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Bidzińska, G.; Augustyniak-Wysocka,
D.; Kies, U.; Calvillo, A.; et al. The
Future of Wood Construction:
Opportunities and Barriers Based on
Surveys in Europe and Chile.
Sustainability 2022, 14, 4358.
https://doi.org/10.3390/su14074358
Academic Editor: Antonio Caggiano
Received: 23 February 2022
Accepted: 28 March 2022
Published: 6 April 2022
Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affiliations.

8

9

*

Research Group of Strategic Analyses for the Wood Industry, Łukasiewicz Research Network—Poznan
Institute of Technology, 61-755 Poznan, Poland; gabriela.bidzinska@pit.lukasiewicz.gov.pl (G.B.);
dobrochna.augustyniak@pit.lukasiewicz.gov.pl (D.A.-W.)
Production Systems, Natural Resources Institute Finland (Luke), 80100 Joensuu, Finland;
henrik.herajarvi@luke.fi (H.H.); erkki.verkasalo@luke.fi (E.V.)
TECNALIA, Basque Research and Technology Alliance (BRTA), Área Anardi 5, 20730 Azpeitia, Spain;
javier.garciajaca@tecnalia.com
School of Civil Construction, Faculty of Engineering, Pontificia Universidad Católica de Chile,
Av. Vicuña Mackenna 4860, Santiago 7820436, Chile; gerardo.araya@uc.cl
UC Timber Innovation Center (CIM UC), Pontificia Universidad Católica de Chile, Av. Vicuña Mackenna 4860,
Santiago 7820436, Chile
Research Unit, Wooden Building Department, Institut Technologique FCBA, 33000 Bordeaux, France;
jean-denis.lanvin@fcba.fr (J.-D.L.); jean-luc.kouyoumji@fcba.fr (J.-L.K.)
InnovaWood Asbl, The European Forestry House 66, Rue du Luxembourg, 1000 Brussels, Belgium;
uwe.kies@innovawood.eu
BASKEGUR, Parque Científico y Tecnológico de Bizkaia, Kanala Bidea, Edificio 103, 48170 Zamudio, Spain;
tecnico@baskegur.org
VTT Technical Research Centre of Finland Ltd., Vuorimiehentie 2K, 02150 Espoo, Finland;
margareta.wahlstrom@vtt.fi
Correspondence: ewa.leszczyszyn@pit.lukasiewicz.gov.pl; Tel.: +48-61-849-24-61

