
Overview and 

Context

Indoor Mould Risks growing health 

concern

Indoor mould growth poses increasing health risks due to 

elevated humidity and moisture in buildings influenced by 

climate change.

Mould exposure and health Impacts

Mould exposure is linked to respiratory, cardiovascular, 

allergic, and cognitive health problems reducing quality of 

life (DALY’s).

Webinar Focus

The webinar will explore assessment methods, in-situ 

measurements, and predictive modelling for mould 

risk management.

webinar
2025.09.18

Indoor Mould Risks and 

Technological Priorities

Health Impacts of Indoor Mould
Exposure to indoor mould causes respiratory, cardiovascular illnesses, 
allergies, and cognitive decline impacting public health significantly.

Building Vulnerabilities
Most buildings lack moisture-resistant designs, leading to increased mould
growth due to elevated humidity and climate change effects.

Technological Innovations
Development of predictive simulation tools and affordable diagnostic 
technologies are vital for detecting and mitigating indoor mould risks.

Standardized Measurement Protocols
Standardized protocols ensure reliable and consistent mould measurements 
across different environments for effective mitigation strategies.

webinar
2025.09.18
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How to improve 
our possibilities to 
assess, predict 
and control mould
risks?
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Webinar
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Introduction
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Indoor Moulds How to improve our possibilities to assess, predict and control mould risks?

18 Septem
ber 2025Mould is a known problem, which will increase due to climate change

• No thresholds for indoor air

• Causes of mould are combinations of a.o. building features and behaviour

• Buildings subject to several transitions (energy, green building materials, climate change)

• Multidisciplinary approach required

1. How indoor mould is harmful to humans

2. Why health-based thresholds are lacking

3. TNO’s (re)search for accurate and affordable assessment methods

4. Why modelling to predict and control mould risks is necessary

In this presentation:

Maaike.lefeber@tno.nl
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1. How indoor mould is harmful to humans

3

18 Septem
ber 2025

Inhalation exposure to 
mycotoxins not very likely 
in normal situations
(some moulds)

Prolonged inhalation exposure 
to β-glucans may cause chronic
diseases like asthma an allergy
(all moulds)

β-glucans are part of cell walls

of living and dead spores and

degeneration fragments

Some moulds can cause infections; 
some infections are live threatening

Indoor Moulds How to improve our possibilities to assess, predict and control mould risks?

2. Why health-based thresholds are lacking

Indoor Moulds How to improve our possibilities to assess, predict and control mould risks?

18 Septem
ber 2025Standards for mould measurements are available, but… 

• The sampling strategies aim to identify sources to prevent degeneration of the
building structure; their aim is not to assess exposure to moulds; 

• Some strategies only focus on visible moulds, while part of the moulds growing
in buildings are invisible;

• Most measurements focus on living spores only and include a cultivation step;

• Currently no standardised measurement and analysis method to quantify
occupant’s exposure is available;

• Very small number of non-comparable exposure data  not possible to relate
exposure to health effects  no threshold.
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18 Septem
ber 2025
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3. TNO’s (re)search for accurate and affordable methods
Existing methods are either health relevant or affordable, nothing in between 

Indoor Moulds How to improve our possibilities to assess, predict and control mould risks?

Health 
relevance

CostsMould partsDIY/Lab Analysis

(quantitative/qualitative)

SamplingMethod

limitedlowVisible mouldDIYQualitative-Visual inspection (of 
walls, ceiling, etc.)

limitedlowLiving sporesDIYQualitative: visual, countsDeposition of dust from air on 
agar plate

DIY agar plates

?lown.a.DIYQualitative: algorithm to 
assign mould index

Passive air sampling (RH, 
Temp, VOC, PM)

IAQ sensorbox 

highhighCell fragments, 
living and dead 
spores

LabQuantitative: ELISA, beta-
glucan assay (e.g. Fungitell, 
Glucatell)

Deposition of dust from air; 
extraction needed

Settled dust 
samples 

(EDC, plates, wipes, 
tapes, swaps, 
vacuum cleaner)

highhighLiving sporesLabIdentification/quantification:

Maldi-tof, qPCR, DNA 
barcoding

Deposition of dust from air; 
(extraction and) cultivation 
needed

highhighCell fragments, 
living and dead 
spores in air

LabIdentification/quantification:

ELISA, beta-glucan assay, 
Maldi-tof, qPCR, DNA-
barcoding

Active sampling with 
filter, impinger or impaction 
on agar plates; extraction 
and/or cultivation needed

Air samples 

4. Why modelling to predict and control mould risks is necessary

18 Septem
ber 2025
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Indoor Moulds How to improve our possibilities to assess, predict and control mould risks?
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Thank you

Looking for collaboration
on measuring and
modelling of health risks
due to indoor mould
growth?

