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Executive Summary

This deliverable supports passive retrofit of historic masonry in Spain, Poland, Sweden
and Scotland by testing internal insulation systems against two KPIs: U Zsalue (energy
efficiency) and mould growth risk (MGI, moisture safety). A three devel method
combines 1D hygrothermal simulations, indoor climate assessment, and
thermal Zoridge analysis. Results show that internal wall insulation can substantially
lower U Zalues, but moisture safety depends on climate exposure, wall type, and
high ZRH material behavio ur. CrossZool checks (Delphin 6.1, WUFI Pro) are mostly
consistent while revealing sensitivities . The most critical cases occur with wind  Alriven
rain, minimum thickness, and high indoor moisture loads. Priorities include verifying

high ZRH material data, favo uring capillary Zactive or suitably vapour Zpen systems,
and applying conservative detailing in exposed orientations.

Simulations of i ndoor climate indicate that internal insulation improves performance
during winter but can increase summer overheating by reducing wall thermal inertia,
especially in climates with higher temperature or humidity a nd future scenarios.
Passive measures (shading, night ventilation etc.) are essential measures.
Hygroscopic materials help to stabilize indoor relative humidity and can reduce the
need for mechanical control, with benefits varying by climate and typology.
Thermal Zridge analysis confirms that junctions can erode energy gains and create
local moisture risks; targeted, conservation Zompatible measures (reveal insulation,
capillary zZactive plasters, airtightness) are needed. Collectively, the findings provide
actionable guidance to achieve lower U Zalues without compromising moisture
safety, advancing project objectives on energy, resilience, and heritage protection.
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Abbreviations and definitions

Cp Specific heat capacity; heat required to raise 1 kg of a material by 1 K
(J/kg-K).
Energy retrofit A general concept for all types of renovations where reduced energy

consumption is the main goal for the renovation. It is used for the
entire renovation process, from planning to evaluation, and is closely
related to sustainable renovation. Sustainable re  novation of existing
buildings is a way of extending the lifespan of a building and
improving its living and working conditions, which includes lowering
the energy used for those purposes (FuturHist Consortium, 2024).

fRsi Surface temperature factor; indicator of surface
mould/condensation risk ().

Historic building (HB) Building of heritage significance; a historic building does not
necessarily have to be statutorily designated as cultural heritage.

IWI Internal wall insulation; insulation applied on the room side of
existing walls.

KPI Key performance indicator.

MGI Mould Growth Index; indicator of mould risk based on hygrothermal
conditions over time.

maxMGl Maximum Mould Growth Index reached during the simulation
period.
RH ratio of actual water vapour content to saturation at the same

temperature (%).

sd Water Zapour diffusion Zquivalent air layer thickness (m); sd = p x
thickness.
Typology A set of buildings with common properties (e.g. , age of construction,

geometry, thermo -physical properties, and energy performance)
(FuturHist Consortium, 2024).

U-value Thermal transmittance value, i.e., the rate of transfer of heat through

a structure.



D28/ ReportVM onM assessmentVM ofMinsulationVd systems\M for\

components Mintegration

WDR Wind Zlriven rain; combined effect of rain and wind on exterior
wetting.

dz Thermal conductivity; rate of heat flow through a material (W/m-K).

nj Density; mass per unit volume of a material (kg/m3).

U Wat erMvapour MresistanceVMfactor \Mr

resistance to that of still air ().

C«

Linear thermal transmittance of a junction (W/m-K).
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1. Introduction

ThisMdeliverableMsupportsMdtheVMproject sMtaskMbMonMpassi
consolidating typological knowledge and simulation retrofit  solutions across Spain, Poland,

Sweden, and Scotland. The overarching aim is to balance energy efficiency gains with

hygrothermal safety, durability, and heritage compatibility. Historic walls are solid, often

capillary Z&ctive, and protected by conservation principles that limit invasive interventions;

internal insulation is frequently the only viable  strategy, but it modifies heat and moisture paths

in ways that can elevate risk if materials and details are not judiciously chosen. By bringing

together local historical buildings constructions, various retrofit approaches , and climate files

representative of present and future conditions, the work establishes a realistic basis for

comparing passive solutions that could be deployed at scale in revitalization projects.

Performance is tracked using key indicators defined in D1.6 (FuturHist Consortium, 2025) . The
UZalue quantifies steady Ztate heat flow through a building element; lower U Zalues reduce
transmission losses, translating into lower heating demand, improved comfort near cold
surfaces, and lower emissions when coupled with low Zarbon energy systems. Reducing U Zalue
is therefore central to decarbonization pathways but must be achieved without compromising

the moisture robustness of heritage fabric. The mould growth risk indicator (MGI) reflects the
likelihood that fungi will colonize surfaces or porous materials when temperature and humidity
conditions are conducive for sufficient durations. Persistent mould growth degrades materials,
negatively affects indoor air quality, and poses health risks; for occupants and owners, this can
mean loss of use, increased main tenance, and reputational impacts in sensitive buildings.
Ensuring low MGI while lowering U  Zalue frames the core trade 2ff addressed in this deliverable.

The study uses inputs and insights from previous deliverables that catalogued representative wall
typologies for each country and provided material data for various insulation systems. Those
baselines are essential to ensure that simulations reflect real constructions, including the
presence or absence of external plasters, internal finishes, and ventilation layers that alter
moisture exchange.

The analysis is structured in three levels (Chapters 2, 3 and 4) that progressively integrate more
physical couplings and spatial complexity. First in Chapter 2, one&limensional hygrothermal
simulations of wall components with internal insulation establish whether proposed layer stacks
remain within safe moisture regimes and quantify their thermal transmittance. The focus is on
internal wall insulation because it reduces heat flow through the wall, cools the historic masonry,

and can reduce drying potential; in combination with indoor moisture loads or wind Ariven rain,
this can increase the relative humidity at interfaces and enable mould or frost damage if materials

are poorly matched. To increase confidence and expose model sensitivities, identical
configurations are simulated in two widely used tools, Del phin 6.1 and WUFI Pro. This
crossZalidation helps isolate differences that arise from material databases (e.g., high ZAumidity

10
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sorption, capillary conductivity, vapour diffusion resistance) or numerical handling of transient
wetting and drying, and it identifies cases where conclusions are robust versus cases where
further measurements or conservative design margins are warranted.

The second part (Chapter 3) analyses how established and newly developed sustainable internal
insulation systems influence indoor climate under current and future conditions, focusing on
summer comfort, overheating risk, relative humidity, and the moisture duffering capacity of
materials. Rising temperatures across Europe, especially in the south, are lowering heating needs
during winter but increas es summer cooling demand, with implications for energy use,
emissions, and urban heat stress. In historic buildings, internal insulation is often the only
conservation Zompatible retrofit, yet it can reduce the thermal inertia of exterior walls and
exacerbate overheating, with performance strongly dependent on climate, building typology, and
occupant use of shading and ventilation. Prior studies highlight case sensitivit y and limited
transferability where constructions (e.g., very thick walls) are atypical. In parallel, maintaining
indoor RH near 40 60% is important for comfort and health; mechanical regulation is possible

but energy 4ntensive, whereas hygroscopic, porous materials can passively buffer humidity by
adsorbing and releasing moisture. Evidence shows such materials can stabilize RH and reduce

air Zonditioning energy by about 25  30%, though effectiveness varies by season, typology, and
climate. This chapter therefore evaluates overheating and RH dynamics alongside the buffering
performance of candidate insulation systems to identify passive configurations that improve
comfort with minimal energy and emissions.

Third ly in Chapter 4 , promising assemblies are integrated with junctions and details to assess the
impact of thermal bridges. Junctions , e.g., at floor slabs, window reveals, and internal partitions
can dominate local heat flow, depress surface temperatures, and concentrate moisture, even
when planar U Zalues are low. Failure to address these effects can negate energy savings and
create localized mould or condensation risks. The deliverable therefore quantifies the linear
thermal transmittance of key details, explores practical mitigation options compati ble with
conservation constraints, and identifies where targeted improvements (e.g., reveal insulation,
capillary zZctive plasters, airtightness measures) are needed to ensure that whole Zassembly
performance aligns with component  Zevel predictions.

11
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2. Hygrothermal simulations  of
Internal wall insulation

During the task, hygrothermal simulations were used to predict coupled heat and moisture
transport in building assemblies, resolving how temperature, relative humidity, and moisture
content evolve through layers and at critical interfaces. These simulations support design

decisions by quantifying risk of mould growth under realistic boundary conditions . The
parametric study extends chosen setup across a structured matrix of variables to map
performance sensitivity and identify robust configurations. Key parameters include various
boundary conditions and different wall constructions . By varying one or more factors

systematically, the comparable outputs were obtained that reveal which combinations are safe,
which are marginal, and which require design adjustments (e.g., vapour retarders, thickness
changes, commissioning measures). This approach enables consistent, evidence  Zased

recommendations across regions and construction types.

Parametric setups were defined from the typologies catalogued in D eliverable 1.2 (FuturHist
Consortium, 2024) and paired with exemplary insulation systems described in D  eliverable 2.1
(FuturHist Consortium, 2025) . For each typology system combination, the hygrothermal
simulations were performed to assess moisture safety and mould growth risk under
representative present and future climates.

Focus on Internal wall insulation (IWI) was prioritized because it presents the highest mould
growth risk:

o It reduces heat flow from indoors into the historic wall, lowering the temperature at the
insulation masonry interface. Cooler surfaces increase relative humidity for a given
moisture content, lengthening time  -of-wetness.

o0 Outward drying is often limited by driving -r ai nMI ocoadsMandMby\Mt heMwal l s\
inward drying is restricted by the new insulation layer and interior finishes. This
bidirectional drying constraint ~ might create moisture accumulation at the interface

between the histo ric wall and the insulation

o Thermal bridges at floor slabs, internal partitions, window reveals, and anchors become
colder after IWI, creating local RH spikes that are critical  according to mould models.

o Indoor sources (occupancy moisture, intermittent humidification) directly influence RH at
theVinsulatedVwall sMinteriorMboundary Mmaki ngVdRH
season.

12
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Roofs and ground floors are generally less critical in this context:

o Roofs: Even when insulated internally (e.g., at the ceiling or rafter line), roof assemblies
typically experience higher temperatures and strong solar gains, promoting drying.
Slopes shed rain quickly, and many roof build -ups include intentional ventilatio n layers
that limit moisture accumulation. Consequently, interface experience less time with RH
above mould -critical thresholds compared to IWI on masonry fagades exposed to driving
rain.

0 Ground floors: The main risk comes from ground moisture (rising damp), not from indoor
humidity. Where a damp 2Zroof layer/capillary break and basic subfloor ventilation are
present, moisture loads are much lower and surfaces stay warmer, so mould risk is
typically reduced compared to IWI interfaces.

While roofs and floors are typically less critical than internal wall insulation (IWI) for mould risk,
thermal bridges remain a significant concern across all assemblies; their effects (e.g., at
junctions) are addressed in detail in Chapter 4.

2.1. Methodology

Primary simulations were carried out in Delphin 6.1 (Bauklimatik Dresden Software GmbH, 2023) ,
using the materials and boundary conditions consistent with D1.2 (FuturHist Consortium, 2024)
and D2.1 (FuturHist Consortium, 2025) . To increase confidence, a subset of cases (covering the
envelope of climates, substrates, and systems) wasre -simulated in WUFI Pro Fraunhofer Institute
for Building Physics, 2023) with harmonized inputs (identical weather files, interior conditions,
initial states). The two tools produced comparable temperature and RH values at critical
interfaces; observed differences were documented below.

Delphin is a transient hygrothermal simulation tool for coupled heat and moisture transport in
building components. It solves temperature, water vapour diffusion, and capillary liquid transport

in 1D and 2D domains, with boundary conditions for wind -driven rain, short - and longwave
radiation, convection, and indoor climate coupling. Users can model full layer stacks and 2D
junctions (e.g., slab ends, window reveals), define installation moisture, and set spatially varying
properties. Material data can be im ported from lab measurements or selected from its library
Delphin supports batch runs for parametric studies, outputs detailed time series (T, RH, moisture
content, heat and moisture fluxes), and is commonly used for research -grade analyses where
custom materials, complex boundary conditions, or 2D details are im portant. Results can be post -
processed for risks such as mould growth, interstitial condensation, and freeze thaw.

WUFI is a family of tools for transient heat and moisture transport, widely used in practice. WUFI

Pro handles 1D assemblies; WUFI 2D expands to two -dimensional details; WUFI Plus couples
envelope hygrothermal behavio ur with whole -building energy and indoor climate. The software
includes extensive climate databases (typical years, measured stations) and material databases,

13
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and models key loads such as wind -driven rain, solar radiation, and interior moisture production.

Users can specify initial moisture, construction phases, and vapour control layers, then evaluate

outputs (T, RH, water content, fluxes) and apply built  -in po st-processors for mould growth risk

(e.g., isopleth/Viitanen -t ypeVM i ndi ces M WUF I s Mfriendly warkffawhlsoadar e M i t s\
libraries, and efficient 1D/2D modelling for design office use; it is often paired with Delphin cross -

checks when advanced customization or research -level calibration is required.

