancedandthose concernedbecomemore informed aboutthe
issues(Stevenson2007). In this way the well worn catchphrase‘think globally, act locally"
from the RioEarthSummitin 1992, Agenda21 (UNCED1992),is still very valid to encourage
people to cut down their individual carbon emissions. An easyto apply evaluation of
performancecan help with finding out and understandingthe needsand usesof sustainable
homes.Whetherthesehomesare new or refurbished.,it is clearlyimportant to the processof
environmentallearningto understandwhy certain technicalfeatures have been chosenand
implementedin the waythey have.Forinstance what do they do, how do they work, and how
should occupantsoperate them? In other words, a clearerand more direct communication

betweenthe homeandits occupantneedsto be achieved(Roaf,2005).

Anothergoodreasonfor “learningfrom our buildings”is that we maintaina direct relationship
with the residentialbuildingindustry. Thereis a tendency,particularlyin the residentialsector,
for builders,architectsand developersto not learnenoughfrom the buildingsthey designand
build andthis is quite true for housing.Oncea residentialunit hasbeensoldand haspassedts
warranty period, it is completelyforgotten by the producer,who soonmoveson to the next
proposal,repeatinga similar designpattern, following the regulationsand market demand,
but not really learning from the projects that went before (Bordass,2007). In fact, most

buildingsneverreceiveformal, continuousassessmendfter the usersmovein.

The central intention of this applied researchresidesin finding out the experienceof the
occupantsof the placeswherethey live, specificallyin the caseof sustainablehomes.Thereis
avastbibliographyof precedingstudiesaroundthis problem at least40 yearsof examplesof
POEsDuringthe last two decadesPOEshave concentratedon commercialuse, because as
commercialorganizationsare focussedon maximisingproductivity, they regardthe promotion
of healthy and comfortableworkplacesas a good investment.For the samereason,in many
developedcountries,POE$havealsobeenappliedto governmentbuildingsor hospitals,where

the requirementsare very specific.DomesticPOEsaverecentlybeenre taunched.Ilt appears



that this area has been neglected mostly becauseof the private and particular nature of

homes;wherebyeachowner/residentdealswith their property asthey wish.

1.3. Legislationin developednationsat a glance

Codes,assessmentand certification of the energy efficiency of a building becameways of
promoting the efficient use of energy,in responseto the rapidly rising rate of consumption.
When the petroleum crisis of the seventiesstruck, the EuropeanUnion declaredthat the
residentialand tertiary sectorswere responsiblefor 40%of total energyconsumptionand the

majority of this energy,25.4%correspondedo the residentialsector.

Takinginto considerationthe energycrisis,many EUcountriesand the United Stateslaunched
“incentive programmes’to reduceenergyconsumption.Theseprogrammesare the originsof
the norms and standardsdesignedto promote energyefficiencyin many parts of the world;
one of the first buildingcodesto includeenergyefficiencyrequirements specificallyrelatingto
fuel conservationand power provisionsfor dwellingswasthe UKin 1972, with the addition of
PartFto the BuildingRegulation Later,in 1985,the Guidanceon ApprovalDocumentL was
addedincludinga complyingincipient methodology(Figure7). One of the first standardsto
includethe issuewasthe ASHRABasedon Standardd0 i, ASHRABroducedStandardd0 75,
Energyconservationin new building designfrom the United States,which was publishedin
1975 (Figure6). Then, in 1978, the Germanregulation “EnEV”which included the energy
consumption aspect of buildings (Figure 9) and Title 24, Part 6, from California’'sEnergy
EfficiencyStandardsfor Residentialand Nonresidential Buildingswas addedto the Uniform
BuildingCode(UBC)nd the CaliforniaCodeof Regulationsvascreated(Figure9). Duringthe
late seventies,many other developednations made energy conservationadditionsto their
codes.Meanwhilethe first legislationto appearin Latin Americanbuilding regulationswasin
Chilein 2000 (Figure10). Thiswas basedon the standardsincludedin variousChileannorms
related to energyconservation calculationsand materials,NCh1079,1977,architectureand
construction,climate zonesfor housingin Chileand recommendationgor design;NCh1960,
1989, Insulation and the global volumetric (GV value) coefficient to calculate the energy
transfer and NCh 853, 1991, thermal performance, building envelope, U and R values
calculationsIn countrieslike Argentina,Braziland Mexicothere are now manyinitiatives,and

severalinstitutions are working towards sustainabilityin buildings.However,by 2012 there

! http://epp.eurostat.ec.europa.eu/



had been no modifications or additions in energy conservation within their building

regulations(Evans2012).

Figure6 Fromleft to right. Atypical ASHRABtandard90 i, 2004, ASHRAEGtandardd0 75, Energy
conservationn new buildingdesignandthe ASHRAEbellingsystem,a “BuildingEnergyQuotient, EQ”.

Figure? Left,imageof the coverof PartL1A,Conservatiorof fuel and powerin new dwellings,TheUK
buildingRegulations2006edition. Right,an exampleof an EnergyPerformanceCertificate whichis
obtainedafter the applicationof the StandardAssessmenProcedure(SAP).



Figure8 Left,imageof the CDcoverof the Californialniform BuildingCode 2010includingTitle 24 with
its new parts. Right,an exampleof the CaliforniaHomeEnergyRatingCertificate.

Figure9 Left,imageof the coverof the ‘EnE2009’EnergyConservatiorRegulationgor Buildingsn
Germany(Energieeinsparverordnungight,an exampleof the GermanEnergyCertificate.



FigurelO Left,imageof the coverof the ‘O.G.U.C.TheChileanBuildingRegulationgOrdenanzaseneral
de Urbanismoy CosntruccionesRight,imageof the coverof the ThermalRegulatiorfor Housing,
OGUCArticle4.1.10,2000.

Ten yearsago, in 2002, the Directive 2002/91/ECof the EuropeanParliamentand of the
Councilon the EnergyPerformanceof Building(EPBXset up someobligatorymeasuredor the
EuropeanUnion. Acknowledginghat the residential sector accountsfor about a quarter of
final energyconsumption,it therefore dictated that eachof its memberswasto complywith
the KyotoProtocolfor reducingCO2emissionsThiswasimplementedin a seriesof stages:on
04/01/2006,the methodology,requirementsand legal, regulativeand administrativeaspects
were to be worked out, and on 04/01/2009 the certification of energy efficiency and the
inspectionof boilers and of air conditioning systemsbegan. For many Member States, this

legislationhasalreadybeenin placefor someyears.

For Article 4, the most relevant requirementsfor energy performanceare related to the
typology of building, as well as differentiating between new or existing ones. Also these
requirementsshouldbe reviewedat regularintervalsof lessthan five years.Article 7 (Energy

PerformanceCertificate— EPGfigure 11), statesthat:

“Member Statesshall ensurethat, when buildingsare constructed,sold or rented out, an energy
performancecertificateis madeavailableto the owner or by the ownerto the prospectivebuyeror
tenant, asthe casemight be. Thevalidity of the certificateshallnot exceed10 years.’2

Alsothe EPGhouldinclude:
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“The referencevaluessuchas current legal standardsand benchmarksn order to makeit possible
for consumergo compareand assesghe energyperformanceof the building. The certificate shall
be accompanied by recommendations for the costeffective improvement of the energy
performance.?

The EPGshould also presentthe predictions/simulationsof the indoor climate, includingthe

temperatures It shouldincludeanyother relevantclimaticfactor.

Figurelllmageof pagel of 5, of the EPMbtainedafter the SARcalculationfor the BASHouse also
includedin appendix16

The importance of the above reference from the Directive residesin the implications it
triggered for the Member States.The different countriesrespondedat different times with

modificationsand further revisionsto their own building regulationsand codes,incorporating
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the energyperformancecertification. Amongthe Europeancountries, Germanywasthe first
to respond following the petroleum crisis. Today many of the Member States have
implemented certification proceduresafter incorporating the changesto their codes. The
casef the UKand Germanyare veryinterestingbecauseboth combinedenergyconservation

in their regulationswith the incorporationof certificationwithin their codes.

Asthe different regulationsunderwentmodificationsand additionswere maderelated to the
energyperformanceof buildingsall overthe world, today’scertificationprocesssthe onethat
mandates most of the procedurestowards energy efficiency and the expected carbon
reduction in buildings. Many first svorld countries today have quite elaborate assessment
procedurego certify energyefficiencyin new buildings.Theirprocurementpackagedavealso
been modified and improved over time. They have become a marketable servicefor new
clientslike developingnations. One of the waysin which this hasbeen done is by convincing
local governmentsto implementa certification processthrough their housingauthorities; for
exampleChileis adaptingthe Spanistcertificationprocess.Thereare two main methodologies
for the assessmenprocessesOne of the oldest certification processeswas establishedin
Germanyand was designedprior to the EuropeanDirective 2002/91/EC.Germany'senergy
efficiency building code, the Energieeinsparverordnung(EnEV) (Energy Conservation
Regulations)js one of the most stringent codesin the world. The EnEvsets standardsfor
insulation, fenestration, the building envelopeand HVAC.The code was originally passedin
2002 and meets the requirements for the EU EPBD”. This code producestwo types of
certificates;both considerthe kWwh/mz2 per year,equivalentto CO2emissionreductions.Oneis
for new buildingsand basedon energydemandand the other one is for existingbuildings,
basedon consumption,in which casean analysisof monthly bills needsto be taken into

considerationThisimpliesPOEandregularcontrol.

The other methodology calculates CO2 emissions based on estimated annual energy
consumption.Forexample throughits StandardAssessmenProcedureg(SAPYalculationsthe

UK system determinesthe energy efficiency (cost of energy index) and the CarbonIndex
(impact on the environmentindex) of a new dwelling (seefigure 11, the EPCfor the BASF
House) givingdifferent levelswhich were addedin 2007 to the Codefor SustainabldHomes.

Homesare categorisedat six levels,which are subjectto a defined percentageof the CO2

2 http://bcap ncean.org/codanformation/germanyenergyconservationregulationsbuildingsenev2009
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reduction.From2010,it becamemandatoryfor all new housingto be Level3 —i.e. subjectto a
reductionin COZ2of 25%;by 2014,they haveto be Level4 —and achievea 44%CO2reduction,
andby 2016, all new homeshaveto be carbonneutral Level6. Boththe Spanishassessment
andthe UKpackagecalculatethe procurementprocedurebasedon the percentagereduction
in carbon dioxide emissionsper year and the estimated annual energy consumptionof a
proposedor finished building basedon a reference building or base case (consideringits
geometry, building materials and orientation). They give a qualificationof 1  the building
emits the sameasthe referencebuilding;or 0 the building doesnot emit and is therefore
carbonneutral. Currentlythe Spanishhousingauthorities are working on a more simplified

way of calculatingthe assessments.

1.4. Energyefficiencyin buildingsin academicresearch

Parallelto the efforts and actionsdiscussedabove, energy efficiencyin buildingsis a latent
researchissuewhich hasbeentaken up by many universitiesaround the world over the last
four decadesor evenlonger. Researchgrants,educationalprogrammesand many other joint
efforts among the building industry, governmental institutions, and regional and local
authoritiesin collaborationwith universitieshave occurredin many places.Theresultsfrom
several works of academicapplied research have been able to influence environmental
policies, create new materials, develop and innovate greater efficiency among mechanical

systemsandsoon.

Exampledike the EnergyConservationin Buildingsand Community Systems(ECBCS)f the
International EnergyAgency(IEA),Annex53® in collaborationwith universitiesand agencies
from another25 countries,are quite synchronisedvith Directive2010/31/EU Forinstancethe

missionof IEAECBC3\nnex53 statesthat

“The IEA(International EnergyAgency)EnergyConservationin Buildingsand CommunitySystems
Programmecarriesout researchand development(R&D)activities toward neareero energy and
carbonemissionsn the built environment?

Their researchand developmentfocuseson finding the best waysto integrate aspectsof
energyefficient and sustainableenergytechnologieswith the objective of designinghealthy

buildingsand communities.Theyidentify sixfactorsasthe mostinfluential in buildingenergy

3 Annex53 by ProfessoHiroshiYoshirofrom TohokuUniversityin Japan

4 http://www.echcs.org/annexes/annex53.htm
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use,aslistedandrepresentedin figure 12. Thesefactorsare basicallythe samefor mostof the

institutionsinvolved:

Climateandsite
Buildingenvelopeandform
Buildingservicesand energysystems
Buildingoperationand maintenance

Occupantsactivitiesand behaviour

o gk~ wbhpRE

Indoorenvironmentalquality provided .

Figurel2 Graphicalepresentationof the sixfactorsidentified by Annex53influencing”building
performance"and"energyuse"when evaluatingenergyefficiencyin buildings
The last three factors related to human behaviour are undeniablyidentified as crucial in
energyconsumptionresults. Thedifferent waysof measuringand controllingthem, especially
for the housingindustry, pose an ongoing challengein regard to researchmethods and
possiblesolutionsto the problem. In the above section,the results of one of the IEAECBCS,
Annex53 researchprojects carried out in Beijing,China,were described.In addition, for the
CreativeEnergyHomes(CEH)roject, a similar situation was alsoidentified amongtwo social
housingprojects built to Level4 of the UK Codefor SustainableHomes(CSH)which were
identicalin regardto specificationsand family profiles. Thebills for winter 2008 showedthat

one of the homesconsumedhree times more than the other.

5 http://www.ecbcs.org/docs/Annex_53_Factsheet.pdf
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In March 2011, following a three year study called “Homesof Our Times”,the Metropolitan
Housing Partnership (MHP), supported by the Building and Social Housing Foundation,
published a report detailing their somewhat expected findings. The researchthe MHP
undertook focusedon the impact of energyefficiencyin new, retrofitted and existinghomes.
The MHP highlighted similar issuesto the work of the IEAECBCSAnnex53. The research
question of this thesisis closelyrelated to both studies. The Homesof Our Timesresearch
identified the alarmingdifferencebetweenthe certified performanceggivento the designand
the actual performance occupantsreally experience,showing that more than 50% of the
householdsdo not have any awarenessof the sustainableenergytechnologiesincorporated
into their homes.Anotherimportant problem that wasrevealedwasthat of communication,
where the transfer of information to occupantsabout their sustainableenergy homesand
their features was not successful.Residentsdid not engagein, read up on or inform
themselvesabout how to benefit from living in a sustainablehome, despitethe information
beingavailablein different forms. Thereforethe financialsavingsobjective for the occupants
asa result of their supposedower energyconsumption,that would alsoimply a reductionin
their carbon emissions,was simply not reached.It was very disappointingfor the MHP to
discoverthat the EnergyPerformanceCertificate (EPC)granted to their new homesdid not

haveanymeaningor visibilityfor occupants.

Asa conseguencethere are now severalnew initiativesto overcometheseissuesNew ways
of communicatingthe important information about sustainablenomesand their featuresare
being developed,and the MPH has been working on a campaigncalled “Set it Right”. Also
other UK institutions, both public and private, are going in the same direction to develop

awarenessandknowledgeof how to experiencenew sustainablehomes.

Therefore,the recent efforts being undertakenby different institutions and organisationsto
really attain energyefficiencyin buildingsand reducethe CO emissionsare very muchon the
right path and awarenessf the problemis clear; howeverthe solutionsto it require ongoing
exploration. It is a difficult taskto predict, educateand control human behaviourin homes,
and much more expertiseand input from the socialsciencess needed.It appearsurgent to
developbetter tools and waysof educatingpeople on energyefficiencyand the consumption
of energy (maintenance,operation, occupancy,etc.) The amount of initiatives, efforts and
actionsthat are being implemented today to develop awarenessamong the British public
about theseissuesis quite considerable.The next sectionwill describeand discusssome of

these efforts. One of these is the Soft Landing Framework, “for better briefing, design,
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handoverand building performancein use” (BSRIABG,2009). Developedin the UK, this is a

goodpracticethat beganasa simplepieceof first personresearch.

1.5. Sustainablehomesandthe zerocarbonerain the UK

Duringthe nineties,residentialenergydemandin the UKkept increasingat a steadypace,as
can be observedin figure 13, with only one major peak of about 560 TWh/year,until 2004,
when it startedto diminishat a slower paceof 2.5%per year until two new peaksoccurred,
one in 2008 of 540TWh/yearand an estimated 560TWh/yearfor 2010. Both years were
characterisedy havingextremelycold weather,whichmeantthat homesrequiredheatingfor

longerperiodseachday(Boardman2012).

Boardmansuggeststhat the increasingnumber of householdsexplainthe growth of total

energy demand. Furthermore, the projected growth of the population and the changing
nature of householdaneananincreasein the demandfor homes,becauseamilieswith fewer
people per householdare becomingmore commonand indeedit is not unusualto find many
young professionaldiving by themselves Boardmanarguesthat the projection beingusedby
the EnvironmentalChangenstitute that the number of propertieswill grow by 30%between
2008and 2050hasbeenrevisedby the Committeeon ClimateChanggCCCho in their 2010
AnnualReportand Accountssuggesthat the predicted 30%incrementin housingwill in fact
happen by 2030. By 2030, the CCQproposesto cut UK greenhousegas emissionsby 60%,
which will entail a completereform of the UKelectricity market, convertingit to zero carbon,
aswell asan overhaulof the existingstock of poor envelopehomesand the replacementof
current carsfor electricor plugin hybrid ones.Theultimate goalisto legislatefor the 80%cut

by 2050in the UK.
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Figurel3 UKhousingenergydemandin TWh/yeardistributed by the different usesof a household from
1990to 2010(SourceBoardman2012,p.4)

In 2003,the EnvironmentAgencyof the UKdeclared:

“The constructionindustry playsa major role in improvingthe quality of the built environment,but
it alsoimpactson the wider environmentin a numberof ways.”(EAUK2003).

TheEAUKclearlystatesthat in the UK, the agentcausing30%of industrial pollution eventsis
the construction industry. Furthermore, 19% of the total waste generatedin the UK is
produced by the construction and demolition of structures. The fact that the majority of
buildingsin the UKtoday are still not energyefficient implies a misuseof limited resources

suchaswater andenergy.

Theenergyusedin constructing,occupyingand operating buildingsrepresentsapproximately50%
of greenhousegasemissionsn the UK.”(EAUK2003).

Toreachbetter standardsof energyefficiencyin buildingsit is requiredthat the conservation
andreductionof energydoesnot affect negativelythe level of comfort for the user.Theneeds
associatedwvith energyin buildingsare basicallyheating, cooling, lighting, heatingwater and

cooking.
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Thereforea building will be more energyefficient if it demandslessenergyto satisfythese
needsin relationshipto areference.Thiscanbe achievedby improvingthe thermal quality of
the envelope;utilising efficient systemsfor heating, lighting, food needsand hot water and/or

addingthe useof renewableenergysystemssuchassolarenergy,to obtain hot water.

First of all a definition for ‘zero carbonhousing‘neededto be statedin the light of the UK
Agendaset for the comingyears.Theresultsof the consultationwere publishedin July2007
under the title “Building a Greener Future: policy statement”. In this publication, the UK
government’'sambitiousintentions for all new homesset out the following the reduction of
carbon emissionsfor residential use should be done progressivelythrough the energy

efficiencybuildingregulations settingthe followingtargetswith yeardeadlines:

Year2010- 25%reduction(Level3in CSH)
Year2013-44%reduction(Leveld in CSH)
Year2016—- 0 carbonemissiongLevel6 in CSH)

The most accepteddefinition of what the governmentmeansby ‘zero carbon housing’ or
‘carbon neutral home’ is related to the emissionsproducedafter a housebecomesoccupied
by the residents.It is measuredthrough calculationswherebypredictionsare made basedon
estimateswhich considerthe physicsof the building,its systemsandthe expecteduse.Thus,a
zero carbon home implies that the amount of power a home needsto function with space
heating, hot water, ventilation and lighting, the expectedpower usagefrom appliancesand
the inputs and outputs of energyfrom the housingschemeobtainedfrom installationsdirectly
connectedto centralisednetworks will result in net zero carbon emissionsthroughout the
courseof a whole year. Thisreduction can be achievedthrough appropriate designand the
correct use of building materialsfor the latitude in which the home is goingto be built. If
energy demand cannot reach zero purely through the appropriate design and building
materials, as may be the very likely in extreme climatesin particular, the energy demand
differential shouldbe coveredby the production of energyby other alternatives,suchasthe
applicationof sustainableenergytechnologies(SETWwhich cantransform renewableenergy,

suchassolarradiationor wind, into power.

Thegovernmentalconsultationof July2007,which alsodefined‘zero carbon’for homessoon
realisedthat it would be difficult to achievethose ambitioustargetsin the timescaleset, while

in opposition,the “Callcutt Reviewof Housebuildinglelivery” that was publishedfew months
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after, in November2007,showedthat the supplyof new homesfor 2016 will not be difficult

due to the nature and structure of the UK housingindustry, counting on its businessmodel
and supply chain, considering land, material and skills. The results of the review was
symptomatic on the side of industry, neverthelessrecommendingthat strategically the

Governmentshould insist on the measurewhile at the sametime letting experiencehelp

developa more precisedefinition of ‘zero carbon’ (Callcutt,2007). Thus,by the end of 2008,
the Governmentannouncedthat the zerocarbonrequirementswill alsoapplyto all new nonr
domesticbuildingsfrom 2019. Theyalso publisheda more clear definition of ‘zero carbon’in

the consultation“Definition of ZeroCarbonHomesand Non DomesticBuildings”in December
2008(DCLG2008).

Nonethelessat the beginningof 2011,the TaskGroupof the ZeroCarbonHub (ZCH}tatedin
its report for the UK government,“Carbon Compliance:What is the appropriate level for
20167?", that the improvement proposed by the governmentthrough the CSH(Code for
SustainableHomes)whichimpliesa 70%reductionin the 2006 level of carbonemissiongrom
homeswill not be “deliverableas a national minimum standardfor all dwellingsfrom 2016”
(ZCH,2011), becauseit will be derived by restricting the designof housing. It therefore
proposedthat the built performanceemissionof new homesfrom 2016 shouldcomplywith,
but not surpassthe following levelsin regardto carbonemissionsand theselevelsshouldbe

subjectedto the hometypology:

10kg CO(egym?/year for detachedhomes,60%approximately.
11 kg CO(eqym?/year for other homes (semidetached, terraced, etc.), 56%
approximately.

14kg CO(egym?/year for low riseflat buildings,44%approximately.

Theselimits will needto be reviewedand re establishedvhenthe preparationsget underway
to developthe assessmenpackagefor 2016through the UK StandardAssessmenProcedure
(SAP)or a similar tool. The TaskGroup also suggestedthat the carbon compliancelevels
shouldbe set as absoluteamountsinsteadof percentagereductionsin the carbonemissions
calculatedfor previousstandards.The“CarbonComplianceor Tomorrow’sNew HomesTask
Group”identifiesa conceptualdifferencebetweencurrent standardsand thoseto come,since
the recommendationsthey are following apply to ‘built’ performanceinstead of ‘designed’
performance,as is the casefor 2006 regulations,althoughthey do suggestan approximate

percentagefor eachlevel of carbonemissionreduction, asindicatedabove.Consequentlyijt
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could be expectedthat the targets establishedare not going to be met as they are too

ambitious, and future adjustmentsto diminish the requirementsare clearly already taking

place.

1.6. Thecasestudies,the BASFHouseand the Upton Homes

TheBASHouse Nottingham

Figurel4 TheBASHouseon the main campusof the Universityof Nottingham.

Thein depth casestudy of this thesis,the BASHouse,an experimentalsustainablenome built
on the main campusof the Universityof Nottingham (figure 14) focuseson the study of the
performance of this home during the winter periods of 200809 and 20094.0, taking the
month of Februaryfor the first winter and from Decemberto March for the secondwinter.
February2009 was the first full winter month with regular occupancy(three adults) in the
home and reliable data for analysiswere beinglogged;previouslythe monitoring systemhad

required calibration. The monitoring and control systemimplementedin the housewas a
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pioneer system,which required continuoustesting and adjustmentfor at leasta month to
finally count on robust data. The quantitative data were obtained through the 48 sensor
monitoring systemfor indoor climate and energyusage.In parallelthe qualitative data, which
will be presentedin subsequentchapters, were obtained from questionnaires,verbatim

interviewswith occupantsandthe diary of eventsof the BASHouse.

The CreativeEnergyHomes (CEH)Project of the Departmentof Architecture and the Built
Environment,Universityof Nottingham(figure 15), is a researchand educationalshowcaseof
six low or zero carbonhouses.The BASHHouse,the first of the six homesbuilt by the CEH
Project,is an experimentalenergyhome completedat the beginningof 2007.0Oneof the most
important features of this home is its thermal performancethroughout the whole year to
achieve comfortable occupancyand use energy efficiently. To realise these objectivesthe
houserelieson passivedesignfeatures,constructionmaterialsandtechniquesappropriatefor
the latitude, and on low to zero carbontechnologiesThehouseis projectedto surpassCode
Level 4 stated in the UK Code for SustainableHomes (CSH).As the EnergyPerformance
Certificate (EPC)indicates after the Standard AssessmentProcedure (SAP)calculations
confirmed through the simulationsdone with the software TAS the energyuse should not

surpassl04kWh/mz,

Figurel5 TheCreativeEnergyHomeson the main campusof the Universityof Nottingham.

Another assessmenteference consideredfor the BASFHousewas the GermanPassivHaus

standardsfor Europe, applying most of the design principlesincluded in this packageto
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potentially reachthe requirementof the total energydemandfor spaceheatingand coolingof

lessthan 15 kWh/m2 per year for the treated floor area, which is proposedfor buildings
locatedwithin the latitudes40° and 60° North. Theother generalfeaturesfor buildingdesign
typically required by the PassivHaustandards,which conceptuallycoincide with the CSH,

include:

“very goodlevelsof insulationwith minimalthermalbridges

well thought put utilization of solarandinternal gains

excellentlevelof airtightness

goodindoor air quality, providedby a whole housemechanicalentilation systemwith highly
efficientheatrecovery”6

Theprinciplebehindthesespecificationsare that:

“the heatload of the designis limited to the load that canbe transportedby the minimumrequired
ventilationair”.

In this way, a building that addressthese standardscan reach comfort for users without
needinga traditional heatingor activecoolingsystemstherefore the neededheatis minimum
andcanrely on reducednominaloutputs for the devicesin chargeof spaceheating,hot water
andventilation, beingall in one unit, countingon the manypossibilitiesoffered in the current

market.

TheUptonhomes,Northampton

Thereallife casestudy comprisedof 10 occupiedhomesof volunteerfamiliesfrom the Upton
Homesproject (Figurel6), a largescaleresidentialdevelopmentlocatedin Upton Meadows,
Northampton. Sinceits beginningsthe Upton homes project was a real remarkableone. It
capturesmuch media attention and much expectationfor being one of the biggesturban
“sustainable”developmentproposalsfor the time in the UK.Upton is part of the southwest
district of Northampton,and is locatedalsoto the southwest of the city of Northampton. It
hasan areaof 44 ha approximatelyand the Upton homesproject built over 1,100new homes

onthe areathat waspreviouslya greenfield site.

6 PassivHauBasicPrinciplegResourcehttp://www.passivhaus.org.uk/)
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Figurel6 TheUptonhomesproject, atypicalstreet.

A very remarkablemilestone was the creation of the Upton Code,which first edition was
publishedin springon 2003, followed by a revisedversionin March 2005. Thesetwo versions
of the Upton Codewere the supplementaryplanningguidancefor the Upton development.
They included all the changesand additions that were occurringwith the UK codes and
BuildingRegulationstherefore whenthe Upton homesproject startedthe construction,it was
required to comply with CABE2004 and the BREEAMstandardswith its three levels of
approval(EcohomeEcohomeGoodand EcohomeExcellent)jn 2004the Upton homesproject
receivedthe statusof EcohomeExcellentLaterin 2006the revisedversionof the UKcode,the
Codefor SustainableHomes(CSHpecamethe new requirementsthat the project neededto
respondto, then the majority of the homesbuilt in 2007 compliedwith the different levelsof

the CSHandthe currentlegislation.

Thevolunteer familiesincludedin this study were obtained after a surveyperiod previously
done, 100 questionnairesvere door to door distributed, 50 were completedand from those,
10 familiesrespondedthey were willing to volunteer for this real time energymonitor trial
period. Forthe studyit waspreferredto haveterracedhousesinsteadof flats, neverthelesof
the ten homesone wasa flat. The specificenergyand environmentalrequirementsfor these
two sitesare listed in the following table 1. Forthe 10 homesthe Codefor SustainabléHomes
(CSH)was not mandatory, it was voluntary, five of the homes, out of the ten belongedto

Metropolitan HousingPartnershipandthey were designto complywith CSH.
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Tablel Energyandenvironmentalrequirementsestablishedoy Upton DesignCode(UDC)
preparedby EDAW

SITE N° UNIT MANDATORWCROS®/HOLESITE ~ DEMONSTRATICRAROJECTS/TECHNOLOGIES]

BREEAM/EcoHome&xcellent
National Home EnergyRating NHER
rating 10
Code for SustainableHomes QGSH
B 3 (2007 woluntary)
NorthamptonDesignCode(NDC)
Passivesolardesign
Solarwater heating
Rainwaterharvesting
BREEAM/EcoHome&xcellent
NHERating 10
CSH2007 woluntary)
NorthamptonDesignCode(NDC)
D1 7 ZEDstandards
Passivesolardesign
Solarwater heating
Insulationimprovements
Highinternal air quality

Photovoltaic(PV)systems-min. 25 units
Greenroofs—min. 25 units

PVsystems-min. 90 units

Micro combined heat and power (microCHP)—
min. 60 units

Rainwaterharvesting— all freehold units without
greenroofs

Greenroofs (extensive)- min. 60 units

The expectationsfrom the project were the capability to demonstrate how largescale
developmentscanincorporatebest practiceand sustainableprinciplesof urbangrowth. It was
alsoestablishedhat the designstrategiescontemplateconventionalforms of housingto meet
the expectationsof homebuyers(EST2006)’. Other very important feature was that the
projectincludeda variety of ownershipsdependingon their socioeconomicabrofiles,andthe
developmentshould considerabout a 22%of socialand affordable housing;from the social
perspectivethis feature is a very sensitiveone, it preventssocialsegregationand it makes

more inclusiveand democraticcommunities.

Theproject contemplateddifferent sizesof dwellingsfrom 1 to 5 bedrooms the heightsof the
project were also regulated dependingon the area; from 2 to 2,5 storeysand 2,5to 3,5
storeys, with maximum of 3 storeys. The density varied depending on four established
characterareaswithin the terrace aspect,going from low to high density; detached, semi

detachedtown, mews,flats and mix usehomes.

By Octoberof 2007 244 homeswere completed.In accordancewith the projectaspirations,n

May 2009 “World ClassCities” published that Upton was one of the few case studies

’ Creatinga sustainableurbanextension-a casestudyof Upton, Northampton.EnergySavingTrust,
2006edition (needto beincludedin the bibliography)
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constructedin the UKasan exampleof a successfuhpplicationof sustainableurbanextension
principles,were Researchand Development(RD)approachesbringsup a tangible result. On
the same year the Upton project receivedthe 2009 SustainableDevelopmentof the Year

Award(projectsunder£2million)grantedby the UKGreenBuildingCouncil.

Themasterplan for the Upton project was expectedto be built in eight years,it wasdivided
on eight sitesor developingareas(figure 17), most of them are completed, howeverduring
this study the project was still under construction(winter 2010).Asthe project continuesits
development,severalhousingdevelopersand designfirms havetaken part of this sustainable
urban expansion.For all the sites neededto comply with the energy and environmental
requirementsand regulationsfor new residentialuse. After 2007, all the new homesneeded
to complywith the Codefor SustainabldHomes(CSHYyoluntarily,exceptwith the elementsof
the CSHhat are includedin PartL of the UKBuildingRegulationssome of them within the

Upton projectwere designedo be CodelLevel6.

Figurel7 Upton Masterplanby EDAW2005.SourceUpton DesignCode Pp.75,EnglishPartnership.
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1.7. ResearciQuestionsand Hypothesis

Energyefficient considerationgor achievingsustainableenergyhomesdo not necessarilyake
into considerationthe satisfactionand comfort of the occupants.Theyalsotypicallyrequire a
greatdeal of effort and preparationby the occupantto achievethe performanceexpected.In
spite of the best intentions and political concerns,the proponents of energy efficient and
sustainablehomes have neglectedto determine if the conditionsrequired to maintain and
operate these homes are userfriendly and occupantappropriate. Consequentlya gulf can
arise between the succesf sustainableenergyhomesand their occupants,leadingto the

followingresearchquestionsand hypothesis:

Do energy efficient and sustainablehomes provide the occupantswith the comfort
of a“standard” home and with equaleaseof use?
Canwe actuallylive in sustainableenergyhomes?
Does the inclusion of the sophisticated forms of renewable energy technology
required to achieveenergy efficient standardspresumethat the occupantshave a
certain level of education or that they have received adequate training in the

specialisednaintenanceof the equipment?
Hypothesis

The satisfaction of occupantsis a key indicator of the successof energy efficiency
innovations, developed in the framework of measures, strategies and legislation for
achievingmore sustainablehomes; however current practice doesnot necessarilytake into
account environmental comfort and may even harm the occupants’ psychophysiological

wellbeing.

Thisthesisseeksto uncoverevidencethat the post occupancyevaluationprocessshouldform
part of a regularassessmenprocedurebasedon the reality and culture of the occupantsof a
domestic property, rather than this assessmentbeing based purely on simulations and
calculationsof the building's performance. It does this by contrasting and comparingthe
resultsobtainedfrom the applicationof qualitative technigues(textual) and quantitative tools
(numerical) through the POEmethodology.Thereforethe proposalof this studyis to setthe
groundwork for developinga First Home OccupantPOEusing a demonstrationsustainable
home in a new housingdevelopmentto closethe loop within the procurementprocessof

sustainablehomes.
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For the case studies reviewed, which included experimentaland real life cases,different
measuringinstruments,employingboth quantitative and qualitative techniques,were applied
to pursue the Post OccupancyEvaluation(POE).The POEconsideredindoor climate, the
perceptionandbehaviourof the occupantsandin usehome energyperformance allowingthe
results obtained through quantitative and qualitative data to be compared,combined and

integrated.Themaintools appliedare listed below:

Continuousmonitoring systemswith remote accesgackagesvere installedin order to record
house performanceand indoor climate data at all times. A number of 48 sensorsfor indoor
climate quality (focusingmostly on thermal aspects) water and energyconsumption(power)
measurementdeganloggingdataafter occupantamovedinto the casestudyhomes.Thisdata
was then formatted, processedand analysedthrough Exceldata files and through the SPSS

(StatisticaPackagdor the SocialScienceyoftware.

