Studying the associationbetweenstructural
factors and tuberculosisin the resettlement
coloniesin M-Eastward, Mumbal

Final Report

DoctorsFor You

L . S
"\
“ApbocToRrs 5 DOTS 5 R
FOR YOU %, 9P & IMPROVEMENT
THERE TO CARE %rse , pV SOCIETY




Contents

Description Pageno.
ExecutiveSummary 3
Introduction 6
Aim 8
Objectives 8
Methodology 10
Results 18
Discussion 74
Recommendations 77
ConclusionandFutureProspects 79
References 81




Executive Summary

The building architectureand site planning seemsto play a big role in creatinga healthy
atmospherén the urbanresettiementoloniesasis projectedby the variousreportson research
carriedoutin differentcountrieq1-14). High burdenof TB resultsin sizeableeconomicandsocial
costsmakingit acritical issueto addressHence |t is worthwhileto studyif theurbanresettlement
coloniesin M-Eastward also show similar trends. Further, it is importantto considerif the
DevelopmenControl RegulationgDCRs)for resettlemenbuildingsneedto be changedn order
to ensurehatthe healthof the familiesresidingin thesebuildingsis not compromisediueto any
designandlayoutfaults. Throughthis study,we aimedto investigateand establishithe strengthof
associatiorbetweerstructural factorsof slumsresettlementoloniesbuildingsandtheincidence
patternof tuberculosis For this, we performeda crosssectionalstudyusinghouseholdsurveyto
find architecturahndsocioeconomidetailsof thehouseholdcomputationamodellingof sunlight
and ventilation accesshasedon housedesignand layout of the Lallubhai compound,Natwar
ParekhcompoundandPMG colonyandvalidationof thesemodelsby actualmeasuremds of air
velocity anddaylight

Results: Computationmodelling hasshownthat lower floors do not haveaccesgo sufficient
light (Fig. ES1) and ventilationin the living area.Theseresultswere comparedto the results
obtainedrom statisticalanalysisof householdsurveydataandbothwerefoundto bein sync.The
surveybroughtout thefollowing correlations:

Floori Low floor havemore numberof casegrobablybecauseghey havepoor ventilationand
sunshineaccess.

Window designandusagei Householdshot having openablewindows and/orusingthe closed
windowsasstoragespace$avehigh likelihood of havinga TB patient.

Exhaustfansi Lack of exhausfansarestronglycorrelatedo TB prevalenceindicatingtowards
lack of mechanicalentilation,oneof therisk factorsfor TB prevalencendtransmission.

Sky view factor, daylight autonomy,ventilationi All coloniesshow poor sky view factors,
daylightautonomyandventilationwhichmaybelikely causeof high TB in thisareaLow daylight
autonomyandventilationmay be becausef poor designof the housesand compactstackingof
thebuilding nextto eachother.
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Fig ES2.Household$avingatleasta TB patient in thethreecolonies:a). Lallubhaicolony,b) NatwarParekh
colony,c) PMG colony

Conclusionand Recommendations Theresultsshowthattheoccurrencef TB in Natwar
ParekhandLallubhaicompoundss stronglyassociatedavith the built environmenbf the houses
andthelayoutof the buildingsin boththecolonies.In contrastpccurrencef tuberculosiss least
in PMG colonywhich is associatedavith betterbuilt environmentandthe layout characteristics.
This explainsthat, efficient provision of daylight and natural ventilation strateges within a



particularspacemayactasa factorin improving humanhealthcondition,whereagoor sunlight

accesandnaturalventilationmaybe majorrisk factorsfor thedeadlyTB disease.

TableES2.Statisticalanalysisof Householdsurveydatato find correlationbetweenTB andhousedesign

At leastonememberof the households sufferingfrom TB B Std.Error | tstatistics | Sig.

