' Aalto University

lliescu, Oana; Amiri, Ali; Junnila, Seppo
Drivers and challenges for wood-based construction in urban areas

Published in:
Environmental Research Communications

DOI:
10.1088/2515-7620/adafof

Published: 01/02/2025

Document Version
Publisher's PDF, also known as Version of record

Published under the following license:
CC BY

Please cite the original version:
lliescu, O., Amiri, A., & Junnila, S. (2025). Drivers and challenges for wood-based construction in urban areas.
Environmental Research Communications, 7(2), Article 025007. https://doi.org/10.1088/2515-7620/adafOf

This material is protected by colpyright and other intellectual property rights, and duplication or sale of all or
part of any of the repository collections is not permitted, except that material may be duplicated by ?/ou for
your research use or educational purposes in electronic or print form. You must obtain permission for any
other tuhse: Elgctronic or print copies may not be offered, whether for sale or otherwise to anyone who is not
an authorised user.


https://doi.org/10.1088/2515-7620/adaf0f
https://doi.org/10.1088/2515-7620/adaf0f

ENVIRONMENTAL RESEARCH W houseneine - £ PURPOSELED
COMMUNICATIONS

PAPER « OPEN ACCESS You may also like

. - vantages an isadvantages o
Drivers and challenges for wood-based Ag—g—g—%qu.érCOTsltrl"uBiont"demg f
nvironmental Impacts

construction in urban areas Dita Hoinkova

- Benefits of Construction Automation and
Robotics in the South African Construction
Industry
Ayodeji Oke, Opeoluwa Akinradewo,
Clinton Aigbavboa et al.

To cite this article: Oana lliescu et al 2025 Environ. Res. Commun. 7 025007

- Elucidation of the Influence of
Construction Waste Causative Factors and
Strateqgies towards Sustainable
Construction Waste Management

Improvement
Nurfadzillah Ishak, Muhammad Azizi

Azizan, Nur Soleha Abdul Rahim et al.

View the article online for updates and enhancements.

www.hidenanalytical.com
info@hiden.co.uk

ANALYTICAL

Sciencein

e
.

Mass spectrometers for vacuum, gas, plasma and surface science

HiDen

Ihn;\

——
Dissolved Species Analysis Gas Analysis
Hiden offers MIMS capabilities in the form of a benchtop HPR-40 DSA system for The QGA and HPR-20 series gas analysers are versatile tools designed for a broad
laboratory-based research and the portable case mounted pQA for applications spectrum of environmental applications, including pollution monitoring, biogas
that favour in-situ measurements in the field. Both are supplied with a choice of analysis, and sustainable energy research.
membrane material and user-changeable sample inlets.
(w) www.HidenAnalytical.com (= info@hiden.co.uk

This content was downloaded from IP address 130.233.58.38 on 24/02/2025 at 07:14


https://doi.org/10.1088/2515-7620/adaf0f
/article/10.1088/1757-899X/1203/3/032002
/article/10.1088/1757-899X/1203/3/032002
/article/10.1088/1757-899X/1203/3/032002
/article/10.1088/1755-1315/385/1/012063
/article/10.1088/1755-1315/385/1/012063
/article/10.1088/1755-1315/385/1/012063
/article/10.1088/1755-1315/1303/1/012040
/article/10.1088/1755-1315/1303/1/012040
/article/10.1088/1755-1315/1303/1/012040
/article/10.1088/1755-1315/1303/1/012040
/article/10.1088/1755-1315/1303/1/012040
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsv96TffH0zMlcA04it4ZqLm6Fgp6mUTeLpU7kALTqmjZPwpQFtDw9IrSOYUgWzv1C1ZOUGh3lpqVN4yRLd3UxqoaL876WPAWRDDJMYJvKmQxRl99l81jzDQRq5R_X663goriZx-ZMpEhoV32XVtD7RVSNRwpTo9oakoVhFHK3GsDnRF5DwJ8q5Wj7EfPB_uTY4p2iXNpCCU8ewpWu6mXPqTxRN8z5_FtXz-YHZDn8cUvulc80TJUGeypb1G7afaHxutvnmoHEi_EJPFGO91a-z1_HB0W7gxorIe0MPSGXGq9_JuVL8FmAp3SN2UdQO8EQx8USAF1QMqEgNUTFV2fPXTkalS6A3KCOuAVysFLUb5fg&sig=Cg0ArKJSzOfEv98myjgb&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://www.hidenanalytical.com/applications/environmental/

10P Publishing

® CrossMark

OPENACCESS

RECEIVED
11 November 2024

REVISED
14 January 2025

ACCEPTED FOR PUBLICATION
27 January 2025

PUBLISHED
6 February 2025

Original content from this
work may be used under
the terms of the Creative
Commons Attribution 4.0
licence.

Any further distribution of
this work must maintain
attribution to the
author(s) and the title of
the work, journal citation
and DOL

Environ. Res. Commun. 7 (2025) 025007 https://doi.org/10.1088,/2515-7620/adafOf

Environmental Research Communications

PAPER

Drivers and challenges for wood-based construction in urban areas

Oana Iliescu® , Ali Amiri® and Seppo Junnila
Real Estate Business Research Group, Department of Built Environment, Aalto University, Finland

E-mail: oana.iliescu@aalto.fi

Keywords: sustainable construction, stakeholder perception, low-carbon construction, wood building, timber building

Abstract

Wood-based construction (WBC) has gained prominence as a sustainable alternative to traditional
construction, offering significant environmental benefits such as carbon storage and reduced
greenhouse gas emissions. Its importance lies in its potential to contribute to climate change
mitigation while supporting economic growth and innovation in the construction industry.
Therefore, understanding the drivers and challenges of WBC is essential for its future development.
This study, at the first stage, conducted a literature review to identify the key drivers and challenges
associated with WBC, categorizing them into environmental, technical, economic, and perception
and policy aspects. Then, based on these findings, we conducted 20 semi-structured interviews with
WBC experts from Finland in the construction industry, public administration and academia to
compare theoretical perspectives with practical insights. Results revealed that literature often focuses
on matters such as life-cycle assessments, policy development, and renewable resource management.
On the other hand, interviewees emphasize practical concerns like technical feasibility, economic
viability, and client perceptions. Climate considerations are acknowledged by interview participants as
important but are often viewed as external expectations rather than core business drivers. This study
highlights the gap between academic research and industry practice.

1. Introduction

1.1. Background

Reducing greenhouse gas (GHG) emissions, mitigating, and adapting to climate change have become essential
actions to ensure a sustainable future. Nonetheless, the building sector is not changing fast enough to achieve its
sustainability goals by 2030 or even by 2050, according to the 2024 UNEP’s Global Status Report for Buildings
and Construction [1]. Currently, it accounts for an estimated 21% of all global GHG emissions [2]. Additionally,
as the population grows and increasingly moves towards urban areas, our demand for new construction
activities also rises [3]. Thus, the need for more robust solutions is more significant than ever.