Abstract: The demand for wood has increased in recent years due to new technical possibilities and
environmental concerns. This paper provides an analysis of the factors that affect the use of wood in
the construction sector, and an assessment of their importance in individual countries and for groups
of stakeholders. The study covers the technical, societal, political, economic, and gender aspects of
wood construction, with the aim of increasing global understanding regarding national differences,
the current situation, and the potential for further development. The subject was investigated using a
survey, and the most important opportunities for and barriers to growth in the use of wood in the
construction sector were selected, following a statistical analysis. The results indicate strong regional
and cultural differences regarding the acceptance of some of the opportunities and barriers related to
the development of wood construction. The findings indicate that there is a need to promote wood
construction based on its technical and economic benefits rather than its societal ones. On the other
hand, the current societal barriers should be addressed as a priority, together with the establishment
of common and harmonized policies. The results of this study, therefore, will contribute to the
generation of regional-sensitive information that can be useful for policymakers when updating the
building codes in their individual countries.
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1. Introduction
Wood has been used in construction for thousands of years, and it is still the only
renewable construction material available in industrial volumes. Certain properties of
wood are complex in terms of its use for construction, but despite this, architects, engineers,
and contractors have successfully harnessed this resource to build a wide range of structural
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and non-structural products. “Wood construction” is defined in different ways in different
countries. One definition is based on the structural material of the building, while others
can be based on the main construction material on a volumetric basis [1]. These differences
hamper country-wide comparisons of construction statistics, for example. Furthermore, it
is understandable that normal consumers are unaware of the various definitions related
to wood construction. An estimate of the carbon storage potential of new buildings in
Europe between 2020 and 2040 by Amiri [2] showed that this potential is dependent on
the number and the volume of wooden elements used in buildings. For indoor uses, wood
also contributes to physiological and mental well-being (e.g., [3–6]). In the context of an
emerging circular economy, wood is a zero-waste material that can be used for energy
production after its product lifecycle ends [7].
In line with the above, climate policy instruments aim to support efficient ways to
capture and store CO2 from the atmosphere. While wooden buildings act as long-time
physical carbon storage, their substitution effect, that is, the avoidance of emissions caused
by the use of more energy-intensive materials, such as steel and concrete, is of even greater
importance. Furthermore, there is a system-level mechanism that also plays an important
role: wood product industries strongly contribute to sustainable forestry and, thus, to the
size of biomass and soil carbon sinks [8].
It has been estimated that the use and operation of buildings are responsible for
approximately 40% of the total energy consumption of EU member states (EU28)—40% and
27.3% in the US and China, respectively [9]—and for 36% of their greenhouse gas (GHG)
emissions from energy [10]. The construction sector also uses half of the extracted materials
and one-third of the water demand. Together with the related demolition, packaging, and
bulky wastes, the construction sector generates one-third of all waste in the EU28 [11].
Approximately one-third of wood waste is recycled as materials (cascading), one-third is
incinerated (energy), and one-third is landfilled [12]. While the construction sector has
huge economic and environmental impacts, small development steps toward sustainability
help to lower the environmental footprint of the sector.
Low economic competitiveness is often cited as the greatest drawback to building
multistory houses from wood (e.g., [13,14]). However, recent evidence from many European countries shows that this challenge can be overcome through technological progress
and innovative building practices [15–20]. In seismic-prone countries such as Chile, the
advantage of wood is that it is suited to absorbing vibrations but, still, one of the most
important technical challenges is to improve our understanding of the seismic behavior of
mid-height timber-frame systems [21].
Hurmekoski et al. [22] state that despite the improved technical and economic competitiveness, the large-scale diffusion of wood construction in Europe has been restricted by
cultural and structural hindrances, low uptake in fragmented and risk-averse construction
industries, and the complex traditions and norms related to the use of wood in construction. Furthermore, Hurmekoski [23] concludes that the diffusion of wooden multistory
construction is most likely to take place in the Nordic countries and parts of Central Europe
that have a high societal interest in using domestic forest resources. This has gained in
importance during the past half-decade but, still, the path-dependency of designers and
construction industries slows down the development of larger wood construction markets.
According to the sustainability paradigm, it is essential to integrate economic, social,
and cultural aspects with environmental goals in strategic development and policy actions.
The European construction sector provides 18 million direct jobs, contributing 9% of the
GDP of the 19 countries of the euro area [12]. According to estimates by Hetemäki et al. [24],
within all construction businesses, wood construction accounts for 19% and 15% of labor
and turnover, respectively. As described in the 89th Euroconstruct conference press release [25], total construction (all raw material) output in the Euroconstruct (EC-19) area
grew by 2.7% in 2019, compared with 2018. New construction projects of buildings and
infrastructure have been driving the market for several years, and these increased by 3.9%
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in 2019, while renovations were growing steadily by around 2% a year. Total construction
output reached EUR 1700 billion in the EC-19 area in 2019.
Several estimates of wood construction market development have been published
over the past 15 years (e.g., [17,26–30]). Technological progress and efforts toward climate
change mitigation have opened up new business opportunities in the construction sector.
The share of wood construction in total construction varies greatly between countries.
Finland is the first EU member state to pursue carbon neutrality by the year 2035. The
government program [31] sets a clear framework for timber construction in Finland. The
aim is to double the use of wood as a building material during the parliament’s tenure of
four years, set the objectives for wood use in public buildings, and enhance the know-how
and overall development of the wood construction value chain. Ambitious objectives for
the use of wood in public construction were published in the autumn of 2020 [32]. While
the share of wooden buildings in all public building construction was approximately 15%
in 2020, this is expected to increase to 45% by the year 2025. The share of wooden buildings
is expected to increase from approximately one-third to two-thirds in new educational
buildings, and from approximately 3% to 46% in new public-owned multistory residential
buildings. The anticipated development is likely to improve the competitiveness of wood
as a building material and, if realized, it will surely significantly increase the use of wood
in Finnish construction.
Similarly, Chile is aiming to reach carbon neutrality by the year 2050; the contribution
of forest resources is fundamental to reaching this goal, as it is expected that at least 50%
of the CO2 emissions will be offset by the sequestration of growing trees [33]. Moreover,
recently, the Chilean Ministry of Agriculture announced a long-term policy for the development of the forestry sector; the main objectives are to fully exploit the national forestry
potential related to natural resources, industry, and the development of technical-scientific
knowledge by the year 2035. In particular, this policy aims at transforming wood into
one of the main components of construction materials in the country, increasing the use of
wood in buildings from 18% in 2015 to 36% by 2035 [34].
The French forest-based sector is steered by several public policy processes and actors, such as the ministries in charge of forests and of the economy, the National Industry
Council, the Forest-based Higher Council, the Strategic Committee for the Forest-based
Sector, and other specialized committees. They issue the main national policy documents
related to the forest-based sector: the French forest code and the French National Forest
and Wood Program (PNFB 2016-2026) [35]. PNFB has defined the directions for forestry
policy over the next ten years, comprising four objectives and an action plan, along with
detailed arrangements for its roll-out at the national and regional levels. Matching actual
market needs with products coming from French forests is, therefore, a major issue. The
wood construction market represents nearly one-third of the use of wood. According to the
“Action plan for wood construction 2030” (Plan Ambition Bois Construction 2030 [36]), the
industry professionals have set themselves the following objectives beyond 2022, particularly in relation to public policies about ecological transition: (1) doubling the market share
of wood in new collective housing; (2) increasing the share of wooden single-family houses
from 10 to 15 percent; (3) increasing the share of wood used in renovation up to 15% and
20% in collective buildings and individual housing, respectively. In total, 12% of multistory
residential houses are expected to be made of wood by the year 2025. Approximately 25%
of farm buildings have been built out of wood during the past ten years and that share is
not expected to increase.
Poland promotes wooden construction and aims to increase its share in the construction of single and multi-family houses. The Act of 20 July 2018 amending the Act—the
Environmental Protection Law (Journal of Laws 2018, item 1648 [37]) established the program “Polskie Domy Drewniane”, the main focus of which is energy-saving wooden
construction encompassing the erection of residential buildings, the management of these
buildings, and the letting of residential buildings or apartments with the option of their sale.
The program aims to support the erection of single-family wooden houses and apartments
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in multi-family wooden houses. By the end of 2022, around 12,000 wooden flats will be
built, of which 92% are to be multi-family housing (with a maximum of 4 floors) and 8%,
single-family housing. The first houses are already under construction and further investments are planned for the coming years. Service and public buildings are also to be built
but, as of today, the state policy does not provide any forecasts regarding their number.
Sweden strongly promotes wooden construction and aims to increase its share of
multi-family houses. Local authorities and municipalities have their own plans for reducing the environmental impact of CO2 emissions from the building sector, which directly
leads to the use of more wood in the structural elements of new buildings. Today, approximately 20% of the new multistory apartment buildings are made of wood in terms
of the structural weight-bearing system. This figure is increasing, not least due to new
local strategy plans in various places throughout Sweden. Already, there are successful
buildings, demonstrating that it is possible to build high-rise buildings in urban areas that
are made only from wood. One recently finished project is Cedar House in the city center
of Stockholm, which comprises 236 dwellings in four adjacent buildings of 12 stories [38].
A considerable number of lightweight beam buildings have also been constructed, showing even lower environmental impact as they consumed less material; this implies better
efficiency concerning the resources used [39].
In Spain, the Act of 20 May 2021 on “Climate Change and Energy Transition” [40]
includes as one objective the minimum national targets for greenhouse gas emission
reductions, renewable energies, and energy efficiency for the years 2030 and 2050. By
the year 2030, these emissions should be reduced by at least 23% (compared to 1990) and
climate neutrality must be achieved by 2050 at the latest. To achieve these objectives, public