Both tools implement the same core physics (heat conduction, vapour diffusion, capillary
transport) and similar boundary  -condition models, but they differ in interface, libraries, and some
numerical details. In many projects, cross-comparison of a subset of cases helps confirm
robustness of conclusions.

Materials

2_1_Aﬂ.materials were selected from the Delphin Material Library (Bauklimatik Dresden Software
GmbH, 2023) to ensure consistent, physically based hygrothermal properties across simulations.
Where multiple library entries existed for a given material class, the choice prioritized datasets
with well -documented attribution , complete moisture and thermal property curves, and
applicability to the national building stock under study.

Brick and stone masonry selections were tailored by country to reflect known regional differences

in historic buildings . Because Delphin provides several brick models with varying porosity,
strength classes, and moisture transport characteristics, country -specific models were adopted
based on published studies using local materials:

0 Spain: Brick properties aligned with datasets and findings reported for Spanish masonry
(Llorente ZAlvarez et al., 2021).

o Poland: Polish brick models were chosen with reference to local investigations and
hygrothermal MdMcharacterizationsVY Vaneéek \ MHof h
Tunkiewicz et al., 2021; Bajno et al., 2024).

0 Sweden: Selections drew on Swedish case studies and measurements of local bricks
(Johansson et al., 2020).

0 Scotland: Because traditional Scottish construction commonly employs stone rather than
brick, sandstone and granite datasets from the Delphin library were used to represent
masonry substrates (Banfill, 2021).

Eight most common systems from D2.1 were chosen: Autoclaved aerated concrete (AAC), Calcium
silicate boards, Cellulose (loose/blown -in/dry application), Clay cork insulation , Minaral wool,
Perlite insulation board, Polystyrene/EPS/XPS, and Wood fibre board. The goal was to analyse
various systems: vapour open and vapour closed, bio -based and oil-based etc.

14
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A complete list of all materials used in the assemblies, together with key parameters densi tyMn
specific heat capacity cp, t her mal M conductivity\Vddz MandVvapasur N di ff
provided in Table 1 (for existing walls), Table 2 (for insulation materials) and Table 3 (for other

materials) .

Table 1. List of materials for existing walls applied in simulations in Delphin.

nj Cp dz U

Name Material in Delphin
[kg/m 3]  [IkgK] | [W/mK] [-]

Brick (Poland) Old Building Brick 1734.1 919.2 0.656 24.5
Dresden ZK [499] ' ' ' '

Brick (Spain) Old Building Brick 1948.0 813.2 0.905 98.6
Dresden ZQ [286] ' ' ' '

Old Building Brick

Brick (Sweden) 1904.4 847.4 0.808 22.9
Dresden ZC [491]

Sandstone Sandstone India Red [467] 2262.8 874.5 2.870 63.7

Granite Granite boulder [463] 2452.9 702.2 1.718 53.8

o Lime Plaster (historical)

Historical plaster 1800.0 850.0 0.820 12.0
[148]
Spruce longitudinal (from

Spruce 554.3 2574.5 0.188 222.9

Saxony) [716]
Air gap 40 mm (vertical)

Air gap 7] 1.3 1050.0 0.222 0.3

Table 2. List of insulation materials applied in simulations in Delphin.

. . n| cy dz u
Name Material in Delphin
[kg/m 3] [IkgK] | [W/mK] [-]
] - Climate board (until 2015)
Calcium silicate 222.3 1303.2 0.057 5.4
[284]
Cellulose Blown -in Cellulose [580] 55.2 2544.4 0.048 2.0
Insulation Loam -Cork
Clay-cork board 350.1 1056.4 0.077 28.0
Board (F) [416]
Polystyrene Foam Board
EPS 35.0 1500.0 0.040 50.0
Expanded [186]
Mineral wool Mineral Wool 035 [731] 67.0 840.0 0.035 1.0
. Ytong Mineral Foam
Multipor 115.2 1292.3 0.048 4.1

Multipor 2004 [597]

) Sto-Perlite Indoor
Perlite ) i 100.3 1640.1 0.046 8.0
insulation board 045 [733]

Wood Fibre Insulation

Wood fibre board 160.8 1661.9 0.039 3.4
Board [693]
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Table 3. List of additional materials applied in simulations in Delphin.

o : nj Cp dz H
Name Material in Delphin
[kg/m °] | [I/kgK] [W/mK] [-]
Rigips sum board
Gypsum board SR 732.0 1383.9 0.211 6.8
[427]
) Mineral Interior Plaster
Mineral plaster 1446.1 873.2 0.609 39.0
[231]
Mortar (for calcium o
. Remmers iQ -fix [437] 1313.3 862.9 0.497 18.7
silicate)
Mortar (for clay - Insulation Loam -Cork
569.2 977.0 0.120 46.1
cork) Glue mortar (D) [415]
Mortar (for EPS) Lime cement mortar [842] 1876.1 757.9 0.803 41.3
Glue Mortar For Mineral
Mortar (for Multipor) Insulation Board Multipor 830.0 815.0 0.155 13.0
(Xella) [77]
Mortar (for perlite) StoDecosil K [843] 1760.3 772.2 0.740 251.4
Mortar  (for wood )
i Rotkalk Fein [667] 1279.1 827.3 0.315 10.2
fibre)
OSsB OSB [650] 595.0 1500.0 0.130 165.0
Smart vapour ) 46877.
Proclima Intello [725] 700.3 1000.0 0.230
retarder 8
2.1.2.

Boundary conditions

2.1.2.1. Initial conditions

The same initial state was applied to all simulations:

o0 Temperature: 20 °C;
o Relative humidity: 80% .

Each simulation ran for 10 years, with comparative analyses performed only on the final year to
minimize the influence of initial conditions on the reported results.

2.1.2.2. External climate

Weather files for each country were selected for the city hosting the FuturHist demonstration

case: Spain Cordoba, Poland  Krakéw, Sweden  Linkdping, and Scotland Edinburgh. All
weather data were sourced from Meteonorm 8  (Meteotest, 2020) . Simulations used a present Zlay
climate representative of 2020

In selected scenarios, a future climate corresponding to RCP 8.5 for 2070 was also applied to
assess climate Zhange impacts (IPCC, 2014) RCPs (Representative Concentration Pathways) are
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greenhouse gas concentration trajectories used in climate modelling . RCP 8.5 is the highest
forcing pathway commonly used, reaching approximately 8.5 W/m2 radiative forcing by 2100 and
representing a high Zmission, worst Z£ase scenario.

TwoMfacadeMorientationsMwereMconsideredMforVMeachVMeclii
orientation characterized by the highestwind  Ziriven rain (WDR) exposure (as indicated by WUFI s
WDR indices for the respective climates). The worst orientations applied were:

0 east (90°) for Cérdoba,
o0 west (270°) for Krakéw and Edinburgh,
0 southwest (22 5°) for Link 6ping.

External climate and surface exchange parameters followed recommendations from Delphin and
WUFI. Two rain exposure options were used to represent different splash/exposure conditions.
The values are summarized in Table 4.

Table 4. External boundary condition parameters and rain exposure options.

Parameter Option 1 Option 2
Effective heat conduction exchange coefficient 25 W/im2K

Vapou r diffusion mass transfer coefficient 1.19e-07 s/m
sd-value of painting/surface coating Om

Solar adsorption coefficient 0.7

Long -wave emissivity 0.9

Rain exposition moderate (MR) High (HR)
Reduction/splash coefficient 0.5 0.7

Figure 1 presents monthly averaged exterior climate variables (temperature, relative humidity,
rainfall, and global solar radiation) for Cérdoba, Krakéw, Linkdping, and Edinburgh based on
Meteonorm. The four locations span distinct climatic zones and therefore impo se different
hygrothermal boundary conditions

o Cordoba (Mediterranean climate ) exhibits hot, dry summers with monthly means near
30°C and RH around 40%, virtually no rain from June to September, and very high solar
radiation; winters are mild, around 10  °C with RH near 80%, a little rainfall, and still higher
solar gains than the other sites.

o Krakow (Continental climate ) has summers near 20 °Cwith RH around 70%, fairly constant
rainfall, and medium solar levels; winters hover around 0  °C with RH close to 90%,

somewhat less precipitation, and much lower solar radiation.

0 Linkdping ( Northern climate) reaches about 18 °C in summer with RH near 60%,
experiences persistent but generally lower rainfall than Krakéw and higher summer solar
radiation; winters are around 0 °C with RH near 90%, limited precipitation, and very low
solar radiation due to short days.
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o Edinburgh ( Oceanic climate ) shows a narrow annual temperature range with summers
around 15 °C and winters near 5 °C, consistently high RH (80 -90%), the highest rainfall of
the four cities, and consequently the lowest solar radiation.
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Figure 1. Comparison of external climate (monthly smoothed temperature, relative humidity, cumulative rainfall,
and solar radiation) for Cérdoba, Krakéw, Linképing, and Edinburgh.

Figure 2 compares monthly smoothed outdoor temperatures for the present climate (2020) and
the RCP 8.5 future projection for 2070 at the four demo locations. Here, monthly smoothing
meansVMreduci ng\V a\ tternmeaviabildyr by aggregatiaghto manthly resolution
typically via calendar Znonth means or a 30 Zlay moving average  so that broader trends and
seasonal patterns are more clearly visible.  All sites warm substantially: Spain (Cérdoba) and
Poland (Krakéw) by about 5°C across the year, and Sweden (Linkdping) and Scotland (Edinburgh)
by about 3°C. In the future scenario, the monthly averages at all sites remain above 0°C
year Zound, with systematically elevated temperatures in every month relative to the present.

These shifts imply notable hygrothermal consequences for the envelope: reduced frequency of
freezing conditions (lower freeze -thaw stress on masonry and renders), longer and stronger
warm Zeason periods with potentially higher biological activity (mould and algae) on exterior
surfaces, altered indoor conditions, and generally higher vapor pressure differentials in summer
that can favo ur outward drying, while also increasing the likelihood of overheating and extended
cooling demand.
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Figure 2. Monthly smoothed outdoor temperature for present climate (2020) and future climate (RCP 8.5, 2070)
in Cérdoba, Krakdw, Linkdping, and Edinburgh; dashed lines indicate the 2070 projection.

Figure 3 presents monthly smoothed outdoor relative humidity for the present climate (2020) and

the 2070 projection under RCP 8.5. Across all locations there is a slight overall decrease in RH in
the future scenario. The most pronounced seasonal changes occur in Krakéw, where winter
months show reductions up to about 10 percentage points, and in Edinburgh, where late ZArear
values similarly drop by up to roughly 10 percentage points. C  érdoba and Link 6ping exhibit more
modest shifts, generally a few percentage points lower than present levels throughout the year.

100 T T T T T T T 100 T H
\ Ve W, N . R |
s f :\r i ﬂ/;f" 8 ol a2 ]
—_— —_— \' -
) \-. /\’\'WM X \u\‘ '.u-/
= v v, = w ;orw
= ‘ I = }-‘\
S 60 TS 60f
: \\: W :
ey 4 I
2 s} \\‘;/ S a0t
© ©
Q [0}
14 o
20 [ b 20
0 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 0 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
SP 2020 = = =SP 2070 PL2020 = = =PL 2070 SE 2020 = = =SE 2070 SC 2020 SC 2070

Figure 3. Monthly smoothed outdoor relative humidity for present climate (2020) and future climate (RCP 8.5,
2070) in Cordoba, Krakow, Linkdping, and Edinburgh; dashed lines indicate the 2070 projection.

Figure 4 shows cumulative monthly smoothed rainfall for the present climate (2020) and the 2070

RCP 8.5 projection. Annual totals shift markedly and in opposite directions across sites. In Krakow,
theMfutureVMannual Mtotal Mi sMabout\ Mof Mt heMpresent Vv
81%of MitsMpresentMtotal\ Ml ndMcontrast MCo6rdobalV
and Linképing to about 121% (+21%).

These changes imply altered wind ZAlriven rain loads on fa cades, with reduced exterior wetting
and potentially improved drying in Krakdw and Edinburgh, but increased wetting exposure, and

thus higher risks of surface soiling, biological growth, and moisture ingress at vulnerable details,

in Cordoba and Linkoéping. Coupled with the warmer future temperatures, freeze -thaw stresses
are expected to diminish, while moisture loads on WDR Zxposed facades may intensify,
particularly in the Spanish and Swedish contexts.
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Figure 4. Cumulative rainfall (monthly smoothed progression) for present climate (2020) and future climate (RCP
8.5, 2070); dashed lines indicate the 2070 projection.

