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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 Ȥvalue (energy 
efficiency) and mould growth risk (MGI, moisture safety). A three Ȥlevel method 
combines 1D hygrothermal simulations, indoor climate assessment, and 
thermal Ȥbridge analysis. Results show that internal wall insulation can substantially 
lower UȤvalues, but moisture safety depends on climate exposure, wall type, and 
highȤRH material behavio ur. CrossȤtool checks (Delphin 6.1, WUFI Pro) are mostly 
consistent while revealing sensitivities . The most critical cases occur with wind Ȥdriven 
rain, minimum thickness, and high indoor moisture loads. Priorities include verifying 
highȤRH material data, favo uring capillary Ȥactive or suitably vapour Ȥopen 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. 
ThermalȤbridge analysis confirms that junctions can erode energy gains and create 
local moisture risks; targeted, conservation Ȥcompatible measures (reveal insulation, 
capillaryȤactive plasters, airtightness) are needed. Collectively, the findings provide 
actionable guidance to achieve lower U Ȥvalues 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.  

maxMGI  Maximum Mould Growth Index reached during the simulation 
period.  

RH ratio of actual water vapour content to saturation at the same 
temperature (%).  

sd WaterȤvapour diffusion Ȥequivalent air layer thickness (m); sd = µ × 
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.  
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WDR WindȤdriven rain; combined effect of rain and wind on exterior 
wetting.  

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

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

µ Water vapour resistance factor ratio of a material s vapour diffusion
resistance to that of still air ( ). 

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

This deliverable supports the project s task on passive retrofit strategies for historic masonry by
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 
capillaryȤactive, 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 
UȤvalue quantifies steady Ȥstate heat flow through a building element; lower U Ȥvalues reduce 
transmission losses, translating into lower heating demand, improved comfort near cold 
surfaces, and lower  emissions when coupled with low Ȥcarbon energy systems. Reducing U Ȥvalue 
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 Ȥvalue frames the core trade Ȥoff 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 , oneȤdimensional 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 Ȥdriven 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 
crossȤvalidation helps isolate differences that arise from material databases (e.g., high Ȥhumidity 
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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 Ȥbuffering 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 Ȥcompatible 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 Ȥintensive, whereas hygroscopic, porous materials can passively buffer humidity by 
adsorbing and releasing moisture. Evidence shows such materials can stabilize RH and reduce 
airȤconditioning 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 Ȥvalues 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, 
capillaryȤactive plasters, airtightness measures) are needed to ensure that whole Ȥassembly 
performance aligns with component Ȥlevel predictions.  
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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 Ȥbased 
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.  

o Outward drying is often limited by driving -rain loads and by the wall s vapour resistance
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 
the insulated wall s interior boundary making RH excursions more likely during heating
season. 
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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 façades exposed to driving 
rain.  

o Ground floors: The main risk comes from ground moisture (rising damp), not from indoor 
humidity. Where a damp Ȥproof 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) was re -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, 



D2.8 / Report on assessment of insulation systems for the envelope s retrofit including
components integration 

  
  

14 

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 -type indices WUFI s strengths are its user-friendly workflow, broad 
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  
All 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:  

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

o Poland: Polish brick models were chosen with reference to local investigations and 
hygrothermal characterizations Vaněk Hofheinz et al Misiewicz et al
Tunkiewicz et al., 2021; Bajno et al., 2024).  

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

o 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.  
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A complete list of all materials used in the assemblies, together with key parameters  density ǌ
specific heat capacity c p, thermal conductivity ǆ and vapour diffusion resistance factorµ) is 
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.  

Name  Material in Delphin  
ǌ 

[kg/m 3]  
cp 

[J/kgK]  
ǆ 

[W/mK]  
µ 
[ -]  

Brick (Poland)  
Old Building Brick 
Dresden ZK [499]  

1734.1 919.2 0.656 24.5 

Brick (Spain)  
Old Building Brick 
Dresden ZQ [286]  

1948.0 813.2 0.905 98.6 

Brick (Sweden)  
Old Building Brick 
Dresden ZC [491]  

1904.4 847.4 0.808 22.9 

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 

Historical plaster  
Lime Plaster (historical) 
[148]  

1800.0 850.0 0.820 12.0 

Spruce  
Spruce longitudinal (from 
Saxony) [716]  

554.3 2574.5 0.188 222.9 

Air gap  
Air gap 40 mm (vertical) 
[17]  

1.3 1050.0 0.222 0.3 

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

Name  Material in Delphin  
ǌ 

[kg/m 3]  
cp 

[J/kgK]  
ǆ 

[W/mK]  
µ 
[ -]  

Calcium silicate  
Climate board (until 2015) 
[284]  

222.3 1303.2 0.057 5.4 

Cellulose  Blown -in Cellulose [580]  55.2 2544.4 0.048 2.0 

Clay-cork board  
Insulation Loam -Cork 
Board (F) [416]  

350.1 1056.4 0.077 28.0 

EPS 
Polystyrene Foam Board  
Expanded [186]  

35.0 1500.0 0.040 50.0 

Mineral wool  Mineral Wool 035 [731]  67.0 840.0 0.035 1.0 

Multipor  
Ytong Mineral Foam 
Multipor 2004 [597]  

115.2 1292.3 0.048 4.1 

Perlite  
Sto-Perlite Indoor 
insulation board 045 [733]  

100.3 1640.1 0.046 8.0 

Wood fibre board  
Wood Fibre Insulation 
Board [693]  

160.8 1661.9 0.039 3.4 
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Table 3. List of additional  materials applied in simulations in Delphin.  

Name  Material in Delphin  
ǌ 

[kg/m 3]  
cp 

[J/kgK]  
ǆ 

[W/mK]  
µ  
[ -]  

Gypsum board  
Rigips gypsum board 
[427]  

732.0 1383.9 0.211 6.8 

Mineral plaster  
Mineral Interior Plaster 
[231]  

1446.1 873.2 0.609 39.0 

Mortar (for calcium 
silicate)  

Remmers iQ -fix [437]  1313.3 862.9 0.497 18.7 

Mortar (for clay -
cork)  

Insulation Loam -Cork 
Glue mortar (D) [415]  

569.2 977.0 0.120 46.1 

Mortar (for EPS)  Lime cement mortar [842]  1876.1 757.9 0.803 41.3 

Mortar (for Multipor)  
Glue Mortar For Mineral 
Insulation Board Multipor 
(Xella) [77]  

830.0 815.0 0.155 13.0 

Mortar (for perlite)  StoDecosil K [843]  1760.3 772.2 0.740 251.4 
Mortar (for wood 
fibre)  

Rotkalk Fein [667]  1279.1 827.3 0.315 10.2 

OSB OSB [650] 595.0 1500.0 0.130 165.0 
Smart vapour 
retarder  

Proclima Intello [725]  700.3 1000.0 0.230 
46877.