Temporarilyand experimentally,the application of a non typical tool for POEstudies was
testedto understandthe individualuse of energyamongoccupants A trackingdevicesystem
wasinstalledto understandthe permanenceof occupantsin the different public spacesof the
home (living room, dining room and kitchen).Duringa determinedperiod of time, occupants
agreedto useatagwhile at hometo tracktheir useof devicesandtime of permanencewithin
groundfloor spacesThetrackingsystemallowedthe drawingof a plan view with 3D boxesin
eachvirtual zonerelatedto the electricaldevicesand socketdocatedin eachroom. Everytime
an occupant entered, stayed and left, a zone was plotted. The results of this data were
graphicallyrepresentedon a plan view in which the density of thousand of dots indicated

permanenceand power usageby individuals.

Questionnairesre one of the mostwidely usedtools asthe basicpart of the methodto collect
data from the occupantsof buildings. This approachis one of the oldest and has been
recognisedoy most POEauthorsasthe most simpleand cost effective. It is userfriendly and
can be easily applied by surveyors and occupantsto study in use buildings. To add,
complement,supplementand/or confirmresults,faceto faceinterviewsandother tools, such
the ‘diary of home events’from occupantswere utilised within the overallmethod appliedto

all the casestudiesinvolvedin this thesis.BASHome occupantsandvisitorsand Uptonhomes
occupantswere all subjectedto at least couple of these tools. The data gatheredfrom the

questionnairesand “diary of events’ was formatted, processedand analysedthrough Excel

data files and the SPSJStatisticalPackagefor the SocialScience)while for the verbatim
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interviews the NVivo software was used. The databasewas then processedby a series of

scriptsto producethe results.

Field observation or walk through and architectural design analysisare typical tools for
architects (suchas the author) to understandbuildingsand the use and quality of spaces.
Thesetechniqueswere continuously utilised prior to and following occupancyto analyse
predictionsand expectations Acuteconstantobservationasatype of first personarchitectural
researchis extremelyimportant in the study of buildingsto learn, proposeand test design
recommendations and improvements. Most of the techniques can have a graphic
representation and are based on computer aided design (CAD) software, schemesand

photographs Severabf them were utilisedin this thesis,aswill be shownthroughout.

The outcomesfrom the applicationof this combined methodologyaided by these research
tools and techniqueshave been integrated throughout the study. The analysisof thermal,
lighting and ventilation parameterswas crucial in understandingthe psychophysiological
behaviourof the occupantsof the sustainableenergyhomes.The analysisof the casestudies
primarily focused on the periods when the higher energy consumption occurred; i.e.

wintertime in the UK.

The thesis becamea collection of different types of data (numericaland textual), mainly
recorded during winter periods (20092010), from occupiedsustainablehomes, where the
different homes becamecasestudies. Specificaspectsof these homeswere analysedwith
different tools for the particularstudieswithin the broadtopic of the performanceand energy
consumptionof sustainableenergyhomes(recentlybuilt, i.e. after or in accordancewith the

UKCodefor SustainabldHomes)andwith the peopleinhabitingthem.

1.8. ChapterConclusions

Acrossthe whole building sector, the production and functioning of the built environment
demand substantialenergy and materials during the different stages,scalesand processes.
Thissectoris alreadyidentified asbeingthe one with the highestenergyconsumption;about
50% of total energy consumptionin most developednations goesto the building industry
(Boardmann2012,p.iv). Totake the caseof Europe buildingsconsumeabout 40%of the total
final energy requirements, which makesthem the largest sector in energy consumption,
followed by the 33%correspondingto transport (Economidou2011, p20). The crisisof the
seventiespushedgovernmentsand international institutions to really act in order to control
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the energyproblemimmediatelyandinto the future. Severainternational meetingsdesigned
to makethe world more sustainablewere held and attended by many countries.Besideshe
total energyconsumedby buildings,25%of total carbonemissionsexclusivelyare generated
by the existinghome stockin many OECxountries.Thisfact is receivingincreasingattention
from different governments,resulting in many initiatives, especiallyin developednations.
Nonetheless, many non OECDcountries have also given priority to climate initiatives,

especiallyin politicaldiscourseput they lagfar behindin regardto policiesandlegislation.

There are many reasonsfor governmentsputting this issue on their agendas,the most
powerful onesare political and economicreasons,n addition to the fundamentalreasonsof
climatechangeandthe urgentneedto makeenergysavingsThislastgoalis vital for European
countries as their energy security is being strongly affected by energy supply and sources.
Although the interests and reasonsfor energy conservationmight differ from the agreed
ultimate goal, it is important to recognisethat the issueis on many governmentagendas,
which is very positive. Furthermore,it hasbeen seenthat to achieveworld climate targets,
largescaledecarbonisatiorand energysavingswithin the buildingindustrywill haveto occur.
Energyefficiencyis certainlyone way of reachingthesegoals;in fact it is the energyefficiency

strategiesthat look to be the bestwayto reduceemissionsat the lowestpossiblecost.

Within this rapidly changing,broad and complex framework, the in depth study of many
initiatives towards decarbonisatiorseemsattractive. Howeverthis thesiswill focuson people

behaviourin regardto energyconservatiorpracticesin their new sustainabldhomes
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Chapter2. PostOccupancyevaluation(POE)

This chapter briefly describesthe POE(Post OccupancyEvaluation)process,its definition,
history, evolutionandthe typesof POEIt alsoreviewshow this type of assessmenprocedure

isappliedto homes.

Post OccupancyEvaluationshave been undertakenconsistentlyfor more than four decades
(MSU,2008),and throughoutthis period manydefinitions of PostOccupancyevaluation(POE)
have been proposed by different researchersin the field, most of them academicsor
institutional researchersa few of whichwill be reviewedin this section.Theliterature on POE
is quite extensive;and a vast number of guidelines,protocols and tools for POEhave been
developed.Whichone is useddependsvery muchon the type of buildingsunder assessment.
During recent years there has been increasinginterest in this topic. This has been highly
revisited, in responseto a new urgency regarding energy issueswith respectto human

behaviour;asreviewedabove.

2.1. Definitions

Sinceits emergencein the early seventies,POEhas been defined as an assessmenprocess
appliedto buildingsafter they becomeoccupiedand in use,where the main objective of the
processis to ensurethe occupantswellbeing.Duringthe 1980sit wasattempted to attribute
the definition to WolfgangPreiserand/or GeraldDavis.Howeverneither of them recognised
the definition as theirs. Nonethelessmost definitions are groundedin the basic definition
givenby Preiser;as

“[...]the processof evaluatingbuildingsin a systematicand rigorousmannerafter they havebeen
built andoccupiedfor sometime” (Preiser1988,p1).

Sincethen, the term Post OccupancyEvaluation(POE)has been used and is known by its
acronym among researchersand scholarswho are dedicated to this field. Although the
meaningof this term is largelyacceptedand used,the etymologyof the meaningof eachword
still producesdiscussionlf one considersthe literal meaningof the name, it could also be
understoodas the procurementprocessthat proceeds‘after’ a building has been occupied,
‘post occupation’implyingthat occupantshaveleft the facility, insteadof beinga processhat
takes place while the buildingis in use, ‘during occupation’.Preiseralso definesthree main

variablesthat need to be consideredwhen carryingout a POE:performancemeasures;ithe
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scaleof the building,from a room to big facilities;and the useroccupantsfrom an individual

to a big group.

In 1991 the ResearchSteering Group of the Royal Institute of British Architects (RIBA)
proposed a definition that was more specificand dedicatedto the different stakeholders

involvedin the buildingprocesswhere POHs:

“a systematic study of buildings in use to provide architects with information about the
performanceof their designsand buildingownersand userswith guidelinesto achievethe bestout
of whatthey alreadyhave” (RIBA1991).

Figurel8 PostOccupancivaluationPOEprocessmodel. SourceWolfgangF.E Preiser,2005,p17 (Jay
YocisUniversityof Cincinnati.)
Ten years after the RIBA definition, the Board on Infrastructure and the Constructed
Environment,of the NationalResearchCouncil FederalFacilitiesCouncil(FFCpf the United
States,publisheda report called “Learningfrom our buildings”, in which they establisheda
very thorough definition. It statesthat the POEprocedureis the one that evaluatesbuilding
performancein a systematic manner and the procedure is applied once the building is
completedand occupantshaveinhabitedit for a period of time. Theyadd that it shouldfeed
the next buildingcycle,asshownin the abovefigure 18, which effectivelyrepresentsthe core
of the report in the senseof the needto learn from buildings. The FFCis determined to
distinguish POEfrom other types of building assessmentspecausethe focus is set on

occupantsandtheir requirements Asshownin figure 19, this includessuchaspectsas:
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“[...] health, safety, security, functionality and efficiency, psychologicatomfort, aestheticquality,
andsatisfaction(FFGTRNo. 145,2001,p1)

Figurel9 Levelsof evolvingperformanceCriteria.Source WolfgangF.E Preiser 2005,p6

TheFFQoesfurther with the definition by addingto it an additionalstep which considershe
processfrom an earlier stagein the life of a building,where the focusis still on the occupants
of the buildingbut it proposesto usethe information learnedfrom previousPOEassessments.
As well asincludingthe early stage of the life of a building, for the FFCit is crucial that a
building is evaluatedwithin its life cycle;therefore, over and above the declaredfocus on
determining the occupants’ comfort and satisfaction, as stated in the previously quoted

reference,it adds

“[...] organizationsare attempting to find waysto usethe information gatheredto support more
informed decisionmakingabout spaceand building investmentsduring the programming,design,
construction,and operationphasesof a facility'slife cycle.”(FFGTRNo. 145,2001,p1)

Vischercontributesto the definition with statingthat POEs:

“[...]any and all the activitiesthat originate out of an interestin learninghow a building performs
onceit is built, includingif andhow well it hasmet expectations’(Vischer2001).

More recentlythe author AdrianLeamarstatedin a very succinctlywaythat
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“Post occupancyevaluation (POE)of buildingstries to answertwo broad questions:“How is a
building working?” and “Is this what was intended?” POEis about real world outcomesand their
consequenceg§‘ends”) rather than designprescriptions(*means”)” (Roaf,2004,Pp.491).

Similarto the definition givenby the FCCl.eamaraddsthat POE

“[...]aidslearningfrom experienceto improve the next generationof buildings— a kind of quality
controlwrit large.” (Roaf,2004,Pp.491).

In chapter39 of the book Closinghe Loopby Roaf,Horsleyand Gupta,it is suggestedhat the
indicatorsthat are related to POEare primarily quality of life, health, thermal comfort, and
noise and the tools for obtaining and measuringthese indicatorsinclude sociologicalkurvey

techniquesyegenerationbasedchecklistsandthe Vital Signgroject.

All the different authorshavedefined POEnN a very similarway. Theresultsobtainedfrom the
assessmentshouldrespondto the final questionaddressedoy a POE*how canthe assessed
building be improved?”To answerthis, a report shouldbe preparedand subsequentactions
shouldbe takento concludethis assessmenprocessdespitethe factthat it is “an evaluation”.
Another way of improving building performancewith regardto the occupants’wellbeingis
constructivelyimplied when talking about learning from buildingsthat have been already
evaluatedwhile they are beingoccupiedand in use;this will help to avoidthe samemistakes

beingmadeon a similarbuildingwhichis dueto be designedandbuilt.

Thishoweverraisesnew questions:f the emphasiss on occupants pnthe humanbeingsthat
inhabit any particular building and if it is assumedthat any particular building could be
subjectedto a POEas,accordingto Leaman‘a kind of quality control”, then how manytimes
shoulda POEbe appliedin the life cycleof a building(in use)?And how often? In hisdefinition,
Leaman metaphorically describes the Vital Signs Project8 (an educational project for
architectureschoolsthat wasstartedin 1988by academicgrom the Collegeof Environmental
Design,Universityof California— Berkeley)as consistingof a ‘doctor’s kit for the auscultation
of the vital signsof a buildingaspart of its medicaldiagnosisForthe author, the opportunity
to usethis tool asan architecturalstudentwasa remarkableexperiencethat set the basisfor

understandinghe importanceof knowinghow a buildingis workingwhile it is beingoccupied.

Now, if one takesliterally the meaningof ‘vital signs’it is evidentthat a POEshouldnot be a

‘oncein a lifetime’ assessmentor a buildingand that the learningfrom our buildingsshould

8 http://arch.ced.berkeley.edul/vitalsigns/
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be ongoing,especiallywith all the changesdn climatethat are beingobserved.Bearingin mind
the scale of domestic dwellings, the POE could be something similar to the annual
roadworthinessand emissionstest to which vehiclesare subject,suchasthe annualM.O.T.
assessmenbf vehiclesin the UK, which includesan emissionstest that a car needsto pass
everyyearto be legalfor driving. Perhapsa home couldtherefore be assesse@veryfive years

duringits use,for instance?

The POHEdefinitions and applications,includinga huge range of methodsand protocols,have
beenappliedfor more than 30 yearsandit is possibleto find an excellentlibrary of examples
and information about POEgublishedin different media. The majority of examplesand case
studies are from the Northern Hemisphere,since most of the POEresearch has been
undertakenin developednations; nonethelessit is possibleto find researchand information
about POEsfrom other latitudes as well. All the information representsa good source of
material from which is possibleto learn and to developwaysof applyingsimilarassessment
processedo other places.Currently, many of the techniquesappliedto these procurement
processedave greatly benefitted from the use of computersand socialsciencesoftware to

aidthe analysisof data.

Thearchitect RabBennets,when introducingthe Soft Landingg-ramework,challengedus to
considerthe role of the constructionindustry, stating that the world of architectsis reluctant
and even incapableof learning about the performanceof its own creations. The result is
buildingsand facilities that very often do not respondto the operationalexpectationsof the
occupantsor evenworse,buildingsthat are demolishedin a short time, not evencompleting
the normal 50 year life cycle of a building. Bennetsadds that for professionsoutside the
construction industry, it is seen as positive and normal to strive for “continuous
improvement”,wherebythe lessondrom a previouslycompletedprojectcanbe appliedto the
next project. Thisprocedure,which seemsso natural, even obvious,rarely occurswithin the
constructionindustry, where capitalcostsare the real sourceof obsessiorand almostthe sole

objectivefor the industry.He continuesby saying:

“Shortcomingsn basicrequirementssuchascomfort, energyconsumptionand adaptabilityare not
only irritating and costlyin their own right, but also undermineattempts to achievehigh levelsof
sustainability.”(Bennets2009,in BSRIARPp....).

This statement bringsto bear many important factors related to the building industry. The
market is the factor with by far the greatestinfluence,followed by educationand learning.

Thesefactorsare crucial,not just for buildingindustry professionalsput for all the occupants
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of buildingsif changesare to take place. Therefore,a more inclusive process,where the
‘inhabitants of buildings’regardlessof their type and function becomeactivelyinvolved and
consideredmight be the beginningof a more sustainableand healthy way of living. Post
OccupancyEevaluationis appliedin the realworld, to understandthe everydayexperienceof
the life of occupantsof any building;it is not an experimentto be pursuedand analysedin a

laboratory.

2.2. Historyand Evolutionof POE

PeterManningcarriedout one of the first piecesof work on BuildingPerformanceEvaluations
while he wasdoinghis graduatestudiesat the Universityof Liverpoolduringthe secondhalf of
the sixties(Manning,1967).In 1972the BuildingPerformanceResearciUnit at the University
of Strathclydein Scotlandpublisheda paper and a book titled “Building Performance”by
Markus and colleaguesfrom the Schoolof Architecture. Accordingto Preiser(1997), the
history of POEstarted with the one off casestudy evaluationof a primary schoolin Liverpool

by Manningand progressedrom there.

Duringthe 1970sand 1980s,due to the sprawlof postWorld War Il residentialconstruction
work, the first POEswere primarily focussedon housingin Western Europeand the United
States;the needfor housingandthe rebuildingof urbanplacesproducedrapid growth without
a real understandingof the needsof societyand its inhabitants. Consequentlythere arosea
greatdeal of residentialsocialpathologythirsty for evaluationand studies(Preiser,2004).The
POEesearchexpandedrapidly and was developedwith multiple types of methods,tools and
goals;asZimringstated, the “evaluationsrangedin scopefrom brief studentprojectsto well r
supportedlongitudinalstudies”and peoplefrom manydifferent fieldsappliedthe assessment,

from private consultantsandgovernmentworkersto academiaesearchergZimring,1980).

Lateron, duringthe 1980sand 1990s,the POEprocessconcentratedprimarily on commercial
buildings (companyoffices) and secondlyon hospitals,public, governmentand educational
buildings etc. POEsfor office buildings were in high demand becauseof the relationship
betweena healthywork environmentand productivity, which made stakeholderanore aware
of the needto study and improve (if deemednecessaryjheir working environmentsso asto
increaseproduction and therefore profits, so the managingof facilitiesis a key aspectof this
type of POEIn 2005,the national costto the economyassociatedwith lossesin productivity
dueto illnessprovokedby indoor air quality (IAQ)in commercialofficesin the United States,

wasapproximatelyUS$64,00willion (Presti,2005).
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In responseto sick building syndrome(SBSknd within the POEmethods, the BuildingUse
Studies(BUS)appearedin the UKin the mid eighties.SheenaWilsonand Alan Hedgedid the
first study through the applicationof extended 16 page questionnairesfor the occupantsof
offices,in their surveycalled'UK-the Office EnvironmentSurvey’ After this 1985survey five
year later the number of questionsin the BUSquestionnaireswas reducedsubstantiallyand
most of thoserelatedto healthwere removed.In 1997,the standardisedwo pageBRE/Royal
Society of Health survey was implemented in place of the BUS survey. In 1995, BUS
benchmarksand licensingwere introducedin the UK,and Australianbenchmarksvere added
in 2004. New Zealandand international green building benchmarkscame along two years
later. Furtherrevisionsof the different BUSsurveysfor different countriesandthe BUSversion
for residentialbuildingbeganto be developedin 2006.1n 2008,the firm Arup adoptedBUSas
their method (Leaman2010).

The National Energy Management Institute (NEMI), a non profit organisationlocated in

Virginia, stated that in “healthy” buildingsthe generalproductivity of any companycan be
incremented by at least 1.5% when environmental conditions are enhanced, while for

buildingswith any type of poor performance,after refurbishmentthis incrementis between
7% and 10%.0n the other hand, the BuildingsOwnersand ManagersAssociationl (BOMA)
Internationalclaimsthat the averageincreasein productivityis about 18%.In one of their POE
studies,they demonstratedthat at least50%of the office buildingsin Caracasyenezueldhave
inadequateindoor environmentalconditions.With anincreaseof just 5%to 7%in productivity,
these companieswould realise an enormousincreasein profits that they do not currently
perceive.The BOMAhas stated that the first reasonfor a companyto move their officesto

another place or enhancetheir indoor conditionsis becauseof poor indoor environmental
quality; consequently,those companiesthat offer a “clean” air environment obtain more

loyalty from their occupants.

Currently there are many institutions (public and private) that have officially developed
guidelinestools and protocolsfor POEapplicationswhere everyaspectto be pursuedduring
the evaluationis clearly indicated. An exampleof this is a document posted online by the

Departmentof HumanServicesState Governmentof Victoria, Australia,which describesthe

° BOMAInternationalis one of the largestinternational federationsin the world that started in 1907 in the United States,and
whichtoday hasmore than 100localassociationsef which 15 areinternationalaffiliates
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whole procedureof a POBo be appliedto a health facility'®. It is notablethat a yearinto this
research,in October2008,the author carried out a ‘Googlesearch’for POEon the Internet,
whichresultedin 31,400sitesthat mentioned“post occupancyevaluation”.Whenthe author
repeatedthis experimentalmosttwo yearslater, there were 390,000siteswhere the phrase
appeared.Forthe searchterm “post occupancyevaluationguidelines”,9,070siteswere listed.
Theincrementof sitesover a period of two yearsshowsthe enormousamountof information
availabletoday on this topic and also demonstratesthe increasinglevel of interest in the
theme. Thisquick searchwas done in English;a searchfor the equivalentwords in Spanish
brought up a slightly lower number of sites. The sitesvary from academicpaperswritten by

well known POEauthors,andthousandsof POEexampleof all typesto simplepublications.

Theacademioworld is currently populatedwith researchersand research like this study, for
example all oriented towards makingefforts to add more evidenceand proposenew waysof
convincingthe buildingindustry of the importanceof evaluatingbuildingsby havingthe focus
set on usersand consideringthem and their culture. Theimportanceof Leaman’shinking is
seenin the needto provide robust evidenceand a logical processfor gainingleverageover
emissionswhere the order is first people,then energy,and last carbon. It therefore seems
necessaryo recalibratewhat the industrydoesand, insteadof translatingfactsinto numbers,
to put the focuson what peopledo. Thefollowinglist from Leaman(2009)proposesa seriesof
stepsfor the decarbonisatiorprocesswhere the starting point is people,as canbe observed

from the list:

Engagepeople,otherwiseunintendedconsequencesayoccur

Reducedemand,aspreventionis better than cure

Increaseefficiencyfor the serviceghat producethe demandin existingbuildings
Avoidwaste,the startingpoint
Decarbonisesupplies,consideringthat low carbonenergyis a scarceresourcenot to

be squandered

19 www.capital.dhs.vic.gov.au/AstgFiles/poe_detail2010.doc
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Obtainresultsin the simplestway possible,ensuringthey are robust without being
expensive

Make use of opportunities, for instance when purchasing, maintaining, and
refurbishing.

Theproblemis not just heatingandinsulation

2.3. PORypesand processmodels

During the building processof any architectural proposal, many types of evaluation are
undertakenduring the different stages,suchas planning,programming,design,construction
and occupancyTheseevaluationsinvolvedifferent typesof expertiseand disciplinesand they
are technical evaluations,in which different aspects, mostly physical ones, are assessed
(Preiser,1988). Thetypes of POEare groupedinto three major categories(figure 20) defined
by Preiser(1999)andthe FederalFacilitiesCouncil(2001):

Indicative: An indicativePOEndicatesthe major strengthsand weaknes<f the performance

of aparticularbuilding.lt consistsf interviewsandfield observations.

Investigative: Thisis a more in depth investigationof the performanceof a particularbuilding.

Theoutcomestry to comprehendhe causesand effectsof issuedn buildingperformance.

Diagnostic: This correlates measurementsof the physicalenvironmental aspectswith the
psychophysiologyof occupants.Theresultsnormallyleadto new knowledgeof the aspectsof

buildingperformance.
Thereis a greaterdiversityof POEnethodswhich primarilyfocuson assessing:

UserSatisfaction1960to present)

Userassessmentdf buildingcomfort and functionality (1980to present)
Userbehaviourusingself reporting methods(1980to present)
Technicaperformanceof buildingsystemscostsand others(1995to present)
Balanced Scorecard Approach: balance of performance, building impact of the
businesgprocess growth and satisfactionof employeesjmpacton other stakeholders

(2001to present).
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Figure20 POH_evelf evolvingperformancecriteriascheme Source:J.YocisUniv.of Cincinnatiand
FCQ2001).

2.4. Toolsfor POE

The methods described above use different assessmenttools both qualitative and
gquantitative andtools havealsoevolvedovertime, involvingtechnologyespeciallycomputer
programmesand software, which have also helped to enhancesome of these tools, making
assessmentsmore complete, easier to process and analyse, and sometimes less time

consumingAt the sametime, however,they havebecomehighlycomplex.

FieldObservationgn SustainableHomes

Walkingthrough the buildings,alone or in groups,recordingimpressionsand observations,
making sketchesand drawings,taking photographsand specialisedhermal images,carrying
out alist of standardobservationsand smallscaleplansto be usedin the visit are someof the

toolsthat couldaid the processof field observationsThiscouldalsoincludequickquantitative
measurementgfor instanceusinga light meter, infrared or any thermometer, anemometer,
hygrometer,noise meter, multifunction meter), which canhelp the surveyorto observemany
aspectsof the buildingthat are immediatelyapparent;howeverthe datawill be muchricher if

combinedwith discussionspersonalinterviews, questionnairesand surveyswith occupants

andthe buildingmanager f possible.
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Questionnairesand Surveys

Perhapsthe most commonly employedtechnique for POESs the structured questionnaire.
Thisapproachrequiresthe developmentof a range of questionsgearedto measuringuser

responsesn the requiredsubjectareas.

There existtwo major types of questionnaire.One is the quantitative questionnaire,which
simply involvesticking boxesrating the accuracyof statementsor circling the appropriate
answer,asin a multiple choicequestionnaire.Thisis a very commontool usedin a POEsoit is
important that questionsare clearly worded to obtain outcomesthat can be interpreted
statistically.Thesecondis the qualitative questionnairethat asksfor written commentswhich
obviouslytend to differ from personto personand sothe processby whichthey are analysed
is not numerical, but looks for meaning.In a way they are similar to a verbatim/e mail
interview where the main differenceresidesin the spontaneityof the written versusthe oral
answers.Thefirst type, the quantitative questionnaire js usefulfor makingquickcomparisons
between projects and/or benchmarkprojectsto get an overall view of the situation under
investigation.The secondtype, the qualitative questionnaire givesdetailed and casespecific

qualitativedata.

A majoradvantageof the questionnaireapproachisthat it allowsa largesampleof usersto be
surveyedand therefore, if done well, can improve statistical reliability. Generallythe best
advice,asBordasq2005)states,isto “keepit simple”.It is a specialisjob to draw up a survey
and there are expertswho are dedicatedto doingjust this. Surveysare expensivelo prepare
and process. They are not just a simple collection of questions;rather they are highly
structured and statistics are required for processingthem. There are many pitfalls with
guestionnairedesign.Beforeembarkingon the costof a major survey,it isrecommendedhat
pilot questionnairede tested. Alsoit is necessaryo considercarefullyhow the questionnaires

areto be analysed.

Verbatim Interviews

Interviewscanfill in the gapswherethe questionnairedall shortor morein depth observation
is required. Althoughit haslong been acceptedthat interviews are one of the best ways of
gaugingoccupants’'satisfactionlevels, it is alsorecognisedhat they are time consumingand
therefore more expensiveHowever,it seemsthat they havenot beenableto be replacedby

other tools, asthe personalcontactfor psychophysiologicabnd perceptionoutcomescannot
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be replacedby a set of questionson a paper, by email or any other means.Resultsare much
more complete when a personalinterview has taken place (Stevenson GHA presentation,

2008).

FacilitatedDiscussiongFocusGroup)or Workshops

In group discussionsgdelicate situations can arise and can result in understandingand then
agreementor consensuge.g.two opinionsare better than one); however,the surveyormust
remainin chargeof the situationand needsto be experiencedn leadingfocusgroups.If thisis
not the case,then the validity of the resultsobtained by the discussionmay not be fulfilled.
Nonetheless, discussionsare a valuable form of feedbackat any point during a project;
sharingexperienceand insightsat the start, reviewingproblemsin the middle, and in post
project reviewsat the end” (Bordass2005, p) but they might not by themselvesconstitute a
POE.They could be part of it and they are an excellentway of gaugingthe occupants’

satisfactionduringthe whole processput to systematisaliscussiorcanbe very complex.

Workshopsare organisedwith key participantsto gather user responsesThisapproachhas
the advantageof being a focused, short duration technique, but feedbackand results are
informative of different issuesrelated to the performanceof the building in regardto the
occupant’'scomfort. Although on their own they are not reliable enoughto constitute an
evaluation,they couldbe part of a POEand a contribution towardsbeginninga more in depth

assessment.

PhysicaMonitoring, Measurementsand Analysisof PerformanceStatistics

Performancealata, for exampleregardingwater and energyconsumption rainwater collection,
biomassboiler efficiency,solar panel efficiency, natural and artificial lighting levels,internal
temperatures,air changerates, ventilation patterns, among other aspectsshould be taken
with regularity within defined relevant periods (daily, weekly or monthly, dependingon the
depth of the study)for awhole yearat least(althougha 24 month periodwould be preferable)
andshouldthen be analysedand comparedwith benchmarksand projectedand/or previously

simulatedperformance.

While all the above are being applied, another important test that needsto be carried out,
especiallyin office buildingsand housing,due to the high demandfor a reductionin energy

consumption,is a pressuretest to assesghe air tightnessand checkif expectationsare being
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reached.Thedownsideof this type of test isits highcost,but it isundoubtedlythe bestwayto
prove that internal gainswill be maintained when needed, especiallyduring the winter in

placedocatedin Nordicregions,suchasthe Scandinaviagountries.

Bordass, 2005, has written extensivelyabout POEresearch and methods, based on his
experienceof the subject. He emphasizesthat POEtechniquesshould be simple to use,
applicableto a broadrangeof casestudies,they shouldbe robustbut comprehensiveandthe
cost of tools shouldbe low and accessiblgo everybody,which impliesthey alsohaveto be
quick and easyto operate. Finally all the above should be able to rapidly generate useful
results.With regardto information, Bordasssuggestedhat information on performancedata
obtainedin benchmarkbasedcasesshouldbe availableand easyfor anybodyto accessvhere
possible.He addsthat in the pastaccesso information regardingthe data managementof
benchmarkbasedcaseswas difficult to find becausefunds were not availableon a regular

basisto carryout this type of procesgBordass2005).

2.5. POHor an affordable sustainablehomebasicrequirements

The following is a generaloverview of how a POEmight be carried out in housing.Before
conductinga post occupancystudy to evaluatethe extent to which a buildingis achievingits
intended use, it is important to define two thingsin order to ensurethe acquisitionof fair,

honestandreliabledata.

Firstly,what informationis required;andwhat it will be usedfor. Forexamplewhenlookingat
the BASFhouseas a prototype for new affordable masshousing,it is important to gain an
understandingof how any potential residentmight occupythe space rather than focussingon

the useby one particularinhabitant.

Secondly,it is important to define who the occupantis and understandtheir stake in the
building (i.e. owner, long term tenant, temporarytenant, relative or visitor) and their position
in the family, gender, age, and other related demographicinformation. Everyoccupantwill
havea different interpretation in regardto his or her home, andthey may all havea different
way of usingthe many spacesn the house.Alsoit is important to recognisedifferent users’

needs(i.e.lessable bodied people,the elderlyor thosewith veryspecificrequirements).

The information gainedin order to evaluate the building’s performancein regard to the

occupants’comfort canbe either quantitative or qualitative and canbe completedthrough a
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series of questionnaires,surveysand personal responses.Some quantitative data can be
gatheredwithout input from the user, suchas room surfacesand volumes,number, sizeand
orientation of windows, types and efficiency of appliances, especially boiler size,
characteristicsof the ventilation, number of vents, how they are operated,and so on. It is
important to note that whilst quantitative responsesmight be easierto evaluateasthey can
be plotted on graphs and spreadsheetsand analysed statistically, qualitative responses,
especiallywhenthe focusof the studyisthe occupantsare sometimesmoreinsightful,asthey
are about the psychophysiologicalemotionaland physiologicalgffectsthe spacehason the

occupantswhichare undoubtedlyveryimportant whendiscussingpersonalcomfort.

It is alsoimportant to gaugea range of responsedrom different times of day and different
periodsin the year, as the levels of comfort are intrinsicallylinked to exterior climate and
conditions;therefore the latitude and orientation of the buildinglocationis crucial. A climate
analysigs therefore an important tool to apply prior to or duringthe study. Normallyseveral
periodsof studywill be establishedat the time, asextremeclimaticsituationstend to occurin
anormalyear(i.e. the hottest weeksduring summer,the coldestweeksduring winter, maybe

closeto the solsticesand sometimesaroundthe equinoxes).

Onceall the information hasbeengathered,it is up to the surveyorto usethe information to
evaluatethe buildingperformancethat will be part of the dataanalysisButwhat the surveyor
definitely needsto evaluate are all the aspectsthat affect positively or negatively the

wellbeingof the occupants.

If the responsesare wide ranging,then the researchermust look objectivelyat the results.
Onewayisto draw a standarddeviation(if the resultsare quantitative)andfocuson achieving
comfort for 85% to 95% of occupantswithin the different parameters that are being
measured.The study could also concentratesolely on one parameter,for examplethermal
comfort, so all the data to be collectedwill concentratesolely on this aspect,which at the
sametime will be influencedby manyvariablesfor quantitative data for instance surfaceand
air temperature, relative humidity and radiation are among the factors that may prove
influential, while for qualitative data, factors such as the construction and design
characteristicsand the routines, clothing and activities of the occupants,may be the key

influential factors.
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Clearlyit isidealto achievea comfortableenvironmentfor everyoccupantand by introducing
methodsof control this may be possible.lt must be noted, however,that an occupantis only
likely to take control if they havea higherlevel of perceivedownershipof the place(i.e.oner
off visitorsare unlikelyto openwindowsandturn off heatingwhereasassomeonewho livesin
a house would asserttotal control over heating, cooling, lighting, etc.) Thesemethods of
control must alsobe simpleand easyto manageby people who might have no knowledgeof
the system(for example, the complicatedWebBricksysteminstalledin the BASFhousemight
be suitableafter all the inhabitantshavebeentrained to useit, or it might be accompaniedy
a usermanual,but it would most certainlybe unsuitablefor a new, untrainedtenant who was

to inhabitthe house).

Notwo POEswill everbe identical,asno two responsewill everbe the same,especiallyif the
information hasbeen obtainedthrough qualitative tools. The preparationand carryingout of
observationsguestionnairesand surveysis only the first stepto a successfuevaluation;how
the researchemusesandanalyseghe informationis crucial. Aswith all researchijt isimportant
to know what you would like to get out of it before starting, but you must also be opento
additionalinformation (for example althoughthe researchmight be on thermal comfort, if the
occupant,say, complainsthat their boiler is too noisy, this might be directly related to the
spacebeing cold, as to avoid the noise, they turn the boiler off). Peoplereact to spaces

differently andrequireandrelate to them for different purposes.
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Chapter3. Methodology

Thischapter describesthe methodologyusedin this thesisconsideringthat all the tools and
techniquesare commononesusedin PostOccupancyEvaluationsvhere asmentionedin the
previouschapterthe subjectsof study is people and their behavioursin regardto particular
phenomenalt hasnot beenan easytaskto classifythis thesiswithin a particulararchitectural
researchmethod, nor asa typical post occupancyevaluationeither. If the author mustdeclare
a title for the methodology,it will be “from experienceto theory”, basedon the well known
Confuciusanalects:‘l hearand| know/I forget. | seeand| remember.l do and | understand”,

howeverthe useof a “mixed methodologicabpproach”is a more appropriateclassification.