Please contact us! 
Maaike.lefeber@tno.nl

How to improve 
our possibilities to 
establish, predict 
and control mould
risks?

Feber, M. (Maaike) le

Webinar

18 September 2025

7

8



1. How indoor mould is harmful to humans

9

Theme name Place text here

18 Septem
ber 2025

Prolonged exposure to β-glucans may cause chronic diseases like asthma and allergy
• β-glucans in cell walls of living and dead spores and mould degeneration fragments of all moulds

Line 3: Buildings and their occupants

Energy 
transition

Green building 
conventions

Buildings

Clim
ate change

Heat

Wet 

Insulation/installations

Biobased and circular materials

Overheating

Mechanical cooling

Increased humidity

Indoor 
environment 

quality

Health and 
well-being

Moulds

Urban heat islands
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18/09/2025

Simulation-Based Prediction of Mould Growth 
Using Coupled Building and Fungal Models

Klaas De Jonge, Luca Maton

AIVC webinar - Emerging Risks of Indoor Mould: Assessment Methods, In-Situ Measurements & Predictive Modelling
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Mold growth conditions Pine [Hukka 1999]
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https://research.tuni.fi/buildingphysics/finnish-mould-growth-model/

Sensitivity class Description Examples

very sensitive 1
untreated wood, which contains high amount of 
nutrients

Roughly sawn and dimensioned plank (pine, spruce and hardwood), planed 
pine, birch plywood, untreated porous wood fibre board, cardboard-surfaced 
gypsum board

sensitive 2 planed timber, materials and films with paper 
coating, wood-based boards

Planed pine, paper-based bitumized/treated products and films, wood-based 
glued boards, pine or spruce plywood, bitumized/treated porous fibre board

medium resistant 3
cement or plastic based materials, mineral wool

Mineral wools, plastic-based materials, autoclaved aerated concrete, 
expanded-clay lightweight concrete, carbonated old concrete, cement-based 
products, bricks, cement bonded fibreboard, fibreglass-surfaced gypsum 
board

resistant 4 glass and metal, products containing mould-
preventive additive

Glass and metals, alcaline new concrete, products containing mould-
preventing additives

Decline factor Cmat Examples

Strong decline 1

significant decline 0.5 sawn or rough planed pine and spruce, autoclaved aerated concrete

relatively low decline 0.25 planed pine and spruce, glued spruce board, concrete, paper-coated PUR

almost no decline 0.1 lightweight expanded clay aggregate concrete, polyester fibre insulation, EPS, glass wool

Finish mold growth model

4

M

Very heavy 6 Very heavy and tight growth, coverage around 100% 

V
is

u
a

lPlenty 5 Plenty of growth on surface, >50% coverage (visual)

Visual <50% 4 Visual findings of mold on surface, 10-50% coverage, or,>50% coverage 

of mold (microscope)

M
ic

ro
s

c
o

p
ic

Visual <10% 3 Visual findings of mold on surface, <10% coverage, or,<50% coverage of 

mold (microscope)

Several 2 Several local mold growth colonies on surface (microscope)

Small amounts 1 Small amounts of mold on surface (microscope), initial stages of local 

growth

No growth 0 No growth, spores not activated

Mold Index
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Mold growth conditions Pine [Hukka 1999]
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Avoid mold growth: 𝑝𝑖 ≤ 0.8 ⋅ 𝑝𝑠𝑎𝑡( 𝜃𝑠𝑖 )

𝜃𝑠𝑖 = 𝜃𝑒 + 𝑓0,2(𝜃𝑖 − 𝜃𝑒)

𝑝𝑖 = 𝑝𝑒 +
𝑅𝑣𝑇𝑖

ሶ𝑉
𝐺𝑝Vapor pressure indoor

↑Ventilation - ሶ𝑉

↑ Indoor temperature -i

↑Temperature factor (avoid thermal bridges) - 𝑓0,2
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𝑓0.2 =
𝜃𝑠𝑖 − 𝜃𝑒
𝜃𝑖 − 𝜃𝑒

> 0,7 𝜃𝑠𝑖

𝜃𝑒

𝜃𝑖

*for typical indoor conditions Belgium 
(up to Belgian internal climate class III)