Figure 5 compares monthly smoothed global solar radiation for the present climate (2020) and
the 2070 RCP 8.5 projection. Spain (Coérdoba) and Scotland (Edinburgh) show a noticeable
reduction in solar input across much of the year, while Poland (Krakéw) and Sweden (Linkdping)
remain broadly similar to present levels with only minor shifts. Reduced insolation in Cérdoba
and Edinburgh implies lower exterior surface heating and diminished solar Ariven drying
potential, as well as slightly reduced passive solar gains indoors; by contrast, the near Zeutral
change in Krak 6w and Link 6ping suggests that solar Zelated drying and gains will remain
comparable to today.
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Figure 5. Monthly smoothed global solar radiation for present climate (2020) and future climate (RCP 8.5, 2070);
dashed lines indicate the 2070 projection.

2.1.2.3.Indoor climate

The indoor climate was modelled using the WTA 6.2 approach (WTA, 2014), which couples interior
conditions to the outdoor climate via seasonal functions. Indoor temperature follows a bounded

annual profile, varying between 20 °C and 25°C as a function of outdoor temperature (  cold vs.
warm season). Indoor relative humidity (RH) is likewise linked to outdoor temperature and is
constrained within load Zlasszpecific bands to reflect different moisture productions and
ventilation behavio ur.
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TwoMboundingMscenariosMwereMdefineddMforVMsensitivity\
case MwithVRHYbeYwerdHdMdhi ghVMmoistureMloadV HML M wor
40-70%. Where no comparison of internal conditions was required, a normal moisture load (NML)

with RH between 30 -60% was applied. Heat and vapour surface transfer coefficients follow the

recommended default values from Delphin and WUFI (Table 5).

Table 5. Internal climate model parameters (WTA 6.2) and surface transfer coefficients.

Parameter | LML | NML HML
Internal temperature 20-25°C
Internal relative humidity 25-55% 30-60% 40-70%
Surface heat transfer coefficient

, o 7.7 W/im2K
(convective + radiative)
Surface vapor diffusion coefficient 5.6e-08 s/m

Figure 6 shows monthly smoothed indoor relative humidity on the left axis for the three WTA 6.2
moisture Zoad classes (LML, NML, HML) and indoor temperature on the right axis, which depends
only on the outdoor temperature and is therefore identical across moisture doad cases. In
Cérdoba, the highest outdoor temperatures translate via the WTA coupling into generally higher
indoor RH levels across all load classes than other sites . Indoor temperature remains at the upper
bound of 25 °C for roughly four months (June -September), while the minimum setpoint is scarcely
reached, so both RH and temperature seldom approach their lower limits. In Krakéw, indoor RH
spans approximately 33 -54% under LML and 48 -69% under HML, with NML in between; the
maximum indoor temperature of 2  5°C is not attained in any month, and the minimum of 20  °C
persists from November through March. Linképing behaves very similarly to Krakéw, with
seasonally constrained temperatures around the lower bound in winter and comparable RH
envelopes across the three load classes. Edinburgh shows narrower RH bands than Krakéw and
Linkdping, ranging about 38 -50% (LML) to 53-65% (HML), while indoor temperatures remain
comparatively mild . The highest monthly mean stays below 23 °C, and the minimum setpoint of
20°C prevails from November through April.
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Figure 6. Comparison of internal climate (monthly smoothed temperature and relative humidity) for Cérdoba,
Krakow, Link6ping, and Edinburgh.

2.1.3. Evaluation method

To evaluate the potential for mould growth, the VTT mould growth index (MGI) was applied at
the identified critical interface (Viitanen et al., 2015). The index is well suited for comparing
simulations because it responds to the  full -time history rather than only extremes: under typical
European conditions it rises during the colder, more humid months and recedes in summer when

air is warmer , capturing the yearly changes .

The MGI ranges from 0 to 6, where 0 denotes no growth and 6 indicates heavy, widespread
growth. It is computed from the local temperature and relative humidity together with
material Zpecific growth parameters that reflect sensitivity and the decline term. Material classes
used here are: sensitive (cellulose, wood fibre) and medium Zesistant (autoclaved aerated
concrete, calcium silicate, perlite, clay -cork, EPS, mineral wool). In this study, the commonly used
assumption was applied that mould growth does not appreciably decline with time for any of the
materials considered.

Following Viitanen et al. (2015), a traffic 4ight interpretation is applied. For interior surfaces,
MGI <1 is within green | i g(mould Zafe), 1-3iswi t hyellowd | i g(heeds ttention), and > 3
iswi t hrednl M g (bkignificant risk). For in Zvall locations, the green threshold is MGl < 2, yellow
is 2-3, and red is > 3.
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The VTT index is one of several possible approaches and has limitations. It was calibrated
primarily for wood (pine sapwood) and extended to other materials via sensitivity groupings;
uncertainty at low growth levels is on the order of £0.5 MGI (Ojanen et al., 2010). Furthermore,
the model does not include the inhibitory effect of high alkalinity in fresh mineral systems, nor

time Zlependent changes , such as carbonation, ageing, and dust deposition , that reduce pH and
may increase susceptibility over service life (Jensen et al., 2021). Accordingly, results should be
viewed with caution and, where feasible, supported by additional indicators and material Apecific

evidence.

2.2. Simulations in Delphin

For each wall and insulation system, simulations were run across a full factorial of boundary and
design variables: two insulation thicknesses, two facade orientations (north and site Apecific
worst WDR), two climates (present and future), two wind  ZAlriven rain exposures (moderate, high),
and two internal moisture loads (low, high). Overall, more than 3000 scenarios were simulated
and analysed.

Results focus on moisture safety at the identified critical interface, especially mould growth index
(MGI) under the different climates and exposures.

2.2.1. System construction

2.2.1.1. Existing walls

Existing wall assemblies were defined based on the typology descriptions in D1.2 (FuturHist
Consortium, 2024) .

2.2.1.1.1. Spain

Historic Spanish walls are predominantly brick masonry, typically plastered on both interior and
exterior faces. Because construction differences among the identified typologies are minor, three
representative wall models were defined using the same materi al layers but varying total wall
thicknesses to capture the observed range in practice. The layer build -ups and thickness variants

are summarized in Table 6.

Table 6. Existing wall constructions in Spain.

' Name sk SP2 SP3
Historical plaster 20 mm 20 mm 20 mm
Brick (Spain) 500 mm 700 mm 250 mm
Historical plaster 20 mm 20 mm 20 mm
Total thickness 540 mm 740 mm 290 mm
U-value 1.30W/m2K 1.01W/m?2K 2.02 W/m 2K
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2.2.1.1.2. Poland

Historic wall assemblies are broadly similar across typologies, with solid brick masonry and
interior plaster as the common baseline. The primary variation concerns the exterior finish: some
buildings retain a historic lime -based plaster, while others have exposed brick without an external
plaster layer. Accordingly, two representative variants were defined using the same core
materials and thicknesses, differing only in the presence or absence of the exterior plaster. The
detailed layer configurations are s ummarized in Table 7.

Table 7. Existing wall constructions in Poland.

Name I PL2
Historical plaster 20 mm
Brick (Poland) 500 mm 500 mm
Historical plaster 20 mm 20 mm
Total thickness 520 mm 540 mm
U-value 1.05W/m?2K 1.02 W/m 2K

2.2.1.1.3. Sweden

Swedish historic wall typologies exhibit notable variation in wall thickness, which was reflected in

the model set by defining multiple thickness variants with otherwise consistent layer build -ups.

In addition, many buildings , particularly those with thinner masonry , already feature internal

insulation, most commonly wood -fibre boards of about 5 cm. This existing layer was included as
aMbaselineMvariantVMwhereVMappl!l i cab lUevalléaesed witholtsanyb st ant i a
new retrofit measures. The detailed layer configurations and thickness options are summarized

in Table 8.

Table 8. Existing wall constructions in Sweden

Name SEL SE2 SE3 SE4

Historical plaster 20 mm 20 mm 20 mm 20 mm
Brick (Sweden) 500 mm 700 mm 250 mm 250 mm
Wood fibre board 50 mm
Historical plaster 20 mm 20 mm 20 mm 20 mm
Total thickness 540 mm 740 mm 290 mm 340 mm
U-value 1.19W/m?2K | 0.92W/m2K 1.89W/m?23K 0.55W/m 2K

2.2.1.1.4. Scotland

Scottish historic walls are predominantly stone masonry rather than brick. The baseline
assemblies were defined with a constant masonry thickness typical of solid walls, using sandstone

as the primary substrate, with variants that either include or omit a historic external lime plaster.
On the interior, a common finish is timber lath  -and-plaster mounted on battens with an air gap
behind and limited convection ; this cavity provides rudimentary insulation and can noticeably
reduce\NMt healusaven withoot abiditional retrofit layers. To reflect regions where harder
igneous stone is prevalent, a granite masonry variant without external plaster was also included.
The layer configurations and assumed thicknesses are summarized in Table 9.
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Table 9. Existing wall constructions in Scotland.

Name SC1 SC2 SC3 SC4 SC5
Historical plater 20 mm 20 mm

Sandstone 600 mm 600 mm 600 mm 600 mm

Granite 600 mm
Air gap 40 mm 40 mm

Spruce 20 mm 20 mm

Historical plaster 20mm 20 mm 20 mm
Total thickness 640 mm 620 mm 680 mm 660 mm 620 mm
U-value 2.34W/m?2K | 248W/m?K 140W/m?2K 1.45W/m?3K 1.83W/m?3K

2.2.1.2. Insulation systems

Internal insulation configurations were defined based on the Internal Wall Insulation (IWI)

options catalogued in D2.1  (FuturHist Consortium, 2025), using the same system labels as in D2.1

for traceability. Each IWI system was applied to all wall typologies defined in Section 2.2.1.1, with
twoMinsulationVthicknessMvariantsMdperVdMsystemMd aVd min
value). These thicknesses do not represent absolute market extrema but reflect the most

common ranges identified in D2.1.

To enable consistent cross Zystem comparison focused on insulation material and vapour control

behaviour , secondary layer thicknesses (adhesive/mortar beds and interior finishing plasters )

were harmonized to 1 cm across all systems. All other hygrothermal properties were taken from

t hedDel phindmaterial VMl ibraryVdentriesMcorresponding\Vto

2.2.1.2.1. IWI-4: Autoclaved aerated concrete

Autoclaved aerated concrete (AAC) insulation boards are mineral  vapour Zpen, and hygroscopic .
Typical properties for AAC used as internal insulation include low thermal conductivity, moderate
vapour diffusion resistance ( Ldvalue often in the range 3 -5), and pronounced moisture storage
and hygroscopic properties . The accompanying mineral mortars (adhesive/base and finishing
coats) are likewise vapour Zpen, enabling inward drying , and support moisture buffering of the
interior finish. The system is non Zombustible and dimensionally stable, with negligible risk of
interstitial blistering or delamination due to its cohesive, fully mineral composition.

Installation typically involves substrate preparation (removal of loose finishes; levelling as
required), application of a continuous mineral adhesive/base coat (full Aurface buttering;
nominal 10 mm), placement of AAC boards in staggered bond with tight joints, optional
mechanical fixings where required by substrate or national guidance, and an interior mineral
base/finishing coat (nominal 10 mm). Where specified, an alkali Zesistant glass Zibre mesh is
embedded in the base coat. The layer build -up, thickness options, and calculated R -values for this
system are summarized in Table 10.
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The most critical surface for mould growth risk assessment is the interface between the new
mineral mortar (adhesive/base coat) and the AAC insulation board. Surface temperature and
relative humidity at this plane  were monitored in simulations for compliance with mould Zrowth
criteria.

Table 10. Construction of wall insulation system with autoclaved aerated concrete (AAC)

‘ Name AAC-min AAC-max
Mortar (for Multipor) 10 mm 10 mm
Multipor 50 mm 100 mm
Mortar (for Multipor) 10 mm 10 mm
Total thickness 70 mm 120 mm
R-value 1.32 m2K/W 2.51 m2K/W

2.2.1.2.2. IWI-5: Calcium silicate boards

Calcium silicate (CS) internal insulation is a vapour Zpen, capillary Zactive, mineral system. Its open
pore structure enables rapid capillary redistribution and buffering of moisture, promoting inward

drying and mitigating surface humidity peaks. The material is non Zombustible and highly
alkaline, which can be beneficial against mould growth when combined with suitable mineral
plasters. To preserve its capillary Zctive function, no vapour Zetarding layers are introduced
within the system.

Installation typically involves substrate preparation (removal of non Zadherent finishes; levelling
as required), priming or pre ZAvetting of very absorbent substrates per manufacturer guidance,
application of a continuous mineral adhesive/base coat (hominal 10 mm) with full Zurface
contact, placement of CS boards in staggered bond with tight joints, and finishing with a mineral
plaster (nominal 10 mm). Where specified, a reinforcing mesh is embedded in the base/finish
system. The layer build Zip, thickness options, and calculated thermal resistances are summarized

in Table 11.

The primary plane assessed for mould risk is the interface between the new mineral mortar
(adhesive/base coat) and the calcium silicate board, where surface temperature and relative
humidity were monitored in simulations.

