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S1  Particle size-dependent penetration factors

Figure S1 shows the particle size-dependent penetration factors through various filters in
mechanical ventilation. Note that the filters “F8”, “F7”, “F6”, “F5” and “G4” complied with the
former EU standard DIN EN 779 for testing air filters,® which was replaced by the new
international standard 1ISO 16890-1 in 2016.2
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Figure S1. Particle size-dependent penetration factors through various filters in mechanical

ventilation according to the filter efficiency data from Goodfellow and Tahti (2001).3

ISO 16890-1 defines four filter groups: Coarse, ePMio, ePM.5 and ePMs. A direct conversion
between EN 779 and ISO 16890-1 is not possible. The two standards are based on different
test conditions. There is a minimum level of ISO filtration that allows a comparison with EN 779
filters. Hemerka and Vybiral provided information for filter class conversion between EN 779
and 1SO 16890-1.% In Table S1, the filter types from Figure S1 according to EN 779 are
compared with the new filter types according to ISO 16890-1. An experimental verification of
the 1ISO 16890-1 was carried out by Schuldt et al.®



Table S1. Comparison of filter types according to DIN EN 779! and ISO 16890-1.2

ISO 16890-1 (2016) | DIN EN 779 (2012)

ISO Coarse 60% Corresponds to G4

F5 (not defined in EN 779:2012)

F6 (not defined in EN 779:2012)

ISO ePM; 50% Corresponds to F7
ISO ePM25 65% Corresponds to F7
ISO ePM; 70% Corresponds to F8
ISO ePM;: 80% Corresponds to F9 (data not shown in Figure S1)

S2 Particle model validation

In the test house, indoor and outdoor particle number size distribution (PNSD, 10 — 800 nm
size range), PM.s and PMo data were collected during the (2016 - 2019) large measurement
campaign in Germany — “Indoor and Outdoor Project” (UFOPLAN FKZ 3715 61 200, ,Ultrafeine
Partikel im Innenraum und in der Umgebungsluft: Zusammensetzung, Quellen und
Minderungsmaoglichkeiten”).® 7 In addition, activity patterns (source type, frequency, and
duration) of occupants in real-use conditions were also recorded. Detailed information on the
measurement sites can be found in Zhao et al. (2020).” Briefly, two measurement systems
were deployed to simultaneously measure indoor and outdoor particle parameters for each
household. Each system includes a TROPOS-type mobile particle size spectrometer (MPSS)
for the determination of PNSD and total particle number concentration (PNC) in the diameter
range of 10-800 nm. Mass concentrations of PMio and PM.s were measured by an optical
particle size spectrometer (OPSS Grimm, model 1.108). The instruments measure with a time
resolution of 5 minutes. The selected test house is house L5 during the measurement
campaign. The house was naturally ventilated. The data on air change rate and particle size-
dependent penetration factors were taken from the results for this house published in our

earlier work by Zhao et al.®

The model validation was applied for measurement on January 17, 2017 (see manuscript
Section 2.4). The particle size-resolved emission rates of three activities on this day are listed
in Table S2. The results of the measured and simulated PNSD, PNC, as well as particle mass
concentrations of PM;, PM2s and PMjo are shown in Figure S2, Figure S3, and Figure S4,

respectively.



Table S2. Particle size-resolved emission rates x10° (# s*) for the three recorded indoor

activities during the measurement on January 17, 2017 in the test house.

Particle diameter D, (nm)

Activit
Y 12 15 20 26 39 64 105 173 286 472 778

Toasting 13.9 116.7 249.2 382.2 466.4 697.4 5032 1076 127 23 02 0.0

Baking 59.7 1246 2029 221.3 240.7 441.0 4346 180.7 734 162 35 0.9

Frying 26 348 557 666 706 1083 804 279 107 33 09 04
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Figure S2. Comparison of measured and simulated indoor particle number size distribution.
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Figure S3. Comparison of indoor particle number concentrations calculated from PNSD data

with measured and simulated values.
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Figure S4. Comparison of measured and simulated particle mass concentration of indoor
PMi, PM2s and PMig.



S3 Calculation of limonene emission from wood furniture

As presented in Zhao et al.,'° the area-specific emission rates for materials were calculated by
an empirical approach with a first-order exponential model. Emission characteristics of indoor
furniture and building materials were analyzed using general emission data available at
Fraunhofer WKI. The area-specific emission rate (SERa in pug m2 ht) of limonene from wood
furniture follows the exponential decay function f(t) =5 + 12 x exp(-t / 17.1), where t is time in
unit of day. Considering that the furniture was not new, as shown in Figure S5, the SERAa is

already approaching 5 ug m2 h'! after 20 days.

According to Fechter et al.,'! the limonene emission from wooden furniture between 17 °C and
28 °C was estimated to increase by 135%. The change factor f for the temperature-dependent
limonene emission is calculated as the coefficient of the linear regression. The temperature-
dependent limonene emissions can be thus calculated by using the actual temperature and
the change factor.
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Figure S5. Limonene emission rate from wood furniture under the exponential decay function:
f(t) =5+ 12 x exp(-t /17.1).1°



S4  Calculation of deposition and coagulation

As mentioned in manuscript Section 2.3 “Deposition”, the particle size-resolved deposition
velocity v; was computed using the approach of Lai and Nazaroff!? and Seinfeld and Pandis,*3
taking into account gravitational settling, Brownian diffusion and eddy diffusion, with the
estimated friction velocity near indoor surfaces (u), particle diameter and temperature as

inputs.

