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S1 Detailed derived steps of HAM model

® Derive of moisture transfer equation and air
transfer equation
Based on the moisture transfer balance equation
o(w, +w) (g +g +g.)
ot ox
water vapour diffusion g, and Darcy’s law for liquid
water diffusion g, the expression can be written as:
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where w, and w, are moisture content in water
vapour and liquid water phases, respectively; J, and
0, are permeabilities of water vapour and liquid
water, respectively; Py and P, are vapour pressure in
pores and capillary pressure, respectively.

From the water retention curve, it is known that
the moisture content w in the material relates to
relative humidity and temperature, and that w, and w,
are in a coexistence state, so the unsteady term in Eq.
(S1) can be rewritten as:
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where ¢ is the relative humidity.

Since the moisture content varies less with
temperature than with relative humidity, the second
term in the right part of Eq. (S2) can be ignored. The
liquid water diffusion term in Eq. (S1) can be
replaced by using Kelvin's law:
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and the water vapour pressure P, in Eq. (S1) is then
replaced by the relative humidity as Py, where Py,
is the saturated water vapour pressure.

Because the indoor environment was embedded
in the HAM-IEM, the air transfer through the wall
should also be considered. Based on Poiseuille’s law,

the air transfer under a difference of air pressure can

0 oP, .

be expressed as ——| 0, =0, and thus the air
Ox Ox

diffusion term (the air convection term) in Eq. (S1)

can be obtained by the definition of specific

humidity:
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where Pym and P, are atmospheric and air pressure,
respectively; ka, pa, and u, are airflow coefficient, air
density and air dynamic viscosity, respectively; Jd, is

a2 __a
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the air permeability; U, = is the air velocity

vertical to the wall surface.
Substitute Egs. (S2)—(S4) into Eq. (S1), the final

form of moisture transfer equation can be obtained.

® Derive of energy transfer equation
Based on the heat balance

OH " a(qcoud + Oensive T Qlatem)
ot ox

geond, sensible enthalpy transfer Qgensivie for liquid,

vapour and air phases, and the latent enthalpy change

QOuatent for vapour and air phases, the expression is

written as:
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where subscript m is the porous matrix; L is the
0.622P,
P, —P,

atm

latent heat; e,= is the absolute air humidity;

Cyl, Cpa and G,y are the specific heats of liquid water,
air and water vapour, respectively.



S2 Figures for the validation of HAM model

The HAM model proposed in this study is val-idated with Heat, Air and Moisture STAnDardization
(HAMSTAD) benchmarks #4 and #5. The detailed information about HAMSTAD benchmarks #4 and #5 can
be referred to elsewhere (Hagentoft et al., 2004). Fig. S1 shows that the moisture contents at the exterior and
interior surface of the wall vary over five days, which is the condition of calculation in HAMSTAD
benchmark #4. Fig. S2 demonstrates the partial distribution profile of moisture content at 60 d, which is in
accordance with HAMSTAD benchmark #5. The red curve in Fig. S1 represents the results of the HAM
model in this study, and the black curve in Fig. S2 shows the average results provided by other institutes in the
HAMSTAD project.
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Fig. S1 Moisture content at exterior and interior surfaces
of the wall (validation with HAMSTAD benchmark #4)

Coordinate x (m)

Fig. S2 Moisture content distribution along the wall

(validation with HAMSTAD benchmark #5)



S3 Information about the building, wall configuration and hygro-thermal properties of the materials

Tables SI and S2 are the detailed values of Table S1 Values of building parameters in the study

building parameters in the case study of Section 3 in

. P t \
the original paper. Table S1 shows the geometry and 5 e Values

. . . o - . Total wall area (m®) 113
the information of heating, ventilating, and air . .

L. K K Baseline of Air change per hour (ACH) 1
conditioning (HVAC) system, while Table S2 is the Total volume of the room (m’) 196
hygroth.ermal properties which are used in the Total air volume of HVAC systems (m’/s) 1
calculation of HAM model. Maximum cooling power of HVAC systems

14000
(W)
Maximum heating power of HVAC systems 15500
(W) .
Direct radiation through windows (W) 0

" Direct radiation through windows is not considered.