Avoiding surface mold growth by design

8

𝜃𝑠𝑖

𝜃𝑒

𝜃𝑖

𝑓0.2 =
𝜃𝑠𝑖 − 𝜃𝑒
𝜃𝑖 − 𝜃𝑒

Finish mold 
growth model

IAQ-BES
model

EMPD
model

Thermal 
bridge

Modelica
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Application: Heritage bay-window
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TRISCO

f = 0,319

Author simulation - Baptiste Dewil
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Moisture profile

• No ventilation, leaky windows     - ACH = 0,428 h-1

• f = 0,319

Bedroom

Temperature profile*

16 °C

17 °C

18 °C

19 °C

20 °C

21 °C

0 h 6 h 12 h 18 h 24 h

Or outdoor temperature 30g/h/pers. Asleep
60g/h/pers. Awake

0 g/h

60 g/h

120 g/h

180 g/h

0 h 6 h 12 h 18 h 24 h

12

- Bedroom Start
Mold Index

No growth

Small amounts 

Several

Visual <10%

Visual <50%

Plenty

Very heavy
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- Bedroom Start
- Fixed temperature

T=19.5°C

- Ventilation 
ACH = 1.36 h-1

- Ventilation 
& 
fixed temperature

Mold Index

No growth

Small amounts 

Several

Visual <10%

Visual <50%

Plenty

Very heavy

14

TRISCO

f = 0,529

Author construction detail and simulation - Baptiste Dewil

13

14



15

- Bedroom Start

- f = 0.529

- f = 0.529 & ventilation 
ACH=1.36 h-1

Mold Index

No growth

Small amounts 

Several

Visual <10%

Visual <50%

Plenty

Very heavy

16

Moisture profile

• No ventilation, leaky windows     - ACH = 0,428 h-1

• f = 0,319

Living 
room

Temperature profile*

Or outdoor temperature 55g/h/pers. Awake

17 °C

18 °C

19 °C

20 °C

21 °C

22 °C

0 h 6 h 12 h 18 h 24 h

0 g/h

120 g/h

240 g/h

0 h 6 h 12 h 18 h 24 h
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- Living start
Mold Index

No growth

Small amounts 

Several

Visual <10%

Visual <50%

Plenty

Very heavy
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- Ventilation extra
ACH=2.6 h-1

- Living start

- Ventilation
ACH=1.358 h-1

- Ventilation
ACH=1.358 
& 
f= 0.529

Mold Index

No growth

Small amounts 

Several

Visual <10%

Visual <50%

Plenty

Very heavy
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Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European union or the 
European Climate, Infrastructure and Environment Executive Agency (CINEA). Neither the European Union nor the granting authority can be 
held responsible for them.
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Modelling mould growth in 
domestic environments using 
relative humidity and 
temperature

Dr. Tamaryn Menneer

European Centre for Environment and Human Health

Environment and Sustainability Institute

▪ 300+ participants from 
social housing

▪ Camborne, Pool, Illogan and 
Redruth, in Cornwall, UK

▪ Sensors and surveys
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Survey data

▪ 95% white
▪ Two thirds female
▪ Average age 56
▪ Under-served areas
▪ One fifth no Internet
▪ 19.5 hours per day at 

home

Sensor data
▪ Temperature
▪ Relative humidity
▪ Air quality
▪ External
▪ Utilities: Electricity, gas, water

3
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Sensor data
▪ Temperature
▪ Relative humidity
▪ Air quality: VOCs, PM2.5
▪ External
▪ Utilities: Electricity, gas, water

Woods, Menneer, et al. (2023). Smartline Environmental Sensor Data and Utility 
Usage, 2017–2023. https://reshare.ukdataservice.ac.uk/856596/

Survey: Mould

Does your home have visible mould patches?
• 44% responded “Yes”

Has your home suffered from a mouldy/musty odour in last 
12 months?
• 18% responded “Yes”

5
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Relative humidity and temperature

VTT model (Viitanen, 1997; Hukka & Viitanen, 1999)

Current RH above critical level: 

𝑅𝐻𝑐𝑟𝑖𝑡 = ቊ−0.0026𝑇
3 + 0.160𝑇2 − 3.13𝑇 + 100.0

80%
𝑤ℎ𝑒𝑛 𝑇 ≤ 20
𝑤ℎ𝑒𝑛 𝑇 > 20

𝑑𝑀

𝑑𝑡
=

1

7 × 𝑒(−0.68 ln 𝑇 −13.9 ln 𝑅𝐻 +0.14𝑊−0.33𝑆𝑄+66.02)