procurement should include criteria to promote the use of sustainable building materials,
considering their lifespan, while the use of materials with the smallest possible carbon
footprint is clearly encouraged. In this respect, wood is the only building material named
in the Act. Hence, the use of wood, and its sustainable origin, will be included in future
public procurement and contract award procedures, and companies wishing to participate
in public procurement will have to adapt to its use.
In line with the Resolution of the Council of Ministers no. 107/2019, “The Roadmap
for Carbon Neutrality 2050” [41], Portugal has committed to carbon neutrality by 2050,
mainly through more rational forest management. The roadmap introduces alternative
and low-emission development pathways in four areas of intervention linked to those
sectors largely responsible for greenhouse gas emissions and carbon sequestration: energy,
transport and mobility, waste, agriculture, and forest and land use. The pathways will
be based on three multi-faceted aspects: socio-economic scenarios, the circular economy,
and social participation. One of the main objectives of the roadmap is to increase active
afforestation, promote more efficient forestry practices in resource use and risk management,
and improve ecosystem services that impact the bioeconomy, which directly translates into
higher net carbon retention. A declared measurable objective is to reduce the emissions
in buildings by up to 85% by 2050. Hence, the approved regulation foresees an increase
in urban reclamation, with the reuse of building elements, recycled materials, and the
use of built-up public spaces with passive buildings with a zero-energy balance, multifunctional and shared buildings with a reduced building area, as well as the use of new,
more sophisticated materials with greater energy efficiency and durability, along with
renewable materials with a lower carbon footprint (mainly wood and cork). Products
currently used in construction (such as tiles, bricks, and floors) will be partially replaced
by wood and wood-based materials; this is related to a paradigm shift in the construction
sector, which is already beginning to favor materials with carbon reservoir properties.
Besides this, the resolution also encourages the use of materials with a low carbon footprint
in the retrofitting of buildings, while improving their energy efficiency.
While wood construction has apparently garnered political support in many countries,
it also faces a variety of challenges. Few major improvements have taken place in the
European construction sector over recent decades in terms of productivity, profitability,
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or environmental impacts, despite attempts to adopt prefabrication and industrial mass
production in construction [19,23]. This is evident, especially when compared with North
America, where wood has traditionally held great importance in construction [42].
New challenges for construction have been identified at the European level, such as
the cascade use of materials and low-carbon aims. Urbanization, migration, and population
aging stimulate construction and urban development. The use of wood in construction
is one of the most desirable paths for utilizing Europe’s own resources, switching from
product-based to performance/functionality-based business concepts, implementing ecodesign, and adopting cascading practices [43,44]. European policy actions, such as the
Green Deal, Renovation Wave, EU Circular Economy Strategy, and EU Forest Strategy,
will benefit from and are expected to support the development and implementation of
building with and living with wood. It is notable that construction and new bio-based
products represent two of the five priority areas of the EU “Action Plan for the Circular
Economy”. At the same time, however, climate policy actions aim at increasing forest
carbon sinks, which end would be most rapidly achieved by decreasing harvesting levels.
These contradictory policy objectives confuse consumers and industry stakeholders and
complicate the strategic planning of industrial investment. Furthermore, the various
European regions and countries have different opportunities and specific framework
conditions, which can be seen in the form of various policy actions and development
priorities [44].
In the intensified discussion on obstacles to and opportunities for wood construction,
much attention has been paid to the national technical standards and regulatory aspects in
different countries [14,15,45]. Research has also been carried out on life cycle analysis and
other sustainability impact assessments [46–48]. Numerous papers have been published
regarding user preferences and change drivers in the use of wood in construction and
interior materials [49–56]. These studies have been based solely or mostly on national
views and data sets. A harmonized multinational data set enables reflecting the abovesummarized wood construction strategies in expert and user opinions in different countries.
Such analysis supports finding the most feasible approaches to implement the strategies
and to reach the wood construction objectives.
While many countries have a political will and have published strategies to increase
the use of wood in the construction sector, it is necessary to analyze how to translate
these strategies into actions. Assessing the relevant implementation methods requires an
understanding of the level of knowledge and preferences regarding wood construction
among both construction sector experts and private dwellers.
The objective of this study is to analyze the factors that affect the use of wood in
the construction and renovation value chains in selected European countries (Finland,
France, Poland, Portugal, Spain, Sweden) and Chile. Since wood presents the potential
to solve many challenges related to tremor-safe construction, Chile (a developing country
with a strong wood products sector and global markets [57], high seismic activity, and an
emerging wood construction sector) was chosen as a reference. This approach allows a
more global outlook for problems and opportunities, as well as a broader consideration of
the different perspectives of stakeholders, consumers, and national circumstances.
2. Methods
Factors influencing the use of wood in the construction sector in selected European
countries have been divided into positive factors (opportunities for using wood) and
negative factors (barriers limiting the use of wood). The first step of the research process
was to create a list of opportunities and barriers in the aforementioned categories (Figure 1).
This task was carried out by a team of experts from Poland, France, Finland, and Chile.
Experts representing each country highlighted certain opportunities and barriers, which
were checked for duplicates. In the second step, a list of 43 opportunities and 61 barriers was
drawn up and organized into four categories: technical, economic, societal, and political.
In the third step, two surveys were drawn up, based on the proposed opportunities
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Respondents to the survey were selected using non-probability (quota) sampling [63]
Respondents to the survey were selected using non-probability (quota) sampling [63]
because of the suitability of this method for research purposes; in the case of expert opinion
because of the suitability of this method for research purposes; in the case of expert
surveys, convenience sampling is seen as highly appropriate [64]. Non-probability selection
opinion surveys, convenience sampling is seen as highly appropriate [64]. Nonis conditional on having knowledge of the surveyed population. It may be more useful for
probability selection is conditional on having knowledge of the surveyed population. It
research purposes than random models, see inter alia: [65–68]. The main criterion for the
may be more useful for research purposes than random models, see inter alia: [65–68]. The
selection of expert respondents was their type of activity linked to the wood construction
main criterion for the selection of expert respondents was their type of activity linked to
sector and their deep knowledge of the sector. Business entities were identified based
on the classification of activities in a given country, modeled on the ISIC classification
(International Standard Industrial Classification of all Economic Activities), and were
additionally verified through an Internet search query. Relevant experts and representatives
of public administration were selected by the authors from countries participating in the
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study. The participants were involved in the construction sector (including, among others,
not only representatives of regional and city government offices but also scientists, members
of chambers of commerce, and associations related to the sector). In the case of end-users,
the survey was sent to citizens from different countries, who are of active working age—this
was the focus group, whereas young people or retired citizens were not included in this
study. As with the experts and public administration, the end-users were selected by the
authors. This process was repeated using non-probability selection. Convenience sampling
does not guarantee the representativeness of the sample, but it may be used for explorative
research, which was the aim of this part of the study [67,69,70].
The surveys were sent out on 20 December 2019 to the organizations involved in
the study (nine partners from seven countries). Each partner was tasked with collecting
10 surveys from entities directly related to the construction sector, including 5 from producers, 3 from experts in the field of wood construction from academia/research institutions,
and 2 from representatives of public administration and, additionally, at least 10 surveys
from end-users. To increase the number of responses and emphasize the international
nature of the research, the survey that was addressed to organizations directly related to
the wood construction sector was additionally sent to all project partners on 23 January
2020 (30 partners from 12 countries). The sample size was assumed to be at the level of
120 questionnaires from entities directly related to the construction sector and 90 questionnaires from end-users. Data collection was completed on 13 March 2020, approximately
2.5 months after the survey was sent out. A total of 96 responses from producers, experts,
and public administration, along with 88 responses from end-users, were obtained, which
indicates a response rate of 80% and 98%, respectively. The high response rate was caused
by a fact that the respondents were selected in two rounds, first they were asked if they
would take part in the survey, and then, after their positive answer, they were given a
questionnaire to complete.
The data from surveys underwent a reduction process that consisted of data control,
editing, and description, as well as tabulation and aggregation. During the data-editing
process, the intelligibility of the questions was checked. In the inference phase, questionnaires that did not contain answers to all questions were also used. After the reduction
process, the data were collected in tables and then processed. Moreover, to illustrate
the differences between individual responses, the survey results were grouped. Respondents from European countries were grouped according to the UN’s geoscheme regions,
whereas Chilean respondents’ results were analyzed separately. In the study these regions
were represented by the following countries: Northern Europe–Finland, Sweden; Southern Europe–Spain, Portugal, Italy; Eastern Europe–Poland, Ukraine, Hungary; Western
Europe–France, Germany, the Netherlands.
For the purposes of this study, the list of opportunities and barriers that may increase
or limit the use of wood in the construction sector was narrowed down to 15 opportunities
and 16 barriers. This was conducted using item-total correlation. Only those statements
that obtained the highest Pearson’s correlation coefficient (ranging from 0.53 to 0.78 for
the particular statements—Table 1) were selected for the analysis. For each category
(technical, societal, economic, political), three to four statements with the highest correlation
coefficients were selected. Generally, with such a study, we want the correlation between
each element and the whole scale to be high. Otherwise, we may suspect that the item
does not measure the same construct as the others do; this is a premise for considering the
removal of the item from the scale [71]. Respondents who did not reply to one or several
questions, in accordance with the assumption of the item-total correlation, were removed
from the list and were not included in determining the correlation coefficient. However, all
answers are included in the presented results.
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Table 1. Item-total correlation and reliability analysis results.
Identified Opportunities
Technical

