
[bookmark: _Hlk84331162][bookmark: _Hlk69413011]Supplementary Material
1 Building energy simulation details
Table S.1: Thermal properties of building fabric material (ASHRAE, 2017)
	Opaque fabric
	
	
	
	
	
	

	Elements
	Thermal conductivity
(
	Thickness (m)
	U-value
(
	Thermal resistance
(
	Density
()
	Specific heat
()

	Exterior wall (inside to outdoors)

	Interior surface coefficient
	
	
	8.290
	0.121
	
	

	Concrete block
	0.510
	0.100
	5.100
	0.196
	1400
	1000

	Foam insulation
	0.040
	0.0615
	0.651
	1.537
	10
	1400

	Wood siding
	0.140
	0.009
	15.556
	0.064
	530
	900

	Exterior surface coefficient
	
	
	29.300
	0.034
	
	

	Overall, air to air
	
	
	0.512
	1.952
	
	

	Floor (inside to outdoors)

	Interior surface coefficient
	
	
	8.290
	0.121
	
	

	Concrete slab
	1.130
	0.08
	14.125
	0.071
	1400
	1000

	Insulation
	0.040
	1.007
	0.040
	25175
	0
	0

	Overall, air to air
	
	
	0.039
	25.366
	
	

	Exterior roof (inside to outdoors)

	Interior surface coefficient
	
	
	8.290
	0.121
	
	

	Plasterboard
	0.160
	0.010
	16.000
	0.063
	950
	840

	Fiberglass quilt
	0.040
	0.1118
	0.358
	2.794
	12
	840

	Roof deck
	0.140
	0.019
	7.368
	0.136
	536
	900

	Exterior surface coefficient
	
	
	29.300
	0.034
	
	

	Overall, air to air
	
	
	0.318
	3.147
	
	

	Transparent fabric (windows)
	

	Number of panes
	2

	Pane thickness (mm)
	3.175

	Air-gap thickness (mm)
	13

	Normal direct-beam transmittance through one pane
	0.86156

	Thermal Conductivity of glass (W m-1 K-1)
	1.06

	Exterior combined surface coefficient (W m-2 K-1)
	21.00

	Interior combined surface coefficient (W m-2 K-1)
	8.29

	U-value from interior air to ambient air (W m-2 K-1)
	3.0

	Double-pane solar heat gain coefficient at normal incidence
	0.789


Figure S.1: Building geometry of ASHRAE 140 case 900 (with changed window)
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Table S.2: Composition of internal heat gains from local building code (MOHURD, 2018). Human metabolism rate (100 W p-1) is typical of resting activities (e.g. sleeping, reclining, seated and standing, 72-126W p-1) (ASHRAE, 2009). The heat is assumed sensible only.  
	Lighting (W m-2)
	Equipment (W m-2)
	Occupancy density (p m-2)

	5
	3.8
	0.03


Table S.3: EnergyPlus output variables which are used to calculate building energy balance in the following equations. The output variables in the first column are defined in EnergyPlus. AFloor – is total area of floor of the building (m2).
	EnergyPlus output variable (Units: W)
	Building volume energy balance fluxes calculated (W m-2)

	Surface Outside Face Solar Radiation Heat Gain Rate
	
	Net shortwave radiation
	

	Surface Window Transmitted Solar Radiation Rate
	
	
	

	Surface Window Total Glazing Layers Absorbed Shortwave Radiation Rate
	
	
	

	Surface Window Shortwave from Zone Back Out Window Heat Transfer Rate
	
	
	

	Outside face net thermal radiation heat gain rate
	
	Net longwave radiation
	 

	Zone total internal total heating rate 
	
	Internal heat gains within the whole building
	 

	Surface outside face convection heat gain rate
	
	Turbulent sensible heat flux
	 

	Zone air heat balance air energy storage rate
	
	Net storage heat flux for the building volume
	 

	Surface heat storage rate
	
	
	

	Zone exfiltration sensible heat transfer rate
	
	Heat transfer by air exchange between building and atmosphere
	 

	Zone ideal loads supply air sensible heating rate
	
	Sensible heating load
	 

	Zone ideal loads supply air sensible cooling rate
	
	Sensible cooling load
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2 Energy balance analysis for other cases
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Figure S2. As Figure 1, but uses ov1 for occupied building case in (b, e, h, k) and the heat flux difference with respect to unoccupied sealed building (ov1-us) in (c, f, i, l)
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[bookmark: OLE_LINK1]Figure S3. As Figure S2, but uses ov2 for occupied building case in (b, e, h, k) and the heat flux difference with respect to unoccupied sealed building (ov2-us) in (c, f, i, l)
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Figure S4. As Figure S3, but uses unoccupied ventilation baseline (a, d, g, j) and occupied building case ov1 in (b, e, h, k) and their difference (ov1-uv) in (c, f, i, l)
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Figure S5. As Figure S4, but uses occupied building case ov2 in (b, e, h, k) and their difference (ov2-uv) in (c, f, i, l)
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Figure S6. As Figure S5, but with ov3 in (b, e, h, k) and their difference (ov3-uv) in (c, f, i, l)
[image: Chart, line chart

Description automatically generated]
Figure S7. As Figure 2 but with uv as the baseline
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