The model assumes that the patrticle flow is one-dimensional and steady, and assumes that
Brownian diffusion and turbulent diffusion control the transport of particles through the
boundary layer to the vertical surface. The surface is assumed to be a perfect settling tank,

i.e., no particle resuspension is considered.’? The relevant equations are listed as follows:

Deposition velocity for a vertical surface:

Deposition velocity for an upward horizontal surface:

Vs
Vau = vl
S

1 - exp (—35)

Deposition velocity for a downward horizontal surface:

Vs

e ()

Here:
2
[ =3.645.3(a—b)+ 39
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Schmidt number S, = v/D, where v is the kinematic viscosity of air and D is the Brownian

diffusivity;

D = kTC/3muD,, where k is Boltzmann's constant; D, is particle diameter; C. is the slip
correction factor = 1+2A4i/Dp(1.257+0.4exp(-1.1Dp/2/Aai));

v = W/p, where p = 1.8x10° (T/298)°% is the dynamic viscosity of air, T is in K, and p = p/R/T

is the density of air, p is absolute pressure, R is the specific gas constant for dry air;
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r*= Dpu*/2v, where u* is friction velocity;
Vv is the gravitational settling velocity of the particle.

As mentioned in manuscript Section 2.3 “Coagulation”, The coagulation coefficient K was
computed based on Fuchs theory in the transition region and the free molecule region,
assuming that all collisions lead to coagulation of the two colliding particles, with particle
diameter and temperature as inputs.'® For the particles with sizes Dy1 and Dy, the coagulation

coefficient K12 can be calculated as follows:

-1

Dy + Dpy 8(Dy + D)
Ky, =2n(D; + Dz)(Dpl + DpZ) : - *

1 1
Dpl + DPZ + 2(912 + g%)z (512 + EZZ)Z(Dpl + Dpz)

Here:

1

B (8kT)2
Cc =

mm;

1 3
gi = Tpili[(DpiHi)?) — (D§i+li2)2] — Dp;

_ 8D,
L TL'CTL'
Di is the Brownian diffusivity mentioned above for particles of size Dyi; m; is the mass of the

particles of size Dy.

As can be seen from the equations, the fundamental parameters in the deposition and
condensation model are introduced as a function of temperature rather than constant values,
including dynamic viscosity (u), air density (o), and air mean free path (Aar). Consequently,
temperature changes due to climate change are reflected in these two processes, thus

affecting the overall indoor particulate concentration.



S5  Effect of the time resolution of the outdoor particle concentration on the

simulated indoor particle concentration

As described in the manuscript Section 2.5.1 “IPCC scenarios”, the initial data for outdoor PMs,
and PMs particle mass concentrations in rural area were taken from historical annual mean
values measured in Germany.** To assess the impact of using the daily mean or annual mean
values of outdoor particle concentrations as input variables on the simulation results, a case
study was conducted for the year 2022. The daily mean values of PMi, and PM.s outdoors
(Figure S6) were taken from DESNO025 (Leipzig-Mitte, urban traffic), whereby the daily data for
PM2 s are only available from 2022. The annual mean concentrations of PM1o and PM_ s for this
station in 2022 are 13.4 pg m=2and 9.1 ug m=3, respectively.
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Figure S6. Outdoor PM1o and PM. s mass concentrations (daily averages) in 2022 in Leipzig,
Germany. The data for station DESNO025 (Leipzig-Mitte, urban traffic) were taken from the

online database of the German Environment Agency (UBA, https://www.umweltbundesamt.de/

en/data). The dashed lines indicate the corresponding annual average concentrations of PMig
and PMss.
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Table S3 lists the simulated indoor PM1p and PM2s mass concentrations based on the two
types of input data (i.e., annual and daily mean outdoor concentrations), where the annual
mean indoor PMzs concentrations are slightly different and PMio is exactly the same. The
results for the 5th, 25th and 75th percentiles also show small differences, while the results for

the 95th percentile show large differences.

Since the long-term projections in this work were based on annual mean results, the effect of
changes on daily outdoor particle concentrations can be neglected, especially given the

uncertainty in the expected future concentrations of air pollutants.

Table S3. Simulated indoor PM;o and PM,.s mass concentrations (g m-3) using outdoor annual

mean and daily mean values as input.

PM.smass concentration PMip, mass concentration
(Lg M) (g m?)
annual mean daily mean annual mean daily mean

input input input input
mean 6.3 6.2 8.3 8.3
5 percentiles 3.9 3.3 4.0 3.3
25 percentiles 4.4 4.2 4.4 4.3
75 percentiles 7.0 7.0 11.6 11.5
95 percentiles 11.3 13.1 17.2 18.7
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S6  Particle number size distribution
S6.1 Measured and simulated outdoor particle number size distribution

The data for 2020 are based on the rural background mean values measured and published
by the German Ultrafine Aerosol Network (GUAN).*> 16 The 2100 data were calculated using
the same change factors for the PM.s decrease under the SSP1-2.6, SSP2-4.5, and SSP5-

8.5 scenarios.
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Figure S7. Outdoor PNSD in 2020 (measured) and in 2100 under different SSP climate

scenarios (simulated).

S6.2 Simulated indoor particle number size distribution

Based on the outdoor PNSD in 2020 and 2100 under different SSP climate scenarios
presented in S4.1, the indoor PNSD of the test house are simulated, taking into account the

particle sources and losses described in Section 2.3 of the manuscript.
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Indoor particle number size distribution
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Figure S8. Simulated indoor PNSD in 2020 and in 2100 under different SSP climate scenarios.
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