In recent years, numerous environmental measures on a building level have focused on lowering the GHG
emissions from the operational phase [4—6]. These measures target energy efficiency improvements in the
building envelope (e.g., better insulation, more efficient windows, etc); renewable energy integration, water
management, building automation etc As a result, the relative share of GHG emissions from the operational
phase has decreased, while the embodied emissions have become a more significant factor in the overall lifecycle
emissions. Research notes that in energy-efficient buildings, embodied GHG emissions range from 45-50% to
over 90%, in some very rare cases [7—9]. Thus, adopting low-carbon material solutions on a larger scale could
help steer the industry toward carbon neutrality, reducing the embodied emissions of a building.

Wood represents such a solution. It is a renewable material, provided it is sourced sustainably from well-
managed forests. Rapid urbanisation and the resulting demand for new infrastructure and housing present an
opportunity for wood construction to play a pivotal role in reducing environmental impacts within cities. Unlike
conventional, carbon-intensive building materials, i.e., concrete or steel, wood building materials can
significantly lower the embodied carbon footprint of urban development while offering comparable structural
and aesthetic qualities [1, 10—12]. By integrating wood into multi-story housing, commercial buildings, and
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public spaces, cities can achieve GHG reductions [13—16]. Moreover, wood materials serve as along-term
carbon storage solution by retaining the carbon dioxide absorbed by trees [17, 18]. Wood’s adaptability to
modular pre-fabricated construction methods supports faster development and shorter construction time, an
essential benefit in densely populated urban areas. Accordingly, wood-based construction (WBC) in urban areas
could reduce the carbon footprint of buildings, becoming one possible pathway for sustainable and resilient
cities.

Traditionally, wood has been widely used as a construction material for single-family houses, especially in
the Northern countries [19], where it accounts for more than 80% of building frames [20]. Nowadays, the
development of engineered wood products such as glued laminated timber (glulam), cross-laminated timber
(CLT), or laminated veneer lumber (LVL) allows for the use of wood as a structural element in multi-storey
buildings [18-21]. However, to significantly contribute to sustainability in construction, the use of wood
elements in both structural and non-structural capacities must be substantially higher across all building types,
scales, and heights [17].

Research notes further beneficial aspects of WBC beyond its climate mitigation potential. EWPs have an
advantageous strength-to-weight ratio compared to alternative construction materials [22, 23]. They are well-
suited to prefabrication, leading to more time- and cost-efficient installations on site, fewer disruptions to the
surrounding environment, as well as safer and more standardized working conditions for the operators (ibid).
From the user perspective, there is a growing body of literature investigating wood-centric environments in
residential buildings. The studies focus on possible air quality improvements and a relaxing atmosphere, leading
to well-being and health benefits [24-28]. However, researchers note that these aspects are more difficult to
quantify due to numerous subjective factors. Whether driven by environmental benefits or other advantages, the
growing interest in WBC is increasingly evident across the industry [29].

The challenges associated with the development and growth of wood-based construction are also quite
diverse. Construction in general is a slow-changing industry, based on a multitude of standards and regulations,
on international (e.g., EU-wide) and national levels. At present, these standards favour well-established,
traditional construction materials. Additionally, users and construction professionals have varying perceptions
of wood durability, fire resistance, acoustic performance, and moisture control [30]. These perceptions might
affect the acceptance and appeal of wood as a building material. Consequently, the cost competitiveness of WBC
across different markets varies. Overall, the WBC industry is a multifaceted subject regarding both its potential
and limitations.

1.2. Aim and scope

Although the benefits of WBC are well-established, the industry’s growth has been slower than anticipated. The
research generally includes perspectives from one set of stakeholders in the WBC value chain and it focuses on
their position within the industry [31, 32]. There is a need for a holistic view from multiple perspectives which
would clarify the state and future development of the sector. This article aims to examine the drivers and
challenges of WBC from theoretical and practical perspectives. Towards that goal, this article proposes the
following research questions:

RQ1: What are the key drivers and challenges for large-scale adoption of wood-based construction proposed
in the scientific literature?

RQ2: How does the wood-based construction sector in Finland, as a forest-rich country, perceive the drivers
and challenges in wood-based construction?

This study is focused on Finland as a research area for WBC implementation. Although every country
presents distinctive cultural, economic, and environmental conditions, research suggests that there are similar
trends and attitudes towards WBC across the globe [33—36]. The Finnish research focus as a forerunner in the
global forest industry provides valuable future insights and a better understanding of WBC, contributing to the
growing body of knowledge which makes the application of these research findings to countries similar to
Finland in the world.

Finland is a Northern European country with vast forest resources (approximately 75% of its land area) [37],
astrong forestry industry, along with well-established forest management practices. Its strong background in
traditional wood construction and ambitious sustainability goals make it an excellent study area for the
development of multi-storey WBC. Despite the widespread support, research notes that the market share of
multi-storey WBC has only increased from 1% in 2010 to approximately 5-7% in 2022 [33, 38, 39]. Compared
to the state of WBC in countries like Sweden or the UK which share similar bioeconomy goals [40], Finland’s
progress has been limited.
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Figure 1. PRISMA flow chart detailing the literature review process.

2. Methodology

Two main methods were utilized to achieve the aims of this article, a literature review, and a set of semi-
structured interviews targeted to the WBC sector. In this context, the WBC sector is composed of stakeholders in
the following industries and domains: construction, engineered wood products (EWPs) manufacturers,
investors, policymakers, and academia. The purpose of the literature review was twofold: to provide i) a
theoretical foundation for developing the interview questions ii) and a research-based overview of the drivers
and challenges of WBC. We present the literature review process and its findings in section 2.1. Following that,
we use the results from literature to design the interview questions.

2.1. Theoretical background
The literature review was conducted in August 2023 and repeated in August 2024 to ensure that the latest
research is included in this article. The search was performed with Scopus, and it used the keyword strings: (wood
AND construction”) to be found in the article title AND (challenges OR barriers OR limitations OR drivers OR
benefits OR advantages) set to appear in the article title, abstract, keywords. The search criteria included all types
of peer-reviewed academic publications (journal articles, reviews, conference papers, book chapters, etc) with
results limited to English language availability. Additionally, after this initial search, the ‘snowball’ approach was
used to complement the existing sources [41]. The approach consisted of checking the references list of key
publications, consulting the publication lists of notable authors, and relying on previous expertise from the
authors. The next step in the literature review was a preliminary examination of the publications which consisted
of reading the title and abstract of each document. This was followed by a full-text assessment of the remaining
sources (figure 1). Their relevance to the current article was determined by the authors based on the research
questions and aims.