3.1. Fromexperienceo theory

In line with the statement by Leamanduring a lecture on POEin the Department of
Architecture,Universityof Nottinghamat the end of the first semesterof the 200880 academic

year,

“architects prefer to learn through direct personal experiencewhile engineersprefer
principlesandestablishedules”,

Both Leaman(2009) and Fisher(1994) have drawn a comparisonbetween the traditions of
learning,teachingand practicingwithin medicineand architectureand building construction.
Both of them concludedthat, unlike medicine,the professiongelatedto buildingconstruction
have not developeda tradition of practicebased user research.In his article “Can this
professionbe saved?”fifteen year ago Fisherconcludedthat architecture could learn more
from the successfulteachingtearning experiencein studies in fields such as medicine,
diversifyingthe architecture professionand studiesby includingmore researchmethodsand
POEprocessesvhile providing professionalpracticeswhere the diagnosisand assessmenof

buildingsareincluded.
AslLeamarstates(2004,in Roaf,2004)

“POEhastaken 30 or more yearsto get off the ground, partly becauseit hasnot been
obviouswhichtechniquesare best”

andit is recognisedhat it is an interdisciplinaryissue.To date, most POEstudieshave been

carriedout on commercialor institutional buildings.Duringthe last decadeand following the
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publicationof the Codefor SustainabldHomesthe POEdor private residentialbuildingshave

becomeafocusfor studiesandthere is stillalongwayto goin this area.

Forthis study a mixed methodssequentialexplanatorydesign(Creswell2005; Tashakkorand
Teddlie, 1998)that hasbeendevelopedin the field of socialand behaviouralsciencedasbeen

applied,consistingof:

Twodistinctivephasesguantitativeand qualitative

Stepl: Collectionand analysisof the quantitative (humerical)data

Step 2: Collectionand analysisof the qualitative (textual) data to help explainand
elaborateon the numericaldataobtainedin step 1.

Step3: Qualitativedata builds on quantitative data (seeappendix1) and the first two

stepstry to connectin anintermediatephase.

Therationale behind this methodologyis for the quantitative data and its analysisto help to
understandthe researchproblem. Thequalitative dataexplainsthe numericalresultsin depth,

throughthe subjectsin study,the occupantsperceptionson their sustainabldhomes.

For this methodology,an important issueis the relationship with the “priority or weight”
whichis givento eachof the two phaseglvankovaet Al.,2006)and why. Theweighthasbeen
givento the quantitative data obtainedthrough the monitoring systemand this hasbeenthe
starting point for analysing,comparingand contrasting findings with the qualitative data.
Giventhat this real tife researchhas producedan enormousamount of data from both the
gquantitative and qualitative phasesthis data was subjectedto a lengthy processof analysis,
usinga broad rangeof tools, with the final goal of connectingand integratingcoherentlythe

resultsfrom the two phasesto attain a holisticandin depth view of the issueunder study.

3.2. Theresearchscheme

In order to respondto the objectivesof the researchthe schemein figure 21 depictsthe steps
undertakento pursuethis study. It showsall the operationscarriedout to find evidenceand

producethe basisfor a proposalfor the FirstHomeOccupantP OEof a sustainablenome.
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Figure21 Schemeof researchsequencefrom the problem,its framework,methodology actionsto the conclusionyeferencingthe respectivechapter
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Although energy efficiency developments, strategies, legislation, and assessmentsim to
considerthe wellbeing of our environment, the wellbeing of occupantsstill features as an

indicatorof its success.
Hypothesis

The occupants’ satisfaction is a key indicator of the successof energy efficiency
innovations, developedin the framework of measures strategiesand legislation for
achieving more sustainable homes, considering that current practice does not
necessarilytake into account environmental comfort and may even harm the

occupants’psychophysiologicalwellbeing.

ResearclQuestions

Do energy efficient and sustainablehomes provide the occupantswith the comfort
of a“standard” home andwith equaleaseof use?
Canwe actuallylive in sustainableenergyhomes?
Does the inclusion of the sophisticated forms of renewable energy technology
required to achieveenergy efficient standardspresumethat the occupantshave a
certain level of education or that they have received adequate training in the

specialisednaintenanceof the equipment?
Main Objective:

To uncover evidencethrough qualitative techniquescontrasted with the quantitative tools
usedwithin the POEmethodologyto confirm that a post occupancyevaluationprocessmust
be includedin the regularassessmenprocedureand that it must be basedon the reality and
culture of occupantsnot only on simulationsand calculationsof the building’sperformance.
Thereforethe proposalof this study is to establishthe basisfor developinga First Home
OccupantPOEusing a demonstration sustainablehome in a new housing developmentto

closethe loop within the assessmenprocessf sustainablehomes.
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GeneralObjectives:

1. To determine if the inclusion of the sophisticated types of renewable energy

technologyrequiredto achieveenergyefficient standardsentails:

a. the occupantshavinga certainlevelof education.

b. aneedfor specialisedechniciandrainedin the maintenanceof the equipment.

2. Todetermine the generalawarenessand knowledgeof people on topics related to

sustainabléhomes

3.3. Selectingthe casestudies

Thetwo casestudiesincludedin this researchwere offered to the author aspart of the PhD
researchon post occupancy.The author did not have any involvementin the designand
constructionprocessnor influenceoverthe selectionof the casestudiesand nor influenceon
the different monitoringtools appliedto these casestudies.Ascasestudies,they were part of
bigger applied researchprojects. The BASFhouse became an in depth experimental case
study. It wasthe first housebuilt within the CreativeEnergyHomes(CEH}' project (2007)and
the author wasthe first occupant.Theten homesin Upton were real fife casestudiesandthis
researchformed part of the SHINEand SHINETRUE projects. Thesehomes provided the
opportunity to expandon postoccupancyevaluationusingthe real caseof occupiedhomesby
way of contrast with the experimental case. Carryingout the researchon the real case
occupied homes presented some difficulties with regard to the whole procedure. The
volunteer family list was obtained following an initial survey period in which 100
questionnaireswere distributed door to door. Of these, 50 were completed, 10 by families
who saidthey were willing to volunteerfor this real time energymeter trial period. Preference
wasgivento terracedhousesrather than flats; neverthelessf the ten homes,one wasa flat.
Thestudy period for both casestudieswaswinter, but in different years,aswill be seenin the
next sectionfor eachcasestudy. Winter waschosenasthe periodto be studied,becausethat

is when familiesin the UK consumethe most energy.The other parametersof the research

1 The Creative Energy Homes (CEH)Project of the Department of Architecture and the Built Environment, University of
Nottingham(figure24),is aresearchand educationalshowcaseof sixlow or zerocarbonhouses.

12 “What is SHINETRUEBHINERUHS an EastMidlandsRegionand Europearfunded project to find out about how occupants
interact with and userenewabletechnologiesn their homes|...].Theproject alsoaimsto understandhow peopleuseenergyby
lookingat their energybehaviours(Jackson2008)

49



were the decisionto focuson the POEools and techniquesas a meansof respondingto the
researchquestions;the fact that all the housesstudied were subjectto the CSHalthoughit
was not yet mandatory. The casesstudies included different types of sustainableenergy

technologiegSET)not commonlyappliedto homesin the UKat the time of the study.

3.4. ApplyingPOBEools and techniquesto the casestudies
3.4.1. Collectiorof numericaldata

The collection of numericaldata for the casesstudieswas done mainly with three different
devices,dataloggers,energy meters and tracking devicesand also doing every day manual
transcriptionof selecteddata taken from the panelin the kitchenin parallelto the recording

textualdatain commentsfrom occupants.

Forthe BASFhousein depth casestudy, an in built monitoring systemof 48 sensorshad its
debut as part of the Creative EnergyHomes (CEH)Project. Giventhe fact that it was an
experimentalcasestudy, a trackingdevicesystemwasalsotested asa measuringtool for the
post occupancyof homes. For Upton Homes,the real life casestudy, a similar monitoring
systemwas planned.However,time and funds meantthat other aspectsneededto be added
to this study, keeping it within focus. The planned and installed monitoring system was
therefore replacedby real time energymetersinstead. Thesewere commonlycommercialised
energymeters on the regular market. Therefore,these deviceswere not comparableto the
monitoring systemof the BASFhouse,as only two of the four chosenenergy meters had a
dataloggingfeature included.Theywere manuallyprogrammedand installedin the housesby
the author for a sixweekperiodin wintertime, while the monitoring systemin the BASFHouse

wasloggingdata continuously.

TheBASHousemonitoring system

Distributionof sensorsn the BASHouse

Fordatato be reliable and aid in reachingresultsand conclusionscalibration, short sample
evaluationsand testing all neededto be undertakento comparethe electricity usageand
efficiencyof the different devicesinstalledin the house,aswell asthe winter performanceof

the BASHouse.Thedistribution of the sensorscanbe observedin figures22 and 23.
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Figure22 Sectionview of the dataloggerocationin the BASHouse.

Figure23 Planview of the dataloggerocationin the BASHouse.
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Forthe dataprocessingthe energysensorsvere aggregatedn the following sets:

Appliances:Sum of kitchen socketsused for toaster, microwave, blender, juicer and small
electricalappliancest fridge, refrigeratorandfreezer+ dishwasher washingmachine+ hob +

oven.

Lighting+ sockets+ network: Sumof all lighting + bedroomsockets+ livingand diningsockets
+all network (12 V systemsJed lighting, motorisedwindows, monitoring system,wired access

unit, wirelessmodemandtouch screen)

Immersion heater and biomasshboiler: its readingswere analysedindependentlyin order to

readits electricalconsumptionseparatelyfrom the rest.

Solarsystemand GAHESystem:thesewere aggregatedaslow energytechnologieshowever
to read the energydemandfor spacecooling,the GAHEIsagewasalsoanalysedby itself. To

obtainthe total energyconsumptionfor ayear,all the aboveneedto be added.

Winter 1 — February2009— one month only: It wasnecessaryo reacha period within winter

where the occupancyof the housewas normal, the monitoring systemwas reliable and the

heatingsystemwasworking properly. After somemonthsof livingin the house,the occupants
had better adjustedto the use of the technologyand the data logging system had been
calibrated; so the data was consideredreliable. It had already been necessaryto fix and

maintainthe biomassboiler. Thus,towardsthe end of January2009,the biomasshoiler wasin

optimum conditionfor a monitoring period. Thebiofuelusedwasrape seedoil pellets,andthe

boiler was specificallyset for this type of biofuel. It was therefore possibleto empirically
measurethe efficiencyand energyconsumptionof the biomassboiler. Thus,the first winter

period to be monitored with valid data started on 30/01/2009 at 0:00 hrs and finished on

26/02/2009 at 23:59hrs (four weeks),while the secondwinter period started on 01/12/2009
at 0:00hrsandfinishedon 29/03/2009at 23:59hrs (17 weeks).

Winter 2 — December2009,JanuaryFebruaryand March 2010— four months: Themonitoring
systemfunctionedwell overthe previouswinter period, andthe data downloadedregularlyto
the server,with the exceptionof the whole month of March 2009 (the Universitycarried out

anadjustmentto the serverandreadingswere not recorded).

Themonitoring protocolandthe dataloggingsystemcharacteristics
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Thedataloggingrecordedin csv(commaseparatedvalues)everysixminutesin an cumulative
mannerandit reseteverydayat 3 a.m.; with atotal of 240readingsper dayfor eachof the 48
sensorsSomeof them are shownin figure 24. In the courseof a month eachsensortakesover
7000 samples.Thereforeto calculatethe valueson a daily basisfor a period of four weeks,
considerabledata processingvasrequired. To refine the data, the resolutionwas decreased
and the data sampledbased on predetermined criteria, with a 30 minute interval for all

calculationsbeingestablished.

Figure24 Imagesof the different sensorsandthe metersof the monitoring systemat the BASHouse

Stepsto procesghe raw datadownloadedfrom the Universityserver

Downloadof raw datafrom the server.

Decompressionf the csvfilesand organisationof the datainto an Excekpreadsheet.
Selectionof the data needed for the analysisof the performance of the heating
technologyfrom determinedenergysensors.

Becauseenergy readingsare cumulative over the courseof a day, they need to be
changedinto instant samplesinstead and then reducedto the scaleof 30 minutes,
with two sampleger hourinsteadof 10.

Forindoor andoutdoor climatereadings maximum,averageand minimumhourly and
daily valueswere calculated,as well as operativetemperaturesfor the groundfloor,
the first floor asone area,andfor the southbedroomsandthe north bedroom.

For temperature readingsto calculatethe heat output of the biomasshboiler, the

detailedprocesds explainedin the following section.
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Oncethe datahad beentreated, the resultscould be analysed Whenthe resultswere
obtained, the quantitative analysistook place. At the same time, the qualitative
analysiswas taking place, with the applicationof other methods and tools, suchas
SPS&StatisticalAnalysisyand NVivo (GroundedTheory),to contrastand validatethe

datain orderto deepenandbetter understandthe findings.

Two consecutivewinters were measured soit waspossibleto adjustthe method by addingor
subtractingsteps,oncethe first resultsand findingshad beenobtained, in order to influence
the iteration andfill the gapsobservedin the first procedure.In this way more accurateresults

andconclusiongouldbe reached.
Proceduréfor calculationsafter dataprocessing
Heatoutput from the biomassboiler andits efficiency

To calculatethe heat output beingdeliveredby the biomassboiler, the calculationneededto
look at the volume of water flow in litres and the water temperature,flow and return water
temperatures to calculatethe average #in degreesCelsiudor a givenperiod of time (it was
usedat 30 minute intervals eachday, and 48 valueswere obtained seethe sampleof datain
table 2).
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Table2 Sampleof alreadytreated data from the BASHousereadings

1 2 3 4 It It °C °C °C kJ kJ  Wh
BMB BMB BMB  Delta Output kW h
BMBIt WaterFl FlowT ReturnT T Heat day
every30
DATE TIME MIN min day day day
27/02/2010 16:18 18 58,9 28,6 30,3
27/02/2010 16:24 24 58,9 28,6 30,3
27/02/2010 16:30 30 30 59 28,6 30,4 3811,35 1058,71
27/02/2010 16:36 36 58,9 283 30,6
27/02/2010 16:42 42 58,9 28,5 30,4
27/02/2010 16:48 48 58,8 284 30,4
27/02/2010 16:54 54 58,6 28,4 30,2
27/02/2010 17:00 O 30 58,4 283 30,1 3461,82 961,62
27/02/2010 17:06 6 58,3 283 30
27/02/2010 17:12 12 58,2 28,1 30,1
27/02/2010 17:18 18 576 27,1 30,5
27/02/2010 17:24 24 50,4 26,4 24
27/02/2010 17:30 30 30 47,3 26,6 20,7  2566,02 712,78
27/02/2010 17:36 36 46,5 26,9 19,6
27/02/2010 17:42 42 46,7 27 19,7
27/02/2010 17:48 48 47,4 27,3 20,1
27/02/2010 17:54 54 48,4 27,4 21
27/02/2010 18:00 O 30 49,3 27,8 21,5 3051,59 847,67
27/02/2010 18:06 6 50,6 27,7 22,9
27/02/2010 18:12 12 519 281 23,8

Forthe boiler efficiencycalculation the sametheoreticalapproachwastaken on the first test,
whichis similarto the stepssuggesteddy the CarbonTrust, In depth guide CTG012009).To

determineefficiency:

“Thisis accomplishedy monitoringthe following over a setof period:

HeatOutput (kWh)

Weightof fuel used(kgs)

Net calorificvalueof fuel asreceived(MJ/kgasdeterminedby analysis).

Oncethesefiguresare collectedfor a setperiod, the following formulamaybe usedto estimatethe
efficiencyof the boiler plant” (CTG012009):

Heatoutput (MJ¥)

BoilerEfficiency -
(%) [Weightof fuel used(kg)x Net calorificvalueof fuel (MJ/kg)

Determiningif the criteriasetby the PassivHaustandardsare met by the BASFHouse
Thecoolingandventilationdemand

Forthe energydemandfor spacecoolingand ventilation, the valueswere taken directly from
the raw data, giventhat they are recordedin cumulativereading.By comparingthe energy
readingsfrom the GAHEsensorand the informationin the diary of events,where the dayand

the length of time the mechanicalventilation systemwas being usedwere recorded, it was
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possible to obtain a very accurate value. In addition, a quite accurate analysisof the

perceptionsof the occupantsf this hasbeentakeninto consideration.

Thetotal energyusage

Asabove,the total energyconsumptionfor appliancesgdomestichot water (DHW)whenusing
the immersion heater, and space heating and cooling can be directly obtained from the

measureddata.

Shortsampleevaluationsandtesting

Thefirst winter — February2009— Stepl. Understandinghe heatingsystemof the BASHouse

Understandinghe SETperformanceand comparetheir efficiencies a smalltest of the water
heating systemsof the BASHHouseto comparethe efficiencyof the biomassboiler and the
immersionheater from the solar systemwas carried out in December2009. Thiswas done
with spot measurementgdaken from the displaysprovidedby the different technologiesplus
the information availablein manualsand specificationsof the technologyappliedin the BASF
Houseand similar cases.The specificationdn regardto power consumptionwere taken from

manualsfor the SET.

To obtain the biomassboiler heat output, the raw data givenby the monitoring systemwas
processedto obtain the water flow and the temperatures, which were multiplied by the

constantof SpecifiHeatof Water,4.186(kJ/ItfC).

BiomassBoiler HeatOutput (kJ)=Water SpecifiHeat(kJ/It PC) h WaterFlow(lt) h ¢ T(°C)

With this value,the energyyieldin kWhfor the biomasshoiler couldbe obtained.

Processingand understandingthe type of data is beinglogged,once the data from the first
evaluation period is obtained and analysed,possible problems with readingsneed to be

identified within results.Toobtain more accurateresultsnew stepsare addedto the method:

Repetitionof procedureusedin the first winter to treat the data and proceedwith
calculationsn the secondwinter period

Desigrof test 2 to correctidentified problemson previousresults
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Manually separate readings for SH (space heating) and WH (water heating) and
transcribethe datato a spreadsheetasshownin Table3

Calculatgust the spaceheating(SH)demandandanalysedesults

Table3 Exampleof the two first weeksof manualrecordingof the switchingon/off to
disaggregaté&SHfrom WHdeliveredby the biomassboiler
DATE BIOMASSBOILERJSAGEMANUALREADINGIO DISAGGREGATE
WATERFROMSPACHEATING
SPACHEATING WATERIEATING FUEL
begin  finish TOTAL begin finish  TOTAL kg
time time HRSH time time HRWH pellets
26/11/2009  02:15 04:20 07:15 02:55 80
27/11/2009 12:40 10:25
28/11/2009 10:50 15:25 04:35
29/11/2009  19:05 08:25 10:25 02:00
30/11/2009 08:40 13:35
01/12/2009 40
02/12/2009
03/12/2009 18:10 23:40 05:30 08:00 08:50 00:50 40
04/12/2009 19:50 20:50 01:00 23:45 12:45 13:00
05/12/2009 00:00 00:45 00:45 12:45 20:30 08:45
06/12/2009
07/12/2009 10:55 12:00 01:05
08/12/2009
09/12/2009

Othertoolsfor carryingout quantitativeanalysis

In order to complementthe architectural analysisand walk through observations,other
numericaltools were applied. Only specificfeatures offered by the tool were usedfor the
purposeof verifyinga particular aspectrelated to the occupants’experienceof living in the

experimentalhome,in orderto helpto addresshe researchquestions.

Trackingdevice

In parallelto the different tools appliedto analysethe performanceand occupancyof the BASF
House,another tool was tested for this casestudy; an experimentwithin the experimental
study, the descriptive analysisobtained from the application of this tool is included in

appendix12. Theideabehindusingthis trackingdevicetool, whichis mostlyusedin industries
where chain production processesare taking place, was the possibility of determiningthe

‘individual footprint’ of each member of a household,in order to complementthe energy
usagein the home. Thetrackingdevicesusedfor the BASFHouseincludea systemthat utilises

ultra wide band for time and location trackingdevices(Ubisense®}p track the patternsand
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times of spaceusagein the house. The systemwas alsoimplementedin two homesof the
Creative EnergyHomes project. However,the goal in this study was to test the tool with
people instead of products,which are usuallythe subjectof its usage,and the possibility of

addinga newtool within post bccupancyevaluation.

Stepsto determinethe individualfootprint to complementthe analysisof energyusagein the

experimentalhome

Learningof the specificsoftware

Drawingup of a simpleplanview of the floors of the houseshowingonly publicspaces
(groundfloor)

Identificationof all the areasrelatedto energyconsumption(socketsand appliances)
Drawingup in 3D zonesthe previouslyidentified energyconsumptionareas,extrusion
of avirtual parallelepipedvolumefrom the planview

Selectionand installation of a trackingdevicekit on all the relevantupper cornersof
the different rooms,kitchen,dining, livingandcirculation

Definition of a random period for measurements,during which all occupantsand
visitorsneededto wearthe numberedtagwhile in the house

Download, analysisand interpretation of numerical data collected by the tracking
devicekit

Contrastof tracking device data with dataloggeddata by the monitoring systemfor
the sameday

Establishinghe relationshipsbetween occupancyand energyusageby individual,to

calculateeachindividualfootprint.

In reality, this virtual 3D zonewasdetectedby the sensorghat were installed.Cellsof sensors
are formed with a master sensorand three other sensors.To determine the cell locations,a
virtual vector without any blockingelement betweenthe mastersensorand the three ‘slave’
sensoranustexist. Fora multiple cell system,suchasthe oneinstalledin the BASHhouse,one

of the mastersensorsvasthe time source(seefigure 25).
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Figure25 Ubisensdrackingdevicekit, showingthe organisationof sensorsand connections.

Forthe sensorto recorda readingpoint locationand time, the occupantneedsto wear a tag.
At leasttwo sensorsshouldbe able to seethe tag, then transmit via the radio signalto the
masterand time sourceand to the computer (figure 26). Duringthree weeksin spring2008,
the occupantsand any visitingfriend that stayedin the housefor somehoursneededto wear
a tag allocatedexclusivelyfor their individualuse (they were markedas occupantl, 2 and 3

andvisitorl, 2, 3,4, etc.)

Figure26 Schemeadepictingthe radio signaltransmissionvhen an occupantis wearinga tag and his/her
movementsare beingtracked.
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Everytime an occupantentered the virtual parallelepipedzone or movedor stayedin any of
the defined areas,this was tracked and recorded on the computer. Then,by comparingthe
datafrom the monitoring systemenergysensorswhen the hours of the use of the appliance
or stay in a specificroom coincided,that energy consumptioncould be attributed to that
occupant. Thisenabledthe researcherto quantify the relationshipsbetween occupancyand

energyusage and calculateeachindividualfootprint.

Quicksimulationstudiesand spotmeasurements

Simulationsand spot measurementswere used as quick verifying tools to complement
observationsand walk through with quantitative tools with specificparameterswith specific
features of particular software. The sunspaceand sun orientation are key features that
influence the quality of natural light and comfort among occupantsof homes, especiallyin

wintertime in the UK.

Stepsto determinethe daylightfactorto contrastwith the occupantsobservations

Definitionof the parameterfor analysislighting

Creationof the modelfor simulatinga known software packageand useof the tool for
the defined parameterto carry out calculationsfor the sameday/daysthat the spot
measurementare goingto be taken

Identificationof all the areasrelatedto a quickdaylightfactortest on adayin winter
Takingof spot measurementsvith a lux meter, asthe protocolindicates;in the middle
of eachareaat atable/working surfaceheight (approximately90 cm); for the kitchen,
measurementsvere takenin two spots. Thesewere taken at four different hours of
the dayin all the roomsandin two spotsin the exterior,in the northern and southern
areasadjacentto the house

Recordingof the levelof naturallightin lux on the printed planview of the house

Contrastof the measuremenivith the occupantsobservations

Upton Homes:Tenvolunteer families

Ashasbeenpreviouslydescribedn Chapterl. Introduction,ten homesfrom the Uptonhomes
developmentin Northampton were used as casestudies;these homesbecomeoccupiedin
late 2007 and 2008and theseten families,out of 100 consulted,volunteeredto participatein

this study. At the time of the study, most of the occupantshad lived more than a yearin their
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energyhomesand this wastheir first or secondwinter in them. Thesecasestudiesaddressed
the researchquestionsand hypothesisfrom a completelydifferent approachand perspective;
therefore the monitoringtools, techniquesand procedureto processthe numericaldatawere
not asin depth asthose usedin the BASHHouse.Thisstudywasalsopart of a major research
project, soit alsohadto respondto other researchpurposeslt is alsoimportant to stressthe
Universityof Nottingham’sprotocol with regardto any studywith humansubjectswith which

it wasnecessaryo comply.

For this particular study a smalltrial was carried out on the use of monitoring technologies,
such as energy meters, with real time display devicesto test their possibleinfluence on
behaviouramonghome usersin regardto energyconsumptionin recently built sustainable
homes. A further goalwasto evaluatefour different types of energy meter offered on the

market.

Thereal time energymeter studygeneralprocedure(numericalandtextual data)

Applicationof surveyl — list of volunteer families— 100 questionnairesdelivered,50
replied, 12 volunteered,10 volunteerschosen(SHINBproject 1)

Selectiorand pre evaluationof four realtime energymeters

~ offeredonthe market(SHINHRUBroject2)

Testingof the four realtime energymeters

Calendamprogrammingof the meter installationin eachvolunteerhome following the
Universityof Nottinghamprotocolfor studyinghumansubjects

Definitionof the trial period (6 weekstotal)

Weekly downloading of data from Wattson energy meter, in parallel weekly
applicationof survey2 —“energymetersenergymatters”

One questionnairewas provided for each energy meter and one questionnaireto

comparethem

Programmingof the verbatim interviews with a member membersof eachthe ten

volunteerfamilies(textualdata)

Analysisand processingof quantitative, Wattson energymeter dataloggeddata with

SPSSand qualitative data, questionnaires with SPSS(Statistical Analysis) and
interviewswith NVivo(GroundedTheory)

Elaborationand contrastingof resultsand discussion
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SPS®ol for the numericaldata processing

After feedingthe datain the programfollowing all the step to identify the variablesand give
then the correspondentvalue based on the objectives of the study, the running of the
programmewill processedhe data and the first analysiswill alwaysbe a descriptiveone or
basicstatisticalanalysisthesewill constitutefirst resultsand canalsobe done manuallyusing
more simple software or a excel spreadsheet.Then, to understand the results further
especiallywhenthe researchis relatedto humanbehaviour the associatiorbetweenvariables
is the following step within statisticalprocedures,Pearsoncorrelation or Clusteranalysisare
typicallyusedto explaincertainfindingsrelatedto people’sbehaviour,whenthe first one do

not enhancethe results,the secondone or otherscanbe applied.

PearsorCorrelation

Forthe studyin Upton homesthe seekingfor associationn the power consumptionamong
the different usersthe associationof variablesusing Pearsoncorrelation was applied, as a
typical approachto processdata within a descriptivestatistics. The correlationis a number
between T and+1that measureghe degreeof associatiorbetweentwo variables A positive
value for the correlationimplies a positive association. A negativevalue for the correlation
impliesa negativeor inverseassociationFor the correlationa bilinear significanceof 5%was

used.

ClusterAnalysis

“Cluster analysisdivides data into groups (clusters) that are meaningful, useful, or both. If
meaningfulgroupsare the goal,then the clustersshould capturethe natural structure of the data.
In some caseshowever,clusteranalysisis only a useful starting point for other purposes,suchas
datasummarization.'(Kaufman,1988)

Therehavebeenmanyapplicationsof clusteranalysido practicalproblemson different fields.
Forthis studythe purposeof the clusteringis to understandmeaningfulgroupsand/or classes
within the sevenusersthat sharecommon characteristicdo explainthe data recordedand
comprehendthe results obtained in regard to the consumptionof electricity. The visual
representationof clustersis a dendrogrampresentedin a standardisedway basedon the
Pearson distance, which associates proximity among the data that portrays power
consumptionby the users.When the distanceis changedto an Euclideanmetric, the new

dendrogramdepictsa highlevelof associatioramongsubjectson study.

62



3.4.2. Collectiorof textual data

The collection of textual data for both casesstudieswas done by applyingwithin the POE
severaltools and techniquesfrom social scienceand humanity methodologiesoriented to
analysing qualitative data. All the quantitative data from the survey collected through
different questionnairesfor the two casestudieshasbeenanalysedwith a computerprogram
used for statistical analysis, widely used by researchersfrom the social sciencesand
humanities: SPS%originally, StatisticalPackagdor the SocialSciences)The results obtained
have been usedto gain a deeper understandingof the issuesrelated to the occupancyof
sustainablenhomesin a more holisticway within the researchproblem. Themain objectivewas
the evaluationto assesiow well homesperformedfor thosewho inhabitedthem, in terms of
their health, functionality, psychophysiologicalcomfort, safety and securityand to have an
understandingof how a sustainableenergyhome could be perceivedby the generalpublic.
Thequalitativedata explainsthe numericalresultsin depth, throughthe occupantsevaluation
and perceptionsfrom the general public. To processthe verbatim interviews, the NVivo
software was used. Thishelpedto facilitate the qualitative analysisbasedon the Grounded
Theoryto understandthe more profound meaningof livingin a sustainablehome and energy
usagefor any occupant. While tools such as observations in a written form or a diary of
events, architecturaldrawingsand sketches building constructionspecificationsjnfo graphs
and photographs were being continuously used during the process of this study to

complementandexplainfindings.

TheBASHousequestionnaires

Tolive in a homethat is part of a showcasecomplexand is opento the publicto visit two or
more times a month becauseof beinga “researchsustainablehome, codelevel4” offered the
author a valuable opportunity to explore the topic of energyefficiencyand sustainabilityin
homesfrom two perspectivesThefirst perspectiverelated to the public’'sawarenessabout
these issues, gleaned from visitors to the home, while the second was the occupant’s
perspective,gained as a result of the experienceof inhabiting a sustainablehome. Two
guestionnaireswere createdto respondto the researchquestions.The first related to the
public’sawarenessabout energyefficiencyandthe secondto the satisfactionamongthe users
of a sustainablehome. Thequestionnairefor visitorswas alsodesignedto find out about the
generalknowledgeand preferencesthe generalpublic hasregardingenergyefficiencydesign

andthe technologiesappliedto sustainablehomesin the UKand subsequentiythe willingness
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of individualsto make changesin favour of reducing carbon emissions.In parallel, the
guestionnairedor the occupantsof the BASFousefocusedon the building performanceand
user satisfaction,to complementthe quantitative analysisobtained through the parameters

measuredwith the monitoringsystem.

The questionnairefor visitorsto the BASHHousewas voluntarily and consistedof a simple,
two page leaflet with four sectionson demographicinformation, the BASFhouse design,
technologiesand general questions,including 36 tick box questions(see appendix7). The
objectivewasto understandthe visitors’generalappreciation knowledgeand awarenessf a
recentlybuilt sustainablehomebasedon a one hour visitguidedby studentmonitorsfrom the
University of Nottingham'’s Department of Architecture and the Built Environment. The
answersto the questionnairewere transcribedinto the SPSSoftware contemplatingall the
proceduresfor transcribingand classifyingvariables.First, questionnaireswere divided into
two main groups,questionnaireswith 100%o0f responsedrom the oneswith lessthan 100%.
Secondanothersubdivisionwasidentified: questionerscompletedby peoplewho are related
to the built environmentandarchitecture,identified as“BE”, and everyonewho doesnot have
any sort of connectionto these areasin terms of their profession,studies,researchor work,
identified as“NBE”.However,when findingsneededfurther analysisghe whole setwasto be

consideredo corroboratethe tendenciesandvalidatethe results.

Thequestionnairegivento the occupantsof the BASFeontemplatedsimilar questionsto the
one givento visitors,howeverit includedall the questionsrelatedto the experienceof livingin
a sustainablehome. It contemplatedthat respondentsmust havelived for at leasta month in
the BASHouse,preferablya winter month. Thepurposeof the questionnairewasto evaluate
the BASFhouse from a qualitative perspective,sinceits performancewas being evaluated
through numericaldata. Sothe objectivewasto establishhow comfortablethe housewasto
them, in terms of its thermal, lighting and acoustic characteristics,by evaluating the
architectural quality of the interior spacesas well as the passivedesignstrategiesand SET

implementedin the BASHouse.

For both questionnairesthe analysisused the same descriptive procedure. The statistical
analysishasbeendividedinto two stages:stageone involvesa descriptiveanalysisto define
the demographicprofile of those polled and to depict the knowledgeabout and the most
popular preferencesregardingthe passivedesign strategies (PDS)and sustainableenergy

technologies(SEThppliedto the BASFouse. Then,a test of the independenceof selected
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variableswas applied to establisha statistical dependencebetween variablesand related
topics. The second stage involved a predictive model, where by using some independent

variablesjt waspossibleto predictanswersbasedon selectedvariables.

The perceptions,evaluationsand commentsdone by occupantson the BASHhousewere also
transcribed and contrasted with the statistical analysis.For all the questions,a table of

frequenciesvasapplied.All the resultsare graphicallypresentedanddiscussed.

TheUptonhomequestionnairegand verbatiminterviews

Two types of questionnaireswere designedfor occupantsof Upton homesfor the energy
meter trial to be completedon a voluntary basis.The questionnaireconsistedfive pagesof
doublesided A4 (see appendix19), which was created by the author, with the objective of
understandingthe residents’generalpreferencesregardingthe four different energymeters
coveredby this study and mostimportant wasto test their possibleinfluenceon behaviourin

regardto energyconsumptionamongthe occupantsof recentlybuilt sustainabldhomes.

Therewas a more or lessidentical questionnairefor each of the four energy meters. Each
questionnaire had nine sets of questions and respondents were asked to tick where
appropriate. All the questionsfocusedon the experienceof usingthe devicefor a week and
how the occupantsevaluated each device. The author ran the same evaluation for the
questionnairefor eachof the devices.Attributes suchas design,display,setup, user manual,
clamp, and transmitter had to be gradedon a scaleof one to five, where one represented
meantthe persondislikedthe attribute in that deviceand five meantthey likedit. Someother
guestionsaskedfor simple‘yes’or ‘no’ answers other questionshadthe purposeof declaring
preferenceor useof an attribute on the energymeter usingatypical‘Livert Scalethat ranged
from 1 for ‘dislike’ to 5 for ‘like’, or within five options from ‘all the time’ to ‘never’, the

guestionnairesalsoincludedshortopenquestions.

Forinstance,question 8 asked:"Did you use historicalreadingson the SmartMeter?” There
were three questionsthat were directly oriented to respondto the researchobjective of the
study, and responsedo these questionswere expectedto help assesghe behaviourof the

occupantsn regardto energyconsumption:

“5. Howoften did youlook at your consumptiondisplayon the SmartMeter per day?
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ALLTHETIME OFTEN OCCASIONALLYONCE TWICE NEVER

6. Didthe SmartMeter haveanimpacton your energyconsumptionbehaviour?

HIGHLAGREE AGREE INDIFFERENTDISAGREE HIGHLYDISAGREE

If YESow?

7.Didyoulook at your consumptiondisplayon the SmartMeter everyday?”