Societal

Economic

Political

Indicator

All
(k = 12)

Chosen
(k = 4)

All
(k = 13)

Chosen
(k = 4)

All
(k = 8)

Chosen
(k = 3)

All
(k = 10)

Chosen
(k = 4)

Item-total correlation
Cronbach’s alpha

0.23–0.68
0.794

0.66–0.68
0.769

0.49–0.78
0.880

0.68–0.78
0.789

0.52–0.77
0.844

0.73–0.77
0.740

0.56–0.74
0.856

0.68–0.74
0.760

Identified Barriers
Technical

Societal

Economic

Political

Indicator

All
(k = 13)

Chosen
(k = 4)

All
(k = 12)

Chosen
(k = 4)

All
(k = 21)

Chosen
(k = 4)

All
(k = 15)

Chosen
(k = 4)

Item-total correlation
Cronbach’s alpha

0.34–0.58
0.701

0.53–0.58
0.607

0.37–0.73
0.828

0.64–0.73
0.761

0.26–0.62
0.825

0.55–0.62
0.629

0.39–0.72
0.865

0.67–0.72
0.797

k—number of scale items. Source: Authors’ own calculations based on survey results.

A reliability analysis was performed using Cronbach’s alpha coefficient to ensure that
the scale items were consistent with each other [72]. This was carried out twice, first before
removing individual items from the scale, and then after removing them. Table 1 indicates
that Cronbach’s alpha coefficients decreased after the items were removed from the scale
but were still acceptable (0.607–0.797). An important property of the alpha coefficient
is that its value tends to decrease with a decrease in the number of scale items [73–75].
Selected opportunities and barriers were presented, using graphs supplemented with
written comments.
3. Results
3.1. Characteristics of Survey Respondents
Detailed characteristics of the survey respondents are presented in Tables 2 and 3 on
the Zenodo repository (database: https://doi.org/10.5281/zenodo.5752898) (accessed on
1 March 2022).
3.2. Results of Construction Sector Stakeholders Survey
3.2.1. Opportunities to Increase the Use of Wood in the Construction Sector
Figure 2 presents 15 selected opportunities that may contribute to the development
of the wood construction sector. According to the respondents, the most promising opportunities were political and economic (at least 71% of the respondents in both groups
agreed or strongly agreed that these opportunities could increase the use of wood in the
construction sector). The highest-rated opportunity concerned the political issue of climate
change, resulting in an increased search for low-emission products and buildings (P2,
82% positive answers: agree or strongly agree). Another highly rated item concerned the
dynamic development of mass timber construction, taking advantage of the wide array of
EWPs, such as Glulam, LVL, and CLT (T2, 81%).
Interesting differences may be observed between the regions represented by the
respondents (Figure 3). For respondents from Western Europe, the political aspects were
considered most important, especially those concerning low-emission products and carbon
storage solutions driven by climate change policies (P2 and P3). Respondents from Eastern
Europe also regarded political aspects as relevant, but technical issues were most often
indicated, including architectural design (T3) and the development of the engineering
and construction sector (T4): 100% and 92% of respondents from this region, respectively,
indicated these as being opportunities to increase the use of wood in the construction sector.
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Respondents from Southern Europe, in turn, placed the most emphasis on the economic context of the development of the wood construction sector. Approximately 70%
of respondents from this region agreed or strongly agreed that the search for new highvalue-added products and activities (E3), as well as the reduction of costs and energy use
in terms of the transportation of materials and construction elements (E1), are the main
drivers of the change in construction toward increased wood use. However, it should be
noted that some opportunities in the political and technical domains were also perceived
as having a similar level of importance.
Northern European respondents indicated the same aspects were the most important
opportunities as Chilean respondents; however, the latter were, on average, less convinced
that they would play a vital role (the positive response rate for the Nordic countries
was approximately 25 percentage points higher than for Chile; for P2, for example, 92%
of respondents from Northern Europe selected “agree” or “strongly agree”, compared
with 58% for Chile). Both the search for low-emission products and new high-valueadded products and activities were perceived as relevant (P2 and E3), while the high
dimensional accuracy of wooden construction elements (T1) was also frequently identified
as an opportunity.
Among the surveyed groups of respondents, none of the regions indicated societal
aspects were the most important opportunities; respondents considered these to be the
least likely drivers for the development of the wood sector in construction.
The selected opportunities that may increase the use of wood in the construction sector
were also analyzed in terms of the responses given by various types of respondents (see
Figure 4). Considerable differences were observed for particular categories and items.
In the case of political opportunities, these differences accounted for up to 25 percentage points, depending on the type of respondents. An example is the perceived role of
circular economy transformation and waste reduction in the development of the wood
construction sector (P4), in which 83% of respondents from associations, federations, and
networks and 81% of respondents representing academia and research institutions agreed
or strongly agreed that this may be an important opportunity, while for respondents from
public administration, the share was only 57%. The role of wood construction and wood
products in climate change mitigation was more often acknowledged and was among the
highest-rated opportunities in all groups of respondents.
The largest difference in ratings concerns the potential role of innovative architectural
designs as a driver of wood construction development (T3), in which 92% of respondents
from associations, etc., and 87% of those from public administration responded with “agree”
or “strongly agree”, while only 50% of business respondents did so. Another interesting
difference relates to the perception of wood construction as a sector providing high-value
products and services contributing to green growth (E3): 100% of respondents from associations, federations, and networks indicated this as a vital opportunity, while other
groups rated it much lower. Additionally, associations and business representatives seemed
to perceive aspects related to human wellbeing (S3: air quality, stress, allergies) as more
important in the context of wood construction development than did the representatives of
administration and academia. In the business group, this aspect was the most highly rated
of all. The opposite situation was observed with regard to trends in city development (S4),
where respondents from public administration and academia more often answered with
“agree” or “strongly agree”.
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In the case of political opportunities, these differences accounted for up to 25
There
were also opportunities that were considered equally important by all groups of
percentage points, depending on the type of respondents. An example is the perceived
respondents. This applies to the search for solutions to improving the energy performance
role of circular economy transformation and waste reduction in the development of the
of buildings (E3), the high dimensional accuracy of wood products (T1), and engineered
wood construction sector (P4), in which 83% of respondents from associations,
wood products enabling the construction of tall timber buildings (T2). Mass timber was
federations, and networks and 81% of respondents representing academia and research
also indicated as the most promising opportunity by representatives of academia and
research institutions.
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The differences between the responses given by women and men are mostly relatively
small (within a few percentage points). In general, women indicated that economic and
social aspects may have a greater impact on the development of the wood construction
sector, while men attributed more importance to political aspects.
3.2.2. Barriers Limiting the Growth in the Use of Wood in the Construction Sector
The next step was to analyze the barriers that may limit growth in the use of wood in
the construction sector (Figure 5). According to the respondents, these were mostly related
to societal and political trends: 60–80% of respondents agreed or strongly agreed with the
statements concerning barriers in these categories. Respondents most often indicated that
the popular view of wooden construction as being exposed to high fire risk significantly
impedes the development of the sector (84% of respondents agreed or strongly agreed
with this statement). Other highly rated answers concerned the low public awareness of
the qualities of wooden buildings (S2) and a lack of ambitious research and innovation