Going through the literature, we found that it is organized under different factors, i.e. environmental,
technical, economic, and subjective perception, as separate categories for exploring drivers and challenges. They
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are interdependent factors that influence the WBC sector. Firstly, environmental factors, such as the use of low-
carbon, renewable building materials, are significant drivers in the promotion of wood. While concerns about
deforestation and resource depletion act as barriers. Secondly, technical factors are crucial since structural
properties, durability, and fire resistance are essential considerations in building standards and safety
regulations. Thirdly, economic factors also play a vital role, with costs, market competitiveness, and lifecycle
benefits influencing decision-making in construction. While wood can offer cost advantages in certain contexts,
market price volatility and the need for specialized labour can create economic barriers. Lastly, the subjective
perception impacts stakeholder acceptance, as public and professional perceptions about the safety, durability,
and aesthetic value of wood can either drive or hinder its use.

Together, these four factors comprehensively represent the multidimensional influences on WBC,
providing a framework that allows for a well-rounded exploration of the field. This framework will guide the
semi-structured interviews, offering a clear structure for investigating both drivers and challenges identified in
the literature. The following (table 1) presents a summary of the key drivers and challenges of WBC identified
during the literature review phase.

2.2. Interview design

The second method used in this article was a qualitative research method in the form of semi-structured
interviews. Interviews are commonly used in research to gain in-depth knowledge and insights from the
participants, allowing for their perceptions to be later analysed [75, 76]. For the current research, semi-
structured interviews were deemed an appropriate research method for two reasons. In the first instance,
interviews provide practical insights from stakeholders to be compared to the theoretical findings from
literature. Secondly, the method offers the opportunity for a wide range of perspectives. The semi-structured
format of the interview allowed for open-ended, participant-focused questions with the option to further
explore a subject by asking non-leading follow-up questions. Research shows that the semi-structured format
creates a rapport between the interviewer and the participant, leading to a dialogue and the chance for more
detailed information to emerge [77-79].

2.2.1. Interview development

The first phase of developing the interviewing framework consisted of literature research on drivers and
challenges for the WBC sector with different stakeholder perspectives. The goal of this process was to become
familiar with the study area, understand the general issues of WBC examined in literature, and map the WBC
sector according to industries and stakeholder groups. The format of the interview followed guidelines reported
in literature [79], namely two levels of questions: the main questions covering the goals of this study and follow-
up questions encouraging participants to expand on their points. The follow-up questions were not pre-
determined but rather based on participants’ previous answers to maintain the dialogue. The establishing
questions focused on the participant’s background and previous experience with WBC. The main questions
were aimed at answering the research questions of this study and were designed to focus on larger themes

(table 2).

2.2.2. Participants selection

The next step in the process focused on compiling a list of potential interview participants. The research targeted
all key stakeholders required in the WBC sector. The key stakeholders i.e. interview participants, were tentatively
identified based on the WBC value chain, and later supplemented with our findings from the literature review.
Based on our research, the key stakeholders for the WBC sector were identified to be developers & investors,
contractors & designers, EWP manufacturers & supplies, public authorities, and researchers. The criteria for
selection were (i) has a relevant background in one of the industries representing the WBC sector (ii) has prior
expertise having been directly involved in WBC projects. The process relied on a snowball sampling method,
starting with relevant participants previously known to the authors and progressing with referrals from these
participants. The interview respondents have different professional backgrounds from industry, public
authority, and researcher categories in order to capture multidimensional and diverse points of view (table 3).

2.2.3. The interviewing process

The potential participants were initially contacted through an email containing background information on the
author and the study. In case of an affirmative answer, the potential participants were sent a detailed privacy
notice to ensure transparency and compliance with data protection laws, a consent form, and the questions if
they so requested. The interviews took place in a six-month period online through Microsoft Teams or in person
in the Helsinki Metropolitan Region (Finland), at the request of the participants. They were conducted in

4



Table 1. A summary of literature review findings of the drivers and challenges of wood-based construction.

Drivers for wood-based construction

References

Environmental

Technical
Economic

Perception

Wood as a renewable source

Lower embodied energy

Substitution effects

Carbon storage

Material innovations (composite materials)
Prefabrication and modular construction
Added value for local development
Support for circular economy

Positive outlook based on wood benefits
Institutional support

United Nations Environment Programme 2024 [1], Hammond and Jones 2008 [10]

Buchanan and Levine 1999 [42], Borjesson and Gustavsson 2000 [43], Bejo 2017 [44], Schenk and Amiri 2022 [45]
Hildebrandt et al 2017 [46], Johnston and Radeloff 2019 [47], Talvitie et al 2023 [48]

Sathre and O’Connor 2010 [15], Leskinen et al 2018 [49], Howard et al 2021 [50]

Fadai etal 2014 [51], Weinand 2020 [52], Hinsel et al 2022 [53], De Araujo et al 2023 [54], Vladimirova and Gong 2024 [55]
Cheung et al 2016 [56], Svajlenka et al 2017 [57], Wong Chong et al 2022 [58]

Hynynen 2016 [59], Wuni and Shen 2019 [60]

Husgafvel and Sakaguchi 2023 [61]

Hemstrom et al 2011 [62], Wang et al 2014 [36]

Hurmekoski et al 2018 [63], Toppinen et al 2018 [30]

Challenges for wood-based construction

References

Environmental

Technical

Economic

Perception

Risks for unsustainable forestry practices
Biodiversity loss

Design difficulties due to fire safety

Lack of expertise and training

Limited industry capacity

Limited progress in automation
Cost-competitiveness

Lack of sustained innovation
Misconceptions

Lack of widespread acceptance

Ioannidou et al 2019 [64], Seppild et al 2019 [65], Soimakallio et al 2021 [66]
Mishra et al 2022 [67]

Roos et al 2008 [68], Mohammadi and Ling 2017 [69], Churkina et al 2020 [ 18]
Hemstrém etal 2011 [62], Mahapatra et al 2012 [40]

Brege etal 2014 [70], Gosselin et al 2016 [31], Toppinen etal 2018 [30]
Gharaibeh etal 2022 [71]

Riala and Ilola 2014 [72], Salmi et al 2022 [73]

Bossink 2018 [74]

Wang et al 2014 [36], Leszczyszyn et al 2022 [34],

Lehmann 2012 [22]

sulysiiand dol
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Table 2. Interview questions format for stakeholders in construction, EWPs manufacturing, policymaking,
and academia.

Type Interview questions

—_

Professional background . Please tell me a bit about your background. Can you
describe a notable project you were involved with?
2. Please tell me more about your organization and the busi-
ness model (e.g., product sales, integrated forest-to-fin-

ished product, custom manufacturing, consulting etc)

Industry analysis: drivers and 3. Please describe the wood construction industry from your
challenges perspective, following the highlights and trends that you
have noticed.