ALLTHETIME OFTEN OCCASIONALLYONCE TWICE NEVER

The fifth questionnairewas the “general smart meter questionnaire” and was divided into
three sections: A. general evaluation, B. energy consumption and expectationsand C.
comparisorof the different devicesj.e. preferencesThisfifth questionnairehad 13 questions,
of which 11 were directly oriented to the main objectiveof the study. Thesequestionswere all
to be respondedto in the samemanner;the occupantshadto tick the chosenalternative out
of five choicesranked from ‘highly agree’to ‘highly disagree’,as shown in the following

exampleof questionfour:

“4. Doyouthink the useof a SmartMeter couldchangeyour awarenes®f the wayyou use
energy?”

HIGHLAWGREE AGREE INDIFFERENTDISAGREE HIGHLYDISAGREE

Thesurveyprocedure

The surveybeganon 02/02/2010 and ended on 20/03/2010. All the questionnaireswere left
with occupantsfor a week, to be collectedthe following week when the energy meter was
substitutedfor the nextoneto test. Thismethodologyattempted to obtain 100%responsego
the questionnairestherefore ten questionnairesvere distributed for eachenergymeter and
ten for the generalquestionnaireand comparison.The completed questionnaireswere then
collectedand analysedwith the samemethodologyusedto analysethe data obtained from

the BASHousequestionnairesusingthe software SPS$®r the statisticalanalysis.

The author visited the ten homes weekly during the entire period of the survey. All the

bookingsfor visits normally started at 16:30 every Tuesday{o ensurethe residentswere at
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home. Accounthadto be taken of the fact that sometimesoccupantswould not be home or
did not want to be disturbed;or they lost interestin the studyandtherefore did not complete
the questionnaires.The last visit was to remove the energy meters and to carry out the

verbatiminterviews.

Theinterviewprocedure

Thefaceto faceinterviewswere undertakenby the author on different daysduringthe month
of April. Fouropen questionswere put to sevenintervieweesout of the ten occupantsof the

Uptonhomeswho were availableand who agreedto be recorded.Theinterviewslookedat:

The possibleinfluenceof the energymeters on their energyconsumptionhabits and
energyusageawareness.

Theimportanceof havingone energymeter at home. Theywere askedif they would
be willingto buyone.

Thelimitations of the energymetersand possibleimprovementsthat couldbe made.
Their experiencewith the meters during the trial period, in terms of helpfulness,

recommendationsuseby the whole family etc.

Theseinterviewswere analysedwith softwareasatool to aid the methodology.Thesoftware
NVivd? is a qualitative data analysis(QDA)computer software packageproduced by QSR
International. It has been designedfor qualitative researchersworking with very rich textr
basedand/or multimediainformation, where deeplevelsof analysison smallor largevolumes
of data are required. The software is very helpful to non specialisedusersto aid them to
organiseand analysealmostany sort of non numerical,qualitative or unstructureddata. This
data information can be classified,sorted and arranged with the use of the software;
examiningdata relationships,combining analysis,shaping,searchingand modelling of the

qualitativedata. Thegoalis then for the researcheto testatheory.

13 http://en.wikipedia.org/wiki/NVivo
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Strategyfor analysinghe results

The GroundedTheory,which generatestheory from data was appliedto analysethe results.
This works by applying a number of proceduresthrough induction to generate a theory

regardingthe phenomenonunder study.

The construction of base theories rests on the elaboration of explanatory and/or
comprehensivemodels. The conceptualbasesare built on the empirical data. This process
involvedthree analyticalactions.However for this particularsectionof the study, only two of
them weretakeninto considerationthe opencodingandthe axialcoding;asto usea selective
codingseemedexcessivdor this case.Theseactionsoccurin a sequentialmanner,while their

codingcouldbe donein a superimposednanner(Straussand Corbin,1998).

Opencoding:Thisisthe first stageof the analysisandis basedon inductivelogic.It involves

"breaking down, examining,comparing,conceptualizingand categorisingdata" (Straussand
Corbin,1990).

Theexaminationof datain order to fracture them and generatecodescould proceed"line by

line" (this is the most tedious method, but alsothe most generativeone and it is therefore

often recommendedn the initial phasef analysis)by sentenceor paragraphor by a holistic

analysiof anentire document.

The open codingprocess,while procedurallyguided,is fundamentallyinterpretive in nature,

andgroundedtheoryresearchers

"mustincludethe perspectivesand voicesof the people”

whom they study (Straussand Corbin,1994). The main objectiveis to discoverthe concepts
(“abstractrepresentationof an event, object or action”) derivedfrom the literal transcription
from the recording of the verbatim interviews (Appendix20). The data is examined and

comparedto seekfor similaritiesand differences Theconceptsare phenomenaidentified with

a designatedcode. Therefore,conceptsare abstractrepresentationsof the events,occasions,
objectsand actions (or interactions)expresseddy the subjects.The common characteristics
and the related meaningsof these events, occasionsobjects and actions (or interactions)
allow them to be groupedinto concepts.Oncethe conceptsbeginto accumulate the analysis

shouldstart the processof groupingor categorisingunder more abstractexplanatoryterms, in
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other words forming categories.This processis always carried out in a dialogue with the
theory and the objectivesof the research.In this way, this analysisbecomesa techniquefor
codingcategories.Thenthe namesthe conceptsare codedunderwill be subjectto the context
wherethe event,objector actiontook place.Table35 is a summaryof the different stagesand

their purposesasexplainedabove.

Table4 Thedifferent stagesandtheir purposes
STAGE PURPOSE
CODES Identifyinganchorsthat allowthe keypoints of datato be gathered
CONCEPTS | Collectionsof codesof similarcontentthat allowthe datato be grouped
CATEGORIES$ Broadgroupsof similarconceptsthat are usedto generatea theory
THEORY Explanationghat explainthe subjectof the research

AxialCoding

Thepurposeof this analysids to beginthe processof regroupingthe datathat wasfractured
duringthe opencoding.Therefore,the open codinghasto take placebefore the axialcoding.
The axial codingcan be done in parallelwith the open coding.However,it is recommended
that severalcategoriesbe identified before starting with the axial coding. Axial coding in
GroundedTheoryis the processof relating codes(categoriesand concepts)to one another, by
combining inductive and deductive thinking. The analysisof categoriesis related to their
subcategoriesand to other categories.Thus,more preciseand complete explanationsabout
the phenomenonunder study can be found. The subcategorieshave the power to offer
explanations by answering questions like when, where, why, how and what are the
consequencesof the actions/interactions related to the phenomenon. This allows the
relationship between categoriesto be discovered.As a consequencethis type of analysis
seeksto generatecomprehensivanodelsfrom the different aspectshe data canshow.When
analysing the data, it is possible to observe two levels of explanation: the
interviewee/informantthrough their own words, and the conceptualisatiorof the researcher
of what the intervieweeis saying.Theintervieweesare ableto explainwhen, how, with whom
andwhere the event happens,andthe researcherthen offers an interpretation of the events
by explainingwhat is going on for that particular situation, since he/she is searchingfor
answersto questionssuchaswhy it happens,where, when and what the resultsare. These
gquestionsenablerelationshipsbetweenthe categorieso be found. With this coding,it isthen
possibleto developa schemeto facilitate the comprehensiorof a phenomenonand a central

category can be identified. This schemeappliesthree types of conditions related to that
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phenomenon: causal, intervening structural and context conditions, actions and

consequences.

The basicframework of genericrelationshipsis understood,accordingto Straussand Corbin
(1990,1998),who proposethe useof a "codingparadigm”,to includecategorieselatedto the

following:

|The phenomenon:is the centralidea. Thisis what is occurring,an event,an actto whichthe

actionsandinteractionsrefer.

|Thecausalconditions:the setof eventsinfluencinga phenomenon

|Theintervening conditions: are the conditionsthat mitigate or alter the impactof the causal
conditionsinfluencingthe phenomena.Theyare the structural conditionsthat influencethe
actionsand inter actionalstrategiesdirected at managingor handlingthe phenomenon.They

facilitate or interfere with the strategiesmplementedwithin a specificcontext.

| The context conditions: are a set of specificconditionsthat intertwine in the dimensionsof
time and placeto create a set of circumstancesor problems,to which people respondto

throughactionsor interactions.Within theseconditionsa phenomenontakesplace.

| Theactions/interactions: strategicor routine tacticsor waysdirectedto manageand handle
different situations,problemsor matters peopleare exposedto. In a way, the actionsto solve
these situationsare actsthat help to shapethe phenomenon.The routine tactics are more
habitualactionsthat respondto problemsfrom everydaylife. Theactionsare directedto goals

andcarriedout by agentsin responsego a phenomenonandthe interveningconditions.

| The consequences:are the results of an action/interaction or absenceof them in a

relationshipto a phenomenongthey couldbe searchedor unsearched.

|[Thecontext: isthe setof specificpropertieswherethe phenomenonoccurs.

Straussand Corbin,2002 suggestthat the important part of this processis not to identify or
enumerate causal,intervening and contextual conditions; rather the analyst should direct
attention to the complexframeworkof happeningqconditions)that leadto the generationof

problems,issuesor eventsto which peoplerespondwith action/interaction,with sometype of
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consequencesBYy consideringthe above the researcheris able to identify changesthat

occurredto the originalsituationwhich happenasaresultof actionsandinteractions.

Otherqualitativeanalysigools

Observationsin written form and graphics (plans, sections, perspectives, axonometric
drawings,sketches,nfographsand photographs)are one of the most important tools for an
architectto pursuearchitecturalanalysisand research Duringthe entire processof this study,
the author hasrelied on thesetools to complementresults,findingsand graphicallyrepresent
the proposal.Also,seekingand analysinguildingconstructionspecificationss fundamentalto
buildingup the information, producingpost constructionsimulationsandresearchingechnical

aspectf architecture.

Forthe following chapters4, 5, 6 and 7 it will be shownthe mostimportant resultsobtained
from the application of tools and techniquesused in the mixed methodologyused in this
thesis, some of the tools that did not report interesting results to addressthe research
problem are describedin different appendixesand the most important lessonslearnedfrom
this methodologicalapproachare includedin the chapter 8 on general conclusionsof this

study.
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Chapter4. The BASF House Datalogging System -
NumericalData Analysis

Thischapterandthe subsequenbne are the first part of the in depth casestudy of this thesis,
while chapters6 and 7 are part of the Upton homescasestudy. The sequenceof these four
chaptersis structuredin a similarway. Firstchapters4 and 6 narrate the information, present
the resultsand discusghe numericaldata for eachcasestudy. Thenchapters5 and 7 narrate

the informationrelatedto the textual datafor eachcasestudy.

Asmentionedin Chapterl. Introduction,the BASHouseis an experimentalsustainablehome
built on the main campusof the Universityof Nottingham (figure 15). As mentioned before,
the author movedto live in the houseafter it had been built. The author therefore did not
have any influenceover decisionsrelated to its design,construction,the appliancesnstalled
nor on the monitoring systemtype and specificationsThechapterfocuseson the study of the
performance of this home during the winter periods of 200809 and 200940, taking the
month of Februaryfor the first winter and from Decemberto March for the secondwinter.
February2009 was the first full winter month with regular occupancy(three adults) in the
homeandin whichreliabledatafor analysisvaslogged;previouslythe monitoring systemhad
required calibration. The monitoring and control systemimplementedin the house was a
pioneer system,which required continuoustesting and adjustmentfor at leasta month in
order for the data to be sufficiently robust. The quantitative data was obtained through the
48 sensormonitoring systemfor indoor climate and energyusage,as presentedin previous
chapter3. In parallel,the qualitative data, which will be presentedin the subsequenthapter,
wasobtainedfrom questionnairesyerbatiminterviewswith occupantsandthe diary of events

of the BASHouse.

4.1. TheBASHouse-An ExperimentalSustainableHome

Thisfirst section presentsdata for the space(spaceheating, SH)and water heating (WH)
systemsof the housefor two consecutivewinter periods,a sampleof four weeks,starting on
30/01/2009 and finishingon 26/02/2009, and a sampleof four months, from 01/12/2009to
31/03/ 2010.Theseare the periodswhere spaceand water heatingdemandreachesits peak
points. A weeklyanalysisof the biomasshoiler efficiencyhasbeenestablishedandthe energy
deliveredwill be contrastedwith the energyconsumed(electricityand biofuel) by the biomass
boiler. Also, an energy consumptioncomparisonwill be presented, between the biomass
boiler and the other electricalappliancesjncludingthe immersionheater of the solarsystem
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and local electrical heaters, all of them used during wintertime to provide the neededhot

water and spaceheatingto securecomfort for occupants.

The main objective of this part of the study was to investigatethe performance,focused
mainly on winter periods,of a biomassboiler and the mechanicalentilation systemsGround
Air Heat ExchangefGAHE)installed on a well insulatedand air tight home. Threequestions

arisefrom this objective:

Are biomasshoilersthe mostappropriatetechnologyto providethe residualheatload
for aCodeLeveld home?

Are mechanicalventilation systems,such as the GAHEthe most appropriate for a
CodelLeveld home,like the BASHouse?

Whatis the efficiencyof theseLZGechnologieon a CodelLeveld home?

The BASHHousehas been designedto promote sustainabledevelopment;it has been built
accordingto the German‘PassivHausStandardin Europe(basicprinciples)andto reachLevel
4 in the UK Code for SustainableHomes (CSH).The house is designedto function as a
conventionalhome and act as a prototype for new housingin the UK. The BASFHouseis the
productof a collaborativeeffort by BASKprojectsponsorwhich suppliesraw materials,Derek
Trowell Architects(a local designfirm from Nottingham),and the Universityof Nottingham.
Thehouseis currently occupiedby PhDstudentswho are pioneeringinnovative user control
systemsas well as testing renewableenergytechnologieswhilst monitoring every aspectof

the house’sperformance.

The main objectivesincludedin the designbrief of the BASFhousewere to achieveenergy
efficiency as close as possibleto a zero carbon emissionhome and to do it in the most
economicalway, relying primarily on passivedesignfeatures. The BASFhouseis a prototype
for an affordable terrace house schemeand its major passivedesignfeature is the southr
oriented sunspaceas canbe seenin figure 27, asthe thermal engineto control passivelythe

occupant’sdemandfor heatingandventilation.

From an architectural perspectiveone of the most important architectural features of the
BASHouseis that it is compactand hermetic (for architecturalplansand sectionsrefer to
appendix15). Besidesespondingto Level4 CSHand PassivHaustandardsfrom the point of

view of performance jts compactnessespondsto energyconservationaswell asto the need
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to producean affordable sustainablehome solution for a terrace housingwithin a restricted
area. This aspect also brings up issuesrelating to fast and easy to build construction,

modularityand simplicity.

Figure27 Thesunspacef the BASHouse

The hermetic feature is achievedthrough understandingthe climate and using appropriate
materials for the contextual climatic conditions. Thesedesigndecisionsare undertakento
produce a high quality thermal envelope where fenestrations and sections are carefully
thought throughin order to obtain good natural light quality aswell asindoor air quality. The

picturesin figures28 and 29 in next pagewere takenin the afternoonon two winter days,one
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on 23/11/2010 at 4:51 pm and the other on 12/11/2008 at 2:26 pm respectively.On sunny

days,the light qualityisreallyappreciated especiallyafter manyshort overcastdays.

Figure28 BASHouseinterior picturetakenon 12/11/2008at 2:26 pm from the top landingof the
stairs.

Theproportion of heightversusthe footprint producesthe apparentextensionshownin figure
30, whichis reiterated as an interior language expandingthe compactnessand reducedarea
by amplifyingthe interior to the exterior. Ascanbe observedin figure 89, this is achievedwith

the shallowsectionandthe light bridgesthat are createdby the eastandwestfenestrations.
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Figure29 BASHouseinterior picturetakenon 23/11/2008at 4:51 pm from the southeastcornerof the
diningroom at the groundfloor.

Figure30 Schemeof the south north sectiondepictingthe effect of amplificationof the shallowsection,
andthe reachof the sunlighton awinter day.
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Thehouseis basedon a compactdesignand simplegeometryto achievethe most continuous
andairtight envelope.Theheightof the housewasdesignedo aid natural ventilation by stack

effectto achievethermal comfort, asshownon the followingschemein figure 31in nextpage.

Figure31 Schemeof the naturalventilation passivedesignfeature of the BASHouse

Figure32 Northernfacadeof the BASHouse
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Besides the southpriented sunspace,the BASFHouse has high levels of insulation
incorporatedinto its envelope,smallfenestrationson the northernfacade,ascanbe observed
in figure 32, good air tightness and a natural ventilation system. It also possessesther
renewable energy and low carbon technologies and materials to enhance its energy

performance.

The renewableenergytechnologiesinclude a groundair heat exchanger(GAHE)a biomass
boiler, a solar water heating system, and a water conservationand rainwater harvesting
system,shownin figure 33. Forconstructionmaterials,BASHasprovidedinsulationsolutions,
insulatedconcreteformwork (ICF¥or the floor, andgroundfloor wallsand structuralinsulated
panels(SIPYor the first floor, standingsteelcladdingfor the roof coatedwith a solarreflective
pigment, encapsulatedohasechangematerials (PCM),'smart board’ for one of the partition

wallsandceilingand permeablepavingamongother features.

Figure33 Schemawith the mostrelevantpassivedesignstrategies(PDSand sustainablesnergy
technologie{SETpf the BASHouse.
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The thermal characteristicsof the construction materials used for this house are key for

achievinghe expectedperformance.

Figure34 Walls,floor and ceilingsectionsof the BASHouse(drawingsource:LuceliaRodrigues2009)
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The U valuesfor the different componentsof the envelopeare; for the walls and roof, 0.15
W/mz2°C; for the southern facade conservatory,the internal double glazedcurtain wall 1.7
W/m2°Candthe externaldouble glazedcurtainwall, 2.7 W/m2°C;and for the northern facade
double glazedwindows, 1.66 W/m2°C. Figure34 showsthe graphicalspecificationfor all the
opagueconstructiondetailsrelated to the high thermal quality envelopeof the BASHHouse,
which are the mostinfluential aspectto obtain a goodthermal performanceespeciallyfor the
wintertime period Beyondthe thermo physicalcharacteristicsof the construction materials
usedin the BASHHouse the schemein figure 35 (3 schemesyepresentshow the BASFHouse
is in itself a heavilyinsulated jacket, where the main activities of the householdare nested

within this protectivelayering,in the sameway clothesprotect our bodiesfrom the elements.

Figure35 A Schemeof the south elevationdepictinga superinsulatedenvelope
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Figure35 Schemeof the planview of groundandfirst floors and south elevationdepictinga super
insulatedenvelope
SinceJune2008,the househasbeenoccupiedby three adults. One of them, the main author
of this thesis,did not haveany influenceover or involvementin the decisionsrelated to the
designof this experimentalenergy home (architecture, construction, installation of SETor
monitoring system,etc.). The thesisstudied the occupants’comfort and the performanceof
some of the renewable energytechnologies whilst monitoring every aspectof the house’s
performancein regardto energyconsumptionand the daily eventsrelated to it. The house

employsa monitoring systemof 48 meters designedand provided by a private companyfor

81



the CEHproject. It hasatouch screenin the kitchen,which actsasa control paneland reports
on energy usageand the indoor climate (figure 36). The systemenablesthe occupantto
control which spacesrequire heat, light and ventilation, and informs occupantsof the instant
reading on energy consumptionboth globally and by individual appliance.While all these
operations are being recorded by the monitoring system, the system also allows certain
settingsand operations,like openingwindowsand turning lights on/off, to be automatedand

controlledonline.

Figure36 Thetouch control paneland one of the occupantsof the BASHouse,locatedin the kitchen

Thehybridwater and spaceheatingsystemof the BASFHouse

Forthe BASHHouseto reachthe CIBSEecommendedcomfort criteriafor homesin wintertime
it wasnecessaryo enhancethe passivedesignfeatureswith heatingtechnologiegfigure 37).
Therefore,to coverthe residualheatload for winter, a biomasshoiler wasinstalled.In winter,
the biomassboiler deliversits heat through a trench eight metresin length located on the
groundfloor, alongthe dining and living rooms, and two radiatorslocated on the first floor,
main bathroom and north bedroomrespectively. Thetwo south facingbedroomsdo not have
radiators. It was expectedthat the heat would ascendfrom the ground floor and travel
horizontallyfrom the first floor, which impliesthat the south facingbedroomhasto haveits

doorsopen.
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Figure37 Schemeof the biomasshoiler andthe solarthermal combinedtechnologiesof the BASF
House.

Asstatedby BASK2007),the objectivein regardto the heatingloadwas:

“to reduce carbon emissionsand atmosphericpollution by encouraginglocal energy generation
from renewablesourcesto supplya significantproportion of the energydemand.[And]...Thiswill
alsoprovide an additionalhot water supplyon winter days...The BASFHousewill be usinga boiler
which runs on renewable energy from the waste meal of rape seed.. locally grown biomass...”
(BASF2007).

Forthe solarwater heatingsystemit states:

“Solarpower will provide up to 80%of the hot water usingHoval'sSolkit®solar system...Thisis a
compactsystemfor solarpowereddomestichot water (DHW)generation.It is combinedwith solar
collectors..470litre DHWcapacity”(BASF2007).

For the passiveand MechanicalVentilation Systemsthe houserelies on a GroundAir Heat

Exchange(GAHE):

“one of BASF'key partners in the project was REHAUwho supplied their Awadukt Thermo£
groundair heat exchangersystem for controlled ventilation. Fresh air is drawn through an
undergroundnetwork of pipesand is then either pre heated in the winter or pre cooledin the
summerby exploitingthe energystoredin the ground” (BASF2007).

Thereis oneinlet pipe in the southgardenareain front of the sunspacethis pipe detoursinto
four pipes, the air is conductedthrough the serpentineformed by the four pipesto four
outlets locatedin the interior of the house.Thereis an indoor pair with one outlet into the
diningroom andthe other into the living room, while the secondpair hasone outlet on either
sideof the solarspaceasshownin figure 38.
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“During cooler months, the air enteringthe solarspacewill be warmedby the sunbefore it enters
the openplanlivinganddiningroom areas.”(BASF2007)

Figure38 Schemenf the GAHEsystemdepictingthe pipe serpentinefrom the air intake pipeto the four
outletsinto the BASHouse.

4.2. TheBASHousedata — processingand calculationstowards results

Thedata correspondedo two consecutivewinters determinedasthe evaluationperiods.The
first winter started on 30/01/2009 Januaryat 0:00 hrs and finishedon 26/02/2009 Februaryat
23:59hrs (four weeks),while the secondwinter period started on 01/12/2009at 0:00hrs and
finished on 29/03/2010 at 23:59 hrs (17 weeks).Basedon the experienceof inhabiting the
BASHouseovertwo winter periods,the energydemandfor spaceheatingin the BASHouse
is concentratedinto 3.5 to 4 months per year approximately (a few days of November,
December January Februaryand a few daysof March), eventhough the secondwinter was
muchcolderandlastedlongerthan the first. Thisassumptiongegardingenergydemandwere
made basedon the first winter of occupancyof the BASFHouse,February2008aswell ason
the experienceof inhabiting the BASRHouseover two whole winter periodsin 20088 and

20094.0.
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Resultof the efficiencycomparisorbetweenthe biomassboilerandthe immersion
heaterto understandhe heatingsystems

The calculation of efficienciesrelied on the specificationsfound in the manuals of the
respective SETwith regard to power consumption,shown in table 2. Working at nominal
output (which correspondsto the recommendedworking temperature of 80°Cin the user
manual) the biomassboiler produces1 kWh of energyin about four minutes, consuming

approximately230gramsof biofuel (rapeseedoil pellets).

Table5 Specification®f BM boilerandimmersionheatertechnologiesof the BASFHouse

Nominaloutput: 15kW,
BAXBiomasBoiler Fuelconsumption:3.4kg/h,
Workingtemperature:80°C

Masstockbiofuel Energyyield RapeSeedOilPellets:22 MJ/kg
Wood pelletsbiofuel Energyyield: 18 MJ/kg(usedon the secondwinter)
ImmersionHeater Output: 3kW

Bycontrast,the immersionheaterdeliversenergyof 1 kWhin about20 minutes.

The following was measured:Water heating using the immersion heater: in one hour, the
temperatureof the top third of the tankrose12.3°Cfrom 35.4°Cto 48.1°CEmpirically4.18kJ

of energyarerequiredto raisethe temperatureby 1 litre (1 kg)of waterin 1 degreeCelsius.

Sincethe tank contains470litres of water, the total amount of energyneededto producethe

measuredemperatureriseis equalto:

Q=4.18kJ/Kg°Cx 470/3kgx (48.1 85.4)°C=8.3MJ

Thetotal energydeliveredby the immersionheaterin one hour is equalto:

E=3kJ/sx3,600s=10.8MJ

Theefficiencyof this type of heatingat use,immersioncontrol, is therefore 77%.However,it

shouldbe closeto 100%.lt couldbe that someheatlossesoccurredin the ducts.

With regardto water heatingusingthe biomassboiler, with the boiler setat a temperature of
80°C the temperatureof the upperthird of the water tank rosefrom 34.2°Cto 52.6°C(atotal
of 18.4 degrees)in 30 minutes. The rate of heating was constant, at about 3 degreesper

minute.
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The energy necessaryto produce this heating is 12.0 MJ: At a power of 15 kW (the
temperature of the boiler varied between 78°Cand 73°Cwhile heatingthe water), the total
energyconsumptionin 30 minutes shouldhavebeenabout 27 MJ (correspondingto approx.
1.7kgof fuel). Theefficiencyof this type of heatingat use,biomasshoiler, appearsto be about
44%.

Thiscalculationwasbasedon the way the biomassboiler wasbeingusedduring the first part
of winter 20082009 (Decemberand January)beinglit and extinguishedon a daily basisand
set to its maximumof 80°Cfor “large heat requirement (LHR)"as indicatedin the manual.
Unfortunately,the biomassboiler wasnot set properly for the type of biofuel that wasbeing
used,and later, when it wasreset by a BAXItechnicianwith the correct settings,“small heat
requirements(SHR)” for the biofuel type accordingto the manual,the temperature control
was changedto take 65°Casthe maximumand it was set to work in the SHRsetting at all

times.

After the first period, explainedabove,the monitoring systemwas tested and calibratedto
prevent erroneous readings, so the data recorded was reliable. This coincided with the
biomassboiler problem being fixed after a period of not working properly and undergoing
major repair and maintenance.Figure39 showsthe regularcleaningoccupantshad to do to
the boiler for it to run properly. Consequentlythe technologiesinvolvedin the evaluation
were in goodstanding;the monitoring systemwasloggingrobust data and the diary of events
of the BASHousewasreceivingdailyinput from the occupantsduringthe period of the study.
Figure40 is an image of the notes made during the last week of January2009. Appendix1
containsthe transcriptionsof the diary of the house. The textual data complementedthe
numericdata and contributed towards more robust resultsand a more thorough evaluationof

this real tife experiment.
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Figure39 Regulamaintenanceof the biomassboiler by occupantof the BASHousedepictingthe
cleaningof the 12 fire tubes,winter 2010.

Figure40 Sampleof the diary of eventsof the BASHouse
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To obtain the biomasshboiler heat output, the raw data givenby the monitoring systemwas
processedto obtain the water flow and the temperatures, which were multiplied by the

constantof SpecifitHeatof Water,4.186(kJ/It fC).

BiomassBoiler HeatOutput (kJ)=Water SpecifidHeat(kJ/It PC) h WaterFlow(lt) h ¢ T(°C)

With this value,the energyyieldin kWhfor the biomassbhoiler wasobtained.

The biomassboiler was set at SHR(small heat requirement), with 65°Cas the maximum
temperature. Theinitial experiencehad shownthat it wasnot necessaryto setit to the LHR
(large heat requirement) of 80°C(highertemperature, higher energy consumption).Alsoin
order to usethe biomassbhoiler properlyand more efficiently it wasspecifiedthat it shouldbe
kept ‘on’ at all times. It waslit on Friday,30/01/2009 at 12:00 hrs, loaded with 69.5 kg of
biofuel and set to its minimum. It was switched off after a week (running out of biofuel,
difficulties in buyinga new supply).The 69.5 kg of biofuel were fully consumedin 7.17 days
(156hours);therefore the averagedaily consumptionrate of pelletswas9.7 kg per day,which

implies60 kWh of biofuel consumptionper dayapproximately.

After six days,the new supplyarrived, and the hopper wasfilled with 80 kg of biofuel. The
housewas only occupiedby one of the occupantsfor the weekendof the third week of the
measuringperiod; so againthe biomassboiler wasturned off, and during that weekendthe
immersionheater was usedto warm up the water. During this period the house remained
warm and the heat accumulatedfor a couple of days, so no extra space heating, using
electricalheaters,wasrequired.Fromthen on, the biomassboiler waslit asneeded,andit was
confirmed that when it was lit for shorter periods instead of being lit continuously,the
efficiencydiminishedand the consumptionof biofuel washigher (65%higher,increasingrom

9.7kgto approximatelyl5 kg per day,asshownin Table3 in column6).
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Table6 BiomasBoilerWeeklyEnergyConsumptiorfrom 30/01/2009to 26/02/2009

) o « w

) = ] w o o

> < © o _| w )

> ) —_ = W | et

o 95 5. % ©_Bf I w3 w2z wFz8.xu 43

2% %5 Bps ociz 28 B3 4. Ba. Bew 2LW £ B 20

S0 200 ¥E8 - ZE_ < 250 32H 30z 053 G, 2 &=

22w Uy mEy £0f 2Ly =4 OQ§ 025 QuUe tas 2% U

BPEE Bgp3S $Es Sxs B28 02 =gz 202 ik Hog =8z Xk

¥ coY S0 iy S50 208 23 Spguw Sguw S 9«8 JQW Jg

] o= Loz S22 WOz Lz 422 L350 <¥ao <3E osuw F0o mie;

w Uod Uoo boo Wilgd wg8 26 boz bzz bom Y0% w53 wo

= 2S00 2aoa0 Fa@aO 2 WO 208 o0 FITIO FOoO FITIT Wwmom 2O0F =2Z

units  KWh KkWh KkWh KkWh kg kg h day h % °C °C

weekl 53 413 0 63 9.7 156 6.5 0 13 1.1 21.3

week?2 15 136 81 30 15 48 2 30 11 0.5 19.2

week3 14 133 24 28 15.5 44 1.8 4 10 5.8 19.8

week4 30 166 10 36 15 58 2.4 2 18 7.6 21.3
MONTH

or DAY 112 93 848 114 157 13.8 306 12.7 36 13 3.8 20.4
TOTAL

Table6 portrays a 4 week period summaryof calculationsbasedon the processedraw data
obtained from the readingsof the monitoring system, from 30/01/2009 to 26/02/2009,
showingthe weeklysumof the energyconsumedand delivered,from the different appliances
availablein the BASHHousefor spaceand water heating. Thethird columnis the addition of
the electricity consumptionof the biomassboiler givenby the monitoring systemin addition
to the calculatedenergyconsumptionfrom the biofuel. It showsalsothe amountof hoursthe
biomasshoilerwas‘on’, the kilogramsof rape seedoil pelletsusedandthe energyefficiencyof
the biofuel per week, the biomass boiler readings for space and water heating were
aggregatedeadings.Thetwo right columnsshowthe weeklyaverageof interior and exterior

temperatures.

In the secondcolumnfor the row “week 17, the high value calculatedfor the biomasshoiler
weekly energyconsumptionof 413 kWh depictedthe first indication of a possibleerroneous
classificatiorof this technologyasalow to zerocarbon(LZCjechnology.Thisconsumptionis a
surprisingresult because when comparingthe other measurementsn weeks?2, 3 and 4 for
the periodsof time the boiler wason, the fuel consumptionwasdouble,for thesethree weeks
localelectricalheaterswere usedaswell. However,when addingelectricalconsumptionof the
two heatingsystemsthe consumptionof the first weekis still too high comparedto the other
three weeks,217 kWh for week 2, 157 kWh for week 3 and 176 kWh for week 4 respectively,
more than doublein most caseswhile the efficiencyof the boiler remainssimilaroverthe four

weeks, detailed discussiornon these resultsis on the following pages.It is alsoimportant to
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point out that the bestway for the boiler to function in optimum conditionsis whenit is “on”

continuouslyduringa period.

Figure41 Graphof the weeklybiomasshoiler averageusage(hours)versusefficiency(%)for February

2009.

Table 7 Weeklybiomasshoiler averageusage(hours)versusefficiency(%)for February2009

WEEK TOTAIAMOUNTOFHOURSBIOMASS ENERGEFICIENQYFBIOMASSBOILER
BOILERON'PERNVEEK BASENAWEEK
units H %
week1 156
week?2 48
week3 44
week4 58
Month total 306=12.75days 13
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Oncethis surprisinglylow efficiencyof the biomasshoiler wasnoticed,asdepictedin figure 41
andtable 7 showingthe amountof hoursthe biomassboiler waslit per week (the sameasin
column? of the abovetable 3) and the correspondingefficiency;which was calculatedbased
on the hoursthe boiler waslit, it wasimportant to review the datafor possibleerrors. More
than ever, it was crucial to ensure the temperature readingswere reliable and this was
checkedby carrying out a spot measurementtest. The small Hbetween flow and return
temperaturesmade us think the readingscould be wrong. Then,on 25/03/2009, the biomass
boiler waslit to carryout atestto do a parallelspotmeasurementwith probesto the flow and
return temperaturesto contrast them with the temperatureslogged by the monitoring
system.Theprobeswere installedin the samepositionsasthe monitoring systemsensorsare
locatedandthe differenceswere insignificantrangingfrom 0.01to 0.10degreesCelsiuswithin
comparedtemperatures. The samplestaken by the monitoring system of the house were
constantly contrasted with spot measurementsthe house mains electricity meter and the

weatherstationsinstalledon campuswithin the ArchitectureDepartmentarea.