Yes | Intercept -5.523 0.605 -9.130 | 0.000
Household size 0.152 0.021 7.364 | 0.000
Number of the floors in the building in which the -0.056 0.028 -2.005 | 0.045
respondenis residing
Numberof exhausfans -0.222 0.132 -1.686 | 0.092
Not openabléVindow 2.823 0.583 4.846 | 0.000

Pl anners have |l ong known the r el pblcleatAi p

detailed study of the layout of these resettlement colonies and the Development Control
Regulations (DCRs) reveal that there is huge disparity between the housing provided by the
government and that built by the private firms. This s&tdyngly suggests that the SRA and PAP
project developers must follow the National Building Codes for the resettlement colonies without
any dilution of the strict norms. Also, there should be no separate rules and regulations for public
and private housingn order to maintain a healthy locality and a hence, healthy counisy.

imperative to roll back on the norms that are detrimental to the health of the public.

In the era of climate change, climatically sensitive design is necessity for surviva lofver
income classes that cannot depend on costly mechanical solutions for air conditioning and
ventilation. Public housing that is being built is expected to last at least for the next 30 years and
should be built after due deliberation of built foamd livability standards. The city government
must take necessary actions bring improvements in built from, livability and avert a public health

crisis.

In the areasvherethe populationhasalreadybeenaffectedby pooraccesso naturalventilation
ard sunlight,structuralandsocialinterventionscanbe maderetrospectivelyjn orderto increase
theair flow in the housesandhelp the residentsavail of the cleanair andopensurroundingsin
populationghatare particularlyvulnerableto certaindiseasedike TB, specialmeasureseedto

betakento preventthe occurrencef diseasen them.
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Introduction

Tuberculosis(TB) is the leading causeof deathsdue to infectious diseasesMycobacterium
tuberculosis the causativeagentof TB remainsviable in dampand cool environmentand is

transmittedhroughaerosolgyeneratedy coughingandsneezingAccordingto WHO estimates,
therewerel.4million deathgdueto TB and10.4million newcaseseportedn 2015(1). Indiahas
the highestburdenof TB with morethan 25% of the casesvorldwide (1). Tuberculosidhasbeen
namedasthe diseaseof poverty.Ladk of hygiene,large family size,crowding, unhealthyfood

leadingto low immunity, non-complianceof doseregimen HIV co-infectionareamongthemajor

factorscontributingto the spreadf TB.

With rapidurbanizatiortakingplace peoplefrom ruralandpoorareasaremigratingtowardsmetro
citiesin searchof livelihoods.Mumbaibeingthe commerciakapitalof the country,hasbecomea
hubof slumspopulatedvith migrantworkers.Theseslumsaretemporarydwellingswhichlackin
hygieneandsanitationfacilities. Municipal Corporationof GreatetMumbai(MCGM) hastried to
accommodatehe slum dwellersin concretesettlementsvith the amenitiesof electricity, water
andattachedavatories However the problemsof accesd$o sunshineandventilationpersis.

The building architectureand site planning seemsto play a big role in creatinga healthy

atmospherén the urbanresettiementoloniesasis projectedby the variousreportson research
carriedoutin differentcountriesIn theurbanquartersof Hong Kong, it wasfoundthatthereis a

positive correlationbetweenheightof the building andtuberculosisThe lower floors had more

TB casesastheyhadlessaccesgo sunlightandfreshair (2)(3). In anecologicalstudycaried out

in Birmingham,it wasestablishedhat TB spreadmoreduringwinter seasorwhentherewasless

exposureo sunlightascomparedo thatin summerseasor{4). A similar studyin Peruassociated
TB incidencewith thepotentialrisk factorslike crowdingof thehouseshoursof sunlightexposire

andvitamin D deficiency(5). Also, in Bern, Switzerland,a study found a positive correlation

betweenTB mortality and crowding and lack of sunlight. TB mortality decreasedvith the

introductionof improvedhousingconditionsandpublic heath measurespvermanyyears(6).