4. What are in your opinion the drivers for wood
construction?

5. What are in your opinion the biggest challenges faced by
wood construction and its ability to grow in Finland?

6. What is your opinion on the growth/development of the
industry in Finland in the coming years (short/
long term)?

7. What is your impression of collaboration efforts among
wood construction stakeholders? And the role you/your
organisation has played?

Environmental factors of WBC 8. How important do you consider the forestry sector as a
limiting factor in the growth of wood construction and
engineered wood products?

9. How important do you consider the carbon storage of
wood-based materials in construction?

10. How do you approach circular economy principles and
what are the strategies in your organisation?

English, lasting from 30 minutes to one hour, and they were recorded for later analysis with the permission of the
participants.

In total, 20 interviews were conducted during the study period. Thereafter, based on the author’s
observations during the interviews and by reading previous transcripts, there were no new themes emerging
from the interviews. This was considered the point of saturation for this study [80, 81]. Some researchers
consider it an ‘ongoing, cumulative judgment’ rather than a well-defined point [82]. This perspective is worth
acknowledging because it indicates the balance to be achieved in data gathering between a robust data set and
continued resource allocation.

2.2.4. Data analysis

The interviews were transcribed using the in-built function of Microsoft Teams. In the first step of the data
analysis process, as a privacy measure, all personal information relating to respondents was censored, and the
interviewees were given numeric identifiers. Secondly, the interview data was uploaded to the qualitative data
management and analysis software Atlas.ti (v24). Given the goals of the current research, a thematic content
analysis was deemed suitable. The study utilized thematic content analysis to identify and analyse patterns
(themes) within data. It proved to be useful for examining the perspectives of different respondents, highlighting
similarities and differences, and generating insights into stakeholder perception of drivers and challenges in
WBC implementation in Finland [83]. Our analysis focused on identifying and coding themes, patterns, and
concepts that emerge holistically across all interviews (representing the WBC sector); thus, we did not analyse
each interviewee separately as a unit of analysis. The process progressed in the following steps: 1) familiarization
with data, which included reading and re-reading the data and noting down initial i.e. draft codes, 2) coding, i.e.
systematically identifying interesting features of the data across the entire dataset, which involved labelling
segments of data with codes that capture their essence, 3) collating codes into potential themes driven from
literature under the two categories of drivers and challenges in WBC, 4) reviewing the themes, i.e. checking if the
themes work in relation to the coded extracts, pre-determined categories, and the entire dataset, 5) generating
clear names for each theme. Finally, the findings were analysed for the whole dataset.




10P Publishing

Environ. Res. Commun. 7 (2025) 025007 Olliescu et al

Table 3. Overview of interview respondents’ industry/domain, primary position, duration of the interviews (average 43 minutes), and the
date when they took place.

Industry & respondent numeric Duration Date
identifier Position in organisation (minutes) (m/y)
R5: Construction Wood Technology Manager 33 Feb 2024
R6: Construction Managing Director 47 Feb 2024
R7: Construction Consultant 43 Apr2024
R8: Construction Construction Specialist 53 Feb 2024
R12: EWPs manufacturing Sustainability Manager 38 Feb 2024
R13: EWPs manufacturing Business Manager 40 Feb 2024
R14: EWPs manufacturing Sales Director 46 Mar 2024
R15: EWPs manufacturing Plant Manager 30 May 2024
R9: Investment & Development Chief Architect 64 Feb 2024
R10: Investment & Development Fund Manager 56 Apr 2024
R11: Investment & Development Real Estate Director 32 Apr 2024
R16: Policy-making Architect 44 Feb 2024
R17: Policy-making Construction Specialist 55 Feb 2024
R18: Policy-making Project Manager 59 Mar 2024
R19: Policy-making Chief Specialist 50 Jan 2024
R20: Policy-making Development Manager 45 Feb 2024
R1: Academia Material science researcher 52 Jan 2024
R2: Academia Construction & LCA researcher 21 Jan 2024
R3: Academia Senior Project Manager 33 May 2024
R4: Academia Architecture researcher 32 Jan 2024

“Policy-making as an industry category refers to public authorities as well as specialists involved in any capacity in shaping or influencing policy, legislation, etc

3. Results

3.1. Thematic content analysis results

Throughout the interview analysis process, all codes have been recorded and collated into themes (i.e.,
environmental, technical, economic, perception), with the results presented in figures 2 and 3. The total number
for each code refers to the number of mentions, not the number of interview respondents who mentioned it.
Respondents may have discussed the same topic in different contexts or added additional insights, in which case
the code was applied again. It is relevant to apply codes in each instance in order to capture the prevalence of a
topicand/or its richness.

3.1.1. Drivers for wood-based construction
Figure 2 displays the frequency of 17 different codes identified in the respondents’ answers, providing a clear
overview of the themes driving the development of WBC.

3.1.1.1. Environmental drivers

The environmental drivers were at the forefront of respondents’ answers (figure 2). There are five codes grouped
under this theme. Codes 7 and 8 indicated that Finland’s strong forestry sector should be an encouraging factor
for WBC development, as an opportunity: ‘We need those materials [concrete and steel] too, but the materials don’t
grow back and that’s one of the things that if we have a sustainable forest management, we can keep those forest
blooming, which then again stores that carbon from the air and as long as we can make the building lifecycle longer,
it’s better for the environment too.” (Respondent (R)12). Respectively, code 8 focused on the availability and
material share allocation of forest resources between paper, pulp, bioenergy, construction, etc. When asked
about the effects of WBC on forest resources, six respondents indicated that the share of resources diverted to
construction is not nearly as significant as to affect the forest. ‘If we had half concrete buildings to wood buildings,
we still wouldn’t be using that much wood. Most of it is simply exported. So the argument against wood construction
based on that fact just doesn’t stand up.” (R1). Another respondent pointed out that the Finnish WBC sector uses
an insignificant amount of the total wood resources ‘I don’t think it’s a bottleneck in a way because it’s only a very
minor, minor part which is used in construction in Finland.” (R3).

The other three environmental theme codes contained the mentions of circular economy practices (code
14), carbon storage (code 5), and climate considerations (code 1) as the main drivers for WBC. Three
respondents mentioned the mutual benefits for WBC and circular economy principles, such as material reuse
either from the EWPs production process or at the end-of-life of a building. Carbon storage was mentioned by 9
different respondents as a driver for WBC. Respondents mentioned that it is a beneficial factor, but its relative
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Frequency of Code Mentions from Interview Respondents in the Drivers of Wood-Based Construction

Code 1: Climate considerations [ 20
Code 2: Hybrid construction 14
Code 3:Policy-driven construction [N 14
Code 4: Optimism for growth [N 10
Code 5:Carbon storage [N o
Code 6: Well-being & pleasant atmosphere e s
Code 7: Forest not a limiting factor [ N N M D ¢
Code 8: Strong forestry sector [ NNEGEGTNNEEEEEEED 5

Code 9: Existing expertise 5

Code 10: Pre-fabrication 4

Code 11: Modular building 4

Code 12: Lightweight material 4

Code 13: Fast construction 4

Code 14: Circular economy practices N ' :
Environmental drivers
Code 15: Urban infill WBC 3

Technical drivers
Code 16: Creating competition [ NRNEERED 2 Economic drivers
Perception drivers.