Thesecondwinter — Decembef009to March2010

After the first winter an analysisof the datarevealedit wasnecessaryo manuallyrecorddata
from systemreadingsin orderto disaggregatepaceheating(SH)rom water heating(WH).On
26/11/2009the mechanicaheatingperiod for the BASFHousestarted. Duringthis period, the
biomasshoiler wasthe main sourceof water and spaceheating.It wasrunning24/7, but usage
was not regularfor variousreasons;someobservationshave beentranscribedfrom the diary
of the BASHousein table 5 (secondcolumn).The problemswith the boiler promotedthe use
of other heatingdevicesfor heating.On 18/01/2010,the biofuel type wasreplacedand wood
pelletswere usedinsteadof the rapeseedoil pellets.However the new supplyof biofuel took
sometime to reachthe home, so duringthat period smallelectricalheatingdevicesfor space
heatingand the immersioncontrol heater for water heatingwere usedto keep occupantsin
comfort. Table5 showsthe monthly summaryin hoursof the usageof the different devicesfor
SHand WH respectively.A detailed distribution of the period allocatedfor the usageof the

different heatingdevicess depictedin appendix2.
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Table8 Example®f observationdrom occupantsn parallelto readingsrom the monitoring
systemon the usein hoursof the water andspaceheatingdevicesor the secondwinter in the

BASHouse
MANUALRECORDFIMPROTANEVENTS TOTALHOURSOF USAGEPER MONTH OF THE
FROMTHEBASFHOUSBIARY DIFFERENJEVICEBORVHANDSH
BOILEFON' ELECTRICAL IMMERSION
DATE OBSERVATIONS FORWH+SH  HEATERON' HEATERON'
AGGREGATED FORSHONLY FORWHONLY
Biomasdoiler lit for the winter seasonat 103hrs. 0 0
26/11/2009 13:00hr. (4 days)

Extraheatingneeded:electricalheateron
04/12/2009 SWbedroom.
Theboiler shutoff, after 12 daysof having
07/12/2009 the boiler'on' continuously.
08/12/2009 Threedayswithout boiler.
Fourdayswith biomasshoiler‘on’ 292hrs.
11/12/2009 continuously. (12days)
No more biofuel. Immersionheaterfor WH.
16/12/2009 Electricaheatersfor SHwhenneeded.
Occupantdeft the BASHousefor Christmas
18/12/2009 seasonHouseemptyfor 16 days.
03/01/2010 Returnafter Christmadreak.

DEC 127hrs. 23hrs.

Twoweekswithout biomassboiler for
heating.Immersionheaterfor WH.Electrical

04/01/2010 heatersfor SHwhenneeded.
Changeof fuel type, from rape seedoil to 373hrs

JAN 18/01/2010 wood pellets ' 210hrs. 52hrs.

Biomasoiler on/off all day. Changeof fuel (16days)

31/01/2010 type,from rapeseedoil to wood pellets
Biomassoiler went off at night, lit at noon.

01/02/2010 Verysmoky.

EEB 672hrs. 3hrs 0
28/02/2010 Biomasdoiler off for the seasorat 23:00 (28days) '
276hrs.
11/03/2010 Biomassdoiler for spaceheatingonly. (12days) 13hrs. 6hrs.

Thepreviouswinter had shownthat the monitoring of the biomassboiler usagedid not have
separatereadingsfor SH(spaceheating) and WH (water heating), and these two types of
consumptionneededto be disaggregatedn order to evaluate just the spaceheating (SH)
demand. The delivery of heat from the biomassboiler was therefore manually activated
throughthe touch panelin the kitchen. Then,everysingletime the biomassboiler wasin use,
a manual record to disaggregateSHfrom WH was written down on a printed data sheet
posted in the same place as the systemcontrols. Therefore every time either of the two
tenants switched on/off the SHor WH, the hours were recordedon the correspondingday.
Theauthor then transcribedthe data weeklyto a spreadsheetasshownin Table6. Thenby
contrasting these manual records with the processeddata from the monitoring system
readings,it waspossibleto calculatethe distribution of the time allocatedfor SHand WH and
determinethe percentageof the total hoursthe boiler waslit correspondingo heatdelivered

for the different purposes.

92




Table9 Exampleof the two first weeksof manualrecordingof the switchingon/off to

disaggregaté&sHfrom WHdeliveredby the biomassboiler

DATE BIOMASSBOILERUSAGEMANUALREADINGTO DISAGGREGAT
WATERFROMSPACHEATING
SPACHEATING WATERIEATING FUEL
begin  finish TOTAL begin finish  TOTAL kg
time time HRSH time time HRWH  pellets
26/11/2009  02:15 04:20 07:15 02:55 80
27/11/2009 12:40 10:25
28/11/2009 10:50 15:25 04:35
29/11/2009  19:05 08:25 10:25 02:00
30/11/2009 08:40 13:35
01/12/2009 40
02/12/2009
03/12/2009 18:10 23:40 05:30 08:00 08:50 00:50 40
04/12/2009 19:50 20:50 01:.00 23:45 12:45 13:00
05/12/2009 00:00 00:45 00:45 12:45 20:30 08:45
06/12/2009
07/12/2009 10:55 12:00 01:.05
08/12/2009
09/12/2009
4.3. Results

BiomasdBoilerEfficiency

The most important result obtained from this period was the better averagevalue obtained
for the energyefficiencyof the biomasshoiler, 55%for the secondwinter. In fact, during the
first 12 daysof usageof the biomassboiler, the efficiencyalmost doubled comparedto the
level of efficiencyobtainedduringthe first winter with the samesettingand the samebiofuel,
althoughthe rate of pellet consumptionwasbetter the previouswinter (this canbe observed
on appendice, 3 and4, which containdetailedtableswith all the processeddata). Themain
differenceresidesin the water flow rate, which becamethree or evenfour times greaterthan
the rate recordedthe previouswinter. Ashasbeenmentioned, during the previousyear,the
readings obtained from the monitoring system were contrasted with manual spot
measurementsand very similarreadingswere obtainedfor the flow of water for periodsof 30

minutes.It wastherefore assumedhat the monitoring systemof the BASHousewasworking

properly.

Regardlessf the smalldifferencebetweenthe calorificvaluesof the two typesof biofuel, of
22MJ/kgfor rape seedoil pellets and 18MJ/kgfor wood pellets, the efficiencybecameeven
better when the biofuel was changedfrom seedsto wood pellets and the settings of the

biomasshoiler were adjustedfor wood pellets,in accordancewith the usermanualsuggestion
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for small heat requirement (SHR).As the biomassboiler was on continuously for longer
periods,the rate of pellet consumptiondiminishedandthe energyefficiencyincreased Figure
43 andtable 10 showthe biomassboiler usagein hoursand the increasein efficiencyfor the

month of February2010,secondwinter.

Figure42 Graphshowingthe weeklybiomassboiler averageusage(hours)versusefficiency(%)for
February2010.

Table10Weeklybiomasshoiler averageusage(hours)versusefficiency(%o)for February2010

WEEK TOTAIAMOUNTOFHOURSBIOMASS ENERGEFICIENGYFBIOMASSOILER
BOILERON'PERWVEEK BASEDNAWEEK
units h %
week1 168
week?2 168
week3 168
week4 168
Month total 672=28days 72.5

Forthe dayswith the lowest exterior temperatures,the number of hours of SHdemandedby
the occupantswvasevidentlyhigherandthe efficiencyof the biomasshoiler reachedits peakat

80%,ascanbe observedin figure 39 andtable 7 for the lasttwo weeksof February.

Throughthe manualreadings,it was possibleto determine the exact number of hours the

biomassboiler wasusedfor WH and SHrespectively while the biomassboiler was‘on’ at all
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times. Thefact that the biomassboiler hasto be always‘on’ andit is insidethe house,in the
plant room, in the north western area of the ground floor, meansthat it is constantly
deliveringheat aroundit; and the latent heat alsoincreaseswhich helpsgreatlyto maintain
the spaceconstantlyheated. Thedoor of the room wasnormally kept openand clotheswere
dried in the plant room. In both winters, the biomassboiler was stopped at the end of
February.Forthe first winter, from 27/02/2009, the houserelied mostly on the solarsystem
for WH and the sunspaceor SH.The biomasshoiler wasnot lit for almosteight months and
waslit againfor just four daysin November2009,from 10to 13 November,when an abrupt
drop in the exterior temperature occurredalongwith a reductionin the solarradiation, thus

affectingthe passiveheatingfor the indoor spaceandthe water temperature.

After eight months,the biomassboiler waslit againon 26/11/2009 on a regularbasisfor the
secondwinter season,although there were periods when the boiler was switched off for
diversereasong maintenancejackof fuel, winter vacation,etc.). Priorto this date, there were
occasionsvhen the use of the immersionheater to warm up the water (WH)was required,
and electricalheaterswere usedto heat up the space(SH)for somehours, especiallyat night.
However,the weather conditionsdid not really justify the lighting of the biomassboiler until
late November.The occupantsturned off the biomassboiler on 28/02/2010. However,in
March2010,it wasrelit on two occasionsthe first for two daysand the secondfor four days.
Onother daysin March, the electricaland immersionheaterswere requiredfor short periods
of time to avoidthe hassleof lighting the biomassboiler. All the above can be observedon
appendixes2 and 3, which contain the detailed results from data processingon all the

monitoredtechnologyof the BASHousefor the secondwinter.

EnergyConsumedComparisorof Water and SpaceHeatingAppliances

During both winters the issue of delaysin biofuel delivery forced the occupantsto use
alternative systemsfor SHand WH, as the weather conditions were quite extreme during
those periods, as shown in the graphin figure 43 in next page. Therefore,the immersion
heater neededto be usedfor WH, while for SH,the only alternative was to use electrical
heatersin eachbedroom.lt is therefore possibleto comparethe energyconsumptionduring
both winters for water and space heating in the BASFHousefor three different heating
technologiesbiomassboiler (WH and SH),immersioncontrol for domestichot water (DHW)
and electricalheaters(solelyfor SH).Forthis comparisonthe sensorghat recordthe biomass

boiler readingsdo not separatewater from spaceheatingreadingstherefore the readingswill

95



alwaysbe analysedtogether. However,for the secondwinter, readingswere taken manually

to separateSHfrom WH;sothe WHcanthen be subtractedfrom the total heatingload.

Figure43 Weeklyaveragetemperaturesfor winter 20092010in the BASHouse.

Forthe comparisonthe efficiencyof both the immersionheaterandthe electricalheaterwas
assumedto be 100%.However,on the many occasionghe immersionheater was used,the

efficiencywasactuallycloserto 85 B0%,exceptwhen usedin the middle of winter, whenthe

temperatureof the water dropsmore rapidly.In the caseof the electricalheaters,all the heat
is delivereddirectly into the room; therefore 100%o0f efficiencywastakenfor granted,which

meansthat the electricity consumptionis equalto the energydeliveredby thesedevices.For
the first winter, in February2009,it canbe observedfrom figure 44 andtable 11 in next page
that the demandfor WHand SHwasreducedabruptly. Thesecondpair of columnsrepresents
week 2 of the studied period. The energyconsumptionof the biomassboiler, which includes
the biofuel plus the electricity consumedduring two days (48 hours), was calculatedas 136
kWh, while the energyconsumptionof the immersion(eighthours)plusthe electricalheaters
(30 hours)duringthe rest of the week (five days— 72 hours)wascalculatedas 81 kWh. It was
shownthat for one day’sheating,the biomassboiler energyconsumptionis four times greater
than that of the other two heatingdevices Forthe biomassboiler, the daily consumptionwas

68 kWh per day, while for the secondanheatersit was16.2kWh per day.
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Figure44 Graphcomparingweeklyelectricity consumption(kW h) betweenthe biomassboiler (CH+WH)
versuselectricalheaters(Elect.H for CH)andimmersionheater (for WH)

Table 11 Comparisorof weeklyelectricityconsumption(kW h) in hoursbetweenthe biomass
boiler (CH+WHyersuselectricalheaters(Elect.Hfor CH)andimmersionheater (for WH)

WEEKLBIOMASS WEEKLOTHER
BOILERELECT. ELECTRICAL  Elect.Heater(h)
WEEK ENERGY BMB‘ON’ (h) ENERGY +
CONSUMED CONSUMEDRKWTr  Imm. Heater(h)
(KW h) h)
Week1 413 156 0 0
Week2 136 48 81 30+8
Week3 133 44 24 6+4
Week4 166 58 10 2+2
Month totals 848 306 114 52

For the secondwinter, the sixth week, 0541/01/2010, was the coldestone of the 17 week

period studied,ascanbe seenin the graphof averagetemperaturesin figure 47. It coincided

with the return of the occupantsafter the ChristmasseasonDuringa period of 16 days,from

03/01/2010to 18/01/2010(half of week5; week6 andweek7), for SHand WH, the occupants
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relied mostly on electricaldevices,the immersionand electricalheaters,usedupon demand,

ascanbe observedin figure 42 below.

Figure45 Comparisorof weeklyelectricityconsumption(kW h) of the biomassboiler (CH+WHyersus
electricalheaters(Elect.H for CH)andimmersionheater(Imm.H for WH)in the BASHouse.
Thehighestweekly energyconsumptionof these deviceswas 382 kWh consumedon week 6
(figure 45), while comparedwith the energy consumptionof the biomassboiler during the
subsequentperiod, from week 8 to week 12, when the biomassboiler was on 24/7, total
energy consumption (electricity plus biofuel) is higher most of the time and at its highest
during week 8, reaching728 kWh (table 9), almost double that obtained with the heatersin
week6, while the efficiencyof the biomasshoiler was67%.In the followingweek (week9), the
energy consumptiondiminishedslightly to 527 kwh, but the consumptionof wood pellets
increasedo its worst rate of 20kgper day andthe efficiencydroppedagainto 48%,asshown
in table 9 for the correspondingveek. At the sametime, in week 13, from 23 02/02/2010,the
biomassboiler achievedits best performance,obtaining the lowest weekly consumptionof
243 kWh and for the first time in both winters lower consumptioncomparedto the

electricaldevicesin similarweeks,asis shownin graph of figure 45 and table 12. Thisweek
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was part of the longestperiod (four weeks)the biomassboiler worked continuouslywithout

anyproblemor needto switchit off.

Thereasonsfor the greatervariationsin the efficiencyof the biomassboiler were not easyto
identify. They could be attributed to the type of fuel, the continuity of usage,sinceit was
indicated the machine should run continuouslyfor a season,or to the setting, which was
changedto the best indicated by the manufacturer, but ultimately its performance was
random, where the biomassboiler was mostly inefficient, as its energy consumptionwas

alwayshigherthan the deliveredenergy.
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the 17 weekperiod of winter 2 from 01/12/2009to 29/03/2010

Table12 Biomassoiler energyandbiofuel consumption hoursof being‘on’ andefficiencyfor

TOTAL ENERGY
BIOMASS BIOMASSOILER TOTAIBIOMASS BIOMAS® AMOUNTOF  EFICIENGYF
BOILER  ELECTRICITY BOILEENERGY  FUEL HOURS BIOMASS
ENERGY CONSUMPTION CONSUMPTION CONSUMP  BIOMASS BOILEBASED
MONTH  WEEK DELIVERED (electricity+fuel) (woodpellets) BOILEFON' ONAWEEK
Week1.0107/12/2009 94 23 295 80 168 32
Week2. 08r14/12/2009 86 27 182 96 47
% Week3. 15 £1/12/2009 49 26 71 28 69
s Weekd4. 22 £8/12/2009 11 27 27 0 39
Week5. 29/12/2009t0 -
04/01/2010 10 27 48 13 20
Week6.05 11/01/2010 6 10 10 0 62
Week7.12 18/01/2010 68 2 102 80 24 67
5 Week8.19 £5/01/2010 487 28 728 80 68 67
2  Week9.26/01/2010t0 n
S 01/02/2010 252 27 527 168 48
Week10.02 ©8/02/2010 302 28 304 80 168 77
Week11.0915/02/2010 238 28 450 80 168 53
S Week12. 16 £2/02/2010 269 27 338 0 168 80
= Week13.23/02/2010to
@ 01/03/2010 194 27 3 80 168 80
Week14.02 08/03/2010 41 24 248 40 8
Week15.09 15/03/2010 107 15 195 8 5
S Weekl16.16 £2/03/2010 0 0 0
g Week17.23 £9/03/2010 0 0 0

electricalappliances.

UKEPGSAPRredictionand PassivHautargets

The calculationof the total energydemandfor spaceheatingand coolingwas basedon the
obtained data and the surfaceof 82.6 m’" for the treated floor area of the BASFhouse, as
defined by the PassivHau$lanningPackage(PHPP)This is the areato be heated, after

subtractingthe sunspaceporch,wallsand partition walls,ascanbe observedin figure 46.

To obtain the annualvalue,the yearwas calculatedas starting in April 2009 and finishingin
March2010.

Thetotal energydeliveredto heat the spaceand the water during the monitored year was

3267 kWh, of which 2125 kWh were provided by the biomassboiler and 1142 kWh by other
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Figure46 Treatedfloor areaof the BASHouse[82.6 m?] to calculatethe total energydemandas
establishedoy PHPP.

To disaggregatethis value into SHand WH, the amount of hours the biomassboiler was
switchedon for the different useswasmanuallyrecorded,asshownon the examplein table 6;

the completetableisin appendixs.

Thetotal energydeliveredto heatthe spacefor the winter period was1421kWhthus 1421
kwWh/ 82.6m2=17.20kWh/m?2 year.

TheGAHEystemwasusedfor a few daysduringthe summertime for coolingpurposesduring
the hottest daysof the year,whenthe averagetemperatureswere over 23°C(30/06/2009and
1 and 2/07/2009) or on the dayswith the highersolarradiation (over 240 W/m2 on 24,29, 30
and 31 May 2009,11, 12 and 30 June2009and 1 and 2 July2009).Thetotal energydelivered
for cooling during the year, concentratedover those days,was 1.9 kWh, mostly observed
aroundmidday. Therefore the coolingdemandwas[1.9 kwWh/ 82.6 m2] =0.02kWh/m?2 year,
which is negligible;howeverthe standby annualenergy consumptionof the GAHESs 84.69
kWh, which is addedto the total electricity value. In contrastwith the caseof the biomass
boiler, asthe GAHEsystemcannotbe shut down, it continuouslyconsumedapproximately10
watts of electricity. Thishowevercaneasilybe solvedto avoidthis minimal,yet constantwaste

of energy.
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To obtain an approximateannualvaluefor total electricity consumptionfor the BASFouse,
the measureddata obtained by the monitoring systemfor a period of 12 months during the
secondyearwere simplyadded,beginningon 1 April 2009and finishingon 31 March2010.As
the data for March 2009 was not recorded, this can be observedin figure 47 and all the

detaileddatathat originatedthis summarygraphisincludedin appendix6.

Figure47 Annualelectricityconsumptionof the BASHousefrom 01/04/2009to 31/03/2010calculated
from the readingsrecordedby the monitoring system.

Thetotal energyconsumptionof all the electricaldevicesplus the water heatingof the BASF
Houseis 5,4424.77 kWh/82.6 m2 = 63.75kWh/m?2 year. It canbe observedfrom the graphin
figure 47 that there wasvery high electricity consumptionduringthe monthsof Decemberand
January(wintertime). Thisis due to the use of electricalheatersfor spaceheating, which is
reflected on the secondcolumn, where the item socketsis included and the use of the
immersionheater for water heatingalso showsits highestpeakin electricity consumptionin
Januarywhenthe boiler wasworking very irregularly. Thedata from the different appliances

wasaggregatedn regardto the readingsasshownin table 13.
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Table13 Distributionof the readingson energyconsumptionin the BASHouse

APPLIANCES KitchenSocketqtoaster,microwave blender,juicer, kitchensmall
appliances) Fridge+ Dishwasher Hob+ Oven+ Dishwasher

LIGHTING SOCKETSNETWORK  Alllight bulbs+ All sockets+ Motorized windows+ WebBricksystem
+Wired accesaunit + Touchscreer+ Modemwireless

IMMERSIONHEATER Resistancéo heatup water when solarradiationis not enoughand
BMBisnot in use

BIOMASSBOILER Byitself

TECHNOLOGIES SolarKit System+ GroundSourceHeatexchanger

In conclusionthe energyconsumptionof the BASHousewasvery closeto the estimates.The
UKEPGSARcalculationestimated104 kWh/mz/year of energyuseandthe houseactuallyused
a total 80.97 kwh/m?/year, therefore 78% of the amount forecast. With regard to the
PassivHaustandardof 15 kWh/m?/year for heating and cooling, the house obtained 17.22

kwWh/mz2/year, 15%overthistarget.

4.4. Discussion

Themajor contradictionemergingfrom this casestudy, taking into considerationthat it is an
experimental energy home, is that while the BASFHouse tself had such an outstanding
performance,the heating systemshowedsucha poor performance.Thisportrays the great
riskinvolvedin concentratingsolelyon targetsandtakingthe mostout of incentivesystemso
reachgood standards t is certainly possibleto produceand deliver CodeLevel6 homes,but
do they perform as suchin all areas?Are there CodelLevel6 occupants?After mediumrto
long term occupancydoesthe homestill performto CodeLevel6? TheBASHousemeetsthe
criteria for CodelLevel4, and the results showsthat it is very closeto reachingPassivHaus
standards;howevercanthe low efficiencyof one of the LZQechnologiesand the discomfort
for users,the impacton costsand health andthe levelsof dissatisfactiorbe classifiedasgood
standards?Casestudiesfor housesare mostly very individual;and the resultswill vary greatly
from caseto casebecauseof variousunknownfactors (the pattern of usageof their home for
example).Forinstance,a home occupiedby PhDstudentsfrom a departmentof architecture
and the built environment,asin this casestudy, will be usedin a totally different way to a
home with a householdof three or four members,suchas a young couple with two small
children. Thefeaturesof the householdsneedto be takeninto considerationwhen analysing

performanceand comfortin homes.
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In March2011,Matthews Bushfrom the Metropolitan HousingPartnership(MHP)reported on
the three year study, called“The Homesof our Times, 2011 Report(Yearl)” to supportthe

investmentin customersandtheir homes,

“MHP hasa goodtrack record of buildingand deliveringawardwinning sustainablenew homesand
refurbishments but do we know if our customersare achievingthe intended savingsemitting less
carbonandusinglessenergyasaresult?”(Bush,2011).

Theyrecognisethe major gap between designingand building a ‘good standard’ sustainable
home and the use the occupantsmake of that sustainablehome. To live sustainablyand
managehouseholdenergy consumptionmeansa changeof paradigmtoday and it involves
efforts over and above simply changingall the lighting to low energylight bulbs or keeping

windowsclosedwhenthe heatingis on.

Lowor ZeroCarbon(LZCYechnologies
Thebiomassboilerof the BASHouse

Fromthe analysif the efficiency:Oneof the mostimportant lessondrom this analysids that

the energyefficiencyof the biomassboiler for the first winter is far lower than expectedand
for the secondwinter, althoughit is certainly better, it is still muchlower than that indicated
by the manufacturer(“Very high efficiency(87%080%)with a variety of fuel types”). Thereis
nothingto be gainedfrom runninga machine24/7 if it is really only goingto be usedhalf the
time (37%SHand 13%WH)aswasthe casewith the biomassboiler usagein the BASFHouse.
The nominal output of 15 kW indicatesthat, giventhe thermal characteristicsof the BASF
House,the biomassboiler is oversizedfor the heating demand of the house. It is not the
appropriate technology for it; consideringthat we are not analysingthe quality of the
technologyin this study. Also,it hasbeendemonstratedthrough the analysisof the data that
in regardto energyconsumptionfor water and spaceheating,the biomasshoiler consumed
four times more than the electrical and immersion heaters combined. Thereforea careful
analysisof the embodied energy and carbon emissionsindicated the need for a further

extensionof this researchaswell asan analysiof the air quality and pollution.

All of this suggestghat the biomasshoiler wasoversizedor the thermal characteristicof the

BASHHouse.The motivation to install it was basedon the idea of obtaining extra available
credits for compliancewith the regulations for implementing Low or Zero Carbon (LZC)
Technologieslt therefore scored2 out of the 8 possiblecredits, 25%, in the assessment

criteriaby CSHo reachLeveld and M4%of improvementof the DwellingEmissiorRate(DER)
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over the TargetEmissionRate (TER}o complywith the carbonemissionsreduction criteria.
Theneedto complywith regulationsis not under debate, but the needto exercisecautionin
this area should be consideredand considerationgiven to choosingthe most appropriate
technologyfor a specifichome typology and design.The considerationsgegardingestimating
risks mentioned in the study of “Sick Building Syndromeand EnvironmentalConditions” by
Wilsonet Al in 1987 are more valid now than ever before and highly applicableto the home
constructionindustry. For this particular casestudy, three of these considerationshave been
highlighted:

“1. Failureto appreciatehow technologicabystemsunctionasawhole;

2. Overconfidencein currentscientificknowledge;

3. Failureto considerthe waysin which human errors can affect technologicalsystems”(Bordass
andLeaman1997).

Sometimesregulationscould be promoting actionsthat may result in side effects, in sucha
way that the outcomesmay not meet expectations,and they could even have a negative
impact on occupantsand the environment,aswell ason the technologyitself. Nevertheless,
the worst aspecton the LZQechnologyis that this type of biomassboiler is definitelynot aLZC
technology,ashasbeenclearlydemonstratedby the resultsobtainedfrom the analysisof the

measurements.

From the BASHHouse heating load demand perspective:The house proved to have a low

demandfor spaceheating. The passivedesignfeaturesand building materials,as well asthe
high levels of insulation, the airtightnessand the conservatory,all contribute greatly to
achievingan excellentthermal performance.Thisis shown by the energydemand.Fromthe
everydayobservationof occupantsand the analysisof the annualdatafor indoor climateand
energyconsumption,it canbe predictedthat the solarsystemworksextremelywell for water
heatingon dayswhenit is not overcast.lt is therefore recommendedthat other technologies
for spaceand water heatingwhich are more appropriateto the thermal characteristicof the
house be reviewed, sinceit is clear that, in winter, the house needsto rely on alternative

technologiedo coverthe residualheatdemand.

From the BASFHouse airtightness and ventilation technologies: The airtightness and

ventilation SETin the BASFhouse were shownto be complex. The way in which the GAHE
(Ground Air Heat Exchanger}technologywas used in the BASFHousewas complicatedfor
occupantsto operate. It is recommendedby the ApprovedCodeof Practice(ACOP}hat the
ventilation systemsare inspected and tested for hygiene levels annually as a minimum

requirement, and that a record of this maintenance should be kept. This is to ensure
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compliancewith workplace (Health, Safety and Welfare) regulation 1992 and in particular

regulations5 and 6™,

Thissystemwasdifficult to useduringthe courseof daily domesticactivitiesand, while it was
intendedto be both userfriendly and intuitive (similarto traditional window ventilation), this
provednot to be the case.In fact, betweenthe optionsfor openingand closingthe inlets and

the sevenopening positionsfor each of the vents that draw the fresh cool air indoors, as

shownin figure 46, there were 4,096possiblesettings.

Figure48 Schemeof mechanicalentilationsettingsfor the GroundAir HeatExchanger

Someexamplesof those combinationsthat were experiencedby the occupantsare shownin
figure 47; eachof the combinationsthat required mechanicahir movementwassubjectto the

purpose,seasonweather,time, etc; andto add more options, the setting could be combined

with the openingof certainwindows.

 The approvedcode of practice(ACOP#associatedwith theseregulationsclearly statesthat regularmaintenance
(including,as necessaryinspection,testing, adjustment,lubricationand cleaning)shouldbe carriedout at suitable
intervalson mechanicalentilation systemsThisis to ensurethat they are kept cleanandfree from anythingwhich

may contaminatethe air.
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Figure49 Fiveschemef samplesof combinationof settingsfor the GAHEbccupant'sexperienced.
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Fromthe BASHHousepassivedesignfeatures, sunspaceand insulation: The airtightnessand

solarspaceare excellentfeaturesof the BASHhouse.Whenanalysinghe performanceof the
sunspacehrough the temperaturesin any winter day and all yearlong, the temperaturesof
the sunspacecomparedto the exterior and the interior temperaturestend to sit alwaysin
between,ascanbe observedin the following figure 50 for the whole month of February2009
and figure 51 for the 17 weeks of the second winter. These values are average air
temperaturescalculatedfrom all sensorslocated in each space,three in the sunspaceand

threein the interior.

Figure50 Graphof February2009temperaturesof the exterior, sunspaceverageemperaturesand
interior averagetemperaturein the BASHouse.
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Figure51 Graphof winter 20092010temperaturesof the exterior, sunspaceverageemperaturesand
interior averagetemperaturein the BASHouse.

4.5. ChapterConclusions

Firstof all, to be ableto concludethat the BASFHHouseis quite closeto meetingexpectations
for both requirementsis a very positive outcome. The UKEPCSAPcalculationestimated 104
kWh/mz2/year of energyuseandthe houseactuallyobtaineda total 80.97kWh/mz2/yearin one
year, soit outperformedthis estimate by 22%.With regardto the PassivHaustandardof 15
kWh/m?/year for heating and cooling, the house obtained 17.22 kWh/m?/year, so was 15%
over this target. However, this excellent result is offset by the performance of the LZC
technology,suchthe biomassboiler. While there is great motivation to install this type of
technologyin UKhomes,this deviceperformedwith verylow efficiencyduringthe first winter
and, while it improved considerablein the secondwinter, it obtained a very poor evaluation
from the occupantsasit had a negativeimpacton their quality of life in winter. Asthis is an
experimentalhome, a new heatingsystemwasinstalledin replacementof the existingone for
the winter 20102011. The new systemwas more suitedto the thermal characteristicof this

home.Thefirst yearits performancewill be analysedswintertime 20112012.

Animportant lessonlearnedin regardto the monitoring systemfor both casestudiesis that
sensors dataloggersand/or meters needto be carefully calibratedand tested, and the data
they log needsto be analysedcontrastedand comparedprior to the start of the periodto be

measured.lt is very difficult to fix problemswhile the numerical data that is goingto be
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analysedfor the particular study is being collected, especiallywhen the data is related to

people’slives.

For studying/researchpurposes, space heating (SH) needs to be monitored and logged
separatelyfrom water heating (WH). For the secondwinter this was recordedmanually,but
this is less accurate. It is important to disaggregatethe readingsto reach a more robust
evaluation.Togetthe mostfrom a monitoringsystemiit shouldbe testedandvalidatedbefore
the occupantsmove in, sinceto evaluate any real fife application,the data loggingsystem
needsto be reliable. Fromthe experienceof the BASFHouse,much precioustime and funds
were wasted on the dataloggingat the beginningof the first winter becausethe systemhad

not beencalibratedandtested.

TheBASMHousehaslow demandfor spaceheating,althoughit is greaterthan had previously
beencalculatedthrough simulations which showthat the housewasdesignedto meetthe 15
kWh mz per yeartarget. Thehigh levelsof insulationand the good quality of its envelopeare
perfectlyadequatefor this latitude, and the passivedesignof the sunspacecontributesgreatly
to the experience excellentthermal performanceand comfort. The sunspaceds an excellent
buffer zone,ascanbe observedfrom the temperaturecomparisonin the graphsin the section
on indoor climate data in appendix6. Themain demandfor energyto heat up the water and
spaceis concentratedinto a quarter of a year. While the data analysisof the Hoval SolarKit
systemhasnot been carriedout yet, it was seenthat when the weatheris not overcast,the
solar systemis very effective for water heating; a few hours of solar radiation produced
enoughenergyto warm up the water for showers However,asthere are manyshort, overcast
daysduring the winter the occupantsneededto rely on the immersionheater, so this cannot
be specificallyclassifiedasa LZQechnology Againthe needfor better alternativesfor residual
heatingis crucial. The biomassboiler was very effective at heatingthe water. Two hours (5
kWh approximately)per day during colder days was plenty to satisfy the demand for hot
water, while for lesscold days,one hour per day was enough.The water tank of the system

stratifiesthe water andis verywell insulated.

Whenthe biofuel type waschangedo wood pellets(£290per ton+VAT+deliverythe biomass
boiler performedmuchbetter in regardto the users’comfort; it no longersmelled,waseasier
to light, produced little smoke and the pellets moved in the hopper with greater ease.
However,in the beginning,80 kilos lastedfour days(the pellet consumptionwas 20 kilos per

day),whichimpliesthat the hopperneededto be loadedmore often. Theenergyyieldwas17
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MJ/kgand, asthe biomassboiler wasrunning continuously the biofuel consumptionreached
9 kg per day. The energy efficiency of the systemalso improved. However,the delivered
energywasalwaysmuchlower thanthe consumedenergy,which meansthat the classification

of biomassoilersasan LZGechnologyneedsto be reviewed.

The SETfor heating, ventilation and airtightnessappliedin the BASFHousewere not userr
friendly. Theywere also over dimensionedand, in the caseof the biomassboiler, not really
LZC.The mechanicalventilation system,GAHEwas over sophisticated.As a whole, the SET
ended up complicatingthe domesticlife of the occupants.If pure PassivHaustandardsin
regardto airtightnessare to be appliedin the UK,manyfurther studiesof real caseswill need
to be undertaken,asthe BASHouse’sairtightnessis showingthe first signsof problems,such
as mould, leaking and a damp smell. This requires very special attention consideringthe
climateandairtightnessdesign.Thereforewell insulated,breathablewallsneedto be carefully

consideredandinspectedsometime after homesbecomeoccupied.

Finally,to studythe useand performanceof sustainablehomesis a topical subjectin the UK,
whichinvolvesvery complexmethodologiesand expensiveprocessesin a way eachhomeis a
casestudy in its own right. Much prior knowledgeis taken from commercialPOEexperiences
(offices, schools,hospitals,etc), where the conditionsand patterns of use are very different
from those in homes, for the evaluationof homescould vary completelyfrom one occupant
to another. De Groot (2008)questioned10,000home occupants,and no two responsesvere
exactlythe same.It appearsthat culture and educationare extremelyinfluential factors. It is
therefore a mammothtaskto constantlyintegrate qualitative and quantitative data and there
is still muchwork to be done on POEfor homes.However,the challengeof integrationis no
easy task; the mixed methodologicalapproachimplies pursuingtwo types of researchin
parallel, where disciplinestend to favour one; the amount of data to be processedwith
distinct and separatestrategies,tools and techniquesis huge;and furthermore, carryingout
researchwith a methodologybasedon using mixed strategiesentails multidisciplinarywork

involvinga groupof researchers.

Thedataloggingof quantitative parametersrelatedto indoor climateand energyconsumption
is crucialto undertakea more robust occupancyevaluationof sustainablehomes.Howevera
great deal of time needsto be spent calibrating the monitoring system. This researchis
expensiveand the processingof data is long and tedious. Thus, the definition of the

parametersto be measuredhasto be clearly establishedat the beginningof the research,

111



becausenomesare extremelycomplexandit is impossibleto study everythingrelatedto any
one homein a limited period of time. It is alwaysvery tempting to find so much more to do
when analysinghe data, becausethe samedatais usefulfor manydifferent analysesForthe
POEresearchto be successfulit is important to remain focussedon the researchquestion.

Thisreal fife researchhas openedup many new researchquestionsin the searchfor better

quality of life in sustainablehomes.
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Chapter5. TheBASHouseSurveys GtatisticalAnalysis

Thischapterdescribesand discusseshe statisticalanalysisand resultsobtainedfrom the two
guestionnairesrelated to the BASFhouse. The first part coversthe questionnairegiven to
peoplewho visitedthe BASHousewhenit wasopento the public. Thesecondpart coversthe
questionnairegivento eight different tenantswho lived in the housefor different periods of
time from 2008to 2011,thereby experiencindife in a sustainablehome for the first time in
their lives. Theyrespondedto an extendedpost occupancyquestionnaireprior to the change
of heating system. Although one of the occupants, the author did not respond the
questionnaire; however the chapter does includes written observationsfrom the author

throughoutthe different sections.