Table 11. Construction of wall insulation system with calcium silicate (CS).

‘ Name CSmin CSmax
Mortar (for calcium silicate) 10 mm 10 mm
Calcium silicate 30 mm 60 mm
Mineral plaster 10 mm 10 mm
Total thickness 50 mm 80 mm
R-value 0.56 m2K/W 1.09 m?2K/W
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2.2.1.2.3. IWI-7: Cellulose (loose/blown -in/dry application)

BlownZ4n cellulose (CEL) is a vapour Dpen, hygroscopic, and moderately capillary Zactive
insulation. In this system, a smart vapour retarder (variable Zdermeance membrane) is placed on
the warm side of the insulation. Its vapour resistance increases under dry, cold conditions
(heating season) to limit inward vapour drives into the insulation, and decreases under warm,
humid conditions to enable inward dry ing toward the interior. An OSB sheathing provides a
robust substrate and contributes moderate vapour resistance and airtightness when taped; the
interior gypsum board is vapour Zpen and serves as the finish layer.

Installation typically involves fixing vertical studs or a service frame to the interior face of the
existing wall, installing the smart vapour retarder on the room side of the frame with sealed
overlaps and airtight connections to adjoining elements, appl ying OSB sheathing (joints taped)
as the blowing face, dense Zacking cellulose to the specified thickness and density, and finishing
with a gypsum board lining. Particular attention is required at all membrane penetrations and
perimeter junctions to ensure airtightness and continuity of the variable Zderm layer. The layer
build Zip, thickness options, and calculated thermal resistances are summarized in Table 12.

The interface of primary interest for mould growth assessment is the interior surface of the
existing wall at the contact with the new cellulose insulation, where temperature and relative

humidity were monitored in the simulations.

Table 12. Construction of wall insulation system with cellulose (CEL)

Name CEL-min CEL-max

Blown -in Cellulose 80 mm 120 mm
OSB 10 mm 10 mm
Smart vapour retarder - S
Gypsum board 13 mm 13 mm
Total thickness 103 mm 143 mm
R-value 1.81 m2K/W 2.64 m2K/W

2.2.1.2.4.1WI-10: Clay cork insulation

Clay-cork boards (CCB)are a natural composite combining cork granulate with a clay binder. The
system is vapour Hpen and capillary Zactive due to the clay matrix, while cork contributes low
thermal conductivity and hygroscopic moisture buffering. The accompanying mineral mortars
are likewise vapour dpen, preserving inward drying and allowing redistribution of transient

moisture without introducing vapour  Zetarding layers.

Installation typically includes substrate preparation and levelling, application of a continuous
mineral adhesive/base coat (hominal 10 mm) with full Zurface contact, placement of clay -cork
boards in staggered bond with tight joints, and application of a mineral finishing coat (nominal

10 mm). Where specified, a reinforcing mesh is embedded in the base/finish coat. The layer
build Zup, thickness options, and calculated thermal resistances are summarized in Table 13.
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The primary plane assessed for mould risk is the interface between the new mineral mortar
(adhesive/base coat) and the clay -cork board, where temperature and relative humidity were
monitored in the simulations.

Table 13. Construction of wall insulation system with clay -cork board (CCB)

‘ Name CCB-min CCB-max
Mortar (for clay -cork) 10 mm 10 mm
Clay-cork board 40 mm 60 mm
Mortar (for clay -cork) 10 mm 10 mm
Total thickness 60 mm 80 mm
R-value 0.69 m2K/W 0.95 m2K/W

2.2.1.2.5. IWI-16: Mineral wool

Mineral wool (MW) batts are vapour Zpen, non Zygroscopic, and effectively non Zapillary (fibre
structure is typically hydrophobic), providing high air dilled porosity and good thermal
performance while allowing water vapour to pass. To manage seasonal vapour drives, the system
incorporates a smart vapour retarder (variable Zermeance membrane) on the warm side: its
vapour resistance increases under dry, cold conditions to limit moisture ingress from indoors,

and decreases under warm, humid conditions to promote inward drying toward the room. The
interior lining (e.g., gypsum  board) is vapour Zpen and provides mechanical protection; where
an intermediate sheathing is used, joints and perimeters are taped to ensure airtightness.

Installation typically involves fixing a timber or metal stud frame to the interior face of the existing

wall, fitting mineral wool batts to a uniform, snug density without gaps, installing the smart
vapour retarder on the room side of the insulation with sealed overlaps and airtight connections
to adjacent elements, and completing with the interior lining. Particular care is taken around
services and junctions to maintain continuous airtightness of the membrane layer. The layer
build 4ip, thickness options, and calculated thermal resistances are summarized in Table 14.

The interface of primary interest for mould risk assessment is the interior surface of the existing
wall at the contact with the new mineral wool insulation, where temperature and relative

humidity were monitored in the simulations.

Table 14. Construction of wall insulation system with mineral wool (MW)
Name MW -min MW -max

Mineral wool 50 mm 100 mm

Smart vapour retarder - -

Gypsum board 13 mm 13 mm
Total thickness 63 mm 113 mm
R-value 1.49 m2K/W 2.92 m2K/W
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2.2.1.2.6. IWI-17: Perlite insulation board

Perlite boards (PER) are a mineral, vapour Zpen, and capillary Zactive internal insulation made
from expanded volcanic glass, typically bonded with a mineral binder. The open, microcellular
pore structure provides low thermal conductivity alongside good vapour permeability and
moisture redistribution, supporting inward drying. The system is non Zombustible and
compatible with mineral mortars and plasters, avoiding the need for vapour Zetarding layers
within the build Zip.

Installation involves standard mineral IWI practice: substrate preparation and levelling as
required; application of a continuous mineral adhesive/base coat (nominal 10 mm) for
full Zurface contact; placement of perlite boards in staggered bond with tight joints; and
application of a mineral finishing coat (nominal 10 mm), typically with an embedded reinforcing
mesh where specified. The layer build Zip, thickness options, and calculated thermal resistances
are summarized in Table 15.

The primary plane assessed for mould risk is the interface between the new mineral mortar
(adhesive/base coat) and the perlite board, where surface temperature and relative humidity
were monitored in the simulations.

Table 15. Construction of wall insulation system with perlite (PER)

‘ Name PERmiIn PERmax
Mortar (for perlite) 10 mm 10 mm
Perlite 50 mm 120 mm
Mortar (for perlite) 10 mm 10 mm
Total thickness 70 mm 140 mm
R-value 1.11 m2K/W 2.64 m2K/W

2.2.1.2.7. IWI-19: Polystyrene/EPS/XPS

Expanded polystyrene (EPS) and extruded polystyrene (XPS) are closed Zell, hydrophobic
insulations. They are not capillary Zctive and have relatively high vapour diffusion resistance
(XPS> EPS), meaning they act as vapour Zetarding layers within the assembly. XPS typically offers
lower water absorption and higher compressive strength than EPS; both provide low thermal
conductivity but limited moisture buffering and inward Arying potential. Given their
combustibility, an appropriate non  Zombustible lining (e.g., gypsum board) is required to meet
fire safety provisions.

Installation generally follows mineral IWI practice adapted for polystyrene boards: prepare and

level the substrate; apply a continuous mineral adhesive/base coat (nominal 10 mm) for
full Zurface contact to prevent convective bypass; place EPS/XPS boards in staggered bond with
tight joints; add mechanical fixings if required by substrate or regulations; embed an
alkali Zesistant glass Zibre mesh in the base coat where specified; and finish with a mineral plaster
(nominal 10 mm). Perimeter and junction detailing must ensure airtightness and avoid moisture
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traps, as inward drying through the boards is limited. The layer build 41p, thickness options, and
calculated thermal resistances are summarized in  Table 16.

The interface most relevant for mould growth assessment is between the new mineral mortar
(adhesive/base coat) and the polystyrene insulation board. Temperature and relative humidity at

this plane were monitored in the simulations.

Table 16. Construction of wall insulation system with polystyr ene (EPS)

‘ Name EPSmin EPSmax
Mortar (for EPS) 10 mm 10 mm
EPS 50 mm 100 mm
Mortar (for EPS) 10 mm 10 mm
Total thickness 70 mm 120 mm
R-value 1.28 m2K/W 2.53 m2K/W

2.2.1.2.8. IWI-30: Wood fibre board

Wood fibre boards (WF) are vapour Dpen, hygroscopic, and capillary Zactive. Their porous fibre
network provides strong moisture buffering (adsorption/desorption) and lateral capillary
redistribution, supporting inward drying while dampening indoor relative humidity peaks.
Thermal conductivities are low and comparable to other bio dased boards; the system is typically
paired with mineral or clay/lime plasters to preserve vapour openness. No dedicated vapour
retarder is used; airtightness is provided by the continuous interior plaster layer and careful
detailing.

Installation generally follows mineral IWI practice adapted to bio Jdased boards: prepare and level
the substrate; apply a compatible full Zurface adhesive/base coat (e.g., lime, hydraulic lime, clay,
or manufacturer Zpecified mineral adhesive; nominal 10 mm); place wood fibre boards in
staggered bond with tight, well Zupported joints; add mechanical fixings where required by
guidance or substrate; and finish with a mineral or clay/lime plaster (nominal 10 mm), typically
with an embedded alkali Zesistant glass Zibre mesh. Junctions and penetrations are detailed for
airtightness continuity via the plaster layer.  The layer build Zip, thickness options, and calculated
thermal resistances are summarized in  Table 17.

The interface assessed for mould risk is the plane between the new mineral/plaster adhesive coat
and the wood fibre board, where temperature and relative humidity were monitored in the

simulations.
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Table 17. Construction of wall insulation system with wood fibre (WF)

‘ Name WEF-min WF-max
Mortar (for wood fibre) 10 mm 10 mm
Wood fibre board 40 mm 80 mm
Mortar (for wood fibre) 10 mm 10 mm
Total thickness 60 mm 100 mm
R-value 1.09 m2K/W 2.11 m?K/W

Results & discussion

For each wall, simulation results are summarized as heatmaps. Each heatmap arranges:

2.2.2.

o rows by boundary Zondition combinations (internal moisture load, facade orientation,
rain exposure, and climate: presentvs future) ;

0 columns by insulation systems (material) and thickness level (min, max; see Section
2.2.1.2 for nominal thicknesses).

The cell value is the maximum Mould Growth Index ( maxMGI) at the critical location over the
simulated period; the cell colour follows a traffic Zight scale to aid interpretation:

o green light =Imould Zafe (maxMGl < 2),
0 = requires further investigation  (maxMGlI 2-3),
o red light =lcritical (maxMGlI > 3).

Because several scenarios lie close to these boundaries, i t s M i mp mote that the \\TT raodel
carries an uncertainty of approximately +0.5 MGI at low growth levels. Apparent class changes
near 1.0, 2.0, or 3.0 should therefore be treated cautiously unless validated by additional
indicators or sensitivity checks.

Throughout the analysis, scenarios are referenced with a compact code:
[Wall]/[Insulation] -[Thickness]/[Climate]/[Orientation]/[Rain]/[MoistureLoad] .

Walls: SP1 SP2 SP3 PL1, PL2 SE1 SE2 SE3 SE4 SC1 SC2 SC3 SC4 SC5
Insulation: AAC CS PERWEF, CCB EPSCEL MW,

Thickness: min, max;

Climate: Present, Future;

Orientation: North, WDR(site Zpecific worst for wind Zriven rain) ;
Rain: MR = moderate rain, HR= high rain ;

O O O O o o o

Internal moisture load: LowML, HighML.
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Example: a thin EPS layer on the unplastered Polish wall in the present climate, worst WDR
orientation, high rain, and low internal moisture load is written as PL1/EPS
min/Present/WDR/HR/LowML

2.2.2.1. Cordoba, Spain

Setup

Three otherwise identical walls were analysed that differ only in masonry thickness: SP1(50 cm,
Figure 7), SP2(70 cm, Figure 8), and SP3(25 cm, Figure 9), with all other inputs held constant.
Figures present detailed outputs; examples referenced below are marked in the figures. Patterns

are consistent across the three walls.

Impact of m asonry thickness

Increasing masonry thickness systematically lowers maxMGl at the IWI interface by buffering

temperature and moisture fluctuations. Performance follows SP2 (best) > SP1> SP3 (most

vulnerable). For SPland SP2 almost all scenarios r e mai nMi nMt heVMd gr eeanfeivl i ght M|
reachingVd yell GR8shogé&¥i soMahe d¢uhdee abMbinedgstniessors.c as e s \

Impact of i nsulation system

Risk concentrates in wood fibre (  WB, the only system r eachi ngV yel | o&®PBIVi grheed W an
i ght \WFT HWEghkx) under HighML is the principal trigger. For example,
SP2/WEhax/Present/North/MR/HighML yields maxMGI | versus WEfin | 1.1; same scenario in

SP3reaches maxMGI | 3.1 versus | M©.