8 

 Boundary conditions  
2.1.2.1. Initial conditions  

The same initial state was applied to all simulations:  

o 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  Córdoba, Poland  Kraków, Sweden  Linköping, and Scotland  Edinburgh. All 
weather data were sourced from Meteonorm 8 (Meteotest, 2020) . Simulations used a present Ȥday 
climate representative of 2020 . 

In selected scenarios, a future climate corresponding to RCP 8.5 for 2070 was also applied to 
assess climateȤchange 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 Ȥemission, worstȤcase  scenario.  

Two façade orientations were considered for each climate a north orientation and a worst
orientation characterized by the highest wind Ȥdriven rain (WDR) exposure (as indicated by WUFI s 
WDR indices for the respective climates). The worst orientations applied were:  

o east (90°) for Córdoba , 
o west (270 °) for Kraków and Edinburgh,  
o southwest (22 5°) for Link öping.  

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/m2K  
Vapou r diffusion mass transfer coefficient  1.19e-07 s/m  
sd-value of painting/surface coating  0 m 
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 Córdoba, Kraków, Linköping, and Edinburgh based on 
Meteonorm. The four locations span distinct climatic zones and therefore impo se different 
hygrothermal boundary conditions : 

o Córdoba (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 Kraków ( Continental  climate ) has summers near 20 °C with 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.  

o Linköping ( Northern  climate ) reaches about 18 °C in summer with RH near 60%, 
experiences persistent but generally lower rainfall than Kraków 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.  

 
Figure 1. Comparison of external climate (monthly smoothed temperature, relative humidity, cumulative rainfall, 

and solar radiation) for Córdoba, Kraków, Linköping, 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, m onthly smoothing 
means reducing a time series short-term variability by aggregating to monthly resolution  
typically via calendar Ȥmonth means or a 30 Ȥday moving average   so that broader trends and 
seasonal patterns are more clearly visible. All sites warm substantially: Spain (Córdoba) and 
Poland (Kraków) by about 5°C across the year, and Sweden (Linköping) and Scotland (Edinburgh) 
by about 3°C. In the future scenario, the monthly averages at all sites remain above 0°C 
yearȤround, 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 
warmȤseason 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 Córdoba, Kraków, Linköping, 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 Kraków, where winter 
months  show reductions up to about 10 percentage points, and in Edinburgh, where late Ȥyear 
values similarly drop by up to roughly 10 percentage points. C órdoba and Link öping exhibit more 
modest shifts, generally a few percentage points lower than present levels throughout the year.  

 
Figure 3. Monthly smoothed outdoor relative humidity for present climate (2020) and future climate (RCP 8.5, 

2070) in Córdoba, Kraków, Linköping, 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 Kraków, 
the future annual total is about of the present value while Edinburgh reaches roughly
81% of its present total In contrast Córdoba increases to about of present
and Linköping to about 121% (+21%).  

These changes imply altered wind Ȥdriven rain loads on fa çades, with reduced exterior wetting 
and potentially improved drying in Kraków and Edinburgh, but increased wetting exposure, and 
thus higher risks of surface soiling, biological growth, and moisture ingress at vulnerable details, 
in Córdoba and Linköping. Coupled with the warmer future temperatures, freeze -thaw stresses 
are expected to diminish, while moisture loads on WDR Ȥexposed fa çades 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 (Córdoba) and Scotland (Edinburgh) show a noticeable 
reduction in solar input across much of the year, while Poland (Kraków) and Sweden (Linköping) 
remain broadly similar to present levels with only minor shifts. Reduced insolation in Córdoba 
and Edinburgh implies lower exterior surface heating and diminished solar Ȥdriven drying 
potential, as well as slightly reduced passive solar gains indoors; by contrast, the near Ȥneutral 
change in Krak ów and Link öping suggests that solar Ȥrelated drying and gains will remain 
comparable to today.  

 
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. In door  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 ȤclassȤspecific bands to reflect different moisture productions and 
ventilation behavio ur. 
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Two bounding scenarios were defined for sensitivity analyses a low moisture load LML best
case with RH between- and a high moisture load HML worst case with RH between
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 
(convective  + radiative)  

7.7 W/m2K  

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 Ȥload classes (LML, NML, HML) and indoor temperature on the right axis, which depends 
only on the outdoor temperature and is therefore identical across moisture Ȥload cases. In 
Córdoba, 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 Kraków, 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. Linköping behaves very similarly to Kraków, 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 Kraków and 
Linköping, 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 Córdoba, 

Kraków, Linköping, and Edinburgh.  

 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 Ȥspecific growth parameters that reflect sensitivity and the decline term. Material classes 
used here are: sensitive (cellulose, wood fibre)  and  medium Ȥresistant (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 Ȥlight interpretation is applied. For interior surfaces, 
MGI < 1 is within green  light (mould Ȥsafe), 1-3 is withinyellow  light(needs attention), and >  3 
is withinred  light (significant risk). For in Ȥwall locations, the green threshold is MGI <  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 
timeȤdependent 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 Ȥspecific 
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 façade orientations (north and site Ȥspecific 
worst WDR), two climates (present and future), two wind Ȥdriven 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.  

 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  SP1 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  1.30 W/m 2K 1.01 W/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  PL1 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  1.05 W/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 
a baseline variant where applicable as it substantially lowers the wall sU-value, even without any 
new retrofit measures. The detailed layer configurations and thickness options are summarized 
in Table 8. 

Table 8. Existing wall constructions in Sweden. 

Name  SE1 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  1.19 W/m 2K 0.92 W/m 2K 1.89 W/m 2K 0.55 W/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 the wall s U-value even without additional 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  20 mm  20 mm    20 mm  

Total thickness  640 mm  620 mm  680 mm  660 mm  620 mm  
U-value  2.34 W/m 2K 2.48 W/m 2K 1.40 W/m 2K 1.45 W/m 2K 1.83 W/m 2K 

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 
two insulation thickness variants per system a minimum and a maximum representative
value). These thicknesses do not represent absolute market extrema but reflect the most 
common ranges identified in D2.1.  

To enable consistent cross Ȥsystem 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 
the Delphin material library entries corresponding to each system s components 

2.2.1.2.1. IWI-4: Autoclaved aerated concrete   
Autoclaved aerated concrete (AAC)  insulation boards are mineral  vapourȤopen, and hygroscopic . 
Typical properties for AAC used as internal insulation include low thermal conductivity, moderate 
vapour diffusion resistance ( Ǉ-value  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 Ȥopen, enabling inward drying , and  support  moisture buffering of the 
interior finish. The system is non Ȥcombustible 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 Ȥsurface 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 Ȥresistant glass Ȥfibre 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 Ȥgrowth 
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 Ȥopen, capillary Ȥactive, 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 Ȥcombustible and highly 
alkaline, which can be beneficial against mould growth when combined with suitable mineral 
plasters. To preserve its capillary Ȥactive function, no vapour Ȥretarding layers are introduced 
within the system.  

