International Conference on Moisture in Buildings (ICMB25), UM Guimaries 23-24 Oct 2025

ICMB25

A33: Statistical analysis of hygrothermal properties of bio-based
insulations

Dario Bottino-Leone*?, Lin Wang?*

“Eurac Research, Bolzano, Italy; "National Research Council Canada, Ottawa, Canada

* Corresponding author: dario.bottino@eurac.edu

How to cite: Bottino-Leone, D., Wang, L. (2025) Statistical analysis of hygrothermal properties of
bio-based insulations. In: Abstracts of the 3rd International Conference on Moisture in Buildings
2025, 23-24 Oct 2025, Portugal. UCL Open Environment: UCL Press; 2025. Pp 1-3. DOI:
10.14324/111.444/ucloe.icmb25.a33

Peer review statement
This abstract has undergone single blind review by the ICMB25 Conference Scientific Committee.

Copyright and open access
©2025 The Authors. Creative Commons Attribution Licence (CC BY) 4.0 International licence
https://creativecommons.org/licenses/by/4.0/

Open access

This is an open access article distributed under the terms of the Creative Commons Attribution
Licence (CC BY) 4.0 https://creativecommons.org/licenses/by/4.0/, which permits unrestricted use,
distribution and reproduction in any medium, provided the original author and source are credited.

About the conference

The following abstract is from the 3" International Conference on Moisture in Buildings
(https://ukemb.org/icmb25) held in UM Guimaraes, Portugal, on the 23-24 Oct 2025. All abstracts
published here underwent single blind review by the Conference Scientific Committee.

Abstract

Bio-based insulation materials are championed for their low embodied carbon and high moisture-buffering capacity. Yet
practitioners lack quantitative guidance on how these materials behave under the diverse hygrothermal conditions that
characterize different climates. This study collected the hygrothermal material property data for 16 commercially available bio-
based insulations, and categorized them into three groups. It was found that the group that has higher density is more likely to
have lower heat and moisture capacity, while higher vapor resistance factor and lower water absorption coefficient. The
hygrothermal property data provided some insights on how to choose proper materials, while in the future work, hygrothermal
simulations will be performed under different climate conditions to investigate the performance of the walls with different
insulations.

Peer-review under the responsibility of the organizing committee of the ICMB25.
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1. Introduction/Background

Bio-based insulation materials are championed for their low embodied carbon and high moisture-buffering
capacity [1]. There are some studies that have measured the hygrothermal properties of bio-based materials [2-4].
There are still some situations which the available hygrothermal property data is not sufficient for undertaking
hygrothermal performance assessment through simulations. And practitioners lack quantitative guidance on how
these materials behave under the diverse hygrothermal conditions that characterize different climates. This study
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collected the hygrothermal material property data for 16 commercially available bio-based insulations, the data of
these insulation materials are extracted from Delphin 6.1.7 Database. Delphin 6.1.7 is a coupled heat and moisture
modelling program. A simple regression analysis was performed to observe the correlation between the basic
material properties, including density, thermal capacity, thermal conductivity, effective saturation water content,
vapor resistance factor and water absorption coefficient.

2. Methodology

The 16 bio-based insulations were grouped into three categories: wood-fibre (8), loam-cork composites (5), and
cellulose boards (3). Their basic hygrothermal properties are extracted from a widely used hygrothermal simulation
program Delphin. These parameters include: density, heat capacity, thermal conductivity, effective saturation
water content, vapor resistance factor and water absorption coefficient. The correlation matrix was derived based
on the Pearson Correlation Coefficient among the parameters of whole data set of these bio-based insulations.
Then, a comparison of the basic parameters was made across different categories.

3. Results and Discussion

Figure 1 shows the correlation matrix of the hygrothermal parameters of the bio-based insulations. The density
has strong correlation with thermal properties, negative for thermal capacity while positive for thermal
conductivity; the correlation between density and moisture properties are less significant, while better correlation
was found for transfer properties i.e. positive for vapor resistance factor, negative for water absorption coefficient.
The correlation between effective saturation and the moisture transfer properties are considerably high. The
correlation matrix offered the insight on the prioritizing the hygrothermal property measurement when test
resource is limited: the density and effective saturation are the two most important basic parameters to measure,

these two parameters could be used to estimate other parameters at considerable confident level.
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Figure 1 Correlation matrix of basic hygrothermal parameters of bio-based insulations

For the comparison across different groups, the group that has higher density is more likely to have lower heat
and moisture capacity, while higher vapor resistance factor and lower water absorption coefficient. These
observations provide some implications on selecting proper bio-based insulations in different climate zones.
Cold-humid climates (e.g., Helsinki, Ottawa) — the vapour-open wood-fibre boards to keep interstitial RH peaks
well below mould-critical thresholds, whereas denser loam-cork composites may approach or exceed them during
the heating season. Temperate climates (e.g., London, Milan) — Cellulose products, which generally have higher
moisture capacity are anticipated to outperform the other families by buffering daily RH swings, potentially
yielding lower predicted mould indices than conventional mineral wool. Hot-dry climates (e.g., Athens, Lisbon)
— preliminary reasoning suggests loam-cork panels with lower A-value will minimize condensation potential,
while cellulose may flirt with marginal risk owing to slow night-time cooling cycles.
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4. Conclusion and future work

In this paper, statistical analysis was performed for 16 bio-based insulations, correlation matrix of the basic
hygrothermal parameters was derived based on Pearson Correlation Coefficient. A comparison of these parameters
were made for each category. The correlations among different parameters indicated that the density and effective
saturation water content are the two important parameters that could be used to estimate other hygrothermal
parameters. The comparison across different categories provided preliminary implication on how to select the bio-
based insulations at different climate zones. For the future work, the sample size of the bio-based insulations will
be increased to enhance the statistical significance of the correlations among different parameters, and
hygrothermal simulations of typical wall assemblies at different climate zones will be performed to investigate the
hygrothermal performance of the walls with bio-based insulations.
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