Cellulose (CELD is moderately higher than mineral systems but remains within  green light

(typically | 1.0 2.0). All other systems ( AAC CS PER CCB EPSMW) are consistently within  gr e en

light M | O45) with no critic al scenarios.

Impact of i nternal moisture load

Internal moisture load governs the outcomes. Under LowML, all configurations  including WFand
thin masonryin SP3 r emai nMwi t hi n\M g rHgleML\skiingrdases mavkediy foe "
especially for WEfhax and SP3 for instance, SP3/WEhax/Present/North/HR/HighML is| 3.1vs| 0.1
with LowML

Impact of w ind Zriven rain (WDR)

In Cdérdoba, raising WDRfrom moderate ( MR) to high ( HR) does not produce systematic changes

indMtheVM | ight NMcl assi fWFecespbnses undet IHighMé buk sgpldomlshiftd thd e v at e s M
overall risk category.

Impact of wall orientation

Orientation exerts a stronger influence than rain level alone. Although the WDRfacade (90°) is
most exposed to rain, the North facade is generally more critical due to reduced solar gains and
limted dr yi ng N eMelllliogwt M out cNomh&asidgeWRursdér eHighivih,while WDR
cases are typically somewhat less severe. Only SP3with WEfhax and HighML occasionally reaches
yellow light on the WDRfacade.
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Impact of future climate (RCP 8.5, 2070)

Overall mould risk declines as higher temperatures shorten periods favourable to mould growth,

offsetting slightly higher rainfall and reduced solar radiation. The most critical present Aay cases

improve ; for example, SP3/WEhax/Future/North/HR/HighML drops below the red light threshold

(maxMGIl <2.0; Present | 3.1). For SPland SP2 M al | M scenari os\Mr &madrossd at M or
orientations. Differences between Presentand Future conditions are most pronounced for ~ WEfhax

under HighML; other systems remain stably within gr eenM I i ght

Key takeaways
0 Mostassembliesin Cérdobaare wi t hi n\ gr e e n ¥hsomgyhhickness enlaecast e r \
robustness (SP2 > SP1 > SP3).
o Elevated risk arises from thin masonry ( SP3 combined with WFmax and HighML,
particularly on North facades.
o Future warming reduces the few elevated 4 i skMcases MreinforcingVdpred
Il ight Msutcome

AAC cs PER | wr | ccB | EPs | cEL | mw
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o
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Figure 7. Maximal Mould Growth Index (maxMGl) in each scenario with wall SP1.
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Figure 8. Maximal Mould Growth Index (maxMGl) in each scenario with wall SP2.
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Figure 9. Maximal Mould Growth Index (maxMGl) in each scenario with wall SP3.
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2.2.2.2. Krakéw, Poland

Setup

Two wall configurations were analysed: PL1without external plaster ( Figure 10) and PL2with an
external plaster layer ( Figure 11). All other inputs are identical; examples cited below are marked

in the figures.

Impact of external plaster

Adding external plaster ( PL2 consistently reduces wind Zriven rain ingress and lowers maxMGil
at the IWI interface. Overall trends across materials remain similar, but PL2 generally performs
better than PL1

Impact of insulation system
0 Autoclaved aerated concrete ( AAQ: Most r obust M RemainsMwell Mwithin\
under adverse conditions; thickness has negligible influence.
e.g., PLI/AAGax/Present/North/HR/HighML | 0.4 vs AACthin | 0.1

0 Calciumsilicate (CS:Generally M greenVMIlight HRy aind HighMILI ay er s M |
canMreachVd yell owMIlight
e.g., PL1/CSthax/Present/North/HR/HighML | vs C&tin | 0.5

o Perlite (PER: Similar to CSbut with higher MGls; thick layers can approach the threshold
e.g., PL1/PERhax/Present/North/HR/LowML | vs PERmMiIin | 0.3

o Wood fibre ( WH: Strongly dependent on thickness and internal moisture load . Under
LowMLmanycasesar eMwi t hi nM gr e éighML and WkEmax, dritical oicanes h \
are frequent, especially for PLL1 Future climate improves results but WEmax/HighML cases
often remain within  yellow light .

e.g., PL2/WEfax/Present/ WDRHR/HighML | 3.2 vs WEfin |

o Claycorkinsulation( CCB:Consi st entlidhty M Mgvrad eure sMr i seMunder Madvert
but remain below thresholds
e.g., PL1/CCBmax/Present/North/HR/HighML | 1.9; CCBmin | 1.4

o EPSDifferent mechanism due to high vapour resistance restricted drying can drive risk
even at LowMLwhenrainis hi g h M /reddight olw ¢ ¢ ®Pllsndar kHRregardless of
thickness .

e.g., PLI/EPShin/Present/ WDRHR/HighML | 3.1 vs EPSthax | 3.2

0 Cellulose with SVR (CEL: Most critical overall. For PL1, no scenario is within g r dighth \
and MGls can reach up to 4.8. For PL2 favourable conditions ( LowML, moderate rain MR)
can be within g r dighh Mbut Ms mal linternal moistuee doads \bii rairiquickly
shift VMt oW gdrérddNightw.

e.g., PL2/CElmax/Present/ WDRHR/LowML| 3.1 vs CELfin |
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0 Mineral wool with SVR ( MW): Intermediate. In PL1many casesarewithin 'y e | | olight r e\d
only LowMLwith moderate rain (MR) tendstobe within gr ddm.h't
e.g., PL2/MW.anax/Present/North/HR/LowML | vs MW.ahin | 0.9

Impact of i nternal moisture load

Switching from LowML to HighML significantly increases risk, moving several systems (  WF, PER
EPSCELMW)f r o mM lighte ¥ h o hghtr §d nder Munf avilowMLdobsinet yuaraniea \
safety without rain protection: in ~ PL1, CELcan remain within  r dight M e v eLowdMa, while in
PL2highrain (HRcanVMsti |l |l MpushVMsomeéli g sdd dights WAGCCB and CSImim w
remain consistently within g r dighn

Impact of w ind Zriven rain (WDR)

Rain impact is much stronger for PL1than PL2because the external plaster limits ingress. In ~ PL2
many configurations (  AAC CCB and often WH maintain their risk class when shifting from MR to
HR In PL1, systems such as EPSMW, and CELshow clear deterioration with increased rain. Under
the Future climate, with lower total rainfall, the =~ MR-HRdistinction becomes less consequential.

Impact of wall o rientation

Orientation effects are modest but non  Zhegligible. Although the west fa ¢ade (270°) is WDRAvorst,
the North facade often proves more critical due to limited solar drying. For example,
PL1/EPGnin/Present/ WDRHR/LowML | 0.4, whereas the same on the North facade reaches |

In PL2 orientation ZAlriven class changes are less frequent but can occur for CS PERWEF, EPS CEL
and MW.

Impact of f uture climate (RCP 8.5, 2070)

Hi gher Mt e mp etb°8)tandrrezliscéd arpnual rainfall (~69% of present) substantially lower

MGIs. Many pr esent M vylight | \Ybeovas eslM shilight VW t\ boRerggieetneawMredV | i gl
outcomes mainly involve WFmax under HighML. The largest improvements occur for high  Zisk

present systems ( CEL. EPSPERWEF, MW); for instance, PL2/CElfhax/Present/North/HR/HighML | 4.6

dropsto | 1.6inthe Future.

Key takeaways
o External plaster ( PL2 markedly improves robustness by limiting rain ingress; material
rankings otherwise remain similar.

o Internal moisture load is the primary driver; HighML combined with rain exposure
elevates risk, especially for WF EPS CEL and MW.

0 AACand CCBare consistently within g r dighih CSimin generally remains within  gr een
light \ wRERahdeCGBmaxc a n M r e a ¢ Hight yVeul nildBédighML

o Orientation has a secondary but noticeable effect; North facades are often more critical
than WDRdue to reduced solar drying.
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o Future climate strongly reduces risk in Krakéw; many currently critical combinations
become within g r dighh \l vebidudl soncerns focused on  WFmax under HighML.
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Figure 10. Maximal Mould Growth Index (maxMGl) in each scenario with wall PL1.
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Figure 11. Maximal Mould Growth Index (maxMGl) in each scenario with wall PL2.
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2.2.2.3.Linképing , Sweden

Setup

Three walls differing only in masonry thickness were analysed: SE1(50 cm, Figure 12), SE2(70 cm,
Figure 13), and SE3(25 cm, Figure 14). A fourth configuration, SE4 represents a thin wall with an
already existing 5 cm internal wood -fibre layer and is reported separately due to its different
construction ( Figure 15). Examples referenced below are marked in the figures.

Impact of masonry thickness (SE1 SE3

Thicker masonry systematically reduces mould risk by increasing thermal and moisture buffering,
lowering peak relative hum idity and shortening critical periods at the IW!I interface. Performance
ranks SE2(best) > SE1> SE3(most vulnerable), mirroring the Spanish results.

Impact of insulation system (SE1 SE3J3
0 Autoclaved aerated concrete ( AAQ remains consistently within g r dighh

0 Calcium silicate (CS) is predominantly within gr elight M but Mcan\V r dghtc N yel |
under HighML, particularly for CSmax.
e.g., SEl/CEnax/Present/North/MR/HighML | vs CSthin | 0.1

o Perlite (PER follows a similar trend to CSwith slightly higher MGls; yellow light occurs
only under HighML, with thickness Zlependent changes in SE1 SE2
e.g., SE/PERfMmax/Present/North/ MR/HighML | vs PERMiIn | 1.4

o Wood fibre ( WHF is the most sensitive system: thick layers under  HighML are almost always
within  r d&gtht SH1nSE2increasing WFthickness under HighML shifts outcomes from
gr een igbtl Ndw Mightr e d wh iISE3@ewen WRIin under HighML is already
critical.
e.g., SE2/WEhax/Present/North/MR/HighML | 3.3 vs WEfin | 1.9

o Clay cork insulation ( CCB remains within green light across scenarios.

o EPSis mostly within g r dighn \ ylight | oanp p e dorth Yagades under HighML,
with minimal thickness influence.

0 Cellulose (CEDr e ac h e s \Mlighy eV U oldighklMand can getto r dight M dNorth
facades for CELmax.
e.g., SE1/CElhax/Present/North/HR/HighML | 3.6 vs CELfin |

0 Mineral wool ( MW) is generally within g r elighh M but M can\Vr éghtc M\ nydelr No w
HighML on North facades, with thickness Ariven shifts in these cases .
e.g., SE3/MWahax/Present/North/ MR/HighML | vs MW.Ahin | 0.4
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Impact of internal moisture load

Under LowML, nearly all SE1SE3 scenarios remain within gr elgm N wi t h\CBEhi nor
exceptions). Under HighML, MGIs rise sharply , especially for WFand CEL. producing transitions

from\Vd lighte &8 h o ¥ightr & di nder M oidehtieat conditiomsd The effect is strongest for

SE3due to limited buffering (e.g., SE2/WEhax/Present/North/HR: HighML | 3.3 vs LowML | 0.0).

In SE4 nearly all cases are wi t hi nN g r eeduging lthe dpadt from N HighML to LowML
consistently shifts results back to  green light .

Impact of wind ZAriven rain (WDR)

Rain effects are generally limited and often within model uncertainty for SE1 SES3 but borderline

shifts can occur, especially for CELand MWin SE3(e.g., SE3/CElnin/Present/North /HR/HighML | 3.4

vs MR| ). In SE4 reducing rain from high (HR)to moderate (MR}t ypi cal | yMpr tigdtudles M gr
outcomes, with only a few WEFEfhax cases remaining within yellow light . More pronounced rain

sensitivity appears in selected Future scenarios (e.g., SE3/MWahax/Future/North /HR/HighML |

vs MR| 0.2).

Impact of wall orientation

Orientation effects are moderate. Although the WDRAnost exposed fa cade in Link 6ping is
southwest (225 °), North is typically slightly more critical due to reduced solar drying. Differences
between North and WDR are most visible under HighML for CS PER EPS CEL and MW (e.g.,
SE1/EPZhax/Present/f WDRMR/HighML | 1.4 vs north | ). For WFunder HighML in SE1 SE3 both
orientations are often already  within red light , so traffic light does not change between wall
orientations . In SE4 North cases more readily reach yellow light than the WDRfagade.