Installation typically involves substrate preparation (removal of non Ȥadherent finishes; levelling 
as required), priming or pre Ȥwetting of very absorbent substrates per manufacturer guidance, 
application of a continuous mineral adhesive/base coat (nominal 10  mm) with full Ȥsurface 
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 Ȥup, 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  CS-min  CS-max  
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 m2K/W 
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2.2.1.2.3. IWI-7: Cellulose (loose/blown -in/dry application)  
BlownȤin cellulose  (CEL) is a vapourȤopen, hygroscopic, and moderately capillary Ȥactive 
insulation. In this system, a smart vapour retarder (variable Ȥpermeance 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 Ȥopen 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 Ȥpacking 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 Ȥperm layer.  The layer 
buildȤup, 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  - - 
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. IWI-10: Clay cork insulation  
Clay-cork boards  (CCB) are a natural  composite combining cork granulate with a clay binder. The 
system is vapour Ȥopen and capillary Ȥactive due to the clay matrix, while cork contributes low 
thermal conductivity and hygroscopic moisture buffering. The accompanying mineral mortars 
are likewise vapour Ȥopen, preserving inward drying and allowing redistribution of transient 
moisture without introducing vapour Ȥretarding layers.  

Installation typically includes substrate preparation and levelling, application of a continuous 
mineral adhesive/base coat (nominal 10  mm) with full Ȥsurface 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 
buildȤup, 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 Ȥopen, non Ȥhygroscopic, and effectively non Ȥcapillary (fibre 
structure is typically hydrophobic), providing high air Ȥfilled porosity and good thermal 
performance while allowing water vapour to pass. To manage seasonal vapour drives, the system 
incorporates a smart vapour retarder (variable Ȥpermeance 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 Ȥopen 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 
buildȤup, 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 Ȥopen, and capillary Ȥactive 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 Ȥcombustible and 
compatible with mineral mortars and plasters, avoiding the need for vapour Ȥretarding layers 
within the build Ȥup.  

Installation involves standard mineral IWI practice: substrate preparation and levelling as 
required; application of a continuous mineral adhesive/base coat (nominal 10  mm) for 
fullȤsurface 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 Ȥup, 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  PER-min  PER-max  
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: Polystyr ene/EPS/XPS 
Expanded polystyrene (EPS) and extruded polystyrene (XPS) are closed Ȥcell, hydrophobic 
insulations. They are not capillary Ȥactive and have relatively high vapour diffusion resistance 
(XPS > EPS), meaning they act as vapour Ȥretarding 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 Ȥdrying potential. Given their 
combustibility, an appropriate non Ȥcombustible 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 
fullȤsurface 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 
alkaliȤresistant glass Ȥfibre 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 Ȥup, 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  EPS-min  EPS-max  
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 Ȥopen, hygroscopic, and capillary Ȥactive. 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 Ȥbased 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 Ȥbased boards: prepare and level 
the substrate; apply a compatible full Ȥsurface adhesive/base coat (e.g., lime, hydraulic lime, clay, 
or manufacturer Ȥspecified mineral adhesive; nominal 10  mm); place wood fibre boards in 
staggered bond with tight, well Ȥsupported 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 Ȥresistant glass Ȥfibre mesh. Junctions and penetrations are detailed for 
airtightness continuity via the plaster layer.  The layer build Ȥup, 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  WF-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 m2K/W 

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

o rows by boundary Ȥcondition combinations (internal moisture load, façade orientation, 
rain exposure, and climate: present vs future) ; 

o 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 Ȥlight  scale to aid interpretation:  

o green light = mouldȤsafe (maxMGI < 2), 

o yellow  light  = requires further investigation  (max MGI 2-3), 

o red light = critical  (max MGI > 3). 

Because several scenarios lie close to these boundaries, it s important tonote that the VTT model 
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] . 

o Walls: SP1, SP2, SP3, PL1, PL2, SE1, SE2, SE3, SE4, SC1, SC2, SC3, SC4, SC5; 
o Insulation: AAC, CS, PER, WF, CCB, EPS, CEL, MW; 
o Thickness: min , max; 
o Climate: Present, Future; 
o Orientation: North , WDR (siteȤspecific worst for wind Ȥdriven rain) ; 
o Rain: MR = moderate rain, HR = high rain ; 
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. Córdoba, 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 maxMGI  at the IWI interface by buffering 
temperature and moisture fluctuations. Performance follows SP2 (best) > SP1 > SP3 (most 
vulnerable). For SP1 and SP2, almost all scenarios remain in the green light range witha few 
reaching yellow light whileSP3 shows isolated red light casesunder combined stressors.  

Impact of i nsulation system  
Risk concentrates in wood fibre ( WF), the only system reaching yellow light and forSP3 red
light ThickWF (WFȤmax) under HighML is the principal trigger. For example, 
SP2/WFȤmax/Present/North/MR/HighML  yields maxMGI  ɭ 2.1 versus WFȤmin  ɭ 1.1; same scenario in 
SP3 reaches maxMGI  ɭ 3.1 versus ɭ2.6. 
Cellulose (CEL) is moderately higher than mineral systems but remains within green  light  
(typically  ɭ 1.0 2.0). All other systems ( AAC, CS, PER, CCB, EPS, MW) are consistently  within  green 
light ɭ0.5) with no critic al scenarios . 

Impact of i nternal moisture load  
Internal moisture load governs the outcomes. Under LowML, all configurations  including WF and 
thin masonry in SP3  remain within green light UnderHighML, risk increases markedly for WF, 
especially for WFȤmax and SP3; for instance, SP3/WFȤmax/Present/North/HR/HighML  is ɭ 3.1 vs ɭ 0.1 
with LowML. 

Impact of w indȤdriven rain (WDR)  
In Córdoba, raising WDR from moderate ( MR) to high ( HR) does not produce systematic changes 
in the light classification It slightly elevatesWF responses under HighML but seldom shifts the 
overall risk category.  