Code 17: Dimensional accuracy 1

Figure 2. Identified codes grouped in themes for drivers of WBC using Atlas.ti (v24) and obtained from interview responses.

Frequency of Code Mentions from Interview Respondents in the Challenges of Wood-based Construction

Code 18: Costs challenge | 2
Code 19: Engineered wood production [ 1 5
Code 20: Lack of contractors/producers (wood) [N 13
Code 21: Risk aversion  [— 12
Code 22: Limited standards [ 12
Code 23: Project issues | 10
Code 24: Lack of trained experts [N =
Code 25: Fire regulation [N =
Code 26: Financing wooden construction [
Code 27: Circular economy limitations [ =
Code 28: Market size [ D /
Code 29: Lack of collaboration [ 7
Code 30: Design & tender stage challenges [N NNNINGEGEGEEEEEEGEEEEE ©
Code 31: Conservative construction industry [N 5
Code 32: Stagnant WBC sector [N 1
Code 33: Pressure on the forest [
Code 34: Lack of government support [N £
Code 35: Business model changes [ D
Code 36: Tight regulations  [INNG_G_ 3
Code 37: Lack of initiative [N 3
Code 38: Structural differences | ? Environmental challenges
Code 39: Carbon storage accounting [N 2 Technical challen;
Code 40: Academic vs. practical perspectives IS 2 Economic challenges
Code 41: Acoustics challenges [ 1 Perception challenges

Figure 3. Identified codes grouped in themes for challenges of WBC using Atlas.ti (v24) and obtained from interview responses.

importance compared to other environmental benefits of WBC is much lower: ‘Unless we reduce our total
emissions, it’s going to make no difference. It’s going to be a drop in the ocean. But, of course, it makes more sense to
store carbon in long-term wood products than not to.” (R1). However, one respondent underlined that carbon
storage capacity may bring advantages to WBC from a business standpoint: ‘They are doing this quality-based
competition for the different projects and one component is carbon footprint and innovation with the carbon
footprint. So, this is how carbon sinks play a role in that.” (R6).

The climate considerations code was based on the expressed motivation for developing WBC from the
respondents. Among the interviewees, 13 highlighted the move towards wood as a construction material because
it has lower environmental impacts compared to other materials. Respondents from academia based their
remarks on project results and calculations ‘we have been doing a lot of LCA calculations for the buildings [... ] and
based on those, we know that the wood in those wooden buildings has lot lower emissions even though you are not
calculating the carbon storage.” (R3). While the other industry respondents commented on the demand for more
sustainable construction stemming from broader changes toward environmental awareness and the need to
align with those changes. They commented on the environmental drivers for WBC as a matter of corporate
responsibility: ‘But if we think about sustainability, we need to start to think about the whole life cycle and also the
construction phase. If we want to be a responsible investor or developer, it’s not only the energy efficiency, it’s also what
happens before the building exists.” (R10); brand awareness for the client: ‘I’s a brand choice. Also concrete, anybody
can we have a concrete office.” (R8); or even consumer demand: ‘T have also made many interviews from the
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inhabitants of multi-storey timber frame houses and all inhabitants say that these environmental aspects nowadays
are the biggest issue in promoting construction.” (R4).

3.1.1.2. Technical drivers

When asked about the drivers for WBC, participants with a construction or manufacturing background focused
on the technical theme. Prefabrication (code 10) and modular construction (code 11) were mentioned by seven
different respondents, with one noting that ‘I think in the highlights, is the prefabrication. That’s where the biggest
potentialis.” (R12). They mentioned that modern construction methods bring an increase in efficiency on and off
the construction site due to ease of assembly (R14). Also, another respondent highlighted quality ‘And then the
other competitive edge for timber is quality. If you can produce as much as possible in a factory, you control the quality
very well.” (R8).

Fast construction (code 13) was mentioned four times by two respondents in connection to prefabrication
techniques. An interviewee from the construction industry described the improved timeline of construction in
wood projects when asked about the main drivers for WBC: ‘Well definitely the first one is that the actual
construction process is very fast. So on site it’s a matter of weeks. The whole building is built or assembled and even if
you count the time that the factory takes, it is still maybe eight months overall compared to 14 to 15 monthsin a
traditional way.” (R7). Likewise, two policy-makers emphasized that WBC is particularly suited in urban areas,
where there is a need for infill construction projects (code 15) which can be modular and not disturb the
surrounding areas (R 16,20).

Another driver mentioned in particular by construction and EWPs industries respondents is that wood is a
lightweight material (code 12). All these technical drivers are connected and their implications are summarised
by one respondent as such: /Wood|is also five times lighter than concrete, which means way less transportation and
it’s also making the timeline faster and the whole process has to be under control. So, in that sense, I see the biggest
benefits with the wood construction, especially in the urban areas because of the transportation and the
prefabrication.” (R12).

In response to the question regarding drivers of WBC, 4 respondents addressed the existing expertise (code
9). Throughout their professional activities, they had noticed an increase in designers, architects, engineers who
are trained to work with wood (R 9,3). Moreover, some indicated this expertise in a wider context: /... ]
construction companies, those biggest construction companies in Finland, they very much had plenty work to get to
know CLT and those wooden structures.” (R18).

Lastly, the most frequent code in the technical perspectives was hybrid construction (code 2). Twelve
participants made a total of 14 mentions of hybrid construction techniques. They discussed the need for hybrid
structures from a ‘best-outcome possible’ viewpoint, emphasizing materials serving different purposes in
various proportions. ‘But I think one thing that does strike me still though, is that we have this very polarised view.
IP’s either a wooden building or not a wooden building. Whereas, in fact, they’re both hybrid buildings. They both
contain the same sets of materials. Just one has a bit more wood and one has a bit less concrete.” (R1). Also, another
interviewee echoed the sentiment from an industry perspective: ‘I’d say the hybrid structure is the key. The
dialogue with other material providers is the key. We don’t need to battle between concrete sector and steel sector, they
should be shaking hands because we all know that timber can be good in some places, but then again, concrete and
steel, they have their own places. It’s a material combination that works.” (R12).

3.1.1.3. Economic drivers

Only two respondents focused on WBC as a business opportunity to improve overall price competition (code
16) in the industry. They remarked on the growth of WBC as a driver for more diverse options which, in turn,
would lower prices for new developments: ‘From the business point of view it’s a good thing that we have other
options for the concrete buildings. The competition between different kinds of construction solutions is good for the
prices.” (R9).