Impact of pre -existing internal wood fibre (  SE$

The existing 5 cm WFl ayer Mel evatesMtheVMtemperatureMatMdtheMnew
generally lowering MGIls compared with an otherwise similar thin wall without this layer. Most

SE4scenarios fallwithin t heM greenMI i ght MThi sMassessment Mf ocuses
and does not address potential mould growth within the pre Zxisting, moisture Zensitive WF layer

itself. Yellow light outcomes are confined to a few combinations:

o PERmax under severe boundary conditions;

0 selected WEfhax cases under HighML;

o and some CELcases on the north fa ¢ade with high rain and HighML.
e.g., SE4/PEBRhax/Present/North/HR/HighML | vs PERmin | 0.0

These are also the cases where boundary Zondition changes (moisture load, rain, orientation,
climate) can meaningfully shift the class. Orientation remains influential in SE4 North is typically
more  critical, while the WDR facade benefits from greater drying (e.g.,
SE4/WHEhax/Present/North/HR/HighML | Vs | on the WDRfacade under otherwise identical

conditions).
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Impact of future climate (RCP 8.5, 2070)

Warming generally reduces MGls for many systems (  CS PERWF, EPSMW) in SE1 SE3and shifts

most SE4s cenar i os\Mlight I MgHcevwenver MforMhighlyVdsensitiveVdmat
offset by moisture availability; selected CELcases become more critical, especially on thin walls

and North facades (e.g., SE3/CElhax/Future/North/HR/LowML | v s .Y at Present). In SE4 the

main exceptions that may remain  within y e | lighdo wd a r e \ t h igcdl MBax ¢aseas on the

North  fagcade under HighML; isolated CEL cases can also worsen (e.g.,
SE4/CERnin/Future/North/HR/HighML | v s \L.p at Present). Thus, warming alone does not

guarantee lower risk in cold, moisture  Zprone contexts.

Key takeaways
o Wall thickness matters in SE1SE3(SE2> SE1> SE3; SE4 s M Axisteng WF layer raises
interface temperatures and generally lowers MGls.

o WFunder HighML is the principal vulnerability; CELshows elevated sensitivity on  North
facades and thinner walls.

0 AACand CCBare consistently within g r elighh CSland PERare mostly within g r e e n
light M wi t h\Mighy e\l u nddighMLY EPSand MW are generally within g r dighh Mbut M
canreach y e |light wM dlortd fagades at HighML.

o Rain and orientation effects are moderate but can tip borderline cases, particularly for
CELand MW in SE3 in SE4 North facades and High rain/HighML drive thefew vy el | ow r ed\
| i gdutcomes.

o Future climate often reduces risk, yet select CELand WFconfigurations remain or become
out Vof N g ruederscdring temeed for case Zpecific assessment.
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Figure 12. Maximal Mould Growth Index (maxMGlI) in each scenario with wall SE1.
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Figure 13. Maximal Mould Growth Index (maxMGlI) in each scenario with wall SE2.
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Figure 14. Maximal Mould Growth Index (maxMGlI) in each scenario with wall SE3.
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Figure 15. Maximal Mould Growth Index (maxMGl) in each scenario with wall SE4.
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2.2.2.4. Edinburgh, Scotland

Setup

Five wall configurations were analysed: SCI1(Figure 16) - SC2(Figure 17), sandstone with historical
internal plaster : SCilwith external plaster, SC2without : SC3(Figure 18) - SC4(Figure 19), sandstone
with lath Zand Zlaster interior : SC3with external plaster, SC4without ; and SC5(Figure 20), granite
without external plaster.

Impact of external plaster and interior build ~ Zip

External plaster consistently reduces rain ingress and lowers MGIs across sandstone walls ( SC1
vs SC2 SC3vs SC4. Lath-and-plaster interiors ( SC3 SC4 add an air gap that enhances drying,
yielding lower MGls than historical internal plaster (  SC1 SC2. Granite without plaster ( SC§ is the
most exposed and most critical configuration.

Impact of insulation system
0 Autoclaved aerated concrete ( AAQ: Consistently within gr elighh MacrossMboundar
conditions .
e.g., SC2/AA@nax/Present/WDR/HR/HighML| 1.4 vs LowML| 0.0

o0 Calcium silicate ( C9: Predominantly within g r elighh Mreachi tighti Mywenldlea W
HighML, especially for CSmax and without ex ternal plaster .
e.g., SC3/Canmax/Present/North/HR/HighML | vs CSmin| 1.1

o Perlite (PER: More sensitive, within y e Ilighb wi u nHigaML\and occasional ly r &gt
on WDR Scotland shows a clear thickness effect even at LowML due to high rain.
e.g., SC1/PERmax/Present/WDR/MR/LowML| vs PERmin | 0.7

0 Wood fibore (WH M Gtighte l laowML M s hi f t Mt oNghty ¢ U hidighMll ©nte
HighML applies, thickness adds limited further risk.

o Clay cork insulation (CCB M Most | ylght grdeeylight |l awccur sMunder M comb
HighML and High rain on WDR

o EPS M Ydidht olwiNorth facades under HighMLand M f r equent | light WeihMNow r «
WDR thickness effects are minor and within uncertainty.
e.g., SC1/EPSnax/Present/North/HR/HighML | vs EPSmin | 3.0

0 Cellulose (CEL): Among the most critical consi st e fightt W\bVDRa &8resent and
y e | | olight r \eddortd under HighML.

0 Mineral wool ( MW): Similar to CELbut with slightly lower MGls.

Impact of internal moisture load
Internal moisture load governs outcomes . On North facades, LowML cases are generally within
g r dighh N w h WDRmMaoynL8wML cases are already o ut s i dyeéhd fi \lg (hatably PER

43



D28/ ReportVM onM assessmentVM ofMinsulationVd systems\M for\

components Mintegration

EPS CEL.MW). Increasing to HighML drives large MGI jumps and colour changes across systems ,
e.g., SC1/WEmax/Present/North/MR/HighML | 3.5vs| 0.2 under LowML

Impact of wind ZAriven rain (WDR)
Shifting from MR to HRusually has limited impact, but under  WDRIit can flip colours in sensitive
systems, e.g., SC3/EPZ&nhax/Present/WDR/HR/LowML| vs MR| 1.8.

Impact of wall orientation

Orientation is decisive and differs from Spain and Poland: the WDRfagade (west, 270°) is more
critical than North because extreme rain loads outweigh solar drying. Large colour differences
are common , e.g., SC1/CEUnin/Present/WDR/MR/LowML| 4.2 vs North | 1.2.

Impact of granite wall (  SCH
In SC5 WDR >> North across all systems; thickness effects are visible even at LowML (e.g.,
SC5/C3hax/Present/WDR/MR/LowML]| vs CSthin | 0.3.

Impact of future climate (RCP 8.5, 2070)

Higher temperatures and reduced rainfall generally lower MGls across wall types, with the largest

gains in present Zay WDR/LowMLcases (e.g., SC2/MWghax/Future/WDR/HR/LowML| 0.6 vs| 3.2 at
Present). Most notable improvements occur for PER EPS MW, and CELfin. Remaining red light
cases are mainly tied to HighML, highly sensitive materials ( WEfhax, CELfhax), and highly exposed
assemblies, particularly SC§J where roughly half of scenarios remain critical.

Key takeaways
0o WDRIs the dominant external driver; the ~ WDRfagade is more critical than North. External
plaster and lath Zand Zlaster interiors significantly reduce risk.

0 AACand CCBare generally within green light CSand PERare mostly within g r dighh \

but show thickness sensitivity under  HighML and on WDR

o EPSCELand MW frequently become a b oveVM g¢gr ereWDRICELshthe most critical.

0 Internal moisture load is another driver : HghMLpus hesM manyVM systems\Mt o\

light LoWMLmay still be unsafe on WDR especially in SC5

o Future climate substantially reduces r isk in Scotland, yet HighML and highly exposed

configurations , most notably SC5canremain out Mof V\ greenVMI|l i ght
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Figure 16. Maximal Mould Growth Index (maxMGl) in each scenario with wall SC1.
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Figure 17. Maximal Mould Growth Index (maxMGlI) in each scenario with wall SC2.
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Figure 18. Maximal Mould Growth Index (maxMGl) in each scenario with wall SC3.
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Figure 19. Maximal Mould Growth Index (maxMGlI) in each scenario with wall SC4.
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Figure 20. Maximal Mould Growth Index (maxMG]) in each scenario with wall SC5.

2.2.3. Summary

The summary of the results presented in Section 2.2.2is shown in the table below.
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Table 18. Crosscountry comparison.

nsul ationVM systems\M for\

A ‘ Spain Poland Sweden Scotland
spec
P (Cérdoba) (Krakow) (Link6ping) (Edinb urgh)
Overall risk Low (mostly Moderate to High (most

. . Moderate s
level green | i ght | high critical)

Wall thickness
effect

Rain protection
(ext. plaster)

Robust systems

Critical systems

Internal
moisture load
(ML)

Rain exposure
(MR A HR)
Critical
orientation
Future climate
effect

thicker = safer

Not applicable

AAC, CS, PER,
CCB, EPS, MW
WEF only

Dominant driver

Minor effect

North

Slight
improvement

Not applicable

Strong effect
(safer with)

AAC, CCB
CEL, EPS, WF,
PER, MW
Dominant driver
Strong (esp. if
no plaster)
North

Strong
improvement

2.3. Simulations in WUFI

While the core physics of coupled heat and moisture transport are shared across hygrothermal

tools, each platform differs in model formulations, material libraries, boundary
implementations, and numerical solvers. To test the robustness of our co
any tool -dependent sensitivities, a representative subset of scenarios

thicker = safer

Not applicable

AAC, CCB

WEF, CEL

Dominant driver

Minor

North (slightly)

Mixed (mostly 8,
some\s®

Not applicable

Very strong
effect

Mostly AAC (but
not always safe)
CEL, WF, EPS,
PER, MW

Dominant driver

Strong
(especially WDR)

WDR (west)

Partial
improvement

-condition

nclusions and identify
was repeated in WUFI and

compared both inputs and outcomes, focusing on the resulting mould growth index (MGI).

The primary aim was to assess whether WUFI reproduces the ranking of risk across typologies

and systems and to identify any configurations where tool choice would reverse a design

recommendation. Exact numerical coincidence is neither expected nor required

. differences in

default surface transfer coefficients, rain deposition models, discretization, and library material

functions can lead to small offsets in peak relative humidity, time

drying events.

The comparison covered the same wall typologies and variants used previously:

-of-wetness, or the timing of

SP1 SP2 PL],

PL2 SE1 SC1 SC2 SC3 and SC5 The climate was the present -day reference climate (Presentf). Two
orientations (North and the wind -driven -rain (WDR exposure ) and two indoor moisture load

cases (LowML and HighML) were simulated . Rain exposure followed the medium

-rain (MR) and
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high -rain (HR) categories, respectively. The insulation systems replicated the prior set : AAC CS
PERWEF, EPS CEL and MW, at minimum and maximum thickness options to represent the span of
practical designs.

Model in WUFI

Our objective was methodological uniformity with the Delphin simulations. First, layer stacks in
WUFI were assembled by selecting materials from its library that most closely matched those

2 .3used in Delphin. Manual edits to material files were avoided. Boundary conditions were kept
identical: the same weather files, including wind  -driven rain, wind speed, and solar radiati on, and
the same indoor temperature and humidity scenarios were used. Exposure parameters
(orientation, wind -driven rain category, and indoor moisture loads) were set to mirror the Delphin
configurations. Initial conditions matched the Delphin start date a nd included the same initial
temperature and relative humidity. Numerical settings were left at WUFI defaults; output
intervals and simulation periods were aligned with the Delphin post -processing windows. MGI
was evaluated using the same mathematical mode | as the one for the Delphin outputs, ensuring
that observed differences stem primarily from solver and material -function implementations
rather than from post -processing choices.

2.3.1.1. Various materials between Delphin and WUFI

Material selection in WUFI was guided by the principle of using the closest library entry by name

andVd intended\V use\ forM example CalciumVMd silicateVM©b
Autocl avedV aerated\VMconcrete ' Wh e eng was prefarredl e Ml candi
whose core hygrothermal properties most closely matched the Delphin dataset: bulk density nj

specific heat capacityc, Mt her mal \ c pamdvapoudr diffusian yesistiince o . Manual edits
to WUFI material files were avoided

Finally, mould sensitivity classifications were kept consistent across tools. Wood dased and
cellulose dbased materials were assigned to the same VTT/Viitanen sensitivity class in WUFI as in
the Delphin post Zrocessing, ensuring that mould growth index comparisons reflect physics and
boundary conditions rather than differences in default sensitivity assumptions.

To make differences transparent, the key library -property deviations in WUFI relative to the
Delphin reference as percentage differences at representative states were quantified . These
summaries accompany the results so that any observed performance gap can be related back to
material -function differences rather than solver effects.

2.3.1.1.1. Existing wall masonry

ForMdtheMSpani shMNbrickVtypology MtheVMDel phinVMIibrary\
was compared wi t hN WUFI sNM Ol dMBui | d(Tablg 2DBThe datasetd arereatle n M Z Q
identical in porosity, moisture storage, liquid transport, and thermal conductivity, but they differ

mar kedl ydMindMvapourMddi ffusionMresistance VYhgthBkes sMpupVi s\
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the brick substantially more vapour -open in WUFI, generally enhancing drying and suppressing
interstitial RH peaks at the IWI interface. As a result, otherwise identical setups tend to produce
lower mould growth indices in WUFI than in Delphin, with the la rgest effects in marginal
configurations (for example, wood -fibre insulation under HighML on the North orientation). The
magnitude of the difference depends on neighbouring layers , particularly if a vapour -tight
product like EPS constrains one drying path , and on the specific boundary conditions. Where this
discrepancy affects risk classification, a targeted sensitivity check that harmonizes p between
tools (or documents p -adjusted reruns) is recommended.