Impact of wall orientation  
Orientation exerts a stronger influence than rain level alone. Although the WDR façade (90°) is 
most exposed to rain , the North  façade is generally more critical due to reduced solar gains and 
limited drying Yellow/red light outcomes cluster onNorthȤfacing WF under HighML, while WDR 
cases are typically somewhat less severe. Only SP3 with WFȤmax and HighML occasionally reaches 
yellow light  on the WDR façade . 
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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 Ȥday cases 
improve ; for example, SP3/WFȤmax/Future/North/HR/HighML  drops below the red light  threshold 
(maxMGI  < 3.0; Present ɭ 3.1). For SP1 and SP2 all scenarios remain at or below ɭ 2.0 across 
orientations. Differences between Present and Future  conditions are most pronounced for WFȤmax 
under HighML; other systems remain stably within green light 

Key takeaways  
o Most assemblies in Córdoba are within green light greatermasonry thickness enhances 

robustness (SP2 > SP1 > SP3). 
o Elevated risk arises from thin masonry ( SP3) combined with WF-max and HighML, 

particularly on North  façades.  
o Future warming reduces the few elevated Ȥrisk cases reinforcing predominantly green
light outcomes. 

 
Figure 7. Maximal Mould Growth Index (maxMGI) in each scenario with wall SP1. 
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Figure 8. Maximal Mould Growth Index (maxMGI) in each scenario with wall SP2. 

 
Figure 9. Maximal Mould Growth Index (maxMGI) in each scenario with wall SP3. 
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2.2.2.2. Kraków, Poland  

Setup 
Two wall configurations were analysed: PL1 without external plaster ( Figure 10) and PL2 with 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 Ȥdriven rain ingress and lowers maxMGI 
at the IWI interface. Overall trends across materials remain similar, but PL2 generally performs 
better than PL1. 

Impact of insulation system  
o Autoclaved aerated concrete ( AAC): Most robust Remains well within green light even

under adverse conditions; thickness has negligible influence.  
e.g., PL1/AACȤmax/Present/North/HR/HighML  ɭ 0.4 vs AACȤmin  ɭ 0.1 

o Calcium silicate ( CS): Generally green light thick layers under high rainHR) and HighML 
can reach yellow light 
e.g., PL1/CSȤmax/Present/North/HR/HighML  ɭ 2.3 vs CSȤmin  ɭ 0.5 

o Perlite ( PER): Similar to CS but with higher MGIs; thick layers can approach the threshold  
e.g., PL1/PERȤmax/Present/North/HR/LowML ɭ 2.9 vs PERȤmin  ɭ 0.3 

o Wood fibre ( WF): Strongly dependent on thickness and internal moisture load . Under 
LowML many cases are within green light but withHighML and WF-max, critical outcomes 
are frequent, especially for PL1. Future climate improves results  but WF-max/ HighML cases 
often remain within yellow light . 
e.g., PL2/WFȤmax/Present/WDR/HR/HighML ɭ 3.2  vs WFȤmin  ɭ 2.0 

o Clay cork insulation ( CCB): Consistently green light values rise under adverse conditions
but remain below thresholds . 
e.g., PL1/CCBȤmax/Present/North/HR/HighML  ɭ 1.9; CCB-min  ɭ 1.4 

o EPS: Different mechanism due to high vapour resistance   restricted drying can drive risk 
even at LowML when rain is high Yellow/ red  light occurs inPL1 unde r HR regardless of 
thickness . 
e.g., PL1/EPSȤmin/Present/WDR/HR/HighML ɭ 3.1 vs EPSȤmax ɭ 3.2 

o Cellulose with SVR (CEL): Most critical overall. For PL1, no scenario is  within  green light
and MGIs can reach up to 4.8. For PL2, favourable conditions ( LowML, moderate rain  MR) 
can be within green light but small increases ininternal moisture load  or rain quickly 
shift to yellow lightor  red  light . 
e.g., PL2/CELȤmax/Present/WDR/HR/LowML ɭ 3.1 vs CELȤmin  ɭ 2.2 
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o Mineral wool with SVR ( MW): Intermediate. In PL1 many cases are within  yellow red light
only LowML with moderate rain  (MR) tends to be within green light. 
e.g., PL2/MWȤmax/Present/North/HR/LowML ɭ 2.4 vs MWȤmin  ɭ 0.9 

Impact of i nternal moisture load  
Switching from LowML to HighML significantly increases risk, moving several systems ( WF, PER, 
EPS, CEL, MW) from green light to red light under unfavourable rainLowML does not guarantee 
safety without rain protection: in PL1, CEL can remain within red light even atLowML, while in 
PL2 high rain  (HR) can still push some systems to yellow light orred  light AAC, CCB, and CS-min  
remain consistently within green light  

Impact of w indȤdriven rain (WDR)  
Rain impact is much stronger for PL1 than PL2 because the external plaster limits ingress. In PL2, 
many configurations ( AAC, CCB, and often WF) maintain their risk class when shifting from MR to 
HR. In PL1, systems such as EPS, MW, and CEL show clear deterioration with increased rain. Under 
the Future  climate, with lower total rainfall, the MR-HR distinction becomes less consequential.  

Impact of wall o rientation  
Orientation effects are modest but non Ȥnegligible. Although the west fa çade (270°) is WDRȤworst, 
the North  façade often proves more critical due to limited solar drying. For example, 
PL1/EPSȤmin/Present/WDR/HR/LowML ɭ 0.4, whereas the same on the North  façade reaches ɭ 2.2. 
In PL2, orientation Ȥdriven class changes are less frequent but can occur for CS, PER, WF, EPS, CEL, 
and MW. 

Impact of f uture climate (RCP 8.5, 2070)  
Higher temperatures ɭ +5°C) and reduced annual rainfall (~69% of present) substantially lower 
MGIs. Many present yellow red light cases shift to green light Persistentyellow red light
outcomes mainly involve WF-max under HighML. The largest improvements occur for high Ȥrisk 
present systems ( CEL, EPS, PER, WF, MW); for instance, PL2/CELȤmax/Present/North/HR/HighML  ɭ 4.6 
drops to ɭ 1.6 in the 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. 

o AAC and CCB are consistently  within  green light CS-min  generally remains within green-
light whilePER and CS-max can reach yellow light underHR/HighML. 

o Orientation has a secondary but noticeable effect; North  façades are often more critical 
than WDR due to reduced solar drying.  
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o Future climate strongly reduces risk in Kraków; many currently critical combinations 
become within green light withresidual concerns focused on WF-max under HighML. 

 
Figure 10. Maximal Mould Growth Index (maxMGI) in each scenario with wall PL1. 

 
Figure 11. Maximal Mould Growth Index (maxMGI) in each scenario with wall PL2. 
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2.2.2.3. Linköping , 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 IWI interface. Performance 
ranks SE2 (best) > SE1 > SE3 (most vulnerable), mirroring the Spanish results.  