𝑑𝑀

𝑑𝑡
= Cdecline ቐ

−0.032
0
−0.016

𝑤ℎ𝑒𝑛 𝑡 − 𝑡1 ≤ 6ℎ, 𝑜𝑟 𝑓𝑜𝑟 𝑛𝑜𝑛𝑤𝑜𝑜𝑑 𝑠𝑢𝑟𝑓𝑎𝑐𝑒
𝑤ℎ𝑒𝑛 6ℎ < 𝑡 − 𝑡1 ≤ 24ℎ
𝑤ℎ𝑒𝑛 𝑡 − 𝑡1 > 24ℎ

Current RH below critical level: 

7
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Relative humidity and temperature

VTT output
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VTT model (Viitanen, 1997; Hukka & Viitanen, 1999)

Current RH above critical level: 

𝑅𝐻𝑐𝑟𝑖𝑡 = ቊ−0.0026𝑇
3 + 0.160𝑇2 − 3.13𝑇 + 100.0

80%
𝑤ℎ𝑒𝑛 𝑇 ≤ 20
𝑤ℎ𝑒𝑛 𝑇 > 20

𝑑𝑀

𝑑𝑡
=

1

7 × 𝑒(−0.68 ln 𝑇 −13.9 ln 𝑅𝐻 +0.14𝑊−0.33𝑆𝑄+66.02)

𝑑𝑀

𝑑𝑡
= Cdecline ቐ

−0.032
0
−0.016

𝑤ℎ𝑒𝑛 𝑡 − 𝑡1 ≤ 6ℎ, 𝑜𝑟 𝑓𝑜𝑟 𝑛𝑜𝑛𝑤𝑜𝑜𝑑 𝑠𝑢𝑟𝑓𝑎𝑐𝑒
𝑤ℎ𝑒𝑛 6ℎ < 𝑡 − 𝑡1 ≤ 24ℎ
𝑤ℎ𝑒𝑛 𝑡 − 𝑡1 > 24ℎ

Current RH below critical level: 

360 separate models:
• Each combination of model values
• Data from living room or bedroom

Sensitivity

Time between readings

Parameter space 2
Parameter Values

Resampling interval (minutes) 5, 60

Sensitivity VeryX2

Default RHcrit (%) 40, 45, 50, 55, 60, 65, 70, 75, 80

Coefficient for T, pT 0.34

Coefficient for RH, pRH 6.95

Constant, pC 33.01

Method of decline Wood (W), Non-wood (NW)

Cdecline 0.1
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Evaluating the model outputs

Survey responses: 
Presence of mould

and a mouldy
odour in the home.

Model outputs: 
Mould index values 

in each home for 
the bedroom and 
the living room. 

Logistic 
regression

Survey = Mould

LR

BR
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Survey = Odour

LR

BR
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Summary
▪ Model improved when made more sensitive  

• Critical RH <80% 
• Air versus surfaces 

▪ Mould versus mouldy odour 

▪ Adding value to sensor data 

▪ Future smart control
• Dynamic model 

17

18


	Introduction_Slides
	Slide 1: Overview and Context
	Slide 2: Indoor Mould Risks and Technological Priorities

	Webinar presentatie
	HeriTACE_kdj
	Slide 1: Simulation-Based Prediction of Mould Growth Using Coupled Building and Fungal Models
	Slide 2
	Slide 3: Finish mold growth model
	Slide 4: Mold Index
	Slide 5
	Slide 6: Avoid mold growth:
	Slide 7: Avoiding surface mold growth by design
	Slide 8
	Slide 9: Application: Heritage bay-window
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

	AIVC_250918_Menneer
	Slide 1: Modelling mould growth in domestic environments using relative humidity and temperature
	Slide 2
	Slide 3: Survey data
	Slide 4: Sensor data
	Slide 5: Sensor data
	Slide 6: Survey: Mould
	Slide 7: Relative humidity and temperature
	Slide 8: VTT model (Viitanen, 1997; Hukka & Viitanen, 1999)
	Slide 9: Relative humidity and temperature
	Slide 10: VTT output
	Slide 11: VTT model (Viitanen, 1997; Hukka & Viitanen, 1999)
	Slide 12: Parameter space 2
	Slide 13: Evaluating the model outputs
	Slide 14: Survey = Mould
	Slide 15: Survey = Odour
	Slide 16
	Slide 17: Summary
	Slide 18