Among Mumbai@ 24 wards,M-Eastward hasreportedhigh TB prevalenceChemburareaof
Mumbaihad3452total TB casesvhereassovandiareahad4642total TB casesn 2016(7). This
amountgo aprevalencef 758casegperlakhpersonsn Chemburandl1055caseperlakhpersons
in Govandj about3-5 timeshigherthanthe nationalaverageBoth theseareadall underM-East
ward. This high burdenand mortality resultsin sizeableeconomicand social costsmakingit a
critical issueto addressWith the establishedcorrelationof TB morbidity and mortaity with
building architectureand housingconditions,asdiscussedbove,it is worthwhile to studyif the
urbanresettlementoloniesin M-Eastward also showsimilar trends.Further,it is importantto
considerif the DevelopmeniControl Regulationg DCRSs) for resettlemenbuildings needto be
changedin order to ensurethat the health of the families residingin thesebuildings is not



compromisediueto anydesignandlayoutfaults.It is interestingo notethatthe DCRsfor private
buildingsandthosefor public housingschemesnay differ so asto allow more crowdingwhich
couldproveto be a healthrisk. With theseprinciplesin mind, the currentstudywasundertaken.



Aim
ATo investigateand establishthe strengthof associationbetweenstructural factors of

slumsresettlementoloniesbuildingsandtheincidencepatternof tuberculosis

The studywould try to understandhe epidemiologyof TB in theseresettlementolonies and
investigataf structuralfactorsof the buildingshavearole to playin the profile of TB cases.

Objectives

Primary objective:

To compardhearchitecturaparametersike building height,distanceébetweertwo buildings,sky
view factors,air exchangeatesof the threecoloniesanddrawtheir correlationto the numberof
TB casesn theresidentof theseresettlementolonies

Secondaryobjectives:

To determinethe health parametersand socioeconomicstatusof the populationresiding in
resettlementolonies

To find good architecturaland structuralparameterdor resettlementolonieswhich are cost
effectivebut at the sametime do not compromisehe healthof theresidents.
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Methodology

A. Study area-

Householdsn two resettlementoloniesin which DoctorsFor You provideshealthservicesalong
with the MMRDA, in theM EastWard (A andB) (Fig. laand1b) andhousehold$rom another
resettlementolonywith betterventilationandspaciousuildingdesgn (C) (Fig. 1c) wereselected
for thehousehold survey.Thesamplewasapproximatelyl2,000householdsvith a populationof
about70,000. Theapproximatenumberof householdsn thethreecoloniesaregivenbelow.

A. Lallu Bhai CompoundGovandiWest: 36 Buildings; 4,8900ccupiedrooms
B. NatwarParekhCompound Shivaji Nagar,GovandiWest:59 Buildings; 4,800occupiedrooms
C. PMG colony(AmbedkarNagar, MHADA), Mankhurd:16 buildings;2,100occupiedrooms
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Fig. 1 Snapshotsf top view of: a. Lallubhaicompoundb. NatwarParekhcompoundandc. PMG colony
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B. Study population-

Personsresiding in the housesin the three resettlementcolonies (Natwar Paréh, Lallubhai
Compoundand PMG colony) were consideredor the datacollection and questionnairebased
interviews.

C. Study Design

The studydesignconsistedf a householdsurveyin the threecoloniesto gatherinformation on
variousindicatorsof TB aswell ashousingconditions followed by computationamodellingand
simulationgo studythearchitecturdnousesndlayoutof thebuildings.Thecomputationamodels
werefurthervalidatedby actualmeasuremenis thehouseholdsThedetaileddesignandmethod
of the studyis givenbelow:

i) Householdsurvey

This is a crosssectionalstudy basedon houseto-house survey. (Questionnaireattachedin
Annexurel). Samplingtechniqueusedwassystematicandomsamplingusing which atleast1/3
of the household®n eachfloor of everybuilding wereinterviewed.Further,detailedfield visits
andinformal openendedinterviewsof the residentsof all the coloniesweretaken,in orderto
understandhereasondehindsomeof the habitsandpatternsobservedn thecolonies.