Impact of insulation system  (SE1  SE3) 
o Autoclaved aerated concrete ( AAC) remains consistently within green light  

o Calcium silicate (CS) is predominantly within green light but can reach yellow light
under HighML, particularly for  CS-max. 
e.g., SE1/CSȤmax/Present/North/MR/HighML  ɭ 2.1 vs CSȤmin  ɭ 0.1 

o Perlite ( PER) follows a similar trend  to CS with slightly higher MGIs; yellow  light  occurs 
only under HighML, with thickness Ȥdependent changes in SE1 SE2. 
e.g., SE1/PERȤmax/Present/North/MR/HighML  ɭ 2.7 vs PERȤmin  ɭ 1.4 

o Wood fibre ( WF) is the most sensitive system: thick layers under HighML are almost always 
within red light InSE1  SE2, increasing WF thickness under HighML shifts outcomes from 
green yellow light to red light while inSE3 even WFȤmin  under HighML is already 

critical.  
e.g., SE2/WFȤmax/Present/North/MR/HighML  ɭ 3.3 vs WFȤmin  ɭ 1.9 

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

o EPS is mostly within green light yellow light appears onNorth  façades under HighML, 
with minimal thickness influence.  

o Cellulose (CEL) reaches yellow light underHighML and can get to  red light onNorth  
façades for CEL-max. 
e.g., SE1/CELȤmax/Present/North/HR/HighML  ɭ 3.6 vs CELȤmin  ɭ 2.9 

o Mineral wool ( MW) is generally within green light but can reach yellow light under
HighML on North  façades, with thickness Ȥdriven shifts in these cases . 
e.g., SE3/MWȤmax/Present/North/MR/HighML  ɭ 2.1 vs MWȤmin  ɭ 0.4 
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Impact of internal moisture load  
Under LowML, nearly all SE1 SE3 scenarios remain within green light with minorCEL 
exceptions). Under HighML, MGIs rise sharply , especially for WF and CEL, producing transitions 
from green light to red light under otherwiseidentical conditions. The effect is strongest for 
SE3 due to limited buffering (e.g., SE2/WFȤmax/Present/North/HR : HighML ɭ 3.3 vs LowML ɭ 0.0). 
In  SE4, nearly all cases are within green lightreducing the load from HighML to LowML 
consistently shifts results back to green  light . 

Impact of wind Ȥdriven rain (WDR)  
Rain effects are generally limited and often within model uncertainty for SE1 SE3, but borderline 
shifts can occur, especially for CEL and MW in SE3 (e.g., SE3/CELȤmin/Present/North /HR/HighML ɭ 3.4 
vs MR ɭ 2.6). In SE4, reducing rain from high (HR) to moderate (MR) typically produces green light
outcomes, with only a few WFȤmax cases remaining within yellow  light . More pronounced rain 
sensitivity appears in selected Future  scenarios (e.g., SE3/MWȤmax/Future/North /HR/HighML ɭ 2.5 
vs MR ɭ 0.2). 

Impact of wall orientation  
Orientation effects are moderate. Although the WDRȤmost exposed fa çade in Link öping 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/EPSȤmax/Present/WDR/MR/HighML ɭ 1.4 vs north ɭ 2.6). For WF under 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 WDR façade. 

Impact of pre -existing internal wood fibre ( SE4) 
The existing 5  cm WF layer elevates the temperature at the new insulation s critical interface
generally lowering MGIs compared with an otherwise similar thin wall without this layer. Most 
SE4 scenarios fall within the green light This assessment focuses on the new insulation interface
and does not address potential mould growth within the pre Ȥexisting, moisture Ȥsensitive WF layer 
itself. Yellow light  outcomes are confined to a few  combinations:  

o PER-max under severe boundary conditions;  

o selected WFȤmax cases under HighML; 

o and some CEL cases on the north fa çade with high rain and HighML. 

e.g., SE4/PERȤmax/Present/North/HR/HighML  ɭ 2.1 vs PERȤmin  ɭ 0.0 

These are also the cases where boundary Ȥcondition changes (moisture load, rain, orientation, 
climate) can meaningfully shift the class. Orientation remains influential in SE4: North  is typically 
more critical, while the WDR façade benefits from greater drying (e.g., 
SE4/WFȤmax/Present/North/HR/HighML  ɭ 3.0 vs ɭ 2.0 on the WDR façade under otherwise identical 
conditions).  
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Impact of future climate (RCP 8.5, 2070)  
Warming generally reduces MGIs for many systems ( CS, PER, WF, EPS, MW) in SE1 SE3 and shifts 
most SE4 scenarios to green light However for highly sensitive materials the benefit can be
offset by moisture availability; selected CEL cases become more critical, especially on thin walls 
and North  façades (e.g., SE3/CELȤmax/Future/North/HR/LowML  ɭ 2.8 vs ɭ 1.7 at Present). In  SE4, the 
main exceptions that may remain within yellow light are the most critical WFȤmax cases on the 
North  façade under HighML; isolated CEL cases can also worsen (e.g., 
SE4/CELȤmin/Future/North/HR/HighML  ɭ 2.1 vs ɭ 1.0 at Present). Thus, warming alone does not 
guarantee lower risk in cold, moisture Ȥprone contexts.  

Key takeaways  
o Wall t hickness matters in SE1 SE3 (SE2 > SE1 > SE3); SE4 s preȤexisting WF layer raises 

interface temperatures and generally lowers MGIs.  

o WF under HighML is the principal vulnerability; CEL shows elevated sensitivity on North  
façades and thinner walls.  

o AAC and CCB are consistently within green light CS and PER are mostly within green 
light with yellow light underHighML; EPS and MW are generally within green light but
can reach yellow light onNorth  façades at HighML. 

o Rain and orientation effects are moderate but can tip borderline cases, particularly for 
CEL and MW in SE3; in SE4, North  façades and High rain / HighML drive the few yellow red
light outcomes.  

o Future climate often reduces risk, yet select CEL and WF configurations remain or become 
out of green light, underscoring the need for case Ȥspecific assessment.  
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Figure 12. Maximal Mould Growth Index (maxMGI) in each scenario with wall SE1. 

 
Figure 13. Maximal Mould Growth Index (maxMGI) in each scenario with wall SE2. 
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Figure 14. Maximal Mould Growth Index (maxMGI) in each scenario with wall SE3. 

 
Figure 15. Maximal Mould Growth Index (maxMGI ) in each scenario with wall SE4. 
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2.2.2.4. Edinburgh, Scotland  

Setup 
Five wall configurations were analysed: SC1 (Figure 16) - SC2 (Figure 17), sandstone with historical 
internal plaster : SC1 with external plaster, SC2 without : SC3 (Figure 18) - SC4 (Figure 19), sandstone 
with lath ȤandȤplaster interior : SC3 with external plaster, SC4 without ; and SC5 (Figure 20), granite 
without external plaster.  

Impact of external plaster and interior build Ȥup  
External plaster consistently reduces rain ingress and lowers MGIs across sandstone walls ( SC1 
vs SC2; SC3 vs SC4). Lath-and-plaster interiors ( SC3 SC4) add an air gap that enhances drying, 
yielding lower MGIs than historical internal plaster ( SC1 SC2). Granite without plaster ( SC5) is the 
most exposed and most critical configuration.  

