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ABSTRACT: Wood is a very versatile building material. For centuries it has been used in construction. The 
use of wood declined as the use of reinforced concrete increased. Wood is a renewable material capable of 
storing CO2, which is helpful for the struggle against climate change. Thus, starting from proper forest 
management, it is possible to have a building material that suits indoor climate conditions, allowing the 
improvement of structural response, good thermal and acoustic insulation, excellent olfactory perception, and 
easy humidity control. This versatility makes it a great material to ensure the well-being and comfort of the 
user. Well-being and comfort are people's perceptions of their environmental conditions. People's 
expectations and experiences are vital to the success of bio-economy business strategies, even if the inclusion 
of the human dimension is often not considered in the resolution of problems relating to housing. The focus of 
this paper is the encouragement of using wood, notably engineered woods like cross-laminated timber (CLT), 
glued laminated timber (glulam), nail laminated timber (NLT) and dowel laminated timber (DLT), because it 
favors the relationship between people and spaces, and it guarantees an excellent response in structural 
terms. This triggers a virtuous mechanism that enhances the entire wood supply chain that starts from forest 
management and reaches the benefits of the user both in the residential dimension and in the global space. 
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INTRODUCTION 
The use of wood betters the relationship between people and places: as a building material, it reduces the 
stress of occupants and is perceived as natural and warm (Frontczak et al., 2012); as interior finishes, it 
positively influences the comfort evaluation of space (Watchman et al., 2017). Despite the consumer's great 
importance, wood's effects on occupants' comfort have been rarely documented in built environments. The 
definition of internal comfort has an interdisciplinary nature that encompasses the psychology, physiology, 
and thermal-physics of buildings (Legros et al., 2020; Tian et al., 2018). An optimal quantity of wood in interior 
environments may exist because natural materials, such as stone, brick, and wood, convince the observer of 
their authenticity related to their age and history. In contrast, synthetic materials do not convey their essence 
or age to the observer. Well-being and comfort are people's perceptions of the environmental conditions they 
find themselves. People's expectations and experiences are vital to the success of bio-economy business 
strategies (Toppinen et al. 2018; Caru A. and Cova B. 2007), but the inclusion of the human dimension is often 
not considered in the resolution of problems relating to housing (Gram-Hanssen, 2014). People base their 
choices on social, cultural, economic, and psychological aspects (Wilk, 2002) in addition to aesthetics, well-
being, and respect for the environment (Gold & Rubik, 2009; Hakala et al., 2015; Larasatie et al., 2018; Roos 
& Hugosson, 2008) but rarely on technical ones. Today, wood is again appreciated thanks to its natural 
features and the capacity to store CO2. Wood could be a building material since it promotes the improvement 
of the structural response of buildings reducing the weight of the structure, has good thermal properties and 
allows satisfactory olfactory perception and easy control of humidity. The encouragement of using wood, and 
in particular, engineered wood like cross-laminated timber (CLT), favors the relationship between people and 
spaces and, at the same time, guarantees an excellent response in structural terms and better comfort to 
users. Its use triggers a virtuous mechanism that enhances the entire wood supply chain that, starts from 
forest management and reaches the benefits of the user both in the residential dimension and in the global 
space. 
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1. INDOOR COMFORT 
Well-being and comfort are people's perceptions of the environmental conditions in which they are. Objective 
and subjective factors influence these perceptions and produce a reaction in the organism. Comfort is a 
subject that has been much studied in recent decades, considering the effect that it can have on human health 
(Baloch et al. 2020). However, its interdisciplinary nature creates a lack of a general definition. 
 
One of the main parameters that deeply influences comfort is the thermal condition of an environment. 
Measurable and objective parameters define indoor thermal comfort:  

- Air temperature. The optimal ranges vary from 19 °C to 22 °C in winter and from 24 °C to 26 °C in 
summer. It is preferable to have a homogeneous temperature in all the rooms. 

- Air humidity. The optimal relative humidity values in a domestic environment should be between 40% 
and 50% in winter and between 50% and 60% in summer (UNI/TS 11300-1, 2014). Too dry 
environments damage the protective mucous membranes of the respiratory system, while those that 
are too wet favor the proliferation of viruses, bacteria and moulds. 

- Air speed. The air currents, both hot and cold, generate physical intolerance. The air velocity in a 
house should be 0.01- 0.1 m/s in winter and 0.1-0.2 m/s in summer.  

- Operating temperature (Top), defined in ISO 7726 (ISO 7726, 1998). It considers the thermal 
exchanges between the human body and the surrounding environment by convection and radiation. 
It is the uniform temperature of an imaginary black envelope with which an occupant would exchange 
the same amount of heat as the actual room at an uneven temperature. It is determined by equation 
(1): 
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where 
- hr is the coefficient of radiation heat exchange 
- hc is the coefficient of convective heat exchange 
- Tmr is the average radiant temperature 
- Tair is the air temperature. 