3.1.1.4. Subjective perception drivers

This larger theme incorporates more subjective views expressed by the participants and how they perceive and
integrate WBC within the broader socio-political context. Generally, the codes in this section emerged from
answers to questions on the perceived future of WBC and the main drivers behind it (table 2). Regarding their
expectations for the future, nine respondents expressed their view as being relatively optimistic (code 4),
especially compared to the present state: ‘If we just talk about the multi-storey buildings, now the market share is
around 5% and I think with relatively small changes, it could rise to 20%. [...] And, when the market is as bad as it is
now, then companies are more willing to discuss.” (R19). Meanwhile, a respondent from the investors group was
more reserved: ‘Well, I do see increase in volumes and in the number of buildings being constructed. So, it is becoming
more popular, but it is very regional.” (R10).
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Six respondents representing different industries reported on the feelings of well-being and health (code 6)
associated with wood use in buildings. They discussed their own perception as well as general beliefs and
feedback from users: ‘I think the users usually like them, they like the wood, the feel, and the air quality. [...]even
though it’s measured that the air quality is not automatically better in wooden buildings, but the people think that.’
(R17) and ‘The atmosphere inside and the feedback we get from the tenants, they’re really positive.” (R11). While
others focused on the well-being aspect as an opportunity to increase the usage of wood in such projects as
kindergartens and schools (R 16,20).

The policy-driven construction (code 3) refers to the motivation behind selecting wood as a construction
material, largely driven by climate policies and legislation regarding reductions in CO, emissions. This code is
strongly related to the environmental code of climate considerations (code 1) and undoubtedly, they are both
considered drivers for WBC. However, there is a clear difference in the reasoning expressed by 11 respondents.
They referenced city planning and plot allotments, housing programmes, and climate legislation as drivers
behind the choice for WBC. A policy-making industry respondent noted that ‘the programme for housing policy
has stated that we have to promote wood construction. So, we do it because it’s a policy and also it has been for a long
time. [... ] there were many options to cut carbon emissions and wooden housing was seen as being the only real
solution.” (R20). From the construction industry, one respondent remarked: ‘One thing is, if you want to have
projects, there’s a heavy steering towards wood and wood construction from city level.” (R6).

3.1.2. Challenges for wood-based construction

The WBC sector presents a complex set of challenges, as revealed through the responses of the interview
participants. Figure 3 provides an overview of the 24 identified codes. They are accordingly categorised in the
larger themes of environment, technical, economic, as well as subjective perceptions.

3.1.2.1. Environmental challenges

The environmental challenges emerged from the questions related to the importance placed on carbon storage
oflong-lasting HWPs, forestry, and circular economy perceptions (table 2). Thus, there are only three codes in
this theme. One respondent from the construction industry signalled confusion related to carbon storage (code
39) benefits. While a respondent from the investment industry related that carbon storage is often disregarded in
their activity due to misgivings about possible double counting when offsetting GHG emissions.

Regarding the forest resources (code 33), there were four respondents who raised concerns. A respondent
from the EWPs manufacturing sector indicated uncertainty over differing accounts of resource availability.
Meanwhile, three respondents from academia deliberated on resource distribution between industries and the
efficiency of their processes: ‘it very quickly comes to the debate between how do we value the forest? So, I think there
needs to be a longer-term discussion about how we utilise forest resources. I would hope and wish to see a more
balanced viewpoint and approach.” (R1).

Lastly, when discussing the circular use of wood resources (code 27), there was a distinction between
academics, industry, and policymaking respondents. The former focused on the need to increase the share of
long-lasting wood products and the reuse of waste or by-products from the manufacturing process. The latter
respondents discussed the missed opportunities to recycle materials at the end-of-life stage of a building or
project: ‘we should start to check how to recycle wooden structure parts, how to recycle concrete parts. We should
connect those recycled parts more effectively. We are not active enough.” (R18).

3.1.2.2. Technical challenges

The technical theme was at the forefront of the respondents’ answers, with a share of approximately 38% of all
codes in the challenges analysis. Interview participants highlighted issues related to acoustics (code 41),
structural differences between WBC and traditional construction (code 38), tight regulations (code 36)
regarding exposed wood in multi-storey wood buildings (over 8 storeys), and stringent fire regulations (code
25). Five respondents reflected on the impact that restrictive fire regulation in Finland has on the desirability of
wood buildings. One respondent from the policy-making industry noted that ‘most of the investors were thinking
ifthe structure is all wood, some of it should be also visible. It’s a problem in Finland because of the fire

regulations.” (R18).

Another significant code is the limited standards (code 22). Respondents had views on standardization on
different scales, specific to their industry or domain. Policy-making respondents observed that there is no
standardised construction method or preferred structural system for projects within the city’s plan. In their
opinion, this created a large number of unique projects, without continuity or the opportunity for knowledge
transfer. From the construction sector, participants identified as challenges the lack of standard documentation
and standard joint connectors. Respondents from academia provided an overview of the efforts to introduce
standard elements and practices in WBC over the years: ‘All major players have had their own systems and own
details and own joint geometries. And a decade ago there was such a major effort in Finland to harmonise this [...]. It
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really didn’t take off. And that’s why we are still in the same situation that different wood construction systems are
pretty unique.” (R2).

The lack of collaboration (code 29) and the lack of trained experts (code 24) have seven and eight mentions,
respectively (figure 3). Regarding collaboration, respondents from the manufacturing and construction sectors
emphasized the large number of stakeholders involved in a project and the need for more widespread
communication to avoid repetition and delays. Some specifically mentioned the dialogue between designers and
contractors as lacking. A respondent from academia summarised the ‘connections between different actors
involved in the construction process. I think there’s a lack of coordination, lack of joint understanding. I think the
fragmentation within the process is actually often a hindrance.” (R1). Six respondents from industries except
academia also commented on the need for more expertise and training in architects, civil and structural
engineers, etc One commented that ‘there’s not too many people in this country who actually know how to build,
how to design with wood. And, of course, they’re providing that continuous training. But there could be more.” (R12).

Lastly, the two most mentioned codes from the technical theme are the challenges in EWPs manufacturing
(code 19) and the lack of contractors and EWPs manufacturers (code 20). The first code was mentioned by 4
participants in several instances, and it is a two-dimensional challenge. It refers to both a lack of production
capacity for large volumes of EWPs in Finland as well as a related challenge of producing elements with diverse
dimensions/specifications. Respondents commented on the lack of capacity in the industrial production of
EWPs: ‘We manufacture wooden frame elements for our own needs and also sell [.... | if there is capacity available.
Every project is customer-based. We don’t manufacture anything unless there is a deal made with customers
beforehand.” (R15). The lack of contractors and manufacturers (code 20) was mentioned 13 times by 11 interview
participants, predominantly from the construction, EWPs manufacturing, and policymaking. The developers
have particularly remarked that the number of contractors able to handle a large project is severely limited in
Finland.