For conductinghis survey,ateamwasformedasgivenbelow:
Researchteam: Researclofficer, field supervisordataentryoperatoranddatacollectors
Recruitment and training of data collectors:

For the householdsurvey, datacollectorswho belongedto Lallubhai compoundand Natwar

Parekhcompoundwvererecruited.Therecruitmentwasbasedon personalinterview conductedy

the Researclofficer. The candidatesvho hada prior experiencef working in heathcaresettings
and survey areawere selected.A total of 8 data collectors were appointed.Workshop for

explainingthequestionnairandconsenformswasconductedatthe DoctorsForYou office. Also,

intermittenttraining and revision was conductedevery weekto understandhe problemsfaced
during surveyandto reiteratethe importantpointsto be considerediuring theinterview. A pilot

studyfor the surveywas conductedwith 40 householdver two days,in orderto ensurethe
robustnes®f the questimnaire.Fig. 2 showssomedatacollectorsstartingon their first visit to

housedor surveyat NatwarParekhcompound.
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Fig. 2. Six of the eightdatacollectorsalongwith the researclofficer, atthe DoctorsFor You office ontheir first day
of survey

Forthesurvey,thequestionnairén EnglishandHindi format (Annexurel) wasgivento thedata
collectorsalongwith the consenforms(Annexurell). Participantsvereapproachegersonallyat
their residenceand were explainedaboutthe natureof study andtool. The consentform was
explainedo themandtheir signaturevassought.Datacollecorsinterviewedthe participantsand
filled theformsaccordingo theinformationprovided(Fig 3).

In total, about10,000householdsvereconsideredor the studyout of whichmorethan40%were
sampledor thesurvey.Thesurveystartedat 10.30amandendedat 5pmwith alunchbreakfrom
1-2 pm, onall working days.

Theparametersnonitoredin the surveywereasfollows:

a. Socioeconomianddemographiaetailsi Name,age,genderhousenumber building number,
numberof occupantsn the house time since occupyingthe house pccupatiorof the respondent,
family income

b. Morbidity detailsi Whetheranyfamily membersufferedTB in the pastor presentanyother
diseaser disorder

12



c. Housingconditionsandpractices windowsanddoorsopeninghabits electricityconsumption,
layoutof windowsin the house usingwindowsasstoragespacetime spentin thehouse.

However,datapertainingto life style,food habitsandotherdietaryhabitswerenotinquired.No
bloodsampleor anyphysicalmeasuremestwereundertakerduringthesurvey.

Theinformationin the questionnairefilled by the datacollectorswascompiledby the dataentry
operatonn theform of Microsoft excelsheetsvhich werefurthersubjectedo statisticalanalysis.

A total of 4,080householdswere surveyed.Number of householdssurveyedin eachcolony
are mentionedbelow:

Name of the colonies Number of HouseholdsSurveyed
NatwarParekhCompound 1797
LallubhaiCompound 1785
PMG colony(AmbedkarNagar) 498

Data analysishasbeenperformedusing SPSSsoftware,on the householdsurveydataandthe
secondarylata.The main areasof analysisandcomparisorwere: agegroupaffected floors wise
distributionof TB patientsin eachcolony, gendemwise distribution,type of infectionandtime of
incidenceof TB aftershifting into the colony. For further statisticalanalysis all the samplesvere
pooledandincompletesamplesvith missingdataweredeleted Postdatacleaningthesamplesize
reducedo 4,019(Table2).
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Fig. 3. Snapshotsf adarkcorridorin oneof thebuildingsof Lallubhaicompounda) anddatacollectorsinterviewing
varioushouseholdgb, c, d).
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ii) Computational Models using building drawings

Computationamodellingandsimulationswereusedto preparenodelsof ageof air in the house,
daylightautonomyandsky view factorfor thethreecolonies.Thesemodelsarebasedn thefloor
plansandsectionmapsof the buildingsin thethreecolonies(Attachedin Annexurelll) , procured
from MMRDA andMHADA by Ms. NamrataKapoor,UrbanPlannerKRVIA. Thecomputdion
facility at IT Bombaywasusedfor this purposeunderthe guidanceof Dr. RonitaBardhanand
Dr. ArnabJanaC-USE, lIT Bombay Thesoftwareusedfor theseexperimentsvere:ESRI12011.
ArcGIS Desktop: Releasel10.5. Redlands,CA: Environmental SystemsResearchinstitute.
Autodesk®Revit® 2017Autodesk]nc., Autodesk®AutoCAD® 2017Autodesk/nc.,Rhinoceros
5 Rhinoceros.nc. and DIVA 4.0.2.9for Rhino SustainableDesign (G(SD)2) researchgroup
SolemmalLLC.