Impact of insulation system  
o Autoclaved aerated concrete ( AAC): Consistently within green light across boundary

conditions . 
e.g., SC2/AAC-max/Present/WDR/HR/HighML ɭ 1.4 vs LowML ɭ 0.0 

o Calcium silicate ( CS): Predominantly within green light reaching yellow light under
HighML, especially for CS-max and without ex ternal plaster . 
e.g., SC3/CS-max/Present/North/HR/HighML  ɭ 2.2 vs CS min ɭ 1.1 

o Perlite ( PER): More sensitive, with in yellow light underHighML and occasional ly red light
on WDR; Scotland shows a clear thickness effect even at LowML due to high rain.  
e.g., SC1/PER-max/Present/WDR/MR/LowML ɭ 2.1 vs PER-min  ɭ 0.7 

o Wood fibre ( WF) Green light atLowML shift to yellow red light underHighML. Once 
HighML applies, thickness adds limited further risk.  

o Clay cork insulation ( CCB) Mostly green light yellow light occurs under combined
HighML and High rain  on WDR. 

o EPS Yellow light onNorth  façades under HighML and frequently yellow red light on
WDR; thickness effects are minor and within uncertainty.  
e.g., SC1/EPS-max/Present/North/HR/HighML  ɭ 2.9 vs EPS-min  ɭ 3.0 

o Cellulose (CEL): Among the most critical   consistently red light onWDR at Present and 
yellow red light onNorth  under HighML. 

o Mineral wool ( MW): Similar to CEL but with slightly lower MGIs.  

Impact of internal moisture load  
Internal moisture load  governs outcomes . On North  façades, LowML cases are generally within 
green light while onWDR many LowML cases are already outside ofgreen  light (notably PER, 



D2.8 / Report on assessment of insulation systems for the envelope s retrofit including
components integration 

  
  

44 

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

Impact of wind Ȥdriven rain (WDR)  
Shifting from MR to HR usually has limited impact, but under WDR it can flip colours  in sensitive 
systems , e.g., SC3/EPSȤmax/Present/WDR/HR/LowML ɭ 2.9 vs MR ɭ 1.8. 

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

Impact of granite wall ( SC5) 
In SC5, WDR >> North  across all systems; thickness effects are visible even at LowML (e.g., 
SC5/CSȤmax/Present/WDR/MR/LowML ɭ 2.8 vs CSȤmin  ɭ 0.3. 

Impact of future climate (RCP 8.5, 2070)  
Higher temperatures and reduced rainfall generally lower MGIs across wall types, with the largest 
gains in present Ȥday WDR/LowML cases (e.g., SC2/MWȤmax/Future/WDR/HR/LowML ɭ 0.6 vs ɭ 3.2 at 
Present). Most notable improvements occur for PER, EPS, MW, and CELȤmin . Remaining red  light  
cases are mainly tied to HighML, highly sensitive materials ( WFȤmax, CELȤmax), and highly exposed 
assemblies , particularly SC5, where roughly half of scenarios remain critical.  

Key takeaways  
o WDR is the dominant external driver; the WDR façade is more critical than North . External 

plaster and lath ȤandȤplaster interiors significantly reduce risk.  

o AAC and CCB are generally within green  light CS and PER are mostly within green light
but show thickness sensitivity under HighML and on WDR. 

o EPS, CEL, and MW frequently become above green light on WDR; CEL is the most critical.  

o Internal moisture load is another driver : HighML pushes many systems to yellow red 
light LowML may 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 SC5, can remain out of green light. 
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Figure 16. Maximal Mould Growth Index (maxMGI) in each scenario with wall SC1. 

 
Figure 17. Maximal Mould Growth Index (maxMGI) in each scenario with wall SC2. 
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Figure 18. Maximal Mould Growth Index (maxMGI) in each scenario with wall SC3. 

 
Figure 19. Maximal Mould Growth Index (maxMGI) in each scenario with wall SC4. 
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Figure 20. Maximal Mould Growth Index ( maxMGI) in each scenario with wall SC5. 

 Summary  
The summary of the results presented in Section 2.2.2 is shown in the table below.  
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Table 18. Cross-country comparison.  

Aspect  
Spain 
(Córdoba)  

Poland 
(Kraków)  

Sweden 
(Linköping)  

Scotland  
(Edinb urgh)  

Overall risk 
level  

Low (mostly 
green light) 

Moderate to 
high  

Moderate  
High (most 
critical)  

Wall thickness 
effect  

thicker = safer  Not applicable  thicker = safer  Not applicable  

Rain protection 
(ext. plaster)  

Not applicable  
Strong effect 
(safer with)  

Not applicable  
Very strong 
effect  

Robust systems  
AAC, CS, PER, 
CCB, EPS, MW 

AAC, CCB AAC, CCB 
Mostly AAC (but 
not always safe)  

Critical systems  WF only 
CEL, EPS, WF, 
PER, MW 

WF, CEL 
CEL, WF, EPS, 
PER, MW 

Internal 
moisture load 
(ML)  

Dominant driver  Dominant driver  Dominant driver  Dominant driver  

Rain exposure 
(MR Ą HR) 

Minor effect  
Strong (esp. if 
no plaster)  

Minor  
Strong 
(especially WDR) 

Critical 
orientation  

North  North  North (slightly)  WDR (west) 

Future climate 
effect  

Slight 
improvement  

Strong 
improvement  

Mixed (mostly  ⁸, 
some ⁶ 

Partial 
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 -condition 
implementations, and numerical solvers. To test the robustness of our co nclusions and identify 
any tool -dependent sensitivities, a representative subset of scenarios 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 -of -wetness, or the timing of 
drying events.  

The comparison covered the same wall typologies and variants used previously: SP1, SP2, PL1, 
PL2, SE1, SC1, SC2, SC3, and SC5. The climate was the present -day reference climate  (Present). 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, 
PER, WF, 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 
used 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 l 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 
and intended use for example Calcium silicate board EPS Wood fibre insulation
Autoclaved aerated concrete Where multiple candidates existed the entry was preferred 

whose core hygrothermal properties most closely matched the Delphin dataset: bulk density  ǌ, 
specific heat capacity c p thermal conductivity ǆ, and vapour diffusion resistance µ . Manual edits 
to WUFI material files were avoided . 

Finally, mould sensitivity classifications were kept consistent across tools. Wood Ȥbased and 
celluloseȤbased materials were assigned to the same VTT/Viitanen sensitivity class in WUFI as in 
the Delphin post Ȥprocessing, 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  
For the Spanish brick typology the Delphin library entry Old Building Brick Dresden ZQ
was compared with WUFI s Old Building Brick Dresden ZQ (Table 19). The datasets are nearly 
identical in porosity, moisture storage, liquid transport, and thermal conductivity, but they differ 
markedly in vapour diffusion resistance WUFI s µ is about lower than Delphin sThis makes 
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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 µ between 
tools (or documents µ -adjusted reruns) is recommended.  