3.1.2.3. Economic challenges

The economic theme gathered the most mentions when participants were asked about the challenges they see in
the WBC sector. The business model changes (code 35) has four mentions, early-stage project challenges (code
30) has six mentions, and market size (code 28) has seven mentions. The first two codes relate to changes needed
in WBC, specifically to address differences from traditional design, tender, and construction methods. They
reflect some respondents’ views on companies needing to adjust their business strategies in order to account for
these differences and provide integrated solutions. A policy-making respondent commented on the procedure
changes: ‘Builders are also responsible for the design in our projects. Usually, we design them ourselves and then we get
the contractor to build it, but with wood construction |[... [ they’re also responsible for the design because the
contractors have one way of building wooden buildings, which is unique for them.” (R20).

The market size code is interlinked with codes from the technical and economic themes. Respondents
referenced the relatively small market in Finland as a challenge for WBC development and its stability as a sector,
as well as for standardisation, contractor numbers, and investments in manufacturing capacity. A policy-making
respondent noted that it is ‘not easy to develop the systems or develop standardisation if we don’t have so many
customers, if we don’t have big projects from abroad and we are only working inside Finnish borders.” (R18).

The two most frequent codes in the economic theme are financing wood construction (code 26) and cost
challenges (code 18). The former relates rather to the ability and readiness of construction companies to finance
their projects rather than specific financing tools for WBC. One construction respondent described that
challenges emerge in WBC due to faster construction times, leading to the company needing more working
capital to cover upfront costs at the outset of a project. Also, they emphasised the balance of profit and risk in a
project when the majority of wood elements are produced and installed by a subcontractor. ‘In previous projects,
less than 10% of the investment value was from wood products. Over 90% was something else. So, if you don’t handle
the 90%, then you lose a lot of money.” (R19).

The latter code of cost challenges (code 18) has 23 mentions made by 13 respondents. The majority of
respondents commented on the higher cost of WBC from their industry’s perspective, trying to identify reasons
for it. They have pointed out various other challenges such as a lack of contractors, limited competition, or
variations in wood prices as causes for higher costs associated with wood buildings. They all indicated that,
despite other benefits, the economic bottom line is essential, and without a decrease in prices, significant growth
remains unlikely.

3.1.2.4. Subjective perception challenges

This theme is represented through 6 codes. Three respondents mentioned a lack of initiative (code 37) amongst
industry stakeholders, referencing the discrepancies between their expressed goals and the effort to accomplish
them. Furthermore, four respondents from the policymaking and construction industries commented on the
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importance of continued government support for WBC (code 34), noting that the challenges faced by the sector
in a supportive environment are likely to be exacerbated in the absence of such support.

The codes stagnant WBC sector (code 32) and conservative construction industry (code 31) stemmed from
the respondents’ perceptions of their experiences within the industry. An academia respondent pointed out
WBC’s lack of sustained development: ‘those [construction] companies, they might have one wood project every five
or 10 years. So, there is no systematic development going on. It’s more like project-based approach and, even though
you will work with them with some project, so there is no reputation after that.” (R3). They continued by reasoning
that WBC operates within a conservative construction environment: ‘the sector is very conservative, and those
changes are very slow. [.... [ in the end when the project ends, we are going back to how we used to do things.” (R3).

3.1.3. Key findings

Table 4 summarises the results for drivers and challenges in the WBC sector, including supporting quotes from
interview respondents. Codes with similar meanings or related concepts were grouped in clusters under the
larger themes of environment, technical, economic, and perception. As such, clusters provide clarity and
coherence. This table, mirroring the format of the literature review findings in table 1, provides a straightforward
basis for comparison that will be elaborated in the following Discussion section.

4. Discussion

The present research aimed to explore the drivers and challenges influencing wood-based construction (WBC)
in Finland, a country with extensive forestry resources and a significant bioeconomy focus. Recognizing the
potential of wood as a sustainable material for mitigating greenhouse gas emissions and promoting low-carbon
building solutions, this study aimed to identify the factors that encourage or hinder the adoption of wood in
construction. Given the global momentum for sustainable development, this research addresses an important
gap by presenting the perspectives of multiple stakeholders within the WBC value chain, thus providing insights
into the drivers and challenges for WBC development in a Finnish context.

Our research was conducted in two main stages: first, a comprehensive literature review to establish the
theoretical foundation for WBC drivers and challenges, and second, a qualitative study involving semi-
structured interviews with key stakeholders in Finland’s WBC sector. The literature review allowed us to
categorize the main drivers and barriers into four thematic areas—environmental, technical, economic, and
perception factors. These themes then informed our interview questions, facilitating a structured approach to
data collection. The interviews were conducted with professionals across academia, EWPs manufacturing,
construction, investment and development sectors, and public administration. A thematic analysis was
performed on the results of the interviews using the qualitative analysis tool Atlas.ti (v24). The data was coded
and categorised according to themes, mirroring those identified in the literature review.

Wood-based construction has reemerged in the modern construction context due to its established
environmental benefits, based on renewable materials, carbon storage, and substitution abilities. Thus, the
potential to reduce the environmental impacts of the construction sector is at the forefront of WBC drivers. This
perspective is emphasised by both literature and the results of the thematic analysis. Certainly, the focus in
literature appears to have shifted towards questions of renewable resource management, future use scenarios,
comparative LCAs, etc. The discussion is centred on more complex and detailed aspects of WBC, often
exploring policy implications, regulatory frameworks, and incentives that promote the adoption of WBC to
achieve broader environmental and economic objectives [63, 84].

The insights from interview participants demonstrate that environmental considerations are recognized by
practitioners as a main driver for WBC. Their remarks pointed out similar themes of environmental awareness
and the prominent role of wood as a renewable construction material. However, this appears to be more
externally motivated. They acknowledge that climate considerations are desirable from societal and policy
standpoints, rather than a core value which drives business decisions. By contrasting the drivers and challenges
expressed by participants, it appears that economic factors such as the cost efficiency of WBC influence their
decisions to a greater extent.

Economically, wood construction presents both drivers and challenges. Our findings reveal that WBC has
economic advantages through reduced on-site construction times and lower transportation costs due to the
lightweight nature of wood, which supports efficiency and affordability in some contexts. This aligns with
findings by (57), who observed significant cost and time savings when comparing prefabricated wood elements
to traditional masonry structures. However, stakeholders also pointed to economic barriers such as high upfront
costs, market limitations, and EWPs production and construction constraints, which can make WBC less
competitive in larger projects.) (72) note similar concerns, highlighting that high initial investment costs, limited
supplier networks, and price volatility can deter construction companies from choosing wood. Thus, while there
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Table 4. A summary of results of the drivers and challenges of wood-based construction.