Thefactorsstudiedthroughmodellingareexplainedoelow:

Sky view Factor

Theoretically,&he sky view factor (SVF) is a geometricalconceptthat describeghe fraction of

the overlyinghemisphereccupiedby the skyd The SVK is a dimensionlesparameterisationf

the quantityof visible sky a a givenpoint. It is agradedvaluebetweerzeroandone.Increasing
the heightof flanking objectsobstructsthe vision of the sky, which leadsto a decreasingSVF

value,reachingthe value of zeroat its lowest. In contrast,by decreasinghe heightof flanking

objectsto whentheentirehemispherés clearlyvisible,the SVF valuewill equalone.(Fig. 17,18,

24,25,31and32)

Daylight Factor

Daylight factor (DF) is the mostcommonmetric usedin actualpracticeand/orguidelineswhich
is theratio of internalilluminanceto externahorizontalilluminanceunderanovercassky defined
by the CIE (InternationalCommissioron lllumination) luminancedistribution.

1. TheCIE standardvercastkyis merelyanidealistsky model:Overcastkytypeis notunique.
The CIE overcasisky is applicablewhenthe completesky canopyis coveredwith uniform dark
cloudsrepresentindneavyovercassky only.

2. DF is assessednderovercastonditions,no accounis madeof illuminancefrom sunandnon
overcatskies,andsothedaylightfactoris invariantto building orientationandthelocationof the
room.

Daylightautonomywaspreferredover Daylight factor.
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Daylight Autonomy

DaylightautonomyDA), ontheotherhand s aclimatebasedaylightperformancenetricwhich
factorsin the daylight climateof the building site andfacadeorientation.DA is representedsa
percentag®f annualdaytimehoursthata given point in spaces abovea specifiedillumination
level. It is amajorinnovationsinceit encompassespecificweatherconditionsof the geographic
locationonanannualbasis.DA useswork planeilluminanceasanindicatorof whethersufficient
daylightis renderedn a spacesothatanoccupantanwork by daylightalone.

Natural Ventilation

Exchangeof air betweernindoorandoutdoorenvironmenwithout relianceon mechanicasupport
like fansand othercooling sourcess known as naturalventilation. Natural ventilation not only

improvesthermalcomfort but also provide healthierindoor environmentby boostingindoor air

quality within a particularspaceEfficient provisionof naturalventilationstrategiesnto building

spacescan significantly reduceenergyconsumptionas well as monetaryconcernsdue to its

negligible costandlow energyconsumptionin comparisorto mechanicamodesof ventilation.
This strategycanbe moreusefulin the hot andhumid or subtropicalclimate dominantcountries
whereair conditionersare major elementsfor energyconsumptionTherefore,it is essentihto

studynaturalventilationin residentiabuildingsin orderto increaseenefits.

ThelLlG settlementsparticularlyin Mumbai,arecharacterizety lack of airflow pathin theliving
spacedeadingto poorindoor air quality, higherindoor temperatureand lack of sanitationand
hygiene.The relationshipbetweenhealthand built environmentmajorly focuseson Household
Air pollution (HAP).

The interior layouts of tenementunits for eachof the colonieswere studied. A mixed mode
researchmehodologywasinvolvedin this studywhich includedi) Measuremenof temperature
andair velocity for 10 minutesin 60 householdsindii) andairflow in eachof the tenementnits
were computedusing ComputationaFluid Dynamics(CFD)simulations.The recordedvaluesof
air velocity from field surveyweretakenasinput boundaryconditionsfor CFD simulatons.