policies (P4). Economic and technical aspects were not acknowledged so often: 25–44% of
respondents agreed or strongly agreed that the selected economic factors were relevant
obstacles to the increased use of wood in construction, while in terms of the technical
aspects, the range was 14–56%. The settling of the building (T3) was perceived as the least
important barrier (only 14% responded with “agree” or “strongly agree”).
Unlike in the case of opportunities, the perceptions of barriers to the use of wood in
construction are less dependent on the respondents’ region (Figure 6). However, it may
be observed that there is a relevant difference between the perceptions of respondents
from Northern Europe and the other studied regions. Specifically, Northern European
respondents attributed less significance to many of the obstacles proposed in the survey
in comparison with other regions, especially Eastern and Southern Europe. For example,
91% of Eastern European respondents agreed or strongly agreed that a lack of incentives
for local wood sourcing (P1) was an important barrier to wood construction development,
while in Northern Europe, the figure was 38%. Similarly, respondents from Eastern Europe attributed importance to the low availability of publications (S1), while the positive
response rate (agree or strongly agree) in Northern Europe was 51 percentage points lower.
Another striking difference concerned the lack of wood construction promotion programs (P3), which was rated as a considerable barrier by respondents from all regions
except Northern Europe. Public awareness concerning wood and eco-construction (S2 and
S3) also seems to be divergent between regions, with respondents from Northern European
countries leading in this area, and other regions lagging behind. A low level of knowledge
among the public regarding the features and advantages of wood construction (S2) was
also the most indicated barrier by Western and Eastern European respondents (respectively,
100% and 92% of respondents agreed or strongly agreed). In Northern and Southern Europe, among the surveyed people, the fire risk associated with wooden buildings (S4) was
the most frequently indicated barrier, followed by the lack of ambitious innovation and
research policy (P4).
Respondents from Chile, on the other hand, placed the most emphasis on the lack of
wood construction promotion programs (92% of respondents agreed or strongly agreed
that this was a barrier).
Considering the same barriers in terms of the types of respondents (Figure 7), it can
be seen that, for the representatives of associations, federations, and networks the most
important barriers limiting the increase in the use of wood in the construction sector were
primarily political, especially related to the lack of promotional programs and an ambitious
research and innovation policy (P2, P3, and P4; all respondents from this group agreed
or strongly agreed with these statements). In the case of business respondents, societal
aspects were identified as the most relevant (for example, S4—the popular belief that timber
construction means a high fire risk—was indicated as a barrier by 88% of respondents),
while for respondents from academia, research institutions, and public administration, both
the political and societal aspects were equally important.
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Comparing the responses concerning the advantages and disadvantages of wooden
houses between genders, there are slight differences (usually within 5 percentage points)
between women and men.
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previously mentioned, “Guarantee of safety, quality, and durability of the structure” and
wooden construction”, which were highly important for all groups of respondents).
“The ecological nature of wooden construction”, which were highly important for all
The latter two factors, which are the most important incentives to live in a wooden
groups of respondents).
house for respondents in general, also produced the smallest differences in responses
between regions. For “The ecological nature of wooden construction”, the difference
between the largest and smallest numbers of positive responses (for respondents from
Chile and Western Europe, respectively) was 12 percentage points, while for “Guarantee
of safety, quality and durability of the structure”, the difference was 19 percentage points
(between respondents from Western and Southern Europe).
Analyzing the factors that would motivate people to live in a wooden house in terms
of gender, it is seen that women respondents gave higher percentages of positive responses
than men, except for the factor “The ecological nature of wooden construction”.
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unique solutions in architectural design may contribute to increasing the use of wood in
construction”, while only half of the respondents from the business sector agreed with
this statement. Only small differences were detected between genders: women rated the
economic and social aspects higher, and men the political ones.
Responses concerning barriers to the use of wood in construction were less influenced
by the respondents’ region of origin. All respondents agreed that societal and political
barriers most typically limit the development of wood construction. Slight differences
were observed between the responses of women and men. In general, women more often
emphasized the importance of economic barriers, and men the political ones.
Most of the end-users (consumers) understood the term “wooden house” as referring
to a year-round single-family house. However, the perception of meaning varied depending on the respondent’s origin. Most respondents from the European regions indicated the
above interpretation, while the Chilean respondents probably associate wooden houses
with a summer house or a temporary housing solution [79]. In Chile, the currently predominant building types, such as reinforced masonry houses and reinforced concrete buildings,
are more often chosen because of—among other factors—their tested adequate seismic
performance [80,81].
According to the Ministry of the Environment [82], in Poland, at least three-quarters of
respondents, regardless of their region or gender, agreed with the proposition that wooden
houses are healthy and friendly to their inhabitants and that they can be built rapidly. Half
of the respondents of that study indicated that wooden houses have lower construction
costs than brick houses. On the other hand, more than half of the respondents believed that
wooden houses are impermanent and require frequent maintenance, and almost half of
them considered wooden houses to be insecure in terms of fire risks. We obtained similar
results in our study, where a lower awareness of the characteristics of wood construction
was particularly visible in Chile and Eastern Europe. Moreover, it can be stated that men
expected lower construction costs more often than women for wooden houses, but men
were also more concerned about their fire performance.
End-users expressed very positive opinions concerning the proposed aspects of wood
construction, which might encourage them to live in a wooden house. The most important
factors turned out to be the guaranteed safety, quality, and durability of the structure, as
well as its ecological sustainability. West European residents identified positive feedback
from family, friends, or neighbors as important sources of motivation to choose to live in
a wooden house, while Eastern and Southern European residents emphasized the lower
construction and/or maintenance costs. Northern Europeans appreciated the availability
of modern building construction and design. In turn, for Chilean respondents, the most
important incentive to live in a wooden house was a government subsidy for construction.
From the viewpoint of the Nordic countries, the results of this study support the public
wood construction aims. Our results indicate that Nordic people do not expect public
support for wood construction, but rather, market-driven development. Thus, instead of
subsidies, the implementation of Nordic wood construction strategies should focus on
R&D, securing financial conditions for investments, and facilitating building codes and
city-planning strategies that are compatible with industrially produced wooden elements
and their wide use in urban and rural construction.
In the case of Spain and Portugal, it is obvious that there is room for the further
promotion of wood construction in the legislation (national and regional), the Climate
Change Act (Spain) and The Roadmap for Carbon Neutrality 2050 (Portugal) being the first
steps in this direction. In this study, the Spanish and Portuguese respondents identified
more severe barriers to this promotion than respondents from other European regions
and Chile. Furthermore, they highlighted, more than other regions, the importance of
high-value-added products and ambitious research and innovation systems. These aspects
are not considered in the current legislation.
According to our results, “The search for new opportunities and unique solutions