Thus, the temperature perceived by the occupant depends on the air temperature and the surrounding surface 
temperatures. 
The indoor environmental quality is also affected by the following: 

- Air quality. It is determined by the presence or not of various physical, chemical, and biological 
contaminants. When these pollutants are present in significant quantity, the body reacts with 
symptoms of the respiratory tract, but also with other types of somatic pathologies, such as eye 
irritation and allergies. 

- Olfactory perception. It can be associated with a pleasant or unpleasant smell. The sense of smell 
often determines decisions and behaviours. Olfactory perception can improve or worsen our well-
being in an environment.  

- Visual perception. It can blend the boundaries between indoor and outdoor spaces, between 
materials inside a built environment and its relationship to the materials in the landscape outside. 

In addition: 
- The optimal condition of visual comfort is obtained with natural light, but in the absence of this, it is 

good to maintain an adequate brightness resulting from more points of light in each room, to improve 
visual well-being. In a dwelling, visual comfort is given by points of light distribution, colour rendering, 
light shades, distribution of shadows, light direction, luminance distribution, and limitation of glare. 

Moreover, the high visual relationship between the interior and the exterior is a condition that optimizes visual 
comfort. 

- Sound/acoustic comfort depends on both internal and external sound sources. In a house, a good 
level of sound intensity is around 50 dB and can be achieved with efficient sound insulation. 

 
2. THE ADVANTAGES OF USING WOOD  
Until a few years ago, making a home comfortable was synonymous with higher energy expenses due to air 
conditioning and electrical devices, but today the concept of living comfort goes hand in hand with energy 
saving (Legros et al., 2020). This is mainly due to the materials used and new construction techniques. The 
construction sector increasingly uses low-CO2 materials, such as materials of biological origin (wood, 
engineering wood, cork, straw, hemp, sheep's wool, etc.). Wooden houses, built with cutting-edge methods, 
tend to optimize the characteristics of environmental comfort thanks to the properties of the natural material 
used. Furthermore, automated and management systems, able to reduce energy consumption by monitoring 
the internal conditions, such as controlled mechanical ventilation, home automation systems, etc. can further 
improve living comfort. 
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Wood is the most used material for prefabricated houses and can ensure a high level of living comfort thanks 
to its innate characteristics. Its low thermal conductivity reduces the heat exchange between conditioned/non-
conditioned spaces at different temperatures and retains heat inside the building (Ni et al., 2022) favoring 
thermal comfort conditions. It is an acoustic insulation that protects the house from unpleasant external noise 
even if timber structures, by their natural flexibility, tend to be characterized by low-frequency noise, which 
reduces occupant comfort (Gibson et al., 2022; van Damme et al., 2007). Ad hoc solutions are needed to 
reach the benchmarks set by the standards to ensure adequate living comfort. 
Since it is a hygroscopic material (Fig. 1), it naturally regulates the level of internal humidity (Ojanen 2014), 
improving well-being conditions. Moreover, olfactory perception can be improved, through correct and 
effective ventilation, both natural and mechanical, and by installing an air exchange system.  
 

 
Figure 1: Example of hygroscopic effect: shrinking cracks caused by water leaks.  