Table S2 Values of hygrothermal properties in the study (Kumaran, 1996; Liu et al., 2015)

Pm G m 5\/ 3 }veff Dw X10-9
Components /%) (ke K)) (<10 2s) @ (kg/m’) (W/(m-K)) (m%s)
Cement plaster 1807 840 5467  p/(—0.022¢™+0.025¢+0.0001)  0.854+4.5x10 °w  1.4exp(0.027w)

Red brick 1918 840 2600  9/(0.024519>0.2362¢+0.273)  1.035+4.2x10 0  7.4exp(0.03160)
Lime plaster 1500 840 13.57 0/(~0.0520™+0.052¢+0.005)  0.526+3.1x10%w  2.7exp(0.0204w)

Expanded

polystyrene 30 1470 11.00  ¢/(=0.5277¢™+0.96479+0.07086) 0.0331+1.23x10w 0

(EPS)

" The moisture diffusive D, =(J; (9iRT/p)+5. Py, )(Op/ow)



S4
A series of specific meteorological conditions of the outdoor atmosphere was shown in Fig. S3 (NOAA,
2001).
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Fig. S3 Meteorological conditions used in the case study: (a) temperature profile; (b) relative humidity profile; (c)
atmospheric pressure profile; (d) received solar radiation profile on the southern wall; (e) rainfall intensity profile; (f)
wind rose map (wind velocity and direction)



S5

Table S4 shows the detailed calculation results for different levels of airtightness and indoor heat sources
of occupants. The Q. and @y stand for the annual energy loads of a wall in heating and cooling season,
respectively. The LCT and AES are the abbreviation of the total lifecycle cost which contains operation costs
and investment costs and the annual energy saving per unit area by the insulation, respectively.

Table S4 Detailed results for different levels of airtightness and internal heat sources caused by occupants

Xips/MM 0 20 40 60 80 100 120 140 160 180 200

(a) For Acy=1 ACH and 75% Q: . in Fig. S3a

iamb

Q. (kW-h/m?) 14.18 7.71 5.42 4.24 3.51 3.04 2.64 2.38 2.21 2.05 1.90
0, (kW-h/m?) 33.48 18.15 13.11 10.38 8.59 7.38 6.51 5.84 5.32 4.92 4.57
LCT ($/m?) 27.94 16.16 12.88 11.59 11.11 11.11 11.37 11.83 12.42 13.09 13.79
AES (kW-h/m?) 0.00 10.88 14.53 16.48 17.74 18.58 19.22 19.68 20.02 20.3 20.56

(b) For Acy=1 ACH and 100% Q¢;, in Fig. S3a
Q. (kW-h/m?) 14.10 7.70 5.43 4.26 3.52 3.09 2.78 243 2.32 2.08 1.95
On (kW-h/m?) 3357 1813 13.07 1032 8.52 7.29 6.42 5.74 5.23 4.81 4.47
LCT ($/m?) 27.96 16.14 12.85 11.56 11.1 11.09 11.39 11.85 12.42 13.03 13.76

AES (kW-h/m?) 0.00 10.91 1456  16.51 1776 18.62 19.21 19.67 2004 2036  20.60
(¢) ForAcy=1 ACH and 125% Q- in Fig. S3a

iamb

0. (kW-h/m?) 14.06 7.70 5.51 437 3.63 3.15 2.90 2.58 2.40 227 2.10
O (kW-h/m?) 33.59 18.12 13.00 10.26 8.45 7.22 6.33 5.66 5.13 4.70 4.37
LCT ($/m?) 27.95 16.14 12.85 11.58 11.08 11.07 11.39 11.82 12.39 13.07 13.77
AES (kW-h/m?) 0.00 10.9 14.55 16.49 17.77 18.62 19.2 19.69 20.05 20.33 20.58

(d) For Acy=2 ACH and 100% O in Fig. S3a

iamb

Q. (kW-h/m?) 14.36 7.71 5.43 4.49 3.45 3.20 2.63 2.46 2.24 2.20 2.10
0, (kW-h/m?) 34.35 18.99 13.32 10.33 8.57 7.37 6.53 5.81 5.30 4.93 4.60
LCT ($/m?) 28.57 16.68 13.00 11.68 11.06 11.19 11.38 11.85 12.42 13.17 13.91
AES (kW-h/m?) 0.00 10.98 14.95 16.93 18.31 19.05 19.74  20.19 2056  20.77 20.99
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