Thequestionnairesf the BASFHouseconcentratedon energyefficiencyand sustainabilityin
homesfrom two perspectivesThefirst lookedat the visitors’ awarenessof theseissues(first
section of the chapter). The secondfocussedon the experienceof inhabiting a sustainable
homefrom the occupant’sperspective(secondsectionof the chapter).In this way, the results
were ableto contribute to the objectivesand researchquestionsof this study, especiallythat
related to basic and general knowledge about sustainablehomes and sustainableenergy

technologies:

Does the inclusion of the sophisticated forms of renewable energy technology
required to achieveenergy efficient standardspresumethat the occupantshave a
certain level of education or that they have received adequate training in the
specialisednaintenanceof the equipment?

Do energy efficient and sustainablehomes provide the occupantswith the comfort

of a“standard” home and with equaleaseof use?

In additionto the researchquestions,the visitors’ questionnairewas designedto find out the

willingnessof peopleto refurbishtheir homesin order to makethem sustainable.

5.1. TheBASHousevisitors’ questionnaire

The questionnairefor visitorsto the BASFHousewas voluntary and consistedof a simple2 r
page leaflet with four sectionson: demographicinformation, the BASFhouse designand
technologiesand general questions,including 36 questionsto be marked with a tick (see

appendix 7). The first two sectionscover the results obtained from the quantitative data
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analysiscarried out on a surveyof 480 people out of the 928 who attended the open house
visit to the BASFhouse during one year, starting on June 2009 (appendix8 on CEHuvisits
bookingcalendar). The480 peoplerepresent51.7%of the visitors. Theyrespondedvoluntarily
to the printed questionnairethat was handedto everyvisitor who attended the openhouse
exhibition. Of these, 202 questionnaireswere completedin full and had answersto all of the

questions.

Demographiwisitorinformation

After the data had been processedwith SPSSoftware, the most relevant data was usedto
define the profile of the interviewees.It was establishedthat 36.6%were female and 63.4%
male. Theagerangesare shownin figure 52, from which it canbe seenthat the main groups
were concentratedin the 2085 and 36 60 years old, which correspondto 84.1%of the

surveyedgroup.

Figure52 Agesof the interviewees

61.9%o0f this group had no relationshipto professionsor jobs within the built environment.
58.9%were homeownersand figure 53 showsthe type of housingthey inhabited. Fromthis
table, it canbe seenthat more than 60%of the responsesorrespondedo the occupantsof
detachedor semidetachedhouseswhich are the typesof housingwhich havemore envelope
exposedand therefore havea higherheat load. Terracedhousesand flats accountedfor over
35%.
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Figure53 Percentagef the type of homeintervieweedive in
Passivalesignstrategies(PDSand sustainableenergytechnologie{SET)

The columnsin figure 54 correspondto the distribution of responsesbetween people who
were related to the built environmentand architecture,identified as“BE”, and those who did
not have any sort of connection (profession,study, researchor work) to these areas;this

columnisidentified as“NBE”".

Figureb4 Distributionof intervieweesin relationto whethertheir field of work wasrelated or not to the
field of the built environment(BE)

Figures55 and 56 depict a summaryof the total percentagedistribution obtained from the
answerso question“before your visit were you aware of any of the passivedesignstrategies
and architecturalfeaturesutilised in the BASFhouse?”,whichwasrespondedto with 'yes’or
‘no’. Overall,it is possibleto ascertainthat there is a good generalawarenessin regard to
energyefficiencyand the architecturalaspectsthat canbe includedin the designof a house.

As expected, sun orientation, natural light quality, airtightness and natural ventilation
115



mechanismsare the most well known featureswith regardto an energyefficient strategyfor
buildings;all of them obtained positivesresponsesof closeto or higherthan 80%.Theonly
designstrategyappliedto the BASHousethat the visitorswere lessaware of asa particular
feature usedfor natural ventilation was the use of high ceilings,with 58.5%awarenessThe
columnsto the left in light greenin figure 55 correspondto responsedrom peoplerelatedto

the BE while the columnsto the rightin purple correspondto responsesrom NBE

Figures5 Generaknowledgeabout passivedesignstrategiesPDS)ComparisorbetweenBEand NBE
interviewees.
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Figure56 Generaknowledgeabout passivedesignstrategies(PDS)ComparisorbetweenBEand NBE
interviewees.
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In relative terms, when analysingpeoplerelated to the built environmentfirst, the features
that were better known were sun orientation and natural light quality, followed by high
thermal insulationand sunspacebeingall closeor higherthan 80%.The least known factor
wasthe use of high ceilings,with 64.93%awarenessTheanswersfrom the NBEgroup show
greatestawarenessof sun orientation, high thermal insulation and natural light quality, but
showed less awarenessthan the BE group about sunspace.The least known feature was

reducedwindow size,with only 61.6%.

However,there wasgoodgeneralawarenessf passivedesignstrategiesand the leastknown
strategy obtained 60%.When it cameto sustainableenergytechnologiesawarenesssome
were very well known, whilst others were almost unknown, as could be expectedbecause
whentechnologiedbecomemore sophisticatedand very specialisedknowledgeof them tends
to be less. Thus,figures 57 and 58 depict a summaryof the total percentagedistribution
obtained from the answersto the question“before your visit were you aware of any of the
technologies utilised in the BASFhouse?”, which was respondedwith ’yes’ or ‘no’. The
technologiesreferred to are the mechanicalsystemsin the BASFhouse. The results are
presentedasin the previousfigures,where the columnsto the left in greenare for the BE
group, while the purple columnsto the right show the NBEresponsesfrom the different

visitorsto the BASHouse.

Figure57 Generaknowledgeabout sustainableenergytechnologieg SET)ComparisorbetweenBEand
NBEnterviewees.
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Figure58 Generaknowledgeabout sustainableenergytechnologieg SET)ComparisorbetweenBEand
NBEnterviewees

Technologiesuchaspassivesolarsystemgsolarpanelsfor hot water) and water conservation
and rainwater harvestingsystems,were quite well known, with responsef over 80%while
the roof coating with red pigmentsfor solar heat managementobtained just 27.7%when

analysinghe total of the two subcategoriesBEand NBE.
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Lookingat eachgroup,for the BEgroupthe mostwell known SETwere asexpected,the same
asabovewith 90%awarenessTheleastknown strategieswere the roof coatingandthe phase
changematerial (PCM),with awarenesscloseto 45%.When looking at the NBEgroup, the
most known technologieswere alsothe passivesolarsystemand the water conservationand
rainwater harvestingsystems,with 82.2%and 76% respectivelyand the least known ones
were the roof coating with red pigments for solar heat managementwith 19.2% and

permeablepavingwith 25.6%.

Thefollowing set of graphsin figures59 and 60 in next pagedepictsthe preferenceandvalue
people gaveto the sustainabledesignfeaturesand technologiesappliedto the BASFouse.
The preferencevaluesgo from 1 to 5, where 1 representsthe lessfavourite and 5 the most
favourite. It could be observedthat the reducedwindow sizeon the northern facadewasthe
least preferred designstrategy,followed by airtightnessand high ceilings.For the sustainable
energytechnologiesthe least popular wasthe biomassboiler, followed by the roof coating

with red pigmentsfor solarheat managementindthe permeablepaving.
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Figureb9 IntervieweepreferencesegardingPassivéDesignStrategie{PDS).
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Figure60 IntervieweepreferencesegardingSustainabldEnergyTechnologie$SET).

When it cameto the generalquestions,in responseto the question “Should houseshave
visiblemetersto readthe energyconsumptionandthe costof it?”, 98%respondedyes’,while

just 2% markedthe contrary. Tothe question“How do you like the overallappearanceof the
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BASFHouse?”and in regard to the Interior versusthe exterior appearance,in order of
preferencefrom 1 to 5, ascanbe seenin figure 61, people preferred the interior appearance

to the exteriorone.

Figure6l Interviewee’'spreferencegegardingthe exteriorversusthe interior designof the BASHouse

In regardto the questionsthat imply changesand coststo homeowners:*How muchextraare
youwilling to payfor aZeroCarbonHome?”,the graphon the left of figure 62 showsthat 80%
of the intervieweeswere willing to pay only 15%more for the cost of a zero carbonhome.
With regardto refurbishment,the visitorswere asked“In how manyyearswill you expectpay
back?”Asthe graphon the right of figure 63 shows,the most popularoption is between6 to

10years,with 58.9%.

Figure62 Intervieweespreferencegegardinginvestmentand paybackime expectationson SET.
Tendencyorroboration:quantitative analysisof the wholeset

Thefollowing analysiglepictsthe resultsof the total numberof answeredquestionnaires478,
of which 202 were answeredin full, while the rest varied from 50%to 99% of responded
answers.The main purposeof amplifyingthe set is to enhancethe analysisof the previous

sectionto corroboratetendenciesandto verify possibledistortionsand differencesthat could
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affect the robustnessof the conclusionsobtained from the analysisof the smaller set of

questionnaires.

In total terms, it canbe observedthat the most well known passivedesignstrategiesare the
sunorientation and natural light quality, both over 80%,while the leastknown strategyis the

useof highceilingsone; the sameasin the previoussection,seeappendix9.

In relative terms, the resultsobtained are very similar. Forthe BEgroup, sun orientation and
natural light quality were the most well known, while the use of high ceilingswas the least
known. For the NBEgroup, the sun orientation and high thermal insulation were the most

knownandthe reducedwindow sizeon the north fagadewasthe leastknownstrategy.

The same pattern can be seenwith regard to the answersrelated to questionsregarding
awarenessof sustainableenergy technologies.There is no difference in the tendencies,
regarding preferred passivedesign strategiesand sustainableenergy technologies.It was
therefore possibleto concludethat the 202 questionnaireswere sufficiently representative
that their analysisand conclusionsvould be asvalid asworking with the 478 questionnaires.
When contrasting both sets of questionnaires,for the more incomplete questionnaires,
interviewees were more inclined to leave blank answers regarding questions related to

preferencethan those about awarenessAlsothe answersto certainquestionsare conclusive,
with the whole set of responsegeachingcloseto 100%.Forinstance,the questionregarding
awarenessof the sun’s orientation as a passive design strategy, 99.8% of the people
respondedpositively. Later, when contrastingthis result with the occupant'squestionnaire
results, it could be concludedthat natural light and sun radiation are among the most
important factors for latitudes where sunlight is scarce. This fact was reaffirmed when

applyingthe PearsorCorrelationto establishthe analysisof dependenceamongvariables(see
appendix9), whichwasdoneto provethe relationshipbetweenall variablesthat were related

to the sun, window sizesand orientation, natural light and insulation. It can therefore be

concludedthat the thermalandlightingdesignaspectsn housingin the UKare keyfactors.

5.2. TheBASHouseoccupants’questionnaire

This questionnairewas much longer than that givento visitors, extendingto 13 pages(see
appendix9). However,the generalsection of the questionnairewas basedon the visitor's
questionnaireso asto be ableto comparethe results. The most specificand major part of it
wasfocusedon the experienceof livingin the BASHouse.It includedsixsectionscomposedof
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simple multiple choiceanswersto be markedwith a tick, tablesto be completedand open

questionsthat requiredwritten answersThesixsectionsincluded:

a. Demographiénformation;

Periodof occupancyof the BASHouse;

c. Useof spacesn the BASHhouseby the occupants typical weeklyroutine (separated
into workingdaysversusweekends);

d. Adequacyof spacein the BASFhouse: Distribution, size and spatial relationship,
Heating/coolingand ventilation (temperatureand air quality), Lightingand acoustics,
Plumbing/electricalfinishingmaterials,floor, walls,ceilings colours,etc.

e. Adequacyof the passivedesignfeaturesand low to zero carbontechnologiesapplied

to the BASHouse;

5.3. TheBASHouseandits occupants

Thisexperimentalcasestudy wasa first personresearch;the author of this thesiswasone of
the first occupantsof the BASFHHouseis the personwho haslived longestin it to date, for a
period of two and a half years, and is also the only tenant/researcherinvolved with this
research. The other residents that have lived or are currently living in the house are
academicallyrelated to the university. All the occupants,with the exceptionof their visitors
were familiar with general issuesrelated to energy efficiency. However, none of them,
includingthe author wasinvolvedin the designprocessor the developmentof the projectin
anyaspect.Theirfields of work and researchare not directlyrelatedto sustainablehomesand
the author, the secondpersonto live in the house, becameinvolved in the project after
movinginto it. TheBASHouseis the property of the Universityandis managedby the Estates
Office;it is alsoan exhibitionhome, whichis visited by the generalpublictwo or more timesa

month. Thetenantspay half of the monthly rent andtheir electricityandbiofuel consumption.

Climateadaption

The non British group was not fully adaptedto the local climate; they are more sensitiveto
indoor/outdoor temperature changesnot usedto the centralheatingand definitely not used
to UK winters, while the British occupantis more resistantto the cold climate and more
accustomedto indoor heating. This was particularly seen on the days when the British

occupantwasalonein the house.Thisoccupantrarelyfelt the needto light the biomasshoiler
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for heatingand was able to adapt quicklyto abrupt temperature changesfrom outdoors to

indoorsandviceversa.

Periodsof occupancyf the BASHouse

Thehousehasbeen occupiedsinceFebruary2008. Thefirst rental period started on Junel5
2008 and extendeduntil the end of August2009.DuringChristmasand overthe summer,the
occupationof the housechangesa great deal, and around the holidaysthe househasbeen
unoccupied FromOctober2009to September2010,there wasa new rental contractwith two
non KK residents,including the author. The occupantsreceivedvisitors for longer periods,
over than a month each, which also added extra information in regard to the qualitative
aspectslin October2010,the author movedout of the houseandthree new tenantsmovedin,
who were still there at the time at the time of writing this thesis. During this period, the

biomasshoiler heatingsystemwasreplacedfor anair sourceheat pump (ASHP3ystem.

Duringthe first winter, 20082009,the housewassharedby three tenants,two womenanda
man, consistingof the author and her husband (both non British) and a flatmate, whose
partner visited at weekends(both British). From mid Decemberuntil the end of February,a
fourth person (a non British male) was living temporarily in the house. The house was

unoccupiedor almosta month, from 17 Decembetto 12 January.

In the secondwinter of 20092010, the housewas sharedby two women, the author and a
new tenant, both non British. The partners (non British males)of the tenants eachstayedfor
more than a month during this winter. Thetenantswere from the sameculture and had very
similar patterns of living, such as similar schedulesfor working, eating and cooking, similar
heatingand ventilation habits,andtheir daily routinestendedto follow the samepattern each

week.

In the third winter of 20102011,the housewasinhabitedby three new tenants,all males,two
from same culture, both non Europeanand one British resident. A new heating system

replacedthe existingone.

Demographienformationaboutthe occupants

Thefollowingfigurespresentthe generalaspectsobtainedfrom the set, describethe profile of
the interviewedoccupantsFigure63 depictsthe rangeof agesof the occupantswhichis 50%

male and 50% female. Among them, 12.5%are homeownersand 87.5%are tenants. The
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majority (87.5%)of the occupantsexperiencedivingin the BASFHouseduringwinter months.
Figure64 showstheir professionsand whether or not their professionswere related to the

built environment.

Figure63 Agedistribution of the occupantsof the BASHouse.

Figure64 Professiordistribution of occupantsof the BASHouse.
Space/roonpreferences

Thissection presentsthe evaluationof the different interior spacesand rooms by the eight
occupantsof the BASHouse.Firstit showsa rankingof eachinterior room or spacein the
house,wherethe four possiblechoicesto qualifythem in generalterms were ’excellent,good,
fair and poor’ and a secondset of possibleanswerswere more specificfor eachspace related
to the architecturalquality, includingthermal, lighting and acousticcomfort, which was also
qualifiedwith the samefour choicesof value,from excellentto poor. Both setsof answersare
translatedinto percentageof preferencein regardto quality. With thesesetsplusthe written
comments, it is possibleto understandthe evaluationgiven by occupantsto each interior

roomaor space.
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Most of the tablesof this sectionare includedin the appendixesl1 and 12. Howeverthe most

representativeonesare shownasfollows.

It is possibleto rank the generalpreferences by taking just the choice “excellent”. For the
groundfloor the rankingfrom most preferredto leastpreferredwasthe kitchen,diningroom,
sunspaceliving room, toilet and plant room, where the sunspaceobtaineda mark on all the
four possiblequality choices.For the first floor, the order was the main bathroom, which
obtainedthe highestevaluationof all the rooms and spacesof the BASFouse,followed by
the two south balconies,bedroom 2, bedroom 1 and the north bedroom. Finally, for the
circulation areasthe ranking, from the most excellentto the most poor, was the landings,
stairs, entrance porch and shed. The rooms and spaceswere analysedin a more detailed
mannerby combiningthe two highestoptions, excellent+ good and the two lowest ones,fair

+ poorrespectively.

5.3.1. Aspectof the designquality of the BASHouse

Thefollowing sectionwill depictan overallappreciationof the quality of the different aspects
of the designof the BASFouse, including 33 characteristicso be evaluated.Theyare all
relatedto the quality of architecturaldesignasawhole. In the abovesectionthe emphasisvas
put on a particular space or room, while in this section the focus is on passivedesign
strategies, construction and building material quality, installations, comfort, appliances,

technologiesandfinish.

The following set of figures,from 65 to 68, depict the 33 aspectsof the housethat were
evaluatedin regardto quality within four subcategoriesaesthetic,environmental, building
materials and installations.Within these four groups, specificaspectswere rated excellent,
good, fair or poor quality. Overallthe BASFousewasfairly well evaluatedas a whole by its
occupantsmostly betweengoodandfair options. Themaximumscoreof excellentwas37.5%,
obtained by just four features: the ceilings, windows, entrance porch and electrical
installations If the choicesexcellent+ good are taken together, 18 features scored 75% or
more; that is more than half of the features. The rankingfrom highestto lowest evaluation
wasasfollows:the lightingin winter, quality of buildingmaterials,floors, ceilingsand windows
all obtained 100%; next came the lighting in summer, ventilation, air quality, security,
maintenance, walls, pavement, electrical and appliances, which obtained 87.5%; then
environmental quality, comfort and the quality of building installations obtained 85.7%,

followed by the temperature and entrance porch, which eachobtained 75%.For the analysis
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of the quality evaluation of the many features of the BASHHouse,given that most of the
evaluationdone by occupantsvasconcentratedin the middle, therefore most of the time the

aspectswvere analysedaddingexcellent+ goodandfair + poorto obtain more robustresults.

Figure65 Graph:evaluationof the environmentalquality measuredirom excellentto poor for each
feature of the BASHouse.
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Figure66 Topgraph:evaluationof the aestheticquality. Bottom graph:evaluationof the building
installationquality. measuredirom excellentto poor for eachfeaturein the BASHouse.

Theaboveset of graphsdepictshow the quality of four setsof designfeatures(figures67 and
68) were evaluated.Thisdata wasobtained from the analysisof questionnairescompletedby
the occupantsof the BASFHHouse.Thegraphsin figure 65 evaluatethe environmentalquality
of the BASHHouse,and figure 66, containingthree graphsthat evaluatethe aestheticquality,

buildinginstallationquality and buildingmaterialquality.

Thedesignaspectghat obtainedthe lowestscoreswvhentheir fair + poorrankingswere added
are the aestheticquality of exterior, north facadeand privacy,with 87.5%,and the latter two
were rankedpoor by 75%o0f the occupantsthe worst evaluatedfeaturesof all thoseevaluated
in the BASHouse.Thegeometricform, adaptabilityand relationshipof space/layoutobtained
62.5%when fair + poor rating, beingthe three aspectsworst evaluatedafter those previously
mentioned. However adaptability received 50% just for poor. Therefore, six out of the 33

designaspectsevaluatedwere qualifiedaboveor equalto 62.5%asregardsfair + poor quality
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and sevenscored50%within the samecategory.For the four possiblequality classifications
for eachdesignfeature, the results show that all the higher valuesare concentratedin the

middle, beingclassifiedasgoodor fair quality.

5.3.2. Evaluationof the Passivalesignstrategies(PDSand sustainablesnergy
technologie{SETpf the BASHhouse

This section presents the evaluation of the different passive design strategies and the
sustainableenergy technologiesby the eight occupantsof the BASFhouse. As with the
previous sectionsevaluatingthe PDSand the SET the range of the four choices’excellent,
good,fair and poor’ wasusedto rate betweenthree and ten characteristic§or eachfeature.
Both set of answersare translatedinto percentagesn regardto preferencesWith thesesets
plusthe written comments,it is possibleto understandthe evaluationgivenby occupantsto
eachPDSand SETappliedto the BASHhouse.Most of the resultsof this sectionare includedin
appendixl1and12.Howeverthe mostrepresentativeonesare shownbelow. Figure67 shows

the evaluationfor the sunspaceasan exampleof well evaluatedPDS.

Figure67 Sunspacejuality evaluation,eightaspectsvaluatedby occupantsof the BASHouse.
Passivalesignstrategies(PDS)

SunspaceExcellent+ good PDSquality: of the sevencharacteristicsfive were evaluatedat
50%or more, odours/ventilationwith 100%,integrationinto the designwith 87.5% followed
by aestheticsadequacyof design,easeof useand noise,from 65.5t0 50%.Theitems ranked
betweenpoor + fair for PDSquality were safety and size/area(m?) with 62.5% where 37.5%

wasfor the choicepooronly.
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Sunorientation Excellentt good PDSquality: all four characteristicavere evaluatedat 66.7%
or more, with ease of use scoring highest with 100%, followed by adequacyof design,

integrationinto designandaestheticsfrom 83.3%to 66.7%

Reducedwindow size on the north facade Excellent+ good PDSquality: four of the eight
characteristicswere evaluatedat 66.7%or more, with safety being the highest evaluated
feature with 83.4% followed by noise,adequacyof design,easeof useand odours,obtaining
from 80%to 66.7%.Thosecharacteristicsscoringpoor + fair in terms of PDSquality were
size/area(m?) at 75%,aestheticsat 73.4%of which 66.7%wasfor poor quality, andintegration

into designobtained57.2%.

Natural ventilation mechanismExcellent+ good PDSquality: six of the eight characteristics
obtaineda veryhighranking,of 73.4%or more. Odoursand safetywere the highestevaluated
features,obtaining 100%,followed by adequacyof design,integrationinto design,aesthetics
and sizeor volume obtained, rangingfrom 87.5%to 73.4%.0f those featuresranked poor +
fair for PDSquality, only noise scored poorly with 75%, of which the choice fair obtained

62.5%ascanbe observedn the imagein figure 68.

Figure68 Naturalventilation quality evaluation,8 aspectsvaluatedby occupantsof the BASHouse.
Author’sobservationsasan occupanton the natural ventilation

Aspectssuchas the air flow in buildingsand indoor air quality are key to the comfort and
wellbeing of the occupantsof a building. It therefore seemsimportant to consider the

ventilation and cooling habits of the occupantsas well as how they used the devicesfor
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ventilation and coolinginstalledin the BASFouse. Thesehabits are closelyrelated to each
occupant’sculture and to the influence of the local climate. The following describe the

occupant’sexperiencen regardto domesticroutines:

Passiveventilationpatternsthroughwindows

As could be expected,the thermal comfort of all the occupantsvariesgreatly. Thereforethe
openingand closingof windows was subjectto individual demandand weather conditions.
Theoccupantscould operate certainwindowsremotely andthey couldalsoinform themselves
about the indoor temperature conditionsthrough an internet connection,but they rarely did

SO.

For the first winter, the different patterns of use and different schedulesfor opening and
closingof windows were observed. The non British opened their bedroom windows every
single day in the morning for a short period of time, for at least one hour after taking a
shower; however, this was not as frequent for the British user. All the occupantshad the
practiceof openingthe mainbathroomwindow on a daily basisandthey left the window open

until lunchtimenormally,unlessit wasaverycoldday.

For the second winter, the occupantshad very similar ventilation habits. It should be

mentionedthat both were non Britishandfrom the samecountry:

rBathroomwindows: Theoccupantswere in the habit of openingthe windowsthroughoutthe
yearto ventilate the bathroom and avoid condensation.The windows were openeddaily, in
the tilted position after morningor eveningshowers,on cold days,the windowswere opened

until the bathroomwasfree of steamandmoisture.

r Southfacing bedroom windows, the occupantsopenedthe sliding doors to the sunspace
almostdaily, normallyafter getting dressedandtidying the bedrooms.Onvery cold days,they
closedthem soonafterwards,whilst on warm sunnywinter days,they left them openasliong
asthe temperature permitted. In appendix6, in the sectionof indoor climate data for years
2009and 2010,the temperaturesof the bedroomsthroughout the whole yearare given.The
very high windows facing north were opened/closedfrom the kitchen control panel or
elsewhereusingthe internet almostevery day in autumn and spring,until lunchtime, when

the occupantgeturned home.
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rThecentralcore openingof the windowslocatedin the centre of the outer andinner curtain
wallsandat the top of the stairs,wastypicallyopened/closedon summerdaysto ventilateand
cooldown the whole housein a passiveway when not muchcoolingwasrequired. Theycould
be remotely operatedfrom the control panelin the kitchenor elsewherethrough aninternet

connection.

Combinedrentilationthroughwindowsand GroundAir HeatExchange(GAHE)

r The ground floor windows, sliding doors and windows were rarely opened on cold days;
sometimesthey were openbriefly for ventilation at lunchor dinnertime, to eliminate cooking
smellsor when a socialactivity raisedthe indoor temperature and the air becamestuffy. The
windowsthat were normallyopenon theseoccasionavere the kitchenones,in tilted position,
which is operated manually. However, when the cooking smells were too strong, the
automated central window set was operated, openingjust the highestpair at the top of the
stairs, which was operated remotely from the control panel in the kitchen. When this
occurred,on most occasionoccupantswere carefulto closingall the bedroomdoorsaswell,

to keepodoursout of them.

Figure69 showsa schemeto operatethe mechanicalventilation systemin whichfreshcold air
(at undergroundtemperature)is introducedto ventilate the housefor a short period. Thisfast
ventilation procedure was very effective in removing strong smells when cooking, indoor
overheatingor staleair due to the presenceof manypeoplein the house;the operatingtime
in winter wasneverlongerthan 10 minutesandthe diningandlivingroom ventswere opened

to amaximumof 30%.
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Figure69 Schemeshowingthe combinedstrategyto ventilatethe BASHousewhenis smellyor stuffy.

High ceilings Excellent+ good PDSquality: three of the eight characteristicsobtained the
higher ranking,all with 75%:adequacyof design,integration into the designand safety,and
noise with 66.7%.For the choice excellent,the highestvalue was 37.5%,obtained by the
secondaspect.Only easeof use was ranked poor + fair for PDSquality, with 66.7%equally

distributed betweenthe two choices.

Highthermal insulation Excellent+ good PDSguality: two of the three characteristicsscored
100%,namelyadequacyof designand integrationinto designsafetyand aestheticswith 75%.

Forthe choiceexcellentthe highervaluewas37.5% obtainedby the secondaspect.

Airtightness Excellent+ good PDSquality: most of the eight characteristicsobtained the
highest value of 100%; followed by adequacy of design, with 87.5%. However this
characteristicwas that with the most excellentrankings,with 50%;the rest were below and

odoursobtained60%,basedcompletelyon the choicefair.

Sustainableenergytechnologie{SET)

SolarsystemExcellent+ good PDSguality: five of the sevencharacteristic were evaluated
with 50%o0r more: odours/ventilationwith 100% integrationinto designwith 87.5% followed
by aesthetics,adequacyof design,easeof use and noise, from 65.5%to 50%. Thoseranked
poor +fair for PDSjuality were safetyand size/area(m?) with 62.5% where 37.5%wasfor the
choicepooronly.
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Solar system (solar panels for hot water) Excellent+ good PDSquality: five of the seven
characteristicavere evaluatedat 50%or more: odours/ventilationwith 100%,integrationinto
designwith 87.5%,followed by aesthetics,adequacyof design,easeof use and noise,from
65.5%to 50%.Thefactorsranked poor + fair for PDSquality were safety and size/area(m?)

with 62.5% where 37.5%wasfor the choicepooronly.

Biomassboiler Excellent+ good PDSquality: this appliancewas the worst evaluated. It did
not obtain any positive evaluation of its aspectsand nobody ranked it as excellent except
noisewith 16.7% Theitem clear user manualobtained 40%for the choicegood entirely. A
rankingof poor + fair for PDSquality was givento absolutelyall its aspectsof between 60 to
100%,where aesthetics,easeof use, odours, maintenanceand safety obtained 100%.All of
them, exceptfor clear user manualwere ranked over 70%in the poor category.Integration
into designobtained 85.7% ,followed by adequacyof designand noise with 83.3%and clear

usermanualwith 60%.

Roof coatingwith red pigmentsfor solar heat managementExcellent+ good PDSquality: of
the sixaspectsonly adequacyof designwasevaluatedover 50%,with 87.5% where 25%was
for the choiceexcellent.Only aestheticsreceivedover 50%ratings of poor + fair PDSquality,

with 62.5% Theother four aspectavere evaluatedwith 50%.

Water conservationand rainwater harvestingsystemExcellentt good SETquality: adequacy
of design,integration to design,easeof use and noise, were evaluatedwith the maximum
100%,divided betweenthe two choices,followed by sizewith 66.7%,entirely for the choice
fair. Therankingof poor + fair SETquality were givento noise,with 66.7% distributed equally

betweenboth choicesand aestheticswith 57.1%entirely for the choicefair.

Meters and monitoring system Excellent+ good SETquality: noise and sizewere evaluated
with 100%,adequacyof designwith 87.5%,integrationinto designwith 75%and aesthetics
71.5%.The aspectsranked poor + fair SETquality were clear user manual with 100%and

maintenancewith 75%both with highvaluesfor the choicepoor.

Ground air heat exchange(GAHE)»ystem Excellent+ good SETquality: safety obtained the
best value with 100%,six of the other aspects:adequacyof design,integration into design,
aestheticseaseof use,odours,noiseand sizewere evaluatedat between75%and 66.7%and

safetyobtainedthe highestvaluefor the choiceexcellententirely with 62.5%.Therankingsof
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poor +fair SETquality were givento clearusermanualwith 100% distributed equallybetween

the two choicesand maintenancewith 50%,where 33.3%wasfor the choicefair only.

Author’sobservationsasan occupanton the mechanicalentilation/coolingsystem

The GAHEsystemfor ventilation was almostneverusedin wintertime and rarely in summer.
However,the occupantsdid useit asa fan to move warm air upwards,ascanbe observedin
the schemein figure 70. Thiswas becausethe south bedroomsdid not have radiators for
heating, and it had been assumedthat the flow of warm air would reach the bedrooms,

especiallyif they were cold. However,in fact, they were usuallycolderthat the groundfloor.

Figure70 Schemeof the operationof the GAHE0 movewarm air upwards,from the groundfloor to the
first floor, for short periodsof time (10 min.) andwith a minimumfan velocity (10%).

The heat from the ground floor trench and the radiatorson the first floor was supposedto

ascend/movetowards and heat up the bedrooms (keepingdoors open), but it never really

happened At nighttime in winter, especiallyafter supper,whenthe bedroomsfelt colderthan

the rest of the house, despite the temperature readingsshowingthe contrary, the south

bedroomswere the warmestin the house,ascanbe observedin figure 71. The GAHEvas set

with the dining and living room vents 30%open, while the two intakesof the sunspacewere
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locked, allowing the cold draft to passthrough the floor radiator pipes connectedto the
biomassboiler, which were at a temperature of over 25°C.Thispracticewasdone at bedtime

for shortperiodsof time to avoidthe housegetting cold.

Figure71 Averageindoortemperaturesand humidity for the BASFHousein Februan2009,first winter.

A seconduseof the GAHEwasin the summer,whenthe indoor temperature surpassed®5°C.
Fora coupleof dayseachseasonascanbe observedin the temperature graphin figure 72,
the four first daysof Julyand 20 July2009 were very hot days,the GAHEwas an excellent,
effective, efficient and fast way of coolingdown the BASFhousewhen overheatingoccurred,

especiallyat lunchtime.
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Figure72 Averageindoortemperaturesand humidity for the BASFHousein July2009,first summer.

Figure73 Schemeshowingthe GAHBbperationto coolthe housedown in summerwhen overheating
occurs.
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Most andleastfavourite PassiveDesignStrategy(PDSand Sustainabldnergy
TechnologySET)

This section presents the reply to the open questions answered by occupants. The
transcription of the complete written answersis shownin appendix12. Table14 showsthe
answersto following instruction,whichwasgivenfor the sevenPDSand sevenSETappliedto
the BASFhouse: Pleaseselect and rank by personal preferencefrom one (most favourite
feature) to seven(leastfavourite feature) and explain(below)why or describeany particular

experienceyou hadwith it to like it or dislikeit.

Table14 Occupantspreferencesamongthe PDSand SETimplementedin the BASHouse

MOSTFAVOURITE iyl
OCCUPANT| pASSIVBESIGN
STRATEQPDS) ENERGY
TECHNOLOGSET)
1 HighCeiling PassivesolarSystem
. . Water Conservation
2 SunOrientation & RainW Harvesting
3 SunOrientation GroundAir Heat
Exchang&ystem
4 Sunspace Metersand
P Monitoring System
5 nghThermaI PassiveSolarSystem
Insulation
- Metersand
6 Airtightness Monitoring System
7 Sunspace PassivesolarSystem
8 Sunspace PassiveSolarSystem

For the most favourite PDS:the sunspaceobtained three votes, followed by the sun

orientationwith two votes.

For the least favourite PDS:the reduced window size on the north fagade obtained three

votes,followed by the airtightnesswith two votes.

Theseaspectsof the BASFhouseare closelyrelated to the lighting parameter. The sunspace
and sun orientation are key featuresthat influencethe quality of natural light and they were
the favourite feature, while the reduced window size of the north facade was the least
preferred, becauseit affectedthe natural light quality of those rooms. A quick daylightfactor

test was pursued on a partially overcastday in winter, on 10 February2012. Four spot
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measurementgo determinethe levelof naturallight in lux were taken at four different hours
of the dayin all the roomsof the BASHhouseandin two spotsin the exterior, in the northern
and southernareasadjacentto the house. Themeasurementsvere taken asindicatedin the
protocol;in the middle of eachareaat approximatelytable height (90 cm), for the kitchen,the
measurementsvere taken at the work surfacelevel at two points. The following plan views

(figure 74) portray the measurementgaken:

Figure74 Luminancespotmeasurementgor the 10/02/2012takenfour timesaday.