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

Software  Material in Library  
ǌ 

[kg/m 3]  
cp 

[J/kgK]  
ǆ 

[W/mK]  
µ 
[ -]  

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% 

For the Polish brick typology Delphin s Old Building Brick Dresden ZKwas compared with 
WUFI s Old Building Brick Dresden ZK (Table 20). The datasets align closely in density, specific 
heat, and vapour diffusion factor (differences within 0 2%), while thermal conductivity is about 

higher in WUFI This slightly reduces the masonry s thermal resistance in WUFI which can
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 ȤofȤwetness near the IWI interface.  

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

Software  Material in Library  
ǌ 

[kg/m 3]  
cp 

[J/kgK]  
ǆ 

[W/mK]  
µ 
[ -]  

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% 

For the Swedish brick typology Delphin s Old Building Brick Dresden ZCwas compared 
with WUFI s Old Building Brick Dresden ZC (Table 21). The main difference is thermal 
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. 
The higher ǆ in WUFI means the brick conducts heat more readily, which can reduce interface 
temperatures during the heating season and raise relative humidity at the IWI interface. 
Consequently, modestly higher MGI in WUFI  was expected  for cold, moisture Ȥloaded scenarios, 
with the effect remaining moderate overall.  
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Table 21. Comparison of material properties between Delphin and WUFI for Brick (Sweden). 

Software  Material in Library  
ǌ 

[kg/m 3]  
cp 

[J/kgK]  
ǆ 

[W/mK]  
µ 
[ -]  

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% 

For the sandstone case Delphin s Sandstone India Redwas compared with WUFI s
Sandstone India Red (Table 22). The datasets 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  was not expected ; MGI 
should be essentially the same in both tools for otherwise identical setups.  

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

Software  Material in Library  
ǌ 

[kg/m 3]  
cp 

[J/kgK]  
ǆ 

[W/mK]  
µ 
[ -]  

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% 

For the granite case Delphin s Granite boulder was compared  with WUFI s Granite 
(Table 23). The datasets are effectively identical: density, specific heat, and vapour diffusion factor 
match after rounding and thermal conductivity in WUFI is only about lower The lower ǆ
reduces heat loss and increases temperatures in the IWI interface slight ly. Similar to the 
Sandstone case, any meaningful divergence in results for the granite case  was not expected ; MGI 
should be essentially the same in both tools for otherwise identical setups.  

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

Software  Material in Library  
ǌ 

[kg/m 3]  
cp 

[J/kgK]  
ǆ 

[W/mK]  
µ 
[ -]  

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  
For the AAC internal insulation Delphin s Ytong Mineral Foam Multiporwas 
compared with WUFI s Ytong Multipor (Table 24). The libraries 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 ǌcp and a higher thermal resistance of the AAC layer in WUFI The lower ǆ reduces
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 -term temperature swings. The net 
effect depends on climate and moisture load; under heating -season, high -moisture scenarios, 
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the ǆ effect typically dominates so slightly higher MGI in WUFIwas expected for otherwise 
identical setups.  

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

Software  Material in Library  
ǌ 

[kg/m 3]  
cp 

[J/kgK]  
ǆ 

[W/mK]  
µ 
[ -]  

Delphin  
Ytong Mineral Foam Multipor 2004 
[597]  

115.2 1292.3 0.048 4.1 

WUFI Ytong Multipor  115 850 0.040 4.1 
Difference  0% -34% -17% 0% 

For the calcium silicate insulation Delphin s Climate board untilwas compared 
with WUFI s Calcium silicate AI (Table 25). The core parameters match, and no discrepancies  
were identified . Accordingly, no meaningful differences in simulated outcomes  was expected : 
MGI 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). 

Software  Material in Library  
ǌ 

[kg/m 3]  
cp 

[J/kgK]  
ǆ 

[W/mK]  
µ 
[ -]  

Delphin  Climate board (until 2015) [284]  222.3 1303.2 0.057 5.4 
WUFI Calcium silicate, AI  222 1303 0.057 5.4 

Difference  0% 0% 0% 0% 

For the perlite insulation Delphin s Sto-Perlite Indoor Insulation Boardwas compared 
with WUFI s Sto Perlite Interior Insulation Board (Table 26). The main differences are a 
lower thermal conductivity in WUFI ( -9%) and a much lower specific heat ( -48%). The reduced ǆ in
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 -moisture scenarios the ǆ effect typically dominates so slightly
higher MGI in WUFI was expected for otherwise identical setups.  

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

Software  Material in Library  
ǌ 

[kg/m 3]  
cp 

[J/kgK]  
ǆ 

[W/mK]  
µ 
[ -]  

Delphin  
Sto-Perlite Indoor insulation board 
045 [733]  

100.3 1640.1 0.046 8.0 

WUFI  
Sto Perlite Interior Insulation Board 
045 

100 850 0.042 8 

Difference  0% -48% -9% 0% 
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For the wood fibre insulation Delphin s Wood Fibre Insulation Boardwas expected with 
WUFI s Wood Fibre Insulation Board (Table 27). Differences are small: WUFI 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 p 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). 

Software  Material in Library  
ǌ 

[kg/m 3]  
cp 

[J/kgK]  
ǆ 

[W/mK]  
µ 
[ -]  

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% 

For the EPS case Delphin s Polystyrene Foam Board Expanded was compared with 
WUFI s EPS heat cond W mK density: 30kg/m 3  (Table 28). The WUFI entry differs 
markedly density is lower while specific heat is similar thermal conductivity and the
vapour diffusion factor are identical The lower ǌ will result in a modestly lower net thermal
inertia ǌcp) in WUFI, which 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). 

Software  Material in Library  
ǌ 

[kg/m 3]  
cp 

[J/kgK]  
ǆ 

[W/mK]  
µ 
[ -]  

Delphin  
Polystyrene Foam Board  Expanded 
[186]  

35.0 1500.0 0.040 50.0 

WUFI  
EPS (heat cond.: 0.04 W/mK - density: 
30kg/m³)  

30 1500 0.04 50 

Difference  -14% 0% 0% 0% 

For the cellulose insulation Delphin s Blown-in Cellulose was compared  with WUFI s
Cellulose insulation (Table 29). The principal 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 tends to higher  the mould growth index relative 
to Delphin. With vapour diffusion factor unchanged, moisture transport differences should be 
minimal unless the libraries sorption or capillary curves diverge absent such differences
modestly lower MGI 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). 