in architectural design” is currently the best chance for increasing the use of wood in
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construction in Poland. Despite the promotion of wood construction, the governmental
program, and the increase in the number of wooden buildings built in Poland, this type of
construction is still limited due to outdated regulatory guidance [83].
In the case of France, the political opportunities related to the increased use of wood in
the construction sector were assessed as the most important factors due to the availability
of forests. French policies related to wood construction are currently being reviewed and
updated, and the results of this study should be acknowledged in this process to achieve
wider acceptance among consumers and facilitate the implementation of these policies.
Moreover, the construction price of French wooden houses is higher than masonry houses.
Similar to some other countries previously mentioned, Chilean national policies aim at
increasing the share of timber buildings, as well as increasing the use of wood in buildings.
These objectives can be explained in terms of several reasons, with an emphasis on two:
(i) Chile is among the largest producers of wood products worldwide [57]; and (ii) the
carbon neutrality goal that Chile has set by the year 2050 (at least 50% of the CO2eq emissions
will be offset by the sequestration of growing trees [33]). The latter finding is in agreement
with the results of the survey, where the search for low-emission products was perceived as
being relevant by the respondents from Chile.
Certain limitations of our study material were identified. These limitations restrict
the data analysis, as well as the possibilities of generalizing the results. The numbers of
respondents were small in some geographical areas, in Western and Eastern Europe in
particular. On the other hand, we concentrated on studying the perceptions of people who
are of active working age, whereas young and retired people were not included in this
study. Thus, one should avoid drawing detailed conclusions regarding the regional or
age classification differences. One apparent deficit is related to the lack of 18–25-year-old
students who will be the ones making the major procurement and policy decisions in the
coming decades. Therefore, it would be advisable to consider the age-grouping of the
respondents’ responses in future studies. However, the actively working respondents
in our study were highly motivated and the proportion of unreliable responses was low.
Despite the small number of respondents, the results were generally consistent and there is
no reason to expect erroneous interpretations or a systematic bias.
Strong regional and cultural differences in the acceptance of and interest in wood
construction were also observed in previous European studies (e.g., [84–87]). In addition,
many overseas countries naturally differ in this respect from Europe, having had either a
longer experience of wood construction, as in the United States, or a shorter experience, as
in Australia, New Zealand, and Chile [21,42,88,89].
The efficiency of construction processes and the very necessary renewal of the construction sector can be boosted with industrial prefabrication and element manufacturing [13,18,29,90]. Novel end-user-driven design and building solutions can increase customer
value in both residential and public construction and strengthen the role of construction in
the bio-circular economy [91]. The roles of environmental performance, health and wellbeing,
and climate policies have strengthened during the past decade in the European construction
sector, due to consumer preferences and regulatory requirements [54,85,92–94].
According to Nykänen et al. [85], professionals and researchers in the European construction sector consider building design and construction much more often as weaknesses
or threats than as strengths or opportunities for multistory wood construction. However,
the role of design and building processes in future development appeared to be much
smaller than the role of political support and common interest in green building and sustainability. The threats were mainly related to the low level of ambition of large building
companies regarding wood construction, the assumption that wood is more expensive than
concrete or steel in construction, the lack of familiarity among building companies with
contemporary wood construction, and the lack of capacity of education systems to provide
enough professionals for wood construction.
Critical opinions have been expressed by professionals and experts concerning the
inflexibility of building regulations and variable city planning and building permit practices
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among public authorities. Such obstacles affect the market potential of wood construction, lead to extra costs, and delay decisions in both private house and public building
projects [85,95–99]. On the other hand, growing support among national and local authorities for the use of wood in multistory construction has been evidenced in several
countries [85,100]. Franzini et al. [100] found that local authorities appreciated engineered
wood products that increase the speed of building processes.
Many traditional barriers to wood construction, such as perceptions concerning fire
safety, acoustics, and durability, as well as a lack of business skills, have either faded or
disappeared during the last decade in countries with a longer history of building with
wood [14,42,101]. The influence of architects and designers on the choice of building
materials has been reported to still be very strong [51,85,102,103].
Despite the cultural and social differences in Europe, consumers and other end-users in
macro-regions share many views on wood construction. In a study by Viholainen et al. [87],
the citizens of Finland, Sweden, and Norway attributed the acceptability of the use of
wood to clearly different factors than did the citizens of Austria, Denmark, and the UK, but
respondents from all countries gave high levels of approval for the use of wood.
In a recent study in the Nordic countries, urban consumers proved to be the least
positive toward wooden buildings but increasing their knowledge of wood’s functionalities
and technical capabilities seemed to relieve their prejudices [104]. A similar phenomenon
was observed in North America, where—for example—home builders who had learned
about one engineered wood product were likely to be early adopters of other new wood
products [42]. On the other hand, an appreciation of a close-to-nature milieu and aesthetic
values in housing decreased prejudices against wood [84,104]. Understanding of housing
needs and ownership structure in the different consumer segments, together with great
diversity in the supply of wooden houses, is required to support promotional efforts,
which should focus more on identifying prejudices and solving problems rather than on
continuing to argue solely for the benefits of wood [104,105].
5. Conclusions
A survey of stakeholders, manufacturers, and end-users was carried out in six European countries and Chile. The different countries have comparable views on timber
construction. Analysis of the feedback should be used to define technical, normative,
and economic roadmaps, to remove the barriers to the use of wood as a 21st-century
building material.
The findings can be used for the promotion of wood construction and to influence
public decision-makers and future policies in the sector. In this sense, the results of the
surveys indicate public views that are translated into specific and reasonable conclusions.
Even if wood construction is perceived as a positive thing in general, as much as
one-third of the respondents in this study appear to have biased beliefs concerning the
performance of a wooden building, for example, in relation to fire hazards and moisture behavior. It is evident that the wood construction sector must disseminate facts to consumers
more actively and in an understandable way to address the prejudices and garner more
popularity. The results indicate that wood construction is mostly perceived as faster than
other construction methods, with the high quality of the structure, a guarantee of safety,
and better performance in terms of sustainability.
The study indicates a need to promote wood construction based on its technical
and economic benefits rather than the societal ones. High quality and proven economic
savings of wood construction, together with the visibility of unique solutions based on
the architectural design possibilities that timber construction offers—as indicated by the
professional groups surveyed—are crucial for promoting wood construction.
Only slight differences in opinions about wood construction were found between
women and men. The same conclusion is applicable to the different regions and roles
(stakeholder/end-user) studied. No specific recommendations are, thus, needed to address
this issue. In the case of Finland and Sweden, wood products are generally accepted in con-