Table 19. Comparison of material properties between Delphin and WUFI for Brick (Spain).

a8 . nj Cp dz Mt
Software Material in Library
[kg/m 3]  [JkgK] | [W/mK] [-]
Delphin Old Building Brick Dresden ZQ [286] 1948.0 813.2 0.905 98.6
WUFI Old Building Brick Dresden ZQ 1972 800 0.904 30
Difference +1% -2% 0% -70%

ForMtheMPolishMbrickVtypology MDel phiwascempargIwithi Bui | di n

WU F | sM Ol ddBui |l di n ¢rdbkr20).cThke\ddasaetssalie clodel i density, specific

heat, and vapour diffusion factor (differences within 0 2%), while thermal conductivity is about
MhigherVMinVdWUFI MThisMslightlyMreducesVMtheMmasonry

lower interface t emperatures during the heating season and modestly increase mould growth

index relative to Delphin. The effect is expected to be moderate and most noticeable in marginal

cases where small temperature shifts influence time  Zf Avetness near the IWI interface.

Table 20. Comparison of material properties between Delphin and WUFI for Brick (Poland).

o nj Cp dz H
Software Material in Library
[kg/m 3°] | [I/kgK] [W/mK] [-]
Delphin Old Building Brick Dresden ZK [499] 1734.1 919.2 0.656 24.5
WUFI Old Building Brick Dresden ZK 1737 916 0.695 25
Difference 0% 0% 6% 2%

ForMdthedMSwedi shMbrickVtypology MDel phi wassompa@td dM Bui | d|
withVd WUFI sNMN Ol dM Bui |l di(maplE A iThe kmaiD difeererte is \thetraal

conductivity: WUFI is about 12% higher (0.908 vs 0.808 W/mK). Density is slightly higher in WUFI

(+4%), specific heat is slightly lower ( -1%), and the vapour diffusion factor is effectively identical.

TheVhi gher \ dang thelblék Eohddcta dheat more readily, which can reduce interface

temperatures during the heating season and raise relative humidity at the IWI interface.

Consequently, modestly higher MGl in WUFI  was expected for cold, moisture Zoaded scenarios,

with the effect remaining moderate overall.
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Table 21. Comparison of material properties between Delphin and WUFI for Brick (Sweden).

ystems\NM for\

a8 . nj Cp dz 0§
Software Material in Library
[kg/m °] = [J/kgK] | [W/mK] [-]
Delphin Old Building Brick Dresden ZC [491] 1904.4 847.4 0.808 22.9
WUFI Old Building Brick Dresden ZC 1985 836 0.908 23
Difference 4% -1% 12% 0%

ForMtheMsandstoneMcase

M Del phi nwas tom@eea dvs tt dind eWUIFA d isalV

Sandst one\(Tabkk P23 THe dathsets are effectively identical: density, specific heat, and
vapour diffusion factor match after rounding, and thermal conductivity in WUFI is only about 3%

lower. With such minor differences, any meaningful divergence in results

should be essentially the same in both tools for otherwise identical setups.

Table 22. Comparison of material properties between Delphin and WUFI for Sandstone.

was not expected ; MGI

a8 . nj Cp dz Mt
Software Material in Library
[kg/m 3] [J/kgK] [W/mK] [-]
Delphin Sandstone India Red [467] 2262.8 874.5 2.870 63.7
WUFI Sandstone India Red 2263 875 2.791 64
Difference 0% 0% -3% 0%

ForMdMtheMgraniteVMcase

M Del p hwascomparedGwiamh ¥ &VWWhblous e GHani

(Table 23). The datasets are effectively identical: density, specific heat, and vapour diffusion factor

mat chVafterMrounding

reduces heat loss and increases temperatures in the IWI interface slight

Sandstone case, any meaningful divergence in results for the granite case

should be essentially the same in both tools for otherwise identical setups.

Table 23. Comparison of material properties between Delphin and WUFI for Granite.

MandMdthermal MconductivityVMin\Vd WL

ly. Similar to the

was not expected ; MGI

L nj Cp dz H
Software Material in Library
[kg/m 3  [I/kgK] [W/mK] [-]
Delphin Granite boulder [463] 2452.9 702.2 1.718 53.8
WUFI Granite 2453 702 1.66 54
Difference 0% 0% -3% 0%
2.3.1.1.2. Insulation materials
ForMtheVd AACM internal VMinsulation M Delphin sWasYtong\V |

compared wi t hNWUFI s\

Y (Tahte@4).Mhellibrarigs diverge primarily in specific heat

(-34%) and thermal conductivity ( -17%), while the density and vapour diffusion resistance factor

values are similar or identical. In combination, these changes yield a somewhat lower volumetric
heat capacity M\ ,nhcandMaVMhi gher Mt hermal MresistanceMof Mt heVMAAC)H

heat loss and tends to keep the IWI interface colder during the heating season. Conversely, the

lower cp reduces thermal inertia and may allow larger short
effect depends on climate and moisture load; under heating

-term temperature swings. The net
-season, high -moisture scenarios,
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theVdNeffectMtypicall yMddomi nat e was\expeartddsforiothemtise y M hi gh e
identical setups.

Table 24. Comparison of material properties between Delphin and WUFI for Autoclaved aerated concrete (AAC).

a8 . nj Cp dz 0§
Software Material in Library
[kg/m 3]  [IkgK] | [W/mK] [-]
i Ytong Mineral Foam Multipor 2004
Delphin 115.2 1292.3 0.048 4.1
[597]
WUFI Ytong Multipor 115 850 0.040 4.1
Difference 0% -34% -17% 0%
ForMtheMcalciumMsilicateMinsul ati on M Dwab gmpared sM  Cl i m

wit hdVWUFI s\M Cal ¢Table®5).sThelcore paraneeters Mdtch, and no discrepancies
were identified . Accordingly, no meaningful differences in simulated outcomes was expected :
MGl should be essentially identical across tools for otherwise identical setups. If minor deviations
appear, they are likely attributable to numerical settings or subtle differences in

sorption/capillary curves; these effects are expected to be negligibl e for the risk assessments
presented.

Table 25. Comparison of material properties between Delphin and WUFI for Calcium silicate (CS).

o nj Cp dz H
Software Material in Library
[kg/m 3] [I/kgK] [W/mK] [-]
Delphin Climate board (until 2015) [284] 222.3 1303.2 0.057 5.4
WUFI Calcium silicate, Al 222 1303 0.057 5.4
Difference 0% 0% 0% 0%

ForMt heVMperliteVins®kati oeMMDdbphMhns VI véabamoparddBoar d\
wi t hd WUF I sV StoMPerlite\VMI nTale 26)o The rhamdiffdreades avenad Bo ar d M
lower thermal conductivity in WUFI (- -9%) and a much lower specific heat ( -48%). TheMr educ e d VN d2Vi
WUFI improves insulation performance, tending to reduce temperatures in the IWI interface and

increase RH peaks, which increases MGI. Conversely, the lower cp reduces thermal inertia and

may allow larger short -term temperature swings. The net effect depends on climate and moisture

load; under heating -season, high-moi st ureMscenarios MtheVMdMNeffectVtypi
higher MGI in WUFI was expected for otherwise identical setups.

Table 26. Comparison of material properties between Delphin and WUFI for Perlite (PER).

S nj Cp dz H
Software Material in Library
[ka/m 3] | [J/kgK] [WImK] [-]
; Sto-Perlite Indoor insulation board
Delphin 100.3 1640.1 0.046 8.0
045 [733]
Sto Perlite Interior Insulation Board
WUFI 100 850 0.042 8
045
Difference 0% -48% -9% 0%
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ForMdtheMwoodVMfibreMinsulation MDel phiwasespéectetNavithd M Fi br e\
WUFI sM WoodVMFi br e\ |(TadewT).aDifferenced aeosmall:dWUFI shows a slightly

lower thermal conductivity ( -2%), a modestly higher density (+4%), a lower specific heat ( -16%),

and a marginally lower vapour diffusion factor ( -3%). These shifts suggest a minor increase in

insulation effecti veness and a slight increase in RH peaks at the IWI interface in WUFI, tending

toward a higher MGI. The reduced c, could allow slightly larger short -term temperature

fluctuations, but given the small magnitudes, the overall impact on MGI should be minor and

likely within model uncertainty.

Table 27. Comparison of material properties between Delphin and WUFI for Wood fibre (WF).

o N c dz !
Software Material in Library
[kg/m 3°]  [I/kgK] [W/mK] [-]
Delphin Wood Fibre Insulation Board [693] 160.8 1661.9 0.039 3.4
WUFI Wood Fibre Insulation Board 1 168 1400 0.0381 3.3
Difference 4% -16% -2% -3%

ForMtheVEPSMcase M Del phin sBx pPaon dyesd \Was eampadeélavdhmM Boar d \
WU F | sM EPSM heat M cdensidy: 30kg/m 3 (Tabl&v28i Rhe WUFI entry differs

mar kedly MdensityVdisMIower\ VMwhil eMspecific\Vdhe
vapourMdi ffusionMfactorVMareVMidentical MTheVMI ower N n \
i ner tpy)iaWUFhjwhich may permit slightly larger short  -term temperature swings and nudge

MGI upward.

Table 28. Comparison of material properties between Delphin and WUFI for Expanded polystyrene (EPS).

o nj Cp dz H
Software Material in Library
[kg/m 3°] | [I/kgK] [W/mK] [-]
i Polystyrene Foam Board  Expanded
Delphin 35.0 1500.0 0.040 50.0
[186]
EPS (heat cond.: 0.04 W/mK - density:
WUFI 30 1500 0.04 50
30kg/m3)
Difference -14% 0% 0% 0%

ForMtheMcell uloseVinsu-l atdiCen | W Devaspciiniparedswi tBhlMoWuwF I s \
Cel | ul os e \(Tables 20). @he prinaipal difference is thermal conductivity, which is 26%

lower in WUFI. This improves insulation performance,  resulting in lower temperatures in  the IWI

interface and increasing RH peaks, and therefore tendsto higher the mould growth index relative

to Delphin. With vapour diffusion factor unchanged, moisture transport differences should be

mi ni mal Munl essVMtheMIlibraries MsorptionMorMcapillary

modestly lower MGl in WUFI was expected for otherwise identical setups.
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Table 29. Comparison of material properties between Delphin and WUFI for Cellulose (CEL).

o nj Cp dz H
Software Material in Library
[kg/m 3] [I/kgK] [W/mK] [-]
Delphin Blown -in Cellulose [580] 55.2 2544 .4 0.048 2.0
WUFI Cellulose insulation 55 2544 0.0357 2
Difference 0% 0% -26% 0%

Del phin sV Miner awasiWmpated wi t ¥NWUFI ¥V | SOVERVNULTI MATE

(Table 30). TheVd WUFI MentryMhasMaMmarkedl yMI owerMdensity)
MandVaVdl owerMdthermal Mconductivity\ M The

tending to keep the IWI interface  colder and increases RH peaks, which increases MGI. At the

samelMti me Mt he\VNnet)pislower imadUFdbecawse theidieoplin dgmsity outweighs

the cp increase, which may permit slightly larger short  -term temperature swings and nudge MGI

upward. Overall, differences are expected to be small, with the improved insulation typically

dominating and resultingina  higher MGI in WUFI for otherwise identical setups.

Table 30. Comparison of material properties between Delphin and WUFI for Mineral wool (MW).

a8 . nj Cp dz Mt
Software Material in Library
[kg/m °] = [I/kgK] | [W/mK] [-]
Delphin Mineral Wool 035 [731] 67.0 840.0 0.035 1.0
WUFI ISOVER ULTIMATE Kontur FSR032 40 1030 0.031 1.0
Difference -40% 23% -11% 0%

2.3.1.2. Various boundary conditions between Delphin and WUFI

For the surface transfer coefficients for exterior and interior surfaces, equivalent values were

used in WUFI Pro. The surface heat transfer coefficients were set to 25 and 7.7 W/m 2K for the

exterior and interior surfaces respectively. Meanwhile, the surface vapour transfer coefficients
wereVMgeneratedVautomaticall yMfromMdtheVMconvectiveVMheat
“and\ 7 s/m for the exterior and interior surfaces respectively (Kiinzel, 1995; Dang, Janssen

and Roels, 2023).