2.1 User satisfaction thanks to the wooden constructions 
Several studies have been carried out to determine user satisfaction. In France (Legros et al., 2020), and in 
Canada (Rice et al., 2007), many people claim that perceived comfort is better inside a wooden room than in 
a plasterboard one. In fact, rooms made of wood are often evaluated better subjectively than objectively. The 
comfort temperature for the occupants is affected by the microclimate and some personal factors such as age 
and gender. On the other hand, the microclimate in a room of a building is also influenced by the materials of 
the walls. Different materials produce diverse internal temperatures (Hermawan, Prianto, and Setyowati 2020), 
but age and gender (De Simone & Fajilla, 2019) affect comfort perception. Moreover, considering the air 
quality, especially in old buildings, an abundance of pathogens and dangerous pollutants (Fürhapper et al., 
2019; Pop et al., 2019) may be present.  
Another problem related to wood is the growth of microorganisms and fungi. Solid wood buildings can present 
microbial charge by direct dust deposition due to a complex combination of local environmental conditions  
(Huniadi et al., 2019; Stenson et al., 2019). Old buildings must be monitored to minimize health risks and 
optimize maintenance costs, especially if they are historical and of tourist interest. Indoor air quality (IAQ) has 
become an important research topic in construction. Pollutants are harmful to human health and particularly 
dangerous for the most vulnerable, such as older people and children. Monitoring and controlling the internal 
microclimate and air quality through heating-ventilation-lighting are crucial (Marcu et al., 2021). 
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3. BIOECONOMY RELATED TO WOOD INDUSTRIES 
The European Union's Bioeconomy Strategy (2018) promotes labels on wood materials to reduce carbon 
dioxide emissions in the construction sector, thus enabling the transition to a sustainable bioeconomy. The 
EU's goal towards a biobased circular economy promotes low-land-use construction and the use of recyclable 
materials and innovative and sustainable technologies. So starting from wood, it is possible to achieve these 
goals. Wood, by its nature, has characteristics that are often framed as a defect, such as a knot, ring shake, 
grain and shrinkage slot. The negative characteristics of wood are overcome through engineered wood 
products which are typically made up of wooden layers glued together or nailed, and they can be used both 
for new multi-storey wooden buildings (MSWB) and for the improvement of the overall response of existing 
structures (Frunzio et al., 2021; Frunzio & di Gennaro, 2018; Izzi et al., 2018; Sun et al., 2020). In Europe, 
interventions in existing buildings are necessary to renew their formal, structural, and technological aspects 
and preserve land consumption. (Frunzio et al., 2022; Pohoryles et al., 2020; Rinaldi et al., 2021). An example 
of engineering wood is Cross Laminated Timber (CLT). It consists of laminated wood arranged in cross layers. 
The solid wood use is typically softwood, but many researchers push to use local wood (softwood and 
hardwood) to improve the local short wood supply chain although of regulatory limitations on the use of some 
wood essences (Frunzio et al., 2021; Rinaldi et al., 2021). For example, Italy pushes to use chestnut and 
beech (Fig.2). 
 

 a)  b) 
Figure 2: Examples of: a) Castanea sativa (chestnut), b) Fagus (beech). 

Consumer acceptance of new bio-based products plays a key role in the transition to the forest bioeconomy 
(Kylkilahti et al., 2020). The MSWB represent a modern business opportunity based on biological material for 
the realization of low-CO2 urban housing. 
However, there is limited knowledge of consumers' different perceptions of wood as an urban building material. 
Despite the policy's success in supporting the spread of MSWB, cultural acceptance of MSWB has yet to be 
determined (Vainio et al., 2019). In addition, it must be taken into account that the environmental 
considerations of consumers are intertwined with the social, cultural, economic and psychological aspects of 
consumption (Wilk, 2002). Research into consumer perceptions of housing is necessary to fill these 
multidimensional aspects even if today, the inclusion of the human dimension, as perceptions and experiences 
of residents, is often not considered in the resolution of problems related to housing (Gram-Hanssen, 2014). 
Understanding people's expectations and experiences is vital to the success of business strategies driven by 
the bioeconomy  (Caru A. & Cova B., 2007; Toppinen et al., 2018). In particular, there is limited knowledge 
about how consumers perceive the use of wood in MSWB. Consumer perception literature on timber as a 
building material is evolving. Wood can arouse both positive and negative perceptions among consumers. 
Literature suggests that "soft" factors, such as aesthetics, well-being, and respect for the environment, are 
features used to evaluate wooden-framed houses among German consumers (Gold & Rubik, 2009). Also, 
other studies document that consumers are inclined to value wood as a building material, especially 
considering features such as aesthetic beauty and a comfortable environment (Larasatie et al., 2018). Young 
people appreciate the wooden interior's aesthetics but also perceive wood as expensive and wonder if wood 
products are environmentally sustainable (Hakala et al., 2015; Roos & Hugosson, 2008). Overall, concerns 
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about earthquake safety or resistance are common findings in past studies. But, subjects who were previously 
familiar with wooden buildings were less likely to consider them susceptible to fire or consider their 
maintenance too expensive (Kylkilahti et al., 2020). For instance, in Finland, students' perceptions of MSWB 
are related to their familiarity with wooden residential buildings.  
Moreover, the aesthetic appearance of MSWB is appreciated above all by thrifty and responsible consumers. 
At the same time, comfort, respect for the environment and durability of MSWB are important for consumers 
who identify themselves as "thoughtful spenders". So, many studies suggest that familiarity with the use of 
wood in homes, both for young environmentally conscious and "hedonistic" consumers, can contribute to a 
successful bio-economy in the urban context. 
 
4. CONCLUSION 
The encouragement of using wood and engineered woods like CLT, NLT, DLT and glulam better the 
relationship between people and spaces. It blends the boundaries between indoor and outdoor spaces and 
connects materials inside a built environment and those in the outdoor landscape. It is a flywheel for the entire 
wood supply chain. Good management of forests allows for high-quality structural wood. Thanks to their choice, 
the users obtain a twofold benefit: in the residential dimension, they ensure greater comfort in the global space, 
reducing their carbon footprint. 
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