Sustainability 2022, 14, 4358

25 of 29

struction, and small-sized buildings are predominantly wooden. While public procurement
plays a key role in large-scale wood construction, the municipal decision-makers should
be equipped with updated and objective information regarding the technical–economic
performance of wood. In the case of Spain and Portugal, although the current legislation
is aligned with the results of the survey (promotion and awareness of climate-neutral
materials such as wood) it should be considered as just a starting point when considering
the favorable opinions of the respondents about promoting wood construction. In the case
of Poland, there is still a great need to promote wooden construction and its advantages,
especially among end-users; moreover, there is a need to update construction law and
include detailed guidelines for wooden structures. The socio-economic situation in France,
and the leading role of the construction sector in the resulting territorial rebalancing plans,
constitute a major opportunity for the wood construction sector, which is currently growing.
This study aimed at filling this information gap by identifying the specificities of actors
and their level of commitment. In the case of Chile, although the policies implemented
are a move in the right direction, public authorities still need to address that there is a
lack of knowledge of these programs among the population (e.g., wooden houses are still
perceived as summer houses by a significant fraction of the population) and there are some
technical challenges that need further investigation (e.g., the understanding of the seismic
behavior of mid-height timber framing systems).
There are obvious differences between various areas and countries in Europe, but the
main findings can be extended to the whole of Europe. Regarding future development, it is
justifiable to expect that the non-studied countries face similar challenges and opportunities
to the ones identified in this study.
This study results in a general conclusion regarding the perception of respondents
and the different regulations in the different countries. There is a larger difference between
the regulations of the different countries (in terms of wood construction promotion) than
the opinions of the respondents in those countries. In other words, European respondents
showed comparable and favorable opinions regarding wood construction promotion, while
not all the regulations are in line with these opinions.
Author Contributions: Conceptualization, E.L., H.H., E.V., J.G.-J., G.A.-L. and A.C.; methodology,
E.L., G.B. and D.A.-W.; validation, E.L., H.H., E.V., G.A.-L. and J.G.-J.; formal analysis, E.L. and
G.B.; investigation, E.L., H.H., E.V., J.G.-J., G.A.-L., J.-D.L., G.B., D.A.-W., U.K., A.C., M.W. and
J.-L.K.; resources, E.L., H.H., E.V., J.G.-J., G.A.-L., J.-D.L., G.B., D.A.-W., U.K., A.C., M.W. and J.-L.K.;
data curation, E.L.; writing—original draft preparation, E.L., H.H., E.V., J.G.-J., G.A.-L., J.-D.L., G.B.,
D.A.-W., U.K., A.C., M.W. and J.-L.K.; writing—review and editing, E.L., H.H., E.V., J.G.-J., G.A.-L.,
J.-D.L., G.B., D.A.-W., U.K., A.C., M.W. and J.-L.K.; visualization, E.L.; supervision, E.L. and J.G.-J.;
project administration, E.L. and J.G.-J.; funding acquisition, J.G.-J. and U.K. All authors have read
and agreed to the published version of the manuscript.
Funding: This research was funded by the European Union’s HORIZON 2020 research and innovation program, under grant agreement No 862942.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Informed consent form was obtained from all subjects involved in the study.
Data Availability Statement: The data presented in this study are openly available on Zenodo at:
Ewa Leszczyszyn, 2020, Opportunities and barriers to increase the use of wood in the construction
sector [Data set], https://doi.org/10.5281/zenodo.3906299 (accessed on 1 March 2022).
Acknowledgments: The results and the study described here are part of the results obtained in the
BASAJAUN project: “Building a Sustainable Joint Between Rural and Urban Areas Through Circular
and Innovative Wood Construction Value Chains” (2019–2023). This information reflects only the
author’s views and neither the Agency nor the Commission are responsible for any use that may be
made of the information contained therein. EC CORDIS website https://cordis.europa.eu/project/
id/862942 (accessed on 1 March 2022).
Conflicts of Interest: The authors declare no conflict of interest.

Sustainability 2022, 14, 4358

26 of 29

References
1.

2.
3.
4.
5.
6.
7.

8.
9.
10.

11.
12.
13.
14.
15.
16.
17.
18.

19.
20.
21.

22.
23.
24.

25.
26.

Heräjärvi, H.; Lehtonen, O.; Hiltunen, A.-P.; Muilu, T.; Verkasalo, E.; Lanvin, J.-D.; Leszczyszyn, E.; Bidzinska, G. Building
with Wood as a Driver for Sustainable Development in Rural Regions. Background and Methodology for Analysis of SocioEconomic Impacts on Rural Development and Rural-Urban Integration Through Wood Construction, Deliverable 1.2 of EU Project
BASAJAUN–Building a Sustainable Joint between Rural and Urban Areas through Circular and Innovative Wood Construction
Value Chains. 2021. Available online: https://doi.org/10.5281/zenodo.4781092 (accessed on 1 March 2022).
Amiri, A.; Ottelin, J.; Sorvari, J.; Junnila, S. Cities as carbon sinks—Classification of wooden buildings. Environ. Res. Lett. 2020,
15, 094076. [CrossRef]
Simonson, C.J.; Salonvaara, M.; Ojanen, T. Improving Indoor Climate and Comfort with Wooden Structures; Technical Research Centre
of Finland, VTT Publications: Espoo, Finland, 2001.
Nyrud, A.Q.; Bringslimark, T. Is interior wood use psychologically beneficial? A review of psychological responses toward wood.
Wood Fiber Sci. 2010, 42, 202–218.
Joung, D.; Song, C.; Ikei, H.; Okuda, T.; Igarashi, M.; Koizumi, H.; Park, B.; Yamaguchi, T.; Takagaki, M.; Miyazaki, Y. Physiological
and psychological effects of olfactory stimulation with d-limonene. Adv. Hortic. Sci. 2014, 28, 90–94.
Alapieti, T.; Mikkola, R.; Pasanen, P.; Salonen, H. The influence of wooden interior materials on indoor environment: A review.
Eur.J. Wood Wood Prod. 2020, 78, 617–634. [CrossRef]
European Commission, Directorate-General for Internal Market, Industry, Entrepreneurship and SMEs; Reichenbach, J.; Essel,
R. CASCADES: Study on the Optimised Cascading Use of Wood; Mantau, U., Vis, M., Allen, B., Eds.; Publications Office: Brussels,
Belgium, 2016.
Heräjärvi, H. Wooden buildings as carbon storages—Mitigation or oration? Wood Mater. Sci. Eng. 2019, 14, 291–297. [CrossRef]
Cao, X.; Dai, X.; Liu, J. Building energy-consumption status worldwide and the state-of-the-art technologies for zero-energy
buildings during the past decade. Energy Build. 2016, 128, 198–213. [CrossRef]
Communications from the Commission to the European Parliament, the Council, the European Economic and Social Committee
and the Committee of the Regions. A Renovation Wave for Europe–Greening out Buildings, Creating Jobs, Improving Lives,
European Commission, Brussels. 2020. Available online: https://ec.europa.eu/energy/sites/ener/files/eu_renovation_wave_
strategy.pdf (accessed on 14 June 2021).
Closing the Loop—An EU Action Plan for the Circular Economy COM/2015/0614. Policy Brief, European Environment Agency
2015. Available online: http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52015DC0614 (accessed on 14 June 2021).
Internal Market, Industry, Entrepreneurship and SMEs–Construction, European Commission 2018. Available online: https:
//ec.europa.eu/growth/sectors/construction_en (accessed on 14 June 2021).
Brege, S.; Stehn, L.; Nord, T. Business models in industrialized building of multi-storey houses. Constr. Manag. Econ. 2014, 32,
208–226. [CrossRef]
Riala, M.; Ilola, L. Multi-storey timber construction and bioeconomy–barriers and opportunities. Scand. J. For. Res. 2014, 29,
367–377. [CrossRef]
Lattke, F.; Lehmann, S. Multi-storey residential timber construction: Current developments in Europe. J. Green Build. 2007, 2,
119–129. [CrossRef]
Smith, I.; Frangi, A. Overview of design issues for tall timber buildings. Struct. Eng. Int. 2008, 18, 141–147. [CrossRef]
Mahapatra, K.; Gustavsson, L.; Hemström, K. Multi-storey wood-frame buildings in Germany, Sweden and the UK. Constr. Innov.
Inf. Process Manag. 2012, 12, 62–85. [CrossRef]
Winter, W.; Weber, G.; Hernandez, S.; Brigola, B. Strategies to increase use of timber in multi-storey buildings–case studies. In
Proceedings of the World Conference on Timber Engineering, Session 37, Architectural Case Studies, Auckland, New Zealand,
15–19 July 2012; pp. 262–269.
Atkin, B. Industrialized building. Constr. Manage. Econ. 2014, 32, 1–6. [CrossRef]
Ramage, M.H.; Burridge, H.; Busse-Wicher, M.; Fereday, G.; Reynolds, T.; Shah, D.U.; Wu, G.; Yu, L.; Fleming, P.; Densley-Tingley,
D.; et al. The wood from the trees: The use of timber in construction. Renew. Sustain. Energy Rev. 2017, 68, 333–359. [CrossRef]
Santa María, H.; Salinas, A.; Montaño, J.; Ugarte, J.; Almazán, J.; Guindos, P.; Opazo, A.; Benedetti, F.; Rosales, V.; Estrella, X.; et al.
Assessment of seismic design factors and proposal of modification to Chilean seismic building design standard (NCh 433) for
mid-rise wood light-frame buildings. In Proceedings of the INTER-International Network on Timber Engineering Research,
Online, 17–19 August 2020.
Hurmekoski, E.; Jonsson, R.; Nord, T. Context, drivers, and future potential for wood-frame multi-storey construction in Europe.
Technol. Forecast. Soc. Change 2015, 99, 181–196. [CrossRef]
Hurmekoski, E. Long-term outlook for wood construction in Europe. Diss. For. 2016, 211, 57. [CrossRef]
Hetemäki, L.; Hanewinkel, M.; Muys, B.; Ollikainen, M.; Palahi, M.; Trasobares, A. Leading the Way to a European Circular
Bioeconomy Strategy. From Science to Policy 5. European Forest Institute. 2017. Available online: https://efi.int/publicationsbank/leading-way-european-circular-bioeconomy-strategy (accessed on 14 June 2021).
89th EUROCONSTRUCT Conference. Press Release: European Construction Markets in the Shadow of the Corona Pandemic.
2020. Available online: https://euroconstruct.org/ec/press/pr2020_89 (accessed on 14 June 2021).
Walford, G.B. Multistorey wood building in UK and Sweden. N. Z. Wood Des. J. 2006, 2, 6–13. Available online: http://www.
wooddesign.org.nz/journal.cfm/view/41/parent/2 (accessed on 14 June 2021).