CFD simulation

The2015versionof the CFD softwareANSY S coupledwith FLUENT interface wasusedto carry
out the simulatians. This is well known and well-establishedool for simulatingand analyzing
fluid flow, air velocity and has been used worldwide by researcherso predict airflow
characteristicen differentventilationscenarios.

Theairflow in thetenementnitswasassumedo enterthroughwindow (inlet) andescapéhrough
door (outlet). Only unidirectionalflows were consideredn the simuation. The window was
assumedhsvelocity inlet while the door aspressureoutlet. The middle of the window anddoor
wasassumedtaconstanatmosphericemperaturef 305K (21 degC). Pressuravasconsidered
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constantacrossinside and outsideboundares of the tenementunit. Therefore,ventilation was
assumedo be completelywind driven. Thedetailsof boundaryconditionsareshownin Tablel.
Themonitoringpointwastakenatthe mid bedpositionat a heightof 0.7m from thegroundlevel.

Tablel Summary of boundary conditions used for natural ventilation simulation

Part of

. . Boundary Conditions
Computational Domain y

Pressure Gaugepressure= 0; T = 300K, Hydraulicdiameter=1.26( aut h

Door outlet computation) Turbulencantensity= 10%
' Velocity Gaugeprgssure: 0;T= BQOK, |—.|ydraulicdiamet.er:1.09( aut h
Window inlet computation)Turbulencentensity= 10%,Velocity( aut hor
computation)
Wall- room Wall Stationarywall; No slip

Thesemodelswerevalidatedby actualmeasuremendf daylight, air velocity andsky view factor
of thethreecoloniesthesefactorsusingluxmeter(Fig 4a),anemometefig 4b) andFisheyelens
camerarespectivelyjn the colonypremises.

Further,a detiled study of DCRs governingthe built form of resettlementand rehabilitation
colonieslike PMG Colony, Lallubhai ColonyandNatwarParekhCompoundwvasperformed.

Fig. 4. Representativanagesof a Luxmeter(a) andan Anemometexb)
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Results

Simulations and calculations

Using the building maps,modelsof the threebuilding designswere built and simulatedfor air
velocity, sky view factoranddaylightautonomy.

Sky View Factor

SVF simulationsfor Lallubhai and Natwar Parekhcompoundsshowedthat thesecolonieshave
poorsky view betweerthe buildingsindicatingcrowdingwhich could be detrimentako the well-
beingof their residentsPMG colony was found to be a bettercolony with opencorridorsand
betterskyview (Fig 5, 6, 13,14,21,22). Actualmeasurementhowthatanopencorridorin PMG
colonyhasa SVF of 0.3,whereasvidestspacesn LallubhaiandNatwarParekhcompouncdcould
reachonly uptoa SVF of 0.1 and0.2 Thesemeasurementgalidatel the observationgnadeby
simulationsandthusindicatethatLallubhai andNatwarParekhcompoundslo not provideaccess
to sunshineandopensky in their buildings.

Daylight Auntomy
Lallubhaicompound:

Daylight Factor(DF) Analysis: 19% of all illuminancesensorshavea daylight factor of 2% or
higher. Assumingthat the sensorsare evenlydistributedacrossall spacesoccupiedfor critical
visualtasks'theinvestigatedighting zonedoesnot qualify for LEED-NC 2.1 daylightingcredit
8.1.

Daylight Autonomy (DA) Analysis: The meandaylight autonomyis 26% for active occupant
behavior.The percentagef thespacewith adaylightautonomyargerthan50%is 28%for active
occupanbehavior.