Software  Material in Library  
ǌ 

[kg/m 3]  
cp 

[J/kgK]  
ǆ 

[W/mK]  
µ 
[ -]  

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% 

Delphin s Mineral Woolwas compared with WUFI s ISOVER ULTIMATE Kontur FSP-
 (Table 30). The WUFI entry has a markedly lower density a higher specific heat

and a lower thermal conductivity The reduced ǆ improves insulation in WUFI
tending to keep the IWI interface colder  and increases  RH peaks, which increases  MGI. At the 
same time the net thermal inertia ǌcp) is lower in WUFI because the drop in density outweighs 
the c p 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 resulting in a higher  MGI in WUFI for otherwise identical setups.  

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

Software  Material in Library  
ǌ 

[kg/m 3]  
cp 

[J/kgK]  
ǆ 

[W/mK]  
µ 
[ -]  

Delphin  Mineral Wool 035 [731]  67.0 840.0 0.035 1.0 
WUFI  ISOVER ULTIMATE Kontur FSP -032 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 
were generated automatically from the convective heat transfer coefficients resulting in ₂-

7 and ₂-7 s/m for the exterior and interior surfaces respectively  (Künzel, 1995; Dang, Janssen 
and Roels, 2023). 

In WUFI the wind -driven rain load is calculated using equation below  (Dang et al., 2024) :  

Ὑ Ὑ ὙϽὟ Ͻὧέί—ϽὙ  

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

Ὑ
ς

ω
ϽὅϽὅ Ͻὕẗὡ ϽὟ ϽὙȢ Ͻὧέί— 

Where, Ὑ  is the calculated wind -driven rain amount [L/(m 2₂h)], Ὑ  [L/(m 2₂h)] is the horizontal 
rain intensity, while Ὑ [-] and Ὑ [s/m] are location factors related to the building height. For a 
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vertical structure, the default value for Ὑ is 0, while Ὑ ranges from 0.05 to 0.2 s/m according to 
the building height and position  on the wall section. Ὗ  [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 façade. ὅ [-] 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 ᾀ [m], terrain factor ὑ  [-], roughness length  ᾀ [m], and the 
minimum height ᾀ  [m]. ὅ [-] is the topography coefficient ranging from 1 to 1.6 which accounts 
for increase in mean wind speed over isolated hills and escarpments. ὕ [-] 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 ὡ [-] 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 ὡ (the rain exposure coefficient in 
Delphin) of 0.5 and 0.7 in the ISO 15927 -3 method, which resulted in location factor Ὑ values of 
0.03778 and 0.05289 respectively.  

 Results & discussion  
The purpose of this comparison is not to obtain identical outcomes but to highlight scenarios 
where Delphin and WUFI diverge in their traffic light risk assignments Figures are organized
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 (maxMGI) 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:  

o 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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o EQ: equal class in both tools.  

o D<W: Delphin lower by one class, but the maxMGI gap is within uncertainty.  

o D<<W: Delphin lower by one class (green to yellow, or yellow to red).  

o D<<<W: Delphin much lower (green in Delphin versus red in WUFI).  

Within uncertainty means the difference between Delphin and WUFI maxMGI is less than
treat such differences with caution.  

2.3.2.1. Córdoba, Spain  

Scope 
o Climate: only Present 
o Walls: SP1 (540 mm), SP2 (740 mm)  
o Insulation systems: AAC, CS, PER, WF, EPS, CEL, MW 

The results of comparison are shown  in Figure 21 (SP1) 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.  

o SP1 exceptions: Differences appear only for SP1 and only for wood fibre ( WF) under 
HighML These cases were the sole Spanish configurations in Delphin that reached yellow
light all otherSP1 cases were within green light in Delphin and equal to WUFI EG 

o Magnitude of gaps: For the SP1/WF/HighML scenarios, WUFI yields slightly higher maxMGI 
than Delphin, but the increase remains within the VTT model uncertainty (±0.5), 
corresponding to D < W. All remaining SP1 cases 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  
o Spanish results are highly consistent across tools. SP2 is 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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Figure 21. CrossȤTool Differences in maxMGI (Delphin vs WUFI) for wall SP1. 

 
Figure 22. CrossȤTool Differences in maxMGI (Delphin vs WUFI) for wall SP2. 

2.3.2.2. Kraków, Poland  

Scope 
o Climate: only Present; 
o Walls: PL1 (without external plaster) , PL2 (with external plaster);  
o Insulation systems: AAC, WF, EPS, MW. 
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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 / WDR exposures.  

o AAC: Mostly equal and within green light in both tools Gaps appear underHighML 
(especially AACȤmax, North ), sometimes exceeding the VTT uncertainty.  
e.g., PL1/AACȤmax/North/ MR/HighML: Delphin ɭ 0.1 vs WUFI ɭ 2.2 
(D < W and outside the uncertainty band ) 

o WF: Largely equal at LowML. Under HighML with WFȤmin , WUFI is consistently more critical; 
the gap narrows when WF Ȥmax is used.  With thicker WF ( WFȤmax), Delphin increases and 
the gap often reduces to equal/near Ȥequal (EG) or D < W. 
e.g., PL2/WFȤmin/WDR/MR/HighML: Delphin ɭ 1.8 vs WUFI ɭ 3.0 (D <<< W) 

o EPS Many discrepancies WUFI stays ɭ0.0 while Delphin spans up to red light  Gaps 
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.  

o MW: Similar to EPS. Delphin spans  within  green yellow/ red  light WUFI remains near0.0. 
e.g., PL1/MWȤmax/North/HR/LowML : Delphin ɭ 3.1 vs WUFI ɭ 0.0 (D >>> W) 

Potential reasons  of differences  
o Material data at high RH: For AAC and WF, WUFI likely uses stronger high ȤRH sorption 

and/or higher liquid transport, elevating interface RH under HighML and yielding higher 
MGIs (D < W). For WF, this effect is most apparent with thinner layers ( WFȤmin ), where 
interface temperatures are lower and moisture functions dominate; thicker WF warms 
the interface and narrows the gap.  

o VapourȤresistant/retarded systems: For EPS and MW, WUFI s assumptions (e.g., 
hydrophobic/low Ȥcapillarity behaviour and slightly lower thermal conductivity) limit 
moisture accumulation and warm the interface, keeping MGIs near zero, while Delphin 
predicts higher RH build Ȥup 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 MGI/classification shifts (especially 
visible for EPS and MW).  
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o Rain exposure and wall protection: Divergences are largest for North / WDR and HighML. 
The unrendered wall (PL1) is more sensitive to rain Ȥdata/transport differences . Even in 
PL2 (with external plaster), WFȤmin  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 crossȤtool differences.  

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

o EPS and MW WUFI remains near zero green light while Delphin often predicts
yellow red light D W likely reflecting different assumptions on

capillarity/hydrophobicity and thermal conductivity.  

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

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

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
























































































































































