Sustainability 2022, 14, 4358

27.
28.

29.
30.

31.

32.

33.

34.

35.
36.
37.
38.
39.
40.
41.

42.
43.
44.
45.
46.
47.

48.
49.
50.

27 of 29

Nord, T. Prefabrication Strategies in the Timber Housing Industry: A Comparison of Swedish and Austrian Markets; Technical Report;
Luleå University of Technology: Luleå, Sweden, 2008; p. 51.
Shmuelly-Kagami, T.; Matsumura, S. Progress of Timber Multi-Storey Apartment Building in Europe and Japan. In Proceedings
of the 10th World Conference on Timber Engineering, Miyazaki, Japan, 2–5 June 2008; Curran Associates Inc.: Red Hook, NY,
USA, 2008; Volume 1–4, pp. 21–28, ISBN 978-1-61567-088-8. Available online: http://support.sbcindustry.com/Archive/2008
/june/Paper_004.pdf (accessed on 14 June 2021).
Klas, R.; Jonsson, R. Prospects for Timber Frame in Multi-Storey House Building in England, France, Germany, Ireland, the Netherlands
and Sweden; Report No. 52; School of Technology and Design, Växjö University: Växjö, Sweden, 2009.
Mahapatra, K.; Gustavsson, L. General Conditions for Construction of Multi-Storey Buildings in Western Europe; Report No. 59;
Academia, Accelerating the world’s research; School of Technology and Design, Växjö University: Växjö, Sweden, 2009;
ISBN 978-91-7636-694-3.
Programme of Prime Minister Sanna Marin’s Government 10 December 2019, Inclusive and Competent Finland—A Socially,
Economically and Ecologically Sustainable Society. Available online: http://urn.fi/URN:ISBN:978-952-287-811-3 (accessed on
13 December 2021).
Julkisen Puurakentamisen Kansalliset Tavoitteet [National Objectives for Public Wood Construction in Finland], Ministry
of the Environment. 2020. Available online: https://ym.fi/documents/1410903/38439968/Julkisen-puurakentamisenkansalliset-tavoitteet-45F5028E_8436_408A_8CD7_510C6C1AD000-161609.pdf/1fc95a52-5c50-4c9b-1f5d-325395658d72/
Julkisen-puurakentamisen-kansalliset-tavoitteet-45F5028E_8436_408A_8CD7_510C6C1AD000-161609.pdf?t=1603259868530
(accessed on 13 December 2021).
The Construction of Timber Houses in Chile. A Pillar of Sustainable Development and the Agenda for Economic Recovery, World
Bank. 2020. Available online: http://documents1.worldbank.org/curated/en/224671607109191179/pdf/The-Constructionof-Timber-Houses-in-Chile-A-Pillar-of-Sustainable-Development-and-the-Agenda-for-Economic-Recovery.pdf (accessed on
13 December 2021).
Política Forestal Chile 2015–2035. Consejo de Política Forestal, Corporación Nacional Forestal, CONAF. 2016. Available
online: https://www.conaf.cl/wpcontent/files_mf/1464613765libropoliticaforestal20152035actualizado.pdf (accessed on
13 December 2021).
The National Forest and Wood Programme (PNFB) 2016–2026, Ministere de l’Agriculture et de l’Alimentation. 2016. Available
online: https://inis.iaea.org/search/search.aspx?orig_q=RN:51010336 (accessed on 14 December 2021).
Plan Ambition Bois Construction 2030. Available online: https://www.uicb.pro/filiere-bois-presente-plan-ambition-boisconstruction-2030/ (accessed on 14 December 2021).
The Act of 20 July 2018 Amending the Act—Environmental Protection Law, Journal of Laws, 2018, Item 1648. Available online:
https://isap.sejm.gov.pl/isap.nsf/download.xsp/WDU20180001648/T/D20181648L.pdf (accessed on 26 November 2021).
Folkhem. Available online: https://www.folkhem.se/nyproduktion/stockholm/vasastan/hagastaden/cederhusen/ (accessed
on 7 December 2021).
MFB/Grönbo Building System. Available online: http://www.gronbo.com/ekologiskt-pa-riktigt (accessed on 7 December 2021).
Act 7/2021 of 20 May on Climate Change and Energy Transition. Available online: https://www.boe.es/eli/es/l/2021/05/20/7
(accessed on 3 December 2021).
Resolution No 107/2019 of the Council of Ministers Approving the Long-Term Strategy for Carbon Neutrality of the Portuguese
Economy in 2050, The Roadmap for Carbon Neutrality 2050. Available online: https://files.dre.pt/1s/2019/07/12300/03208032
99.pdf (accessed on 30 November 2021).
Hansen, E.; Nybakk, R.; Panwar, R. Innovation insights from North American forest sector research: A literature review. Forests
2014, 5, 1341–1355. [CrossRef]
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