It canbe observedfrom the measurementghat in wintertime, the amountof lux measuredon
the first floor in the north bedroom and in the main bathroom were higher than those
measuredin the two south bedroomsat anytime; consideringthat the sunspacas in front of
them. When contrasting these measurementswith a daylight analysisgenerated by the
Ecotectsoftwarefor the winter solsticeat noon on a clearday, the resultsobtainedtendedto
be coherent with the measurementtaken in February2012. It is expectedto have more
daylightpenetrationin December giventhe sun’sinclination. Thereforeat noon in February
(figure 74) the measurement®n the groundfloor are 2760Luxin the sunspacebetween600r
750 Luxin the livingand diningroomsand between150 220in the kitchen,while in December
when analysinghe two groundfloor views (axonometricand plan) of the daylightanalysisjn
the axonometricview (figure 75) indicatesthat the north parts of the living and diningrooms
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andthe kitchenreceivedin the rangeof 800 Lux,which are similarto the manualspot values
measuredin Februarywith the lux meter. Whilein the planview (figure 76) depictsover 1000

Luxin the sunspaceliving and dining areas,while diminishingfrom 910 to 730 Luxin the

kitchen.

Figure75 Groundfloor axonometricof daylightEcotectanalysifor the 21stof Decemberat noonfor
the BASHouse.
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Figure76 Groundfloor planview of daylightEcotectanalysigor the 21> of Decembeiat noonfor the
BASHouse.

Forthe first floor in figure 77, the Ecotectcalculationdepicteda tendencyof Luxto diminish
over the two datesfollowed the samepattern for the bedroomsand stair landing, while for
the bathroomand north bedroom,the daylightanalysigor the winter solsticeat noon showed
lower measurementsthan the ones taken in February,about 400 Lux, while the Ecotect
analysisdepicted between 100 and 280 Lux at noon in December,which showsthat the
simulation is more limited when analysingrooms, for the longest day of the year the
simulation should show a rather higher measurementthat taken in situ (further daylight

analysisvith Ecotectareincludedin appendix14).
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Figure77 Axonometricwith sunpathdiagramandfirst floor daylightEcotectanalysidor 21 Decembeiat
noonfor the BASHouse.

Author’sobservationsasan occupanton the natural lighting

Many different variableswere closelyrelated to the natural light aspectof the BASHouse,as
for adarkclimatethis aspectis reallyimportant. Thequestionnairesthe experienceof livingin
the house, the commentsfrom the members of the public who visited the house were
repeated, very common expressiongrom visitors were “the sunspacemakesthe home nice
and bright”, “the light is great!”, “it is veryspaciousand clear”, howeverthe resultsshowthat

neither visitors nor occupantsappreciatedthe size of the northern windows as a passive
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designstrategy.Thisaspectshouldbe carefullytakeninto considerationrwhen designingareas
of fenestrationfor the different facadesbasedon the codeallowancedor sustainablehomes.
Sometimes,this could reach the extreme where new homes might become darker than
expectedor simulatedand end up dependingon a lot of artificial lighting. Fora dark climate,
like that of the UK there mustbe effective compensationwhen reducingareasof fenestration,
in order to draw natural light into interiors; if light wells are goingto be used,they needto

providethe samedaylightquality aswould be achievedhrougha window.

Figure78 Schemeadepictingthe highreflection of naturallight earlyin the morningon a summerday

The indoor reflection of light is also a factor that influencesindoor light quality, so the
selectionof colouris animportant factor. Onthe one hand,heavyuseof white or light colours
canbe very positivein winter, but on the other, it could producea negativeeffectin summer.
Figure 78 depicts a typical situation that occurredin the BASFHouseon days around the
summersolstice.Theindoor hasbeen painted white throughout. The curtainsare alsowhite
andthere is a high pitched ceiling. Thesefactorscombinedto produceso muchreflectionthat

it woke up photosensitiveoccupantsandthey hadto useeyeshadegduringthat season.

For the most favourite SETthe passivesolar systemobtained four votes, followed by the

metersand monitoring systemwith two votes.
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Forthe leastfavourite SETthe biomassboiler obtained six votes, followed by the permeable

pavingandroof coatingwith red pigmentsfor solarheat managementvith one vote each.

In regard to the general questions,which are basedon the visitors” questionnaire,when
occupantswere askedthe following two questions:*Wasit a good experiencefor you to have
visible readingsof the energyconsumption(W, kW h)?” and, “Shouldall homeshave visible
energymetersshowingconsumption(W, kW h) and cost (£)?” Theanswerswere the samefor
both questions,87.5%answeredYes’ ,while just 12.5%markedthe contrary. Tothe question:
“How much extra are you willing to pay for a Zero CarbonHome?”,66.7%of the occupants
were willing to pay only 15%more for a zero carbonhome while the rest were willing to pay
more, between15%and 25%.Therefore,100%of the occupantssaidthey would be willing to
pay 10%extra. The final questionwas “If you were to refurbish your home to improve its
energy performance,in how many yearswould you expect pay back?” The most popular

choicewasfrom 6 to 10 years,with 88.3%.

5.4. Results

By analysingthe resultsof the questionnaireon the BASFHHouseusingthe SPSSoftware, the
mostimportant resultswere:

5.4.1. Visitors’Questionnaire

Awarenessand preferencesregardingpassivedesignstrategies(PDS)and sustainableenergy

technologies(SET)

Therewas no differencein regardto the knowledgeand awarenessof PDShetween people
related to the built environment (BE) and those with no such relationship (non built

environment,NBE).

Peoplehad generalknowledgeabout PDS.The most well known aspectwas sun orientation

andthe leastknownwashigh ceilings 60%.

Therewas no generalknowledgeabout SET The least known aspectwas the red pigment

coatingroof for solarmanagementasonly 25.16%answeredthat they knewaboutit.

ThemostpopularPDSwvere sunorientation and sunspace.

TheleastpreferredPDSwvere the reducedwindow sizeon the north facadeand airtightness.
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The least preferred SETwere the biomassboiler and red pigment coating roof for solar

management

5.4.2. OccupantsQuestionnaire

Interior spaceusage

GroundFloor:the mostusedspacewasthe diningroom andthe leastusedwere the sunspace,

toilet, shedandplantroom.

FirstFloor:In generalthe first floor wasusedmore than the groundfloor, becauseof sleeping

patternsandthe useof the mainbathroom.

Space/roompreferences

Thissectionwill list the rankingof preferencesgoingfrom the different spacesandroomsthat

occupantsusethe mostto the onethey useless.

GroundFloor(publicspaces)

Kitchen Diningroom $unspace livingroom Toilet Rlantroom Hirst floor Main
bathroom Balconies Bedroomsl and2 North bedroom (irculationareas Landing Htairs |

Entranceporch Fhed

Specificdesignaspectsof the spacesor rooms

Groundfloor: Forthe kitchenasthe most preferred space the lightingwasits bestaspectand
privacyits worst. Forthe plantroom asthe leastpreferredroom, the temperaturewasits best

andfurniture its worst.

Firstfloor: Forthe mainbathroomasthe most preferredspace the adequacyof spacewasits
best aspectand storage spacewas its worst. For the north bedroom as the least preferred

room, the acoustics/noisavasits bestaspectandflexibility of usewasits worst.

Designandtechnologypreferences

Thecharacteristicof the architecturaldesignin terms of adequacyand good quality that were

well evaluated were: lighting in winter, quality of building materials, floor, ceilings and
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windows. And the badly evaluatedaspectswere: aestheticquality of exterior, north facade,

geometricform, adaptabilityand privacy.

Most favourite PassivéDesignStrategy(PDS)sunorientation

Leastfavourite PDSreducedwindow sizeon north facade

Most favourite SustainabldenergyTechnologySET)passivesolar system

Leastfavourite SETbhiomassboiler

GeneralQuestions

87.5%0f the occupantdliked the experiencewith the meter and monitoring systemand they
alsothought it was necessaryfor homesto have visible metersto read the costand energy

consumption.

66.7%0f the occupantssaidthey would be willing to pay between 10 to 15%extrafor a Zero

CarbonHouse.

88.3% of the occupantsexpectedthe paybackafter a refurbishmentto improve energy

performanceto be within sixto ten years.

5.5. Indicationsderivedfrom the qualitative analysis

Biomasdoiler asthe heatingsystem:Themaintenanceand operation of the biomassboiler is

not user friendly at all. After this realtife experience,it is recommendthat this type of
technologyor similar should not be operated by the occupants.Thisparticular model is not
automatic;it requiresmanualignition wheneverit goesout. Thisprocedurerequiresexpertise
andin the caseof a family with children,the safetyissueis crucial.lt alsorequirescontinuous
maintenancedue to the nature of the biofuel. Cleaningt involvesthe removalof 12 fire tubes
that collecthardtar from the oil of the pellets,whichthen needsto be scrapedoff (seefigures
79 and 39 in chapter4). Thecleaningwas supposedto be done every 6 weeks,but actually
hadto be done every 17 daysand took 4 person/hoursto do. Thisprocessproducesa great
dealof particulatematerialfrom the fire ash,whichremainedin the nasalductsfor a coupleof
daysafter cleaning,so the personhad the sensationof havingbreathedin polluted air. If a

machinelike this one but with a higher nominal output is goingto servea small group of
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houses then specialisednaintenancewould needto be consideredon a regularbasis.When
the biofuel type was changed,from rape seedoil to wood pellets, the smell, cleaningand
smokeproductionissuesalmostdisappearedTherefore not just the efficiencybecamebetter,

but the userfriendlinessalsoimproved.

Figure79 Regulamaintenanceof the biomasshoiler depictingthe polluted dust, winter 2008.

Asageneralrecommendationthe useof a biomasshoiler of this type shouldbe prohibited as
a singledeviceinstallationfor a family home, particularlyfor familieswith smallchildren.The
biomasshoiler shouldalsobe installedoutsidethe livingdomain,assmokeis producedduring

ignition and occasionallyuringuse,whichgeneratesa greatdealof pollution.

Theoccupantsnterviewedall had the experienceof livingin the houseduringwintertime that
is eightoccupantsplusthe author. Noneof them had a high opinion of the heatingsystemand
the experiencewith the biomassboiler was quite traumatic for some of them. Howeverthe
majority evaluatedmost of the other featuresof the housevery highly. Whenthe occupants
receivedvisitors(relatives)who stayedfor longer periods(one to two months)in wintertime,
none of them botheredto learn how the heating systemworked, asthey all found it difficult
anduncomfortableto operate,andin everycase they continuouslysuggestedisingelectrical
heatersinstead. Theyleft the operation to the regular tenants and tended to the opinion
expressedby one visitor “why do tenants bother about this systemwhen they could use

anotherone?”

Forresidentialuse,biomassboiler systemsshouldalwaysbe locatedin an areadetachedfrom
homesand should be operated automatically,as is the casewith many systemscurrently in
usein the UK. The negativeaspectof this is that latent heat is producedwhen the systemis

running which goesto waste,when it hasthe potential to be used.All of this createsgreat
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potential for reallife researchon the performanceof biomassboiler systemsfor heating
homes.In chapter six there are additional commentson this type of heating system,which
were obtainedthrough verbatiminterviewscarriedout with occupantsof the Upton homesin
Northampton. However, as this technologyis classifiedas one of the Low to Zero carbon
technologies,it is quite important to find out the real performanceof the biomassheating
systems with regard to consumption, functioning, user friendliness, installation issues,

pollutionandsoon.

This point in the discussionbrings up a crucial aspect for the pre and post occupancy
evaluationof low energyhomes.Forcold climates,the most hecticperiod in regardto energy
demand is obviously wintertime; and it is therefore important to carry out a rigorous
assessmentt different stagesfor a new home. The newer sustainableenergytechnologies
promoted for installationin homesshouldbe tested before use and evaluatedduring use, in
order to contrast the expected calculated performance,and to verify if the certification
provided is actually merited, especiallyif the implementation of such technologyis being
promoted by codes,exhibited in many building constructionfairs and widely offered by the

marketfor the housingindustry.

5.6. ChapterConclusions

In additionto the physicalperformanceanalysedn chapterfour, the in use experienceof the
BASHHouseby its occupantsis recognisedas a valuableinput to understandwhere some
problems might occur when inhabiting sustainablehomes. The learning from these new
experiencesin the housingsector provides muchneeded feedback.The use of sustainable
homesby occupantsbasedon their lifestylesdeservesgreat attention at the designstageto
ensurethey really achievethe energyconservationgoals.Theissuesrelated to the control of
the SustainableEnergyTechnologiegSETand the way sustainablebehaviourand education

couldbe influencedand promotedshouldbe seriouslyconsidered.

DesignForthe BASHousethe most appreciatedspaces/roomsvere the kitchen and
dining room followed by the sunspacethe preferenceof them wascloselyrelated to
the ‘lighting’ quality, which also made the north bedroom the least preferred
space/room.The ‘privacy’ aspectwasthe one that put the sunspacen third placein
terms of preference.Howeveran analysisof the written commentsby occupants
revealedthat most of them would replicatethis designfeature for their own homesif

they could,althoughthe PassivéDesignStrategy(PDS}hat occupantsappreciatedthe
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most and would replicate in their own homeswas the ‘sun orientation’ while their
leastfavourite wasthe ‘reducedwindow sizeon the north facadeand it wasalsothe
least preferred bedroom. The occupants’ experience and evaluation were very
consistentwith the visitors’ perceptionsandit is clearthat the importanceof lighting
in latitudes suchasNottinghammakeit a major designaspect.Most peopleknow why
the north orientation is crucialin the designof homes, which is lessimportant in
countrieswith milder climatesand higher solar radiation; asis the casewith most of
Chile,for example Anotherimportant aspectto point out in regardto the useof space
is that placeslike conservatoriesare very intuitive in their use,which variesaccording
to the seasonMost peoplelearn quicklythrough experiencehow to usethem in their
homes.Thesunorientation and naturalllighting are veryimportant featuresrelated to
home designin Nordiclatitudesand they needto be carefullyconsidered asthey are

directlyrelatedto the thermalandlightingcomfort for occupants.

SETEngagingwith technologyis a complex issue within sustainablehomes. The
occupantsneedto adaptto both constructiontechnologiesand energytechnologieslt
is no trivial matter to gainan understandingof different types of SETthat work with
different sourcesof energyand which needto be usedin specificwaysin order to be
efficient and able to perform as predicted. For the BASFHouse, when devices

malfunctionedor were usedincorrectly,it resultedin verylow energyefficiency.

Functioningof SETDuringthe period of study at the BASHHouse,the problemswith

the heating system persisted over the three winters until the system had to be
replaced,asit did not function in accordancewith expectations.Thebasicfunctioning
of the SETrequiredto be providedby the code. Themanualsand graphicschemesof
use and operation were complicatedto understandand of little or no help. The SET
required specificsettingsand careto function properly. Whenproblemsoccurredand
the occupantscalledfor them to be repaired,it was difficult to find the appropriate
techniciansand sometimesit took severalvisitsbefore one would agreeto take a look
at it. Forthe BASHHouse the biomassboiler was evaluatedby the occupantsastheir
'leastfavourite’ SETwithin the categoryPassivdDesignStrategiefPDSpandthey rated

it as‘poor’ for most of its featureswith verylow rankingsandwritten commentslike

“...why would tenants bother about this systemwhen they are ableto useothersinstead?”(BASF

Houseoccupant).
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It convertedthe wintertime quality of life of occupantsof the BASFHouseinto a very
unpleasantexperience.When the biofuel type was changedto wood pellets, the
biomassboiler performed much better in regardto the comfort of the users;it no
longer smelled, was easierto light, did not produce much smoke and the pellets

movedin the hopperwith greaterease.

In chapter 4, the biomassboiler data analysissuggestedthat this type of heating
deviceshouldnot be consideredasa low to zero carbon(LZCYechnology.It did not
perform asexpectednor asspecifiedby the manufacturer;it hadto be replacedthree
yearsafterwards.In this chapter,it hasbecomeclearthat if a biomassboiler is going
to be installed in a home, some important factors will need to be taken into
considerationfor securityreasonsjt shouldbe installeddetachedfrom the home,in a
specialspace;for energyefficiencyreasons,t shouldbe the right sizefor the specific
heating demand;to avoid pollution, it shouldusewood pellets for fuel; it shouldbe
automatically operated; for maintenance, suppliers and technicians should be

specified.

Awarenessof SETversus PDSOn one hand, it can be concluded that there is

insufficientawarenessand knowledgeabout SETsamongvisitorsand occupantsalike,
unlessthey work in this field, for instancemechanicalkengineers.On the other hand,
both the generalpublicand the occupantsof the househad greaterknowledgeof the
basicprinciplesof passivedesign,regardlessof whether or not they were involvedin

the built environmentfield.

Methodology:tools and techniguesQuestionnairesare the most useful instruments

for POETheanalysisof the data gatheredfrom them offered multiple opportunities,
especiallywhen used with software like SPSSHowever, if the researcheris not a
specialistaswasthe caseof the author, there is ariskthat he/shewill getlostamong
the data and on applying the features offered by the computer programme to
interpret results,could end up wastingtime and not knowingwhat to do with somuch
data. Therefore the design processand analysiof questionnairesneedto be doneby
specialist. For the PHO POEit is suggestedthat a sociologistor statistician be
employed. For instance the Pearsoncorrelation or analysisof dependenceamong
variablesand the predictiveand segmentationmodelwere both appliedto give more

validity to results,but asthe statisticalpart of it wasnot fully understood,the author
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endedup usinga greatdeal of time to obtainlittle and sometimesthis took the author
away from the focus of the research.However, one interesting result obtained by
applying these SPSSeatures, was related to the respondents’dislike of the small
windows on the north facade.Most people associatedhis feature with poor natural
light rather than energyconservationandit couldbe inferred that people’'sawareness
of passive design features (PDS)was low. Although the interviewees knew the
importance of southern orientation for fenestrations, they did not necessarily
understandthe flow of energy, and they were more concernedwith the natural
lighting aspect than thermal comfort. These insights suggestthat education on
sustainabilityin homesis needed. This, however, is a very general statement and
further anddeeperunderstandings required.In the end, the mostusefulwayto apply
SPSSvas for the descriptive analysis,which can also be done with a simple Excel

spreadsheet.

Thelength and focusof questionnairesare very important features,as otherwisethe
conclusionsare extremely general and difficult to sustain. For the occupants’
guestionnaire the questionsrelated to preferenceshouldhave beenwithin a typical
Libertscaleof five options, otherwisemanyconfusingstepsneedto be takenin order
to obtain good results from the data. Crossreferencing with open questions
complementedthe results,but muchof the data obtainedfor so manyfeaturesof the

BASHHousewere not useful.

Theuse of tracking deviceswas an attractive and interestingexperiment,but ended
up being a big distraction within this study. In the end, they did not addressthe
associatedesearchquestion,which could have been one whole piece of researchin
itself, and what wasworst occupantsdid not feel comfortablewith their use,so most
of the data gatheredwith the trackingdeviceswasnot useful. An alternative reading
of it was the length of time occupantsspent in different zones,but in other to
calculatethe individualfootprint for a givenperiod of time, it wasnecessaryo install
the packagen the whole houseand ensurethat the userswere willing to participate.
Otherwiseit wastestoo muchtime and money and the data is not useful. The data
obtained as a result of the applicationof this tool is shownin appendix12. It could

havebeenobtainedin amuchsimplerandcheaperway.
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Observations plans,specifications photography, diary of eventsand simulationsare
very usefultools for architects,and they help substantiallyto complementand shape
the research,so they are typically usedby architects.As textual/graphicaldata, they
contribute to a better readingand a better explanationof the results obtained from
numerical data. Sometimes a perception of the occupants was represented

graphicallyemphasisindhe findings.

Chapters4 and 5 on the BASFHouse showed how difficult it is to work with a mixed
methodologyin which manytools andtechniquesfrom variousdisciplinesare to be combined.
Architectureis a very generalistdiscipline, so architectstend to borrow from many other
disciplinesto addressa complex problem, but it does not imply the one personcan be a

specialisbf manydisciplinesat the sametime, Fitzpatricket Alin 1992wrote

“Mixed Methodology(akaThe Servantof Two Masters)...Théasicdifficulty with... is that you have
to conducttwo separateand distinct types of research,you haveto write and write and research

andresearchandanalyzedandanalyzedeverythingyou do twice throughout...”

Ratherthan doing everything twice, what happenedwith this study is that a tremendous
amountof data of different typesand sourceswvasgatheredandit wasverydifficult to process
and analyse.Themain conclusiondrawn therefore wasthe proposalto carry out a PHOPOE,
which proactivelydrawson the different disciplinesand specialistsaarounda main measurable
parameter related to education on sustainabilityin homes; sustainability in homes is a

multidisciplinarymatter that architectscannotaddressalone.

Chapterssix and sevenare structuredin the sameway as chaptersfour and five. Thefirst of
the two chapterscoversthe analysisof numericaldata, and the secondcoversthe analysisof
the textual dataon the samecasestudy,the BASFHomein chapters4 and5, the Upton Homes
in chapters6 and 7. Thestudy of the real life sustainablehomesis not asin depth asthe one
done for the BASFHouse. However, much of the learning from the first personresearch
experiencewascrucialin focussinghe Upton Homesstudy on someof the keyissuesrelated

to the useof sustainablehomes.
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Chapter6.  Monitoring real fife casestudies of sustainable
homesunderthe ZeroCarbonErain the UK

This chapter compriseswork on a largescale residential development located in Upton
Meadows, Northamptonin the United Kingdom(figure 80). Sinceits beginnings,the Upton
homesproject was a real remarkableone. It captured much media attention and generated
great expectation becauseit was one of the biggest urban “sustainable” development
proposalsat that time in the UK. Thischapterlooks at a piece of qualitative researchcalled
“smart meters — energy matters” which was carried out on the Upton homes project to
addressthe researchquestionof this thesis “are sustainableenergy homesappropriate for
any residentto live in?” For this study, three tools were appliedto collectdata from human
subjects:dataloggingof power usage;questionnairesand verbatiminterviewswith occupants
of the Upton homes. Thischapter coversonly the quantitative data analysisof the readings

obtainedfrom the Wattsonenergymeter.

Figure80 Map of Englandand EastMidlandsRegion highlightingNorthamptonand Upton

The researchexperienceof the author as one of the occupantsof the BASFouse, helped
much in shapingand focusesthe qualitative researchincluded in this chapter, given the
complexityand problematicnew sustainablehome are portraying.However this sectionis on
a more macrolevelcompareto the one done on the BASHouse,the scaleof definition of the
datais biggerandlessdetailed,the setfor the qualitativeanalysids alsosmallerandit is focus
on a specificstudy. Nonethelessthe information will add to contribute to comprehendand
learn from the processtowards energyefficiencyin UKhomes.Thecasestudieswere real tife
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commercial sustainable homes built under the Code for SustainableHomes and being
occupiedfor all type of occupants,mostly families, they consistof ten homes, eight terrace
homes, one detachedhome and one flat. In this way, this chapteris a continuation on the

researchon occupiedsustainablehomesbuilt after the CSH.

6.1. TheUpton Homes- Reallife sustainablehomes

The Upton homes project (figure 80) becamea great realtife laboratory for research;it

presenteda greatopportunity to studyandlearnfrom recentlybuilt homesunderthe UKCSH.
Given the rapid change in the issuesrelated to sustainabilityin homes, this on going
developmentis an extremely interesting project to test, learn from and use to develop
recommendationson housingissuesat all levels. In projects like the Upton homes, many
partiesare involved,from the conceptionof the original proposalthroughto the end user; a

number of these homes became case studies for different researchprojects and research

groups.

Figure81 Uptonhomeson “ScribersDrive”, winter 2010.
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TheUpton homesprojectincludedsomedemonstrationhomes,in which a monitoring system

wasinstalled,the datafrom whichwasto be analysedby the SHINERUE project,

“What is SHINEFTRUE BHINE RUES an EastMidlandsRegionand Europearfunded project to find

out about how occupantsinteract with and use renewabletechnologiesin their homes]|...]. The
project also aims to understandhow people use energy by looking at their energy behaviours.
(Jackson2008)”

However,duringthe period of this study, it wasvery difficult to gainaccesdo the monitoring
systembecauseof the commissioningprocedureand, astime passedthe occupantsmovedin
to their homes,so it becamemore difficult to accesshem. Nonethelessten homes(Figure
82), without a monitoring systeminstalled,volunteeredfor the SHINERUBproject presented
in this chapter. Theyall were built under the CSHTheyare locatedon two sitesin the eight
zonesdefined by the Upton DesignCode,sitesB and D1 (figure 83) facingMill PondDriveand

ScriberdDriveandone of them on ScriberdMews (Figure81).

Figure82 3Dview showingthe ten homeandthe useridentificationnumber;the coloursidentify the
different heatingsystems

15 SHINE RUE QustainableHomeslInnovationNetwork of Excellence firansdisciplinaryResearchinto UserBehaviours”
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Figure83 Schemeof the eightzonesor developmentareas.Thesitesandthe ten homesinvolvedon this
studyare markedin darkerpurple.

Both sites, B and D1, included designsfrom various architecture firms; for site B, Cornhill
Estatesand FaircloughHomeswere the selecteddeveloperswhile for site D1, the developer
was Metropolitan Housing Partnership. This site considered 345 dwellings of mixed
townhousesand flats that neededto considera number of advancedtechnologies,water
recycling,PVand neededto be designedo complywith the Codefor SustainabldHomes(CSH)
andthe Upton DesignCode(UDCand ZeroEmissiorDesign(ZEDstandardswere alsoapplied

to someof the homes.
“[...]the Upton Schemeaimsto promote the useof greentechnologiesn a mainstreamconstruction
setting. The development sets new standardsin volume housebuilding, giving developersan

opportunity to design and build sustainable, energyefficient homes with a conventional
appearance.[EST2006).
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6.2. Energymeters,energymatters

On November2006, one of the consultationsproposedin the EnergyReviewreport, “The
Energy Challenge” (July 2006) was “Energy Billing and Metering. Changing customer
behaviour” (BI1S,2006). One of the governmentalconsiderationsn this report related to the
realtime displayof electricity consumptionand costwasthat if homeresidentswere provided
with effectivemeansto keeptrack of their energyuse,this might playa keyrole in aidingusers
to diminishtheir electricity bills. Howeverthey neededto test the assumptiongnadein regard
to the positive impact on energy consumption reduction and the changein consumer
behaviour. The consultation therefore asked,among many other related subjects,for the

studyto analysethe costsand benefitsof introducingmetersin homes(BIS2006).

Threeyearslater, on December2009, the UK Departmentfor Energyand Climate Change
(DECCdeclared“the UKgovernmenthad alreadyannouncedthat it wanted all UKhomesto
havesmartmetersby 2020” and “the Departmentof Energyand ClimateChangewvantsto see

47 million metersin 26 million propertiesby 2020” (Moylan,BBONews,2/12/2009).

It is proposedthat the companieghat supplygasand electricity shouldprovidethe metersfor
their customers,asthey currently do. However,giventhe compulsorynew measurefor 2020,
it is now possibleto find on the market a vastrange of real time displayenergydevicesto

monitor electricityconsumption.

It is assumedthat givinghome residentsa more complete picture of their electricity and gas
consumption, both in realtime and historic usage will educate and inform people and
therefore reduce energy demand in homes. However, little researchto demonstrate the

veracityof this assumptiorhasbeenundertaken.

It is within this trend that SHINETRUEhasdevelopedone of the aimsof the project. For this
particular study, a smalltrial was carried out on the use of monitoring technologiessuchas
energy meters, with real time displaydevicesto test their possibleinfluence on behaviour
among home usersin regard to energy consumptionin recently built sustainablehomes
Also, it was our intention to evaluatefour different types of energy meter offered on the

market, the pricesof which varied from £35to £90 approximately® (amazon.co.uk)ln order

8 www.amazon.com.uk
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to understanduseracceptanceof this type of device both of theseaimsfrom the SHINHRUE

projectcoincidedwith the generalobjectivesof this study.

6.2.1. Thereal time energymeters

Theten homesfrom the Upton homesdevelopmentin Northamptonbecomeoccupiedin late
2007and 2008.At the time of the study, most of the occupantshad lived for more than ayear
in their homesand this wastheir first or secondwinter they had experiencedn thesehomes.
Forthe evaluationfour different typesof real time energymeterswere randomlychosenfrom
the retail outlets where thesedevicesare generallysold. Themetersneededto havethe basic
featuresof a real time displayshowingelectricity consumptionin kW h or W h andthe costin
British Pounds(£). Priorto passingthe energymetersto the ten familieswho volunteeredto
trial them for this study, a pilot trial was carried out, in which the four energymeters were
givenout to membersof SHINEH RUHeam to test and evaluate.The author reviewedall of
them and built up an evaluationcomparingall the features,which canbe seenin the tablesin
appendix18. Someof the positive and negative commentsfrom this initial test are listed

below. TheWattsonwasthe devicerated highestby the author:

Tablel5 Pictures sizesand pricesof the realtime energymeters

Name WATTSON OWLCM119 ENVICC128 EFERGHELITE
and

Pictures

Sizes 11x8.4x2.6cm 7.8x11.3x4cm 12x7x3cm Similarto Owl
Price £ 90. rapprox. £ 30. rapprox. £50. rapprox. £ 40.rapprox.

Commentsaboutthe Wattson(first from left in Table10):

It wasvery extremelyintuitive to use

Thecolour codeindicatedlessor more electricity consumption,waseasyto read and
interpret; it mightbe a goodeducationaldeviceon energyconsumptionfor children.

It hada modernandattractive design.thoughit wasa bit bulky.

It stood out becauseof its simplicity

Commentsaboutthe OwlCM119(secondfrom left in Tablel0):
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Thedisplaywasdifficult to readand confusing
The reset buttons were difficult to accessand they neededto be pressedduring

battery change

Commentsaboutthe EnviCurrentCost(third from left in Table10):

It hasoutdoor usagefor a transmitter + sensor
Thevisualdisplayof historicalreadingsof three daysor three times a daywasgood, it
would help occupantsbe aware of peak hours of energyusage.However,too much

informationwasdisplayedon the screenat anyonetime.

Commentgegardingthe EfergyElite (to the right in Table10):

Therewasno control for the backlight

Thereadingsfor low energyusagewere not veryaccurate
Thereadingof the dailyaveragewasconfusing
Thediagramand history contradictedone another

Thesamebutton neededto be usedto setthe time andswitchthe alarmon/off.

6.2.2. Theten volunteerhomes

The list of volunteer families was drawn up following a previous study, when 100
guestionnaireswere distributed door to door. 50 of the questionnaireswere completedand
of those, 10 familiesvolunteeredfor this real time energymonitor trial period. Forthe study
terraced houseswere preferred to flats; neverthelesspne of the ten homeswasa flat. The

specificenergyand environmentalrequirementsfor thesetwo sitesarelistedin table 16.
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Table16 Energyand environmentalrequirementsestablishedoy Upton DesignCode(UDC)
preparedby EDAW

SITE N° MANDATORACROS®WHOLESITE DEMONSTRATION
UNIT PROJECTS/TECHNOLOGIES

BREEAM/EcoHomé&xcellent
NationalHomeEnergyRating NHERating 10
Codefor SustainableHomes €SH2007 woluntary)
B 3 NorthamptonDesignCode(NDC)
Passivesolardesign
Solarwater heating
Rainwatetharvesting
BREEAM/EcoHomé&xcellent
NHERating 10
CSH?2007 woluntary)
NorthamptonDesignCode(NDC)
D1 7 ZEDstandards
Passivesolardesign
Solarwater heating
Insulationimprovements
Highinternal air quality

Photovoltaic(PV)systems-min. 25 units
Greenroofs—min. 25 units

PVsystems-min. 90 units

Micro combined heat and power (micror
CHP} min. 60 units
Rainwaterharvesting— all freehold units
without greenroofs

Greenroofs (extensive)}- min. 60 units

Figures84 and 85 introducesthe ten homesstudied, includinga brief profile and description
for eachof them. None of these homeswas a demonstrationhome, so the specialfeatures,
such as green roofs, or micro generationthrough wind turbines, among other renewable
energy technologies,were not consideredfor these homes. Three of them included a
rainwater harvestingsystemwith butts for water collectionsimilarto the one at the RuralZED,
but none of them hasa PVsystem.Fiveof the ten homeshavecombinedgasfired heatpower
(CHP¥yystemsandthree of thesefive includedsolarthermal panelsfor water heatingin warm
weather. Theflat hasa an air sourceheat pump (ASHPand the last four havetheir heating

providedby a wood pellet boiler whichheats39 homeson site D of the Uptonhomes.
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Figure84 Fiveof the ten volunteerfamily homesin Uptonwhich participatedin the study“Energy
meters,energymatters”: usersl, 2, 3,4 and>5.
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Figure85 Fiveof the ten volunteerfamily homesin Uptonthat participatedin the study“Energymeters,
energymatters”: users6, 7, 8,9 and 10.

Fourof the five homesthat were developedby the Metropolitan HousingPartnershipsusers

4,5,7 and 8, relied on the HERZvood pellet boiler systemfor their water and spaceheating.

Theother sixhomes,usersl, 2, 3, 6, 9 and 10, usea CombinedHeatand Power(CHP}ystem
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for their water and spaceheating.Forwater heatingin warm weather, three of thesehomes
havesolarthermal panels,users3, 9 and 10 respectivelyand when the solarradiationis not

enoughto heatwater, theyrely on their CHPsystem.

6.2.3. Thetrial period

Giventhe greatestenergydemandin homesis duringthe winter, the experimentneededto be

carriedout over a period of at leastfour weeks,i.e. the whole month of February However,in

the end, it lasted six weeks, starting on 02/02/2010 and finishing on 16/03/2010. The
approachwasto leaveone of the energymeterswith the capacityto store datafor the whole
period of 6 weeks.TheWattsonenergymeter waschosenbecauseof its simplicityof use.Each
week, one of the remainingenergymeters was givento eachfamily to trial for a week (see
table 17) andtest it asthey pleased.Thedataloggedby the Wattsonwasdownloadedduring
each of the weekly visit to users.To test it thoroughly and be able to evaluatethe energy
meter from the point of view of usability,eachfamily receivedthe packageasnew, asif they

hadjust boughtit themselvesandthey were askedto discoveranduseit asthey wished.

Tablel7 Thetrial periodfor eachenergymeter

WEEK DATE ENERGMETER LENGHTEFTEST
To be kept for the whole measuringperiod,
! 02/02/2010 Wattson until 16/03/2010,to analysethe datalogged.
2 09/02/2010 Wattson+OwlCM119 OwlCM119to be keptandusedfor aweek.
3 16/02/2010 Wattson+EnviC2 EnviC2to be keptand usedfor aweek.
4 23/02/2010 Wattson+ EfergyElite EfergyEliteto be keptandusedfor a week.