ContinuoudDaylight Autonomy(DA) Analysis: The meancontinuousdaylightautonomyis 44%
for activeoccupanbehavior.The percentageof sensorsith aDA_MAX > 5%is 10%for active
occupanbehavior

Useful Daylight llluminance(UDI): The percentagef the spacewith a UDI<100-2000luxlarger
than50%is 45%for activeoccupanbehavior. (Fig.7, 8)

A yearly occupancyschedulewas usedfor the simulationsin which the occupiedhourswere
consideredo befrom 8 AM to 6 PM for the monthsof Jan,Feb,Nov, Decand7 AM to 5 PMin
restof the monthsthis wasdoneconsideringhe daylightavailability.

18



NatwarParekhcompound:

Daylight Factor(DF) Analysis: 44% of all illuminancesensordhavea daylight factor of 2% or

higher. Assumingthat the sensorsare evenlydistributedacrosséll spacesoccupiedfor critical

visualtasks) theinvestigatedighting zonedoesnot qualify for LEED-NC 2.1 daylightingcredit
8.1.

Daylight Autonomy (DA) Analysis: The meandaylight autonomyis 60% for active occupant
behavior.Thepercentagef thespacewith adaylightautonomyargerthan50%is 65%for active
occupanbehavior.

CortinuousDaylight Autonomy(DA) Analysis: The meancontinuousdaylightautonomyis 76%
for activeoccupanbehavior.Thepercentagef sensorsvith aDA_MAX > 5%is 31%for active
occupanbehavior

Useful Daylight llluminance(UDI): The percentagef the spacewith a UDI<100-2000luxlarger
than50%is 58%for activeoccupanbehavior.(Fig 15, 16)

PMG colonymodeltype 1:

Daylight Factor(DF) Analysis: 28% of all illuminancesensorshavea daylight factor of 2% or

higher. Assumingthat the sensorsare evenlydistributedacrossall spacesoccupiedfor critical

visualtasks'theinvestigatedighting zonedoesnot qualify for LEED-NC 2.1 daylightingcredit
8.1.

Daylight Autonomy (DA) Analysis: The meandaylight autonomyis 38% for active occupant
behavior.The percentagef thespacewith adaylightautonomyargerthan50%is 40%for active
occupanbehavior.

ContinuoudDaylight Autonomy(DA) Analysis: The meancontinuousdaylightautonomyis 51%
for activeoccupanbehavior.The percentagef sensorsith aDA_MAX > 5%is 22%for active
occupanbehavior

Useful Daylight llluminance(UDI): The percentagef the spacewith a UDI<100-2000luxlarger
than50%is 45%for activeoccupanbehavior.(Fig 24, 25)

PMG colonymodeltype 2:

Daylight Factor(DF) Analysis: 25% of all illuminancesensorshavea daylight factor of 2% or

higher. Assumingthat the sensorsare evenlydistributedacrossall spacesoccupiedfor critical

visualtasks'theinvestigaedlighting zonedoesnot qualify for LEED-NC 2.1 daylightingcredit
8.1.

Daylight Autonomy (DA) Analysis: The meandaylight autonomyis 36% for active occupant
behavior Thepercentagef the spacewith adaylightautonomylargerthan50%is 39%for actve

occupanbehavior.

19



ContinuoudDaylight Autonomy(DA) Analysis: The meancontinuousdaylightautonomyis 48%
for activeoccupanbehavior.Thepercentagef sensorsvith aDA_MAX > 5%is 20%for active

occupanbehavior
Useful Daylight llluminance(UDI): The percentagef the spacewith a UDI<100-2000luxlarger

than50%is 42%for activeoccupanbehavior.(Fig 27, 28)
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Fig 5. Sky view factor calculationfor Lallubhaicompound(Cameraheighti 1maboveground)
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Legend

Sky Yiew Factor
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Fig 6. Simulatedmodelfor Sky view factorof Lallubhaicompound
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Table2. Daylight simulationreportfor Lallubhaicompound

Daylit Area (DAsooiux[50%))
Mean Daylight Factor

Occupancy

Fig 19. Building modelfor Lallubhaicompound

28% of floor area
1.4%
3650 hours per year
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Fig 7. Daylightautonomyof all floorsin Lallubhaicompound
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Fig 8. Floor with maximumDaylight autonomyin Lallubhaicompound
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