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Abstract

The attention for energy performant buildings with a low environmental impact has been growing over the years and as a result, the use of bio-
based insulation materials as well as wood frame constructions has become more and more prevalent in Belgium and Europe. This research
assesses the hygrothermal behavior of bio-based insulation materials, used in wood frame walls. The study concentrates on their durability and
thermal performance, when exposed to unintended moisture sources. Two different leakages are looked at: one originating from imperfections
in the weathering sealant at the exterior, and a second is introduced due to insufficient air tightness at the interior, causing infiltration of humid
indoor air into the wall system and the occurrence of interstitial condensation. Primarily results show the dominant impact of the ventilation rate
in the cavity between the masonry outer leaf and the wood frame wall, on the durability and the thermal performance of the structure. Also, there
is higher negative impact by exterior leakages on highly absorptive bio-based insulation material compared to the traditional mineral wool setup.
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1. Introduction

In Europe, 40% of the total energy requirements relates to the energy consumption of the construction sector. The awareness
resulted in the demand of a building stock which is renewable, circular and incorporates a small-carbon-footprint [1]. Growable
materials such as wood, cellulose, straw, textile, cotton and cork, gain interest to replace the traditional building materials.
However, because of the natural origin of bio-based materials, an exposure to moisture and unfavorable temperatures, could lead
to higher concentrations of insects, fungi or bacteria. The latter could initiate the growth of mould or start the degradation of the
cell structures. As the share of bio-based materials rises in the building stock, one should secure their durability by analyzing the
moisture and temperature gradients. In addition, materials of natural origin have the ability to store and release moisture over time.
Due to this buffering property, a controlled indoor climate is realized as a beneficial indoor humidity is created by reducing peak
values [4]. However, the ability to store excess moisture could endanger the thermal performance of the insulation, since thermal
conductivity is related to the moisture content. Both risks, regarding the durability and the thermal properties, should be minimized
by a correct design but, during construction, poor workmanship or imperfections still might occur. A poorly executed weathering
seal or imperfections at the location of the air sealant could respectively cause rain infiltration or infiltration of humid indoor air.

The aim of this study is twofold: the first objective is to gain a better perspective in the different bio-based insulation materials,
ready to use in HAM-simulation software. The second objective focusses the evaluation of the buffering property of bio-based
insulation materials in a wood frame wall approach, to reduce the effect of united moisture sources. The latter evaluates the impact
on durability as well as on thermal performance of walls subjected to different severity of leakage. This way, a moisture control
strategy, to preserve the durability and energy saving performance of buildings with bio-based materials could be developed.

2. Methodology

In the first phase (1), the emphasis is on the characteristics of several bio-based insulation materials. A summary of the available
properties is made through a comprehensive literature study. Mineral wool, cellulose, flax and alterations in the original cellulose
material, to incorporate a change in e.g. density, CE, moisture retention, are used in HAM modelling to compare their different
hygrothermal performances. The simulations are performed with Delphin 5.9, focusing on typically wood frame walls in Belgium.

In the second phase (11), the moisture behaviour of cellulose is compared to mineral wool in a wider range of wood frame wall
constructions and moisture loads. The used parameters and their references are summarized in Fig (a) for both phases. Three
different finishes were analyzed: cladding, masonry and an ETICS system, represented in Fig (b).

To analyze the durability of the wall assembly, several prediction models for decay, such as the improved VTT-model, Time
of Wetness model regarding mould as well as wood rot [2], Dose Response model [3], are calculated on the different material
surfaces of the wall assembly. For the thermal performance, the percentual increase of heat flux in reference to a perfect wall
without unintended moisture sources (reference assembly), is calculated over the heating season from September until May.

The unintended moisture sources (UMS) are introduced as moisture sources [5] at the exterior of the insulation. In that location,
the rain would infiltrate as a result of an incomplete weathering seal and there, due to its colder temperature the leaked humid
indoor air will condensate. The condensation was simulated with the built-in function of Delphin based on WTA 6.2 [6].
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Figure 1. (a) Parameters used in the sampling with references; (b) Setup summary for three types of wood frame walls; (c) Mould Index on OSB surface in
relation to ACH for all insulation types; (d) Heat Flux increase in relation to ACH 8 different insulations [%]; (e) Mould Index on OSB for all insulation types;
(f) Heat flux increase for all insulation types [%]

3. Results

Figures (c) and (d) show how the ventilation rate in the cavity is crucial for the severity in mould growth and increase of heat
flux (HF). The best results can be noticed for a cladding finish, with ACH between 100-400 1/h. The ETICS system (ACH 0 1/h)
shows atypical behaviour for HF increase in Fig (d), the impact by increasing leakage was found to be neglectable as a perfectly
sealed wall already exhibited an almost saturated moisture content. For the two types of UMS, the moisture sources related to the
leakage in the weathering seal seemed more dominant then the leakages occurring at the air-tightness of the wall construction.

Fig (e) focusses on the influence of different insulation on the mould growth on the inner OSB layer. High absorptive bio-based
insulation, such as flax, showed considerably larger degradation. Mainly because more moisture is redistributed towards the OSB
sheet and is buffered for a longer time. Mineral wool shows higher degradation risk then cellulose since the vapor diffusion
resistance is lower and cellulose reduces humidity peaks by buffering them over its thickness. Fig (f) shows a higher increase of
HF for bio-based insulation, since they store moisture for a longer time resulting in a higher thermal conductivity of the material.

4. Discussion and Conclusion

During the research, two restrictions were noticed. First, only a handful bio-based materials are available for HAM-modeling,
hampering the development of a reliable hygrothermal analysis. For future work, the authors propose a Latin Hypercube sampling
to incorporate the wide variety of bio-based materials. Secondly, the quantification of the unintended moisture sources is not yet
validated and the air leakage simulated by Delphin does not consider wind pressure effects, only stack pressure is included.

Overall, there is a lower growth of mould in walls when a cladding finish is used, which relates to the high ventilation rate in
the air cavity. Due to the buffering of moisture, bio-based materials exhibit the largest decrease in their thermal performance.

In phase 11, the performance of cellulose compared to MW is evaluated for a larger number of parameters as shown in Fig (a),
subjected to the same unintended moisture sources.
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