After eachweek, the author distributed a short questionnaireof nine questions(seeappendix
19) to evaluateits usability and featuresfrom the volunteer perspective.The questionnaires
are analysedn the chapter7. Thequestionwere the samefor all of them, exceptif the energy
meter had a particularfeature that neededto be evaluated,then an additional questionwas

addedto the questionnaire.

At the end of the trial period,on 16/03/2010,a generalenergymeter questionnairecontaining
13 questionswasdistributed,to comparethe four different smart meters. At the sametime, a
short faceto face interview pursuedby the author with eachvolunteer was conductedand

recordedto add moreinformationto this study (transcriptionsareincludedin appendix20).

All the questionnairesand interviews focused on the central research question to be
addressedby the study, which wasto find out if the use of real time energy meters could
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influence in any way energy consumptionand usageand also to find out the degree of

awarenessamongvolunteersabout energyissuesand sustainablehomes.

6.2.4. What'sgoingonwith Uptonhomes?Thedata from the Wattsonmeter

DescriptiveAnalysis

TheWattsonenergymeters (figure 86) recordeddata for a period of 42 winter days.A week
after the ten energymeters had beeninstalled, the situation was as follows: two metersdid
not work, asthey were faulty, two of them recordederroneousreadingsand the battery of a
fifth was gone. Thereforefor the subsequentweeks,the data from sevendevicesand for a

reducedperiodwastakeninto consideratiorfor the study.

Figure86 TheWattsonenergymeter at one of the sevenhomesof Upton.

Figure87 depictsexamplesof erroneousdata readingsafter downloadingthe recordeddata
followingthe first week of measurementsThemetersrecordedperiodswith no datareadings,
as canbe seenin columns(D, J and K), which are blank. The reasonswere that the devices
were faulty or the battery went flat. Another erroneousreadingthat becameinvalid wasthe
jumping between one readingto the next one, in which one readingwas recordedand then
the following four were not, in a pattern that repeatedfor severalhours before the device
returnedto a normal datareading,ascanbe seenin figure 87 in columnl, user6. A third type
of invalid datawaswhen for hoursthe devicewasread 0, ascanbe seenin columnM to the

right, for user10.
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Figure87 Exampleof datareadingsfrom the Wattsonenergymeter.

Whenthe data wasinvalid, those periodswere not considered. Howeverfor the majority of
weeks,the data seemedto be valid. Thestudyis basedon the data which recordednormally.
Another important fact in regardto the datalogging,is that the energy meter did not take
accountof the power factor or of changesn voltageduringthe day;it merelygavean instant

total powerreadingin watts.

Table18 showsthe profiles of the householdshome typologyand surface(m?), site location,
heatingand ventilation systems highlightedare the sevenhomeswith normal data readings.
The number of inhabitantsper home varied from one person,user 2, who alsolived in the
home with the smallestsurfacearea (more than half that of all the other homes),a oner
bedroomflat , to a maximumof four people,users3, 5 and 9. In between were two threer

personfamilies,users6 and4 anduser10with 2 occupants.
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Table18 Generaffeaturesof the ten homeshighlightingthe sevenhouseholdgor the energy
meter dataanalysis
[%2)]
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n OFE = 74 o ° w > w > O >
5 Iwn n < z z ITn >0 OFr
Mechanical Glulam Frame
1 Terrace-2st D1 115.2 2p(2adults) 3b GasBoiler V_ent||at|on MMC
with  Heat
Recovery
Air Source Heat MV w/HR Glulam Frame
2 Flat—1 st D1 43.9 1p(1ladult) 1b PUMp MMC
3 Terrace P st B 120.7 4p (2 adults, 2 b GasBoiler and Solar MV w/HR Glulam Frame
teenagers) Thermal MMC
3p (1 adult, 2 Wood Pellet Boiler MV w/HR Glulam Frame
ol D1 944 hidren) el (district heating) MMC
4p (2 adults, 2 Wood Pellet Boiler MV w/HR Glulam Frame
9 [LeieEsEEs IR SRR ) £ (district heating) MMC
2p (2 adults, 1 . MV w/HR Glulam Frame
6 Terrace B st D1 114.7 baby. 1 toddler) 3b GasBoilerand STP MMC
7 MewsHome 2 D1 89.2 4p(3adults,1 3b Wood PelletBoiler MV w/HR Glulam Frame
st baby) (districtheating) MMC
3p (1 adult, 2 Wood Pellet Boiler MVw/HR Glulam Frame
8 Terrace st D1 1138 teenagers) 3b (districtheating) MMC
9 Detached Home B 124.9 4p (2 adults, 2 b GasBoiler and Solar MV w/HR Glulam Frame
r3 st "~ children) Thermal MMC
GasBoiler and Solar MV w/HR Glulam Frame
10 Terrace Rst B 95.5 2p(2adults) 3b Thermal MMC

Ashasbeenmentioned,the measurementsakenwere globalreadingsof the instantpowerin

use, which was given in Watts [W]. Howeverthe unit of measurementcalculatedfor the

analysisis the averageenergyvalue per day in kilowatt hours [KW h], giventhat the other

units of measurementsused by this energy meter are, kW h, cost in pounds[£] and CO

emissiongkgCO], which were calculatedby the Wattsonprogramfrom the instantreadingin

Watts [W].

Table19 Descriptivestatisticsof the averageenergyvaluesper dayfor the sevenusersof

Uptonhomes
if. f§(._. Coece—eo >’<...fZ f”(f-mi <" e— 5 St 5
Frof <t —f"—<Z: —f"—<2Z
USER [11.831 18.070 7.355 2.248 210.607 10.581 12.464
USER  [15.250 20.676 12.549 2.585 278.322 13.233 16.728
USER [7.2891 11.956 4.261 1.802 135.294 6.185 7.982
USER 9.581 12.163 6.555 1.512 95.119 8.649 10.634
USER [27.712 34.674 19.044 4.927 1010.912  25.034 31.541
USER [11.146 16.587 5.857 2.448 249.705 9.848 12.489
USERO [10.249 14.565 7.551 1.663 115.239 9.387 10.233

In the first instance,it waspossibleto determinefrom table 19 that the userwho consumed

the mostenergyduringthe measurementperiod wasuser6. User6 consistedof a family of 2
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adults,onetoddler anda newbornbabyandthey consumedhree time more energythan user
4, afamily of three, who canbe seento be the most“energysaving”.Bothhomeshaveboilers
for their heating systems.In fact, the first quartile is roughly double the rest of users.An
important feature of this household(user6) is that one of the inhabitantsis a baby. Thisfact
may be associatedvith the rate of energyconsumptionin this housecomparedto the others.
Of the families with 4 occupants,the one with the highest averagerate of electricity

consumptionis still user6, followed by user3, a householdof two adultsandtwo teenagers.

The other usersshowedan energyconsumptionrate relatively closeto 11.6 kW h. Theydid
not presentunexpectedevelsof volatility in their electricityconsumptionandall of them were

barelyaboveand mostlybelow2.4kW h, whichisverycomparableto user2.

The above assumptionsgain validity when the rates of electricity consumptionby usersare
graphicallycompared;the higher usageof user 6, the lower levelsused by user 4 and the
homogeneityof all the others in regardto power consumptioncan be observedin graphin

figure 88. The daily pattern was very repetitive and did not vary much from one day to the

next.
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Figure88 Graphof daily consumptionin kW h for the sevenusersof Upton homes,
from 4/2/2010to 15/2/2010.

In addition to the exploratoryanalysisjt is important to take into considerationthe length of
time in which the measurementswere effective, for instance if the cumulative power

consumptionis presentedby weeksor months, the picture will changeslightly, as can be
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observedin figure 89, in which a graph showsthe weekly power consumptionby the seven
householdswith the exceptionof the first week, becauseof the invalidreadingsrecorded,as

hasalreadybeendescribed.

In the graphin figure 89, user 6 was still the one with the highestrate in regardto power
consumption,but user 4 stopped being the “energy saver”, although this is the user who
sustaineda steadypower consumptionrate throughoutthe whole period, exceptfor week 4.
User2 (1 personflat with ASHFheatingsystem)is the one with greatestrate of variationsper
week. Overallthe weekly analysisshowedthe sametrends already described.The analysis
showsthat the differencesmight be related to the profile of eachhouseholdand the way in
which eachfamily usedtheir appliancesandlighting,asthe heatingwasbasicallybasedon the
sameheatingtechnologieswith all usersexceptfor user2 havingboilers ( user 2 had heat

pumptechnology).

Figure89 Graphof cumulativepower consumptionin Watts/weekfor the sevenusersof Uptonhomes
Associatiorbetweenvariables:Pearsorcorrelationand clusteranalysis

ThePearsorcorrelationasan associatiorindicatordid not help to understandthe relationship
amongusers,so a Clustersanalysiswasusedinstead. It wasimportant to find correlationsin

order to help explainthe results,asthey could contribute towards confirm the fact that the
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householdprofiles and/or the type of appliancesand lighting features could be the factors
with greatestinfluence over power consumptiondifferences.The energy meter readingsby
themselvescould not providethis insight,unlessan inventory of electricaldevicesand lighting
had been made. A third attempt to understandpower usageamongthe set wasto pursue
exactlythe sameprocedure startingwith a descriptiveanalysisfollowed by Clusteranalysisat
four definedhoursof the dayincludingpeakhourssuchawakingup time at 7.30a.m.andat 6

p.m.,whenthe occupantscamehome.

6.3. Results
Resultdrom the Uptonhomes

All the tablesandfiguresobtainedfrom the descriptiveanalysisare graphicallyshownin detalil
in appendix21. Oncethe data had beenanalysedand first resultsobtained, mainly depicting
the amountof electricityeachhouseholdwasconsumingfurther procedureswere undertaken
to obtain more resultsfrom the dataandto establishedassociation@mongvariablesin order
to gaina better understandingof the numericaldata collected.It wasstill difficult to visualise
the levelsof proximity amongusersbasedsolelyon suchdata. For example,the attempt to
establisha relationshipbetweenthe numberand profiles of the occupantsof homeswith their
power consumptionby analysingone specifictime of the day wasan interestingapproachto
read data towards an expectedresult. However,it was still not possibleto reachany robust
conclusionin regard to energy consumptionbehaviour from the sevenof the ten Upton
homes. This step was therefore repeated for two other specific times during weekdays,
obtaining more suggestiveresults, but it was already clear that the data was not robust
enoughevento concludethat user6 wasthe highestpower consumerand user 4 the lowest.
Thereforethe next step wasto complementthe numericaldata with textual data. However,
theseresultswere interesting,asthey broughtto light new researchquestions,althoughthey
movedawayfrom the mainfocusof the research An exampleof this type of resultis shownin

figure90in next page.
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Figure90 Singlelink dendrogramwith Euclideammetric distanceclustercombinationfor 9pm.

Theclustershownin the dendrogramfigure 90 revealsa first clusterof spotsformed by users
4 and 5, both homeswith two children. By expandingthe distanceone step further, user9,
alsoa family with two children,becomespart of the samecluster. Soan apparentcorrelation
betweenchild occupancyand energyconsumptionat certainhoursof the daycanbe assumed.
Theenergyconsumptionof user6 wasquite different to that of the other users,ashasalready
beenpointed out in the analysisof the data. Thisresult could be related to the presenceof a
baby. Therefore the typical Pearsoncorrelation analysisfinding was reaffirmed with this
Clusteranalysisof peak hours, although there was not enough data to establishthis was

indeedthe causefor the consumptionshownby this user.

6.4. ChapterConclusions

Themostrelevantconclusionfrom this chapteris relatedto monitoringinhabitedhomeswith
sensorsand data processingForany dataloggingsystem the installationmust be done before
occupantsmovein to the homesand the systemmust be fully calibratedand tested prior to
the defined measurementperiod. Sampledata needsto be loggedand analysedprior to the
measurementperiod too, asotherwiseit becomesvery difficult to solveproblemswhen they
appearduring the measuringperiod. Thevalidity of the data needsto be provenbefore, not
during the study, otherwise a great deal of erroneousdata can be obtained,aswasthe case
with the Wattson energymeter. In the end, it was hard to obtain good resultsand findings,
and reachgood conclusionsindeed,good conclusionscould not be obtained from the data,
although a great deal of effort was put in to understandingit. However,in the end, the
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findings were not sufficiently robust. However, new interesting research questions arose
related to family profiles, for instancedoesthe age of childrenversusteenagersin a family
imply higher or lower energy consumption?Doesa householdwith a baby consumemore
energy?Two of the familiesin the Upton homes study had babies,but one of the energy

metersdid not function at all.

Homeoccupantsdo not appreciateintrusionsinto their privacy,sovisitsneedto be reducedto
the minimumandthe period of time for which devicesare goingto be installedand measuring
carried out should be a month or less,ideally during the coldest month of winter. When
studiesare realisedin wintertime in a Nordiclatitude like the UK,evenif all the abovedetails
have been taken care of, suchasthe length of the measuringperiod, the dates, times and
length of visits for installing sensors, downloading data, surveying, photographing,
interviewing, etc., there is alwaysa latent senseof intrusion, becausethe researcherhasto
meet the family after the adults havereturned home and in wintertime it is alreadydark and
the family are preparingor eating supper.Theresearchertherefore feels asthough they are
invadingprivate family time at night. It is not easyto find volunteersfor anytype of studythat
involveshumansubjects sooncea group of volunteershasbeenobtained,it is veryimportant
to maintain a very cordial relationship between the subjectsof the study and researchers,
especiallyif the applicationof severaltools to study a researcha problemis planned.In fact,
the SHINETRUEproject included carrying out measurementsof occupiedor soon to be
occupiedsustainablenomesin three different locationswithin the EastMidlandsregion, two
homesin Colsterworth,two homesin West Bridgefordand two homesin Upton by RuralZED
(seeappendix17), as well as demonstrationhomesin the Upton homes project. For these
three cases,meters were installed, entailing money and time, which at the end of day was
wasted.In the caseof WestBridgeford,installationstarted whenthe homeswere unoccupied,
but wasnot completewhen the occupantsmovedin. After sometime, the occupantsbecame
very upsetand stoppedallowing the researchergo enter the homes.Forthe RuralZED the
situation was evenworst, becausethe whole installation of the monitoring systemwasdone
during the last stageof construction,but after the project was completed,it was extremely
bureaucraticto accessto those homes, and when the occupantsmoved in, they did not

wantedanyintrusion,sonobodyvolunteered.

A mixed methodologyincludesseveraltools neededfor quantitative and qualitativeresearch,
for in use homeshboth types of researchare needed.Howeverit is recommendedthat only

those tools to those which are really neededto addressthe researchquestionbe used and
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that, as far as possible,tools be selected which causethe least intrusion into people’s
domesticroutines.lt is therefore essentialto define at a very early stagethe parametersto be
studied. This study has clearly shown that carrying out researchin in use homesis very
complex,so the researchquestionand objectivesneedto be to the point, stickto the focus
and it must be kept in mind throughout the whole process.The temptation to study other
issuegnustbe firmly withstood, regardlesof how closethey maybeto the researchquestion.

Theymight be the subjectof further studies.
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Chapter7. Upton Homes — Questionnairesand Verbatim
Interviews

Thischaptercontinuesfrom chapter6 and containsthe resultsfrom the two analysesarried

out with different tools for the samestudy. Thefirst part of the chapter coversthe results
obtainedfrom the questionnairesappliedto the ten volunteersfamiliesat the Upton homes,
utilisingthe software SPS® carryout quantitative analysisThesecondpart showsthe results
obtained from the verbatim interviews held with sevenof the volunteer occupantsof the

Upton homes, utilising the software NVivoto do the qualitative analysis.Finally,the results
andanalysidrom Chapter6 andthe two sectionsof Chapter7 setout to reachthe conclusions

statedat the end of this chapter.

7.1. Uptonhomes—‘smart meters,energymatters’ questionnaires

The objective of the questionnaireswvasto understandwhich of the four metersusedin the
study was generallypreferred by the residentsand it wasvery important to test the possible
influenceof suchmeters on the energyconsumptionbehaviourof the occupantsof recently
built sustainablehomes. The survey beganon 02/02/2010 and ended on 20/03/2010. This
sectioncoversthe resultsobtainedfrom the quantitative data analysiscarriedout on a survey
of ten householdsof Upton homes, during the winter of 2010, between the months of

Februaryand March.

Thestudy took placeduring a particularly cold winter period, in fact the coldestJanuaryand
Februaryin almost30 years(appendixg, in section“2010 Nottinghamweather” illustratesasa
referencefor Northampton,the meantemperaturesregisteredby the weather station of the
Departmentof Architectureat the Universityof Nottinghamfor that particularlycold winter in
2010).Theextremelycold weather,sometimesaccompaniedy rain, heavywind or snow,and
very dark days, might have affected attitudes towards the study. Nevertheless,on most
occasionsthe residentslet the researchersnto their homesin order to avoidspendingtime in
the cold. Theweatheris very likely to be one of the mostinfluential parametersin regardto

the way energyis used,particularlylightingand heating.

7.1.1. QuantitativeAnalysigesults

Forthe first part of the survey,of a total of 40 questionnairego evaluatethe energymeters,
25 were completed.Someof the questionnaireswvere not answeredfor the reasonsexplained

above,suchasthe disengagementf the occupants.Other reasonscited for not replyingto
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questionnaires were the malfunctioning of the devices, some written comments on
guestionnaireswvithout full answerssuchas*”couldn’tuseas clampwastoo big to fit onto wire
in meter box...”or “did not work” or “could not get it to connectwith meter + display,tried
manytimes”. After the first week, the author found out that someoccupantsfailed to set up
the meters.Someoccupantsexplained‘it wastoo difficult”, “I giveup on trying”, and“I’'m not
sureabout which cableshouldthe clamp be attachedto, it couldbe dangerous”.Asa result,
theseoccupantshadto askfor helpto installthe deviceslt wastherefore decidedthat all the
meterswould be working on the remainingweeksbefore the author left the home,regardless
of the initial ideathat occupantsshouldgo through eachstageof installationand usagefrom
the opening of the packageonwards. Takinginto account the above, seven completed
guestionnaireswere receivedfor the Wattson, Owl and EnviCC128nd four questionnaires
for the Efergy Elite energy meters. For the general questionnaire,seven out of the ten

distributedto the occupantswere collected.

In regardto the question “How would you evaluatethe Smart Meter your family tested?”,
occupantswere askedto evaluatethe energymetersin regardto preferencesbasedon their
perceptionsand experiencewith regardto 18 attributes within a ‘Livert Scale’that ranged
from 1 for disliketo 5 for like. Themeanvaluebetween1 and5 wasusedto showoccupants’
preferencesTable20in the top of next pageshowsthe meanvaluesof the choicesoccupants
maderegardingeachof the four energymetersand a total meanvaluefor all of them asa set
for eachof the 18 attributes beingevaluated.Someof the attributes were not commonto all

of the devicesfor instancethe Wattsonwasthe only one with a coloursignal.

Ascanbe seenin table 21 in the bottom of next page,the energymeter rankedlowestwasthe
Owl energymeter, which showsmeanvaluesbelow those of the rest of the devicesmost of
the time. Theaveragescorefor the 15 attributes evaluatedfor the Owlis 2.2,i.e. lessthan the
scoreof 3 which on the Livert scaleindicates’like’. The energymeter that receivesthe best
evaluationis the Wattson,whichobtainedan averageof 4.1 acrossthe 14 attributes that were
evaluated,followed by the EnviCC128with an averageof 3.8 and the EfergyElite with 3.6.
Howeverit shouldbe borne in mind that the latter wasthe energymeter for which only four

guestionnairesvere completed.
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Table20 Meanvaluesfor the evaluationof 18 attributes of the four energymeters

6 MeanValues

5 Evaluateditiribute Watson Owl Envicc128 EfergyElite Totalmean
1 | Setup 4.7 2.3 4.4 4.5 3.98

2 | UserManual 4.4 1.7 4.0 3.8 3.47

3 | Clamp 4.3 2.6 4.6 4.3 3.92

4 | Safety 49 2.9 4.6 3.3 3.88

5 | Transmitter 4.1 2.4 4.7 4.3 3.88

6 | Clarityof the Display 5.0 2.3 4.0 4.5 3.95

7 | EnergyDisplay(kWh) 4.4 2.6 4.1 4.3 3.85

8 | CostDisplay(£) 4.7 2.6 3.7 3.3 3.56

9 | Design 4.7 2.3 3.6 3.8 3.58

10| Size 4.7 2.3 4.1 4.0 3.79

11 | Mobility 4.4 2.9 3.4 4.5 3.80

12 | HistoricalReading 11 1.3 2.6 2.0 1.75

13 [ PCConnection 1.0 1.0 r 1.00 r
14 | ColourSignal 4.9 r 4.86

15| COX2display 2.4 3.0r 271

16 | Temperaturedisplay 2.0 4.1 3.07 r
17 | Alarm 1.1 2.0 L.57

18 | Backlight r 3.0 3.00 r

Table21 Percentagedistribution for the evaluationof 18 attributes of four energymeters

EnergyMeter | wattson Total=7 owl Total=7 EnviCCl28  Total=7 EfergyElite  Total=4
Attribute 5, 1, 5, 1, 5, 1, 5, 1,
Evaluation like 4 3 2 dislk| like 4 3 2 dislk| like 4 3 2 dislk| like 4 3 2 dislk
Setup 71% 29% 0% 0% 0% |14% 0% 29% 14% 43%|0% 0% 0% 0% 0% |43% 0% 14% 0% 0%
G @ ©O© o OO o @ O & O ©O O ©O© O (6 O O ©O ©
UserManual | 57% 29% 14% 0% 0% |0% 0% 29% 14% 57%|57% 29% 14% 0% 0% |29% 0% 14% 14% 0%
@ @@ O O O o o 0 GGG @ O O o> o o O O
Clamp 57% 29% 0% 14% 0% [29% 0% 29% 0% 29%|29% 43% 29% 0% 0% |29% 14% 14% 0% 0%
@@ @ o O O 0 @ 0o @ 6@ @ O 0@ O O O
Safety 86% 14% 0% 0% 0% [43% 14% 0% 0% 14%|71% 14% 14% 0% 0% |14% 14% 14% 0% 14%
® O © O ©o |6 O o o @O|Ee -O» O @9 O O O 0 @
Transmitter | 57% 14% 14% 14% 0% |14% 14% 29% 14% 0% |57% 43% 0% 0% 0% |29% 14% 14% 0% 0%
@@ o o o oo O @ 0 @ @& O O O @ O O O
Clarityofthe [100 0% 0% 0% 0% |[14% 0% 43% 14% 0% |[71% 29% 0% 0% 0% [43% 0% 14% 0% 0%
Display nm © © O OO O & O O|e @ O O O O @O © ©
Energy 86% 0% 0% 0% 14%|14% 14% 43% 0% 0% |57% 14% 14% 0% 14%|29% 14% 14% 0% 0%
Display kwh|(6)  (0) (O ©) @ (@) @ G © © @ O @O O O |@ O @O O ©O
CostDisplay [86% 0% 14% 0% 0% |[14% 14% 43% 0% 0% |[57% 29% 0% 0% 14%|14% 14% 14% 0% 14%
(£) ® © @ O OO0 O & O O|®»w @ O O Oum o o o @O
Design 71% 29% 0% 0% 0% |14% 0% 43% 0% 29%|29% 43% 14% 0% 14%|0% 43% 14% 0% 0%
G @ o o OO o ¢ 0O @ 7o 6 O O OO ¢ O O
Size 71% 29% 0% 0% 0% |[14% 0% 43% 0% 29%|14% 43% 29% 14% 0% |14% 29% 14% 0% 0%
G @ ©o O OO o ¢ o @O & @ O o m @ O ©O ©
Mobility 71% 14% 0% 14% 0% |14% 43% 14% 0% 0% |29% 57% 14% 0% 0% |29% 29% 0% 0% 0%
G o o o OO @ O 0O O 7 6 O O O @ @ O O ©
Historical 14% 0% 14% 0% 0% (0% 0% 43% 0% 0% |14% 57% 0% 14% 14%|0% 14% 14% 0% 14%
Reading @@ o O © ©O o ©© ¢ O ©O©m @ 0 O O o O O ©O @O
PC 0% 14% 14% 0% 0% 0% 43% 14% 14% 14%
Connection [(0) (1) (@ (@@ (@© | r r r r © & @O @O @ |- r r r r
ColourSignal | 86% 14% 0% 0% 0% 0% 14% 14% 0% 0%
® @© © ©O ©O |r r r r r (o @ @ © © |r r r r r
COX2isplay 14% 0% 57% 0% 0% 0% 29% 14% 0% 14%
r r r r r (@ © @4 ©O © r r r r r o @ @© ©O @O
Temperature 0% 0% 57% 14% 0%
display r r r r r @ ©O @ @ @© |r r r r r r r r r r
Alarm 14% 0% 0% 14% 14%|57% 14% 14% 14% 0% |0% 14% 14% 0% 14%
r r r r r /@ © © @ oo™ o @O @O @ @O O 0 @
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Table21reveals:

Regardingthe Wattson: The attributes which scored highest among the seven analysed

questionnairesare Clarity of display,EnergyDisplay(W), Costdisplay(£), Coloursignal,while

the PCconnectionwasthe attribute leastpreferred.

With regardto the Owl: The best evaluatedattribute was Safetyand 43% of interviewees

‘liked’ this attribute, followed by Clampwith 29%for ‘like’, while the worst evaluatedattribute

wasUsermanualwith 57%of occupantsndicating‘dislike’.

With regardto the EnviCC128The attributes Safetyand Clarity of the displaywere highly

evaluatedand 71% of intervieweessaid they ‘liked’ it, while none of the attributes of this
devicewascategorisedwith alow evaluation,i.e. no respondentindicateda ‘dislike’for any of

its attributes.

Forthe EfergyElite: Theattribute with the highestscorewas Setupwith 43%,followed by the

attributes Transmitterand Mobility, scoring29%ike’.

After occupantshad usedthe four energymeters,where possible jn the “Generalsmartmeter
guestionnaire”, the fifth questionnaire was delivered to the ten householdsand seven
completed questionnaireswere collected. Thesewere fully completed, and asked about
preferencesand for the featuresof the different devicesto be compared.Thisquestionnaire
had openquestions;and respondentswere instructedto write their commentsregardingtheir
preferencesand to comparethe features of the different devices.Table22 below lists the
written commentsoccupantanadewhenthey were askedto comparethe featuresof the four

SmartMeters(the ‘solidus’(/) indicatesa commentmadeby a different occupant):

Table22 Transcriptiorof written commentsto comparethe four energymetersatfter the trial

period
Favouritefeature Leastfavourite feature Featurethat would like to add
Wattson “Visibility, big display,doesn’t Toobig/ Size More information/ Longer
requireeffort to seeenergyuse battery life /
/ Lookd Easyto read(2)clear
understanding Display/
OowlCM119 Neatcompact/ Small Rubbish Usagenot clear/ All/ | Colourdo indicatehighandlow
Difficultto use/ Complicatedo | usage/ Lesscomplexdisplay
use/
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EnviCC128 Lotsof on screeninfo, goodclip | Notveryvisible,sodoesn’t Would'velike daily and weekly

/ Lotsof information, wall makean impact/ Batteryonly averagecost/ More mobility
mountable/ Easyto read no mainsfeed/ Hadto be
display(2)/ permanentlypluggedin/ Too
complicated Notclear
instructions
EfergyElite Small(2), nightlight/ Good Would'vebeenbetter without Ability to downloadto PC”
amountof information/ Small/ | backlight/ Toomuchinfo on
Mobile,didn’t needa socket/ display/ Tookme agesto find
Easyto readdisplay/ the light

Table22 makesit possibleto identify the featuresthat were more recurrentandimportant to
highlighton an energymeter. Themajority of the featurespointed out by the occupantswere
related to the display unit. Visibility and legibility are correlated in meaning, and the
occupantstendedto cite them asa ‘favourite feature’ for those devicesthat they considered
hadthem. Whenthis feature wasnot present,its lackwasalsoidentified and written down as
one of the leastfavourite features. Another feature that appearedto be very important was
the sizeof the energy meter; compactnesswas preferred over less compact. In fact, when
analysingthe commentsfor the Wattson, the only leastfavourite feature cited twice wasits
size,10.5x17.0x5.8m, while the only positivelyevaluatedfeature of the heavilycriticisedOwl
was its size,10.7x11.7x3Other featuresthat appearedto be particularly consideredby the
occupants were the characteristicsand the amount of information the energy meters
displayedwhere opinionswere more divided; howeverthe Wattsonwasthe meter that gave
least information and it seemedto be well evaluatedfor the ease with which the data
providedby the energymeter couldbe read,andthe way it displayedit (i.e. colourcode).Also
the featuresrelated to the way the devicesfunction and the level of difficulty in installing
them, for examplewhen the instructionsfor the energymeter were not intuitive or easyto

use,wererated ‘complicated’or ‘difficult’.

The energymeter was most frequently locatedin the kitchen. Of the 25 questionnairesthe
kitchenwas cited 15 times asthe location for the energymeters, followed by five mentions
eachfor the diningandlivingrooms.Onlya few were locatedin the circulationarea,ascanbe

observedn table 23 below.
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Table23 Frequencyof locationsof the energymeter at the different roomsin the homes

Locationof the Watson Owl EnviCCl128 | Efergy Totaltimes
energymeter Total=7 Total=7 Total=7 Elite=4 in location
25answers
Kitchen 71%(5) 43%(3) 57%(5) 75%(3) 16
DiningRoom 14%(1) 14%(1) 29%(2) 25%(1) 5
LivingRoom 14%(1) 14%(1) 14%(1) 50%(2) 5
CirculationArea | 0%(0) 14%(1) 0%(0) 25%(1) 2
Bedroom 0%(0) 0%(0) 0%(0) 25%(1) 1
Bathroom 0%(0) 0%(0) 7 0|8 019 0
%(0) % (0)
StudyRoom 0%(0) 0%(0) 0%(0) 25%(1) 1
Other Room 0%(0) 0%(0) 0%(0) 0%(0) 0

Therewasone energymeter, the EfergyElite that wasmovedinto different bedroomswithin
the home by one of the occupants However,the occupantstendedto keepall of them in the
sameplacefrom the beginning,usuallyone of the public spacesof the home, where all the
family normally gathered. The meters were neverinstalledin the bathroomsor other rooms.
Therefore,in answerto the questionaboutthe visibility of the energymeter for eachmember
of the family, three of the energy meters, the Wattson, EnviCC128and EfergyElite, were
locatedin a clearlyvisibleplacefor the duration of the study. Strangelythe Owl wasthe only
energymeter that wason occasioriocatedin a placewhereit wasnot visibleto everymember

of the family.

Forthe questionon whether occupantsusedthe different featuresof eachenergymeter, the
majority respondedthat they did not. The energy meter that attracted or invited most
curiosityin regardto its featureswasthe EnviCC128with 43%of usageby occupantswhile
the other three, obtained over 70%‘no’ responsesn regardto the use of the featuresof the
energymeter. Noneof the attributes of the Owl, for instance wasever manipulated.A few of
the attributes of the Wattsonand the EfergyElite were occasionallyused.Nonethelessywhen
analysingthe resultsrelated to the question: How often did you look at your consumption
displayon the SmartMeter per day?, the majority of the answerswere mostly locatedwithin
‘occasionally’,/often’ and ‘all the time’, where the Wattson and the EnviCC128ended to
attract more attention than the others from the occupants.The other two, the Owl and the
EfergyElite, however, attracted less attention with their display of information, as can be

observedin table 24 in nextpage.
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Table24 Frequencywith whichoccupantdookedat the information displayedoy the energy

meter
Watson Owl Envicc Efergy
Total=7 Total=7 128 Elite
Total=7 Total=4

all the time 43% 0% 14% 0%

(3) (0) (1) (0)
often 57% 0% 43% 25%

4) (0) (3) (1)
occasionally 0% 57% 43% 50%

(0) (4) 3) (2
one/twice 0% 14% 0% 0%

(0) (1) (0) (0)
never 0% 14% 0% 25%

(0) (1) (0) (1)

In addition to the above question, there was a similar question that slightly changedthe
instruction: Did you look at your consumptiondisplayon the SmartMeter everyday? When
lookingat the resultsof this question,the energymeter that waslookedat on a daily basiswas
the Wattson,with 71%respondingall the time’. Thedistribution changesvhencomparingthe
resultsfor thesetwo questions,ascanbe observedin table 25, exceptfor the Wattsonwhere
100%of positive answersfell between ‘all the time’ and ‘often’. On the contrary, the Owl
receivedthe highestrankingamongthe negative responsesOccasionally’;one/twice’ and
‘never’,with 100% whichimpliedthe needto be more attentive regardingwhat wasoccurring
with the energy consumptionof those households.The EnviCC128and EfergyElite energy
meters concentratedthe responseswithin the three middle options, 87% and 100%within

‘often’, ‘occasionallyand‘one/twice’ respectively..

Table25 Frequencywith whichoccupantdookedat the information displayedoy the energy
meter on a dailybasis

Watson Owl Envicc Efergy
Total=7 Total=7 128 Elite
Total=7 Total=4

all the time 71% 0% 14% 0%

(5) (0) 1) (0)
Often 29% 0% 29% 50%

2 (0) 2 (2
Occasionally 0% 43% 29% 25%

(0) 3) 2 (1)
one/twice 0% 14% 29% 25%

(0) 1) 2 (1)
Never 0% 14% 0% 0%

(0) (1) (0) (0)

In addition to the results obtained in regard to the frequencywith which occupantspaid
attention to the information displayedby the energymeters, more than 70%o0f the occupants

never utilisedthe historicalreadings Also,for the two energymeterswith the option of being
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connectedto the computer to obtain analysisof the recorded data, the Wattson and Envi

CC128pnly one occupantconnectedto the Wattson.

Forthe generalquestionnaire the ideawasto determinethe occupantslevel of awarenesof
the energy meter legislation planned for 2020. At the time of writing, many homes have
already received free British Gas energy meters, the result of an energy consumption
campaignby the companyduring winter 20102011, in which meterswere givento anybody
who wanted them. Figure 91 showsone of the energy meters given by the gas company
installedin a householdthat usesthe CHPgassystemin Beeston However the majority of the
interviewees,86%, at the time of the study were unaware of this legislation,so it can be

assumedhat occupantgdid not haveany pre conceptionsn regardto this analysis.

Figure91 Photographof a typicalenergymeter from BritishGascurrentlyinstalledin ahome.

In regardto energyconsumptionbehaviourand the expectationthat usingan energy meter
shouldproducea changein attitude regardingthe way energyis usedby the household table

32 belowdepictsthe percentagedistribution of the answersgivenby the users:
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