In WUFI the wind -driven rain load is calculated using equation below  (Dang et al., 2024) :
Y Y 'Y JY Qbé i Q¢

While for Delphin, the wind -driven rain load is calculated using the 1ISO 15927 -3 method (ISO,
2009), in equation below:

v f:):ijciifiifcb Sy Ov® aé i —

Where, 'Y s the calculated wind -driven rain amount [L/(m 2)], 'Y  [L/(m 2:h)] is the horizontal

rain intensity, while Y [-] and Y [s/m] are location factors related to the building height. For a
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vertical structure, the default value for  °Y is 0, while Y ranges from 0.05 to 0.2 s/m according to
the building height and  position on the wall section. *Y [m/s] is the wind flow measured at a
standard meteorological height of 10 m, and  —{°] is the angle between the wind direction and
the normal direction to the facade. 0 [-] is the terrain roughness coefficient which accounts
variability of mean wind velocity due to terrain roughness and height above ground, and thus
depends on the vertical height & [m], terrain factor 0 [-], roughness length & [m], and the
minimum height & [m]. 6 [-]is the topography coefficient ranging from 1 to 1.6 which accounts

for increase in mean wind speed over isolated hills and escarpments. 0 [-] is the obstacle factor
which considers the horizontal distance between the wall and nearest obstacle with equivalent
or higher height and ranges from 0.2 to 1.0, and @ [-] is a wall factor ranging from 0.2 to 0.5
specifying the distribution of rain deposition at different positions of five low -rise building types
and one high -rise building type, as depends on type of wall, overhangs, etc.

The wind -driven rain was calculated in Excel for both methods, to determine differences and to
adjust the location factors in WUFI to obtain equivalent wind -driven rain load on a vertical wall
surface. The calculations were carried out using wall factor @ (the rain exposure coefficient in
Delphin) of 0.5 and 0.7 in the ISO 15927 -3 method, which resulted in location factor 'Y values of
0.03778 and 0.05289 respectively.

239 Results & discussion

The purpose of this comparison is not to obtain identical outcomes but to highlight scenarios
whereVDel phinVanddWUFI Mdi vergeMinMtheirV trafficVlig
analogously to the Section 2.2.2 but use a new colour scheme to emphasize cross -tool differences.

Traffic light classes are as before: green light = safe; yellow light = requires further
investigation; red light = critical.

Each cell in the figures lists the maximum mould growth index (maxMGil) for a scenario, with the
top number from Delphin and the bottom number from WUFI. Scenarios not rerun in WUFI are
marked with a grey X.

Colour meaning (cross -tool difference): pink tones indicate Delphin higher than WUFI; blue tones
indicate WUFI higher than Delphin; white indicates no practical difference (same class).

Legend codes compare classifications:
0 D>>>W: Delphin much higher than WUFI (red light in Delphin versus green light in WUFI).
o D>>W: Delphin higher by one class (red to yellow, or yellow to green).

o D>W: Delphin higher by one class, but the maxMGI gap is within the VTT model
uncertainty (£0.5).
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o0 EQ: equal class in both tools.
0 D<W: Delphin lower by one class, but the maxMGlI gap is within uncertainty.
0 D<<W: Delphin lower by one class (green to yellow, or yellow to red).
0 D<<<W: Delphin much lower (green in Delphin versus red in WUFI).

WithinMuncertainty MmeansVMtheMdi fferenceVMbetween\VDel
treat such differences with caution.

2.3.2.1. Cordoba, Spain

Scope
o Climate: only Present
o Walls: SP1 (540mm), SP2 (740 mm)
o0 Insulation systems: AAG CS PERWEF EPSCEL MW

The results of comparison are shown in Figure 21 (SPJ and Figure 22 (SP2.

Observed differences between tools
o Overall consistency: Results are largely consistent across tools. SP2 shows no
discrepancies at all. Classifications are equal (EG) for every material and moisture load
tested.

0 SP1 exceptions: Differences appear only for SP1land only for wood fibre ( WFH under
HghML MTheseMcasesMwereVMtheVdsol edMSpani shMconfigurat
i ght BRIt hdes Newe¥deVwithinVd greenVMI|light MinVMDel ph

o Magnitude of gaps: Forthe SP1/WF/HighMLscenarios, WUFI yields slightly higher maxMGil
than Delphin, but the increase remains within the VTT model uncertainty (0.5),
corresponding to D < W. All remaining SP1lcases are EG.

Potential reasons of differences
o Not specified beyond the observation that WUFI is slightly higher than Delphin for WF
under HighML in SP1 and that all differences remain within the £0.5 uncertainty band.

Key takeaways
0 Spanish results are highly consistent across tools.  SP2is fully equal (EG) across all systems
and loads.

o Minor, within -uncertainty increases occur only for ~WF under HighML in SP1 (D < W);
everything else is EG.
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Legend AAC Cs PER WF CcCB EP3 CEL MW N
maxMGI DELPHIN
maxMGI WUFI min |max | mn {max | mn [max | min [ max | min | max | min | max | min | max | mn | max
o D>>W
LowML 00 00 00 00 00 00 00 00 00 00 12 15 0.0 00
00 | 00 J 00O |00 |00 ]|00}]00]|D1 00 |00 |10 |11 00|00
MR
HighML 01 01 00 01 01 01 16 | 25 00 00 1& 20 0.0 01
£ g 02 |03 )00 |01 ]02]|02]21]31 00 |00 |13 |15 00|00 10w
=]
Z 00 | 00 00O |00]00|00]|00]O00 00 |00 |12 |15 00|00
LowML
00 |00 J 00O |00 |00 ]|00]}]00]DN 00 |00 |10 |11 00|00
HR 1EQ
. 01 |01 )00 |01 ]01 |01 16 | 25 00 |00 |16 |20 ]00 |01
HighML
02 |03 )00 |01]02]|02]22]31 00 |00 |13 |15 00|00
LowML 00 |00 J 00O |00 ]0O0|00]|00]O00 00 |00 |10 |12 00|00 1 pew
00 | 00 J 00O |00 ]00 |00 00] 00 00 | 00 |09 |10 00 |00
MR
. 00 |00 J 0O |00 OO |01 |07 |14 00 |00 |12 |14 ]00 |00
HighML
o 01 |01 )00 |01 ]01 |01 13 | 24 00 |00 |12 |14 00 |00
(] DWW
= LowML 00 |00 00O |00]00|00]|00]O00 00 |00 |10 |12 00|00
00 |00 J 00O |00 ]0O0 |00 00] 00 00 | 00 |09 |10 00 |00
HR
. 00 |00 J0OO |00 OO0 |01 ])0O7 00 |00 |12 |14 00 |00 De=<W
HighML
01 |01 )00 |01 ]01 |01 1.3 00 |00 |12 |15 00 |00
Figure 21. Crossg ool Differences in maxMGI (Delphin vs WUFI) for wall SP1.
. AAC CS PER WF CCB EPS CEL MW
Legend: D>>>W
maxMGI| DELPHIN
maxMGI| WUFI min | max | min | max | min | max | min | max | min | max | min | max | min | max | min | max
- D>W
LowML 0.0 0.0 0.0 | 0.0 00 | 0.0 ] 0.0 0.0 0.0 | 0.0 1.2 1.4 0.0 0.0
00 | 00] 00| 00]00]| 00]0.0 ]| 00 00 | 00 ] 10| 12 ]00 | 00
MR
HighML 0.0 0.1 0.0 | 0.1 0.0 | 0.1 11 2.1 0.0 | 0.0 1.4 1.9 0.0 0.1
< ¢ 0.1 0.2 0.0 | 0.1 0.1 0.2 1.4 2.6 0.0 | 0.0 15 1.7 0.0 0.0 § D>W
S
z LowML 0.0 0.0 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 0.0 | 0.0 1.2 1.4 0.0 0.0
0.0 0.0 0.0 | 0.0 0.0 | 0.0 ] 0.0 0.0 0.0 | 0.0 1.0 1.3 0.0 0.0
HR 1EQ
HighML 0.0 0.1 0.0 | 0.1 0.0 | 0.1 11 21 0.0 | 0.0 14 1.9 0.0 0.1
¢ 01 102]00|01]01]|02]14] 26 00 | 00 ] 15| 17 ]00 | 00
LowML 00 | 00] 00| 00]00]| 00]0.0 | 00 00 | 00 ] 10| 12]00 | 00 41 p<w
0.0 0.0 0.0 | 0.0 0.0 | 0.0 ] 0.0 0.0 0.0 | 0.0 0.8 1.1 0.0 0.0
MR
HighML 0.0 0.0 0.0 | 0.0 0.0 | 0.1 0.2 1.1 0.0 | 0.0 1.1 1.3 0.0 0.0
x ¢ 0.1 0.1 0.0 | 0.0 0.0 | 0.1 0.5 1.9 0.0 | 0.0 1.3 1.5 0.0 0.0
[a] D<<W
= LowML 0.0 0.0 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 0.0 | 0.0 1.0 1.2 0.0 0.0
00 | 00|00 | 00]00]|00]O00/|O00 00 | 00]08]| 11]00 | 00
HR
HighML 00 | 00] 00| 00]00]|01]02] 11 00 | 00] 11| 13]00 ] 00 D<<<W
¢ 0.1 0.1 0.0 | 0.0 0.0 | 0.1 0.6 1.9 0.0 | 0.0 1.3 1.6 0.0 0.0

Figure 22. Crossg ool Differences in maxMGlI (Delphin vs WUFI) for wall SP2.

2.3.2.2. Krakéw, Poland

Scope
o Climate: only Present
o Walls: PL1 (without external plaster) , PL2(with external plaster);
0 Insulation systems: AACWF EPSMW.
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The results of comparison are shown in Figure 23(PL1) and Figure 24 (PL2.

Observed d ifferences between tools
o Overall agreement: Classifications are largely consistent, with the biggest divergences
under HighML and for North/WDRexposures.

0 AAC: Mostly equal and within  gr elighh M i nM bot hMtools M BighpllsM appear
(especially AACthax, North), sometimes exceeding the VTT uncertainty.
e.g., PLI/AAChax/North/ MR/HighML: Delphin | 0.1 vs WUFI |
(D < W and outside the uncertainty band )

o WF: Largely equal at LowML Under HighML with WExhin, WUFI is consistently more critical;
the gap narrows when WF Znax is used. With thicker WF ( WEfhax), Delphin increases and
the gap often reduces to equal/near Zqual (EG) or D <W.

e.g., PL2/WEmin/WDR/MR/HighML: Delphin | 1.8 vs WUFI| 3.0 (D <<< W)

o EPS MManyVMddiscrepan@l elsvhd WeRHIDes pay s Vight aGapsd up VMt o\
between software are smaller for PL2 but remain visible.
As a next step, research should validate these simulation results against monitored
indoor climate data from representative case -study buildings, including seasonal
measurements of temperature, relative humidity, ventilation behaviour , and occupant
use of shading or night cooling. The planned implementation of selected measures in the
Spanish and Polish FuturHist demonstrators, together with the ongoing longitudinal
monitoring campaign, will enable comparison between simulated performa nce and
empirical evidence.

o0 MW: Similar to EPS. Delphin spans within gr een /seeélighto wWWUFI Mr emai nsVdnea
e.g., PLI/MWahax/North/HR/LowML: Delphin | 3.1 vs WUFI| 0.0 (D >>>W)

Potential reasons of differences
0 Material data at high RH: For AAC and WF, WUFI likely uses stronger high ZRH sorption
and/or higher liquid transport, elevating interface RH under HighML and yielding higher
MGls (D < W). For WF, this effect is most apparent with thinner layers ( WEfin), where
interface temperatures are lower and moisture functions dominate; thicker WF warms
the interface and narrows the gap.

o Vapour Zesistant/retarded systems: For EPS and MW, WUFI s assumptions (e.g.,
hydrophobic/low Zapillarity behaviour and slightly lower thermal conductivity) limit
moisture accumulation and warm the interface, keeping MGls near zero, while Delphin
predicts higher RH build Zip at the interface (D >>> W).

o Proximity to the mould threshold: In cases where RH hovers near the VTT threshold, small
RH differences between tools translate into large MGl/classification shifts (especially
visible for EPS and MW).
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o Rain exposure and wall protection: Divergences are largest for North/ WDRand HighML.
The unrendered wall (PL1) is more sensitive to rain  Alata/transport differences . Even in
PL2 (with external plaster), WREfin under HighML can show D << W due to material
functions outweighing the reduced wetting.

Key takeaways
o Agreement is good overall, but HighML amplif ies crossZool differences.

0 AAC and WF: WUFI tends to predict higher MGIs under HighML (D < W), plausibly due to
stronger high ZRH sorption/capillary transport in its material data.

o EPSVN andVd MW M WUFI M remai nkght ne a\t Wizielreo\W De lgp lteiemM of t e
yel | owight e\d D\ N W M |TikelyVN reflectingVd dif-
capillarity/hydrophobicity and thermal conductivity.

0 Results near the VTT threshold are especially sensitive; small RH shifts can cause large
MGl/class changes.

o For interpretation and design, treat  HighML and highly exposed orientations as needing
cross4ool checks and sensitivity analysis, with particular attention to EPS/MW
(Delphin Zritical) and WF/AAC (WUFI Zritical) discrepancies.

[l

Figure 23. Crossg ool Differences in maxMGI (Delphin vs WUFI) for wall PL1.
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