Results of drivers for wood-based construction

Examples of respondent quotes

Environmental theme Strong forestry sector (codes 7, 8)

Carbon storage (code 5)
Lower embodied energy (code 1)

Environmental and brand awareness (codes 1, 14)

Technical theme Prefabrication and modular construction (codes 10, 11, 13, 17)

Lightweight material (code 12)

Existing expertise (code 9)
Hybrid construction (codes 2, 15)

Economic theme Competition-driven prices (code 16)
Perception theme Positive outlook (code 4)
Well-being and health benefits (code 6)

Policy support (code 3)

R12:°... if we have a sustainable forest management, we can keep those forest blooming, which then again stores that carbon from the air
and as long as we can make the building lifecycle longer, it’s better for the environment too.”

R1: If we had half concrete buildings to wood buildings, we still wouldn’t be using that much wood. Most of it is simply exported. So the
argument against wood construction based on that fact just doesn’t stand up.’

R6: ‘They are doing this quality-based competition for the different projects and one component is carbon footprint and innovation with
the carbon footprint. So, this is how carbon sinks play a role in that.”

R3: ‘We have been doing alot of LCA calculations for the buildings [ ...] and based on those, we know that the wood in those wooden
buildings has lot lower emissions even though you are not calculating the carbon storage.”

R4: Thave also made many interviews from the inhabitants of multi-storey timber frame houses and all inhabitants say that these environ-
mental aspects nowadays are the biggest issue in promoting construction.’

R8: ‘It’s a brand choice. Also concrete, anybody can we have a concrete office.”

R12: T think in the highlights, is the prefabrication. That’s where the biggest potential is.”

R7:[...] the actual construction process is very fast. So on site it’s a matter of weeks. The whole building is built or assembled and even if
you count the time that the factory takes, it is still maybe eight months overall compared to 14 to 15 months in a traditional way.”

R12: [Wood] is also five times lighter than concrete, which means way less transportation and it’s also making the timeline faster [...]
especially in the urban areas because of the transportation and the prefabrication.’

R18: ‘construction companies, [...] they very much had plenty work to get to know CLT and those wooden structures.”

R12: T’d say the hybrid structure is the key. The dialogue with other material providers is the key. [...] timber can be good in some places,
concrete and steel, they have their own places. It’s a material combination that works.”

R9: ‘From the business point of view it’s a good thing that we have other options for the concrete buildings. The competition between
different kinds of construction solutions is good for the prices.’

R19: ‘If we just talk about the multi-storey buildings, now the market share is around 5% and I think with relatively small changes, it could
rise to 20%.’

R17: T think the users usually like [...] the wood, the feel, and the air quality. [...] even though it’s measured that the air quality is not
automatically better in wooden buildings, but the people think that.’

R6: ‘One thing is, if you want to have projects, there’s a heavy steering towards wood and wood construction from city level.”

Results of challenges for wood-based construction

Examples of respondent quotes

Environmental theme Pressure on the forest (code 33)

Limited circular practices (codes 27, 39)

R1: ‘it very quickly comes to the debate between how do we value the forest? So, I think there needs to be a longer-term discussion about
how we utilise forest resources.’

R18: ‘we should start to check how to recycle wooden structure parts, how to recycle concrete parts. We should connect those recycled
parts more effectively. We are not active enough.’
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Table 4. (Continued.)

Results of challenges for wood-based construction

Examples of respondent quotes

Technical theme

Economic theme

Perception theme

Design difficulties (codes 23, 25, 30, 36, 38,41)
Lack of standardisation (code 22)

Lack of collaboration (code 29)

Lack of expertise and training (code 24)

Limited industry capacity (codes 19, 20)
Business model changes (code 35)

Costs (codes 18, 26)

Market size (code 28)

Lack of sustained development (codes 32, 34, 37)

Conservative mindset (codes 21, 31)

R18: ‘most of the investors were thinking if the structure is all wood, some of it should be also visible. It’s a problem in Finland because of
the fire regulations.’

R2: ‘All major players have had their own systems and own details and own joint geometries. And a decade ago there was such a major effort
in Finland to harmonise this [...]. It really didn’t take off.”

R1: ‘connections between different actors involved in the construction process. I think there’s a lack of coordination, lack of joint under-
standing. I think the fragmentation within the process is actually often a hindrance.’

R12: ‘there’s not too many people in this country who actually know how to build, how to design with wood. And, of course, they’re
providing that continuous training. But there could be more.”

R15: ‘We manufacture wooden frame elements for our own needs and also sell [....]. We don’t manufacture anything unless there is a deal
made with customers beforehand.’

R20: ‘Usually, we design them ourselves and then we get the contractor to build it, but with wood construction [...] they’re also responsible
for the design because the contractors have one way of building wooden buildings, which is unique for them.”

R19: ‘In previous projects, less than 10% of the investment value was from wood products. Over 90% was something else. So, if you don’t
handle the 90%, then you lose alot of money.’

R18: ‘not easy to develop the systems or develop standardisation if we don’t have so many customers, if we don’t have big projects from
abroad and we are only working inside Finnish borders.”

R3: ‘those [construction] companies, they might have one wood project every five or 10 years. So, there is no systematic development going
on. It’s more like project-based approach.’

R3: ‘the sector is very conservative, and those changes are very slow. [...] in the end when the project ends, we are going back to how we
used to do things.”
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is economic potential, sustained support and market expansion are essential to make WBC more viable ata
larger scale.

Technically, advancements in EWPs, prefabrication, and modular construction were frequently cited as key
drivers for WBC, with participants noting that these technologies allow wood to compete with traditional
materials in terms of structural integrity and building height. This supports the literature on the use of EWPs like
cross-laminated timber (CLT) and laminated veneer lumber (LVL), which offer strong, durable options for
multi-storey construction (21). However, technical challenges, particularly related to fire safety and durability,
remain significant barriers. Stakeholders expressed concern over stringent fire regulations and the lack of
standardized design practices, challenges that are mentioned by (18), (69), who point out that additional
fireproofing requirements for wood construction add complexity and costs. This indicates that while technical
innovation is a major solution, overcoming regulatory and safety barriers remains a priority for wider adoption.

The perception of wood’s environmental benefits emerged as an important driver, with stakeholders noting
that wood’s natural appearance and perceived health benefits enhance its appeal, especially in residential and
public buildings. Studies support this view, finding that wood interiors can contribute to improved well-being,
air quality, and a comforting environment, which are particularly valued in schools and healthcare settings (24,
28). However, perception challenges also emerged, with stakeholders indicating that misconceptions about
wood’s durability, maintenance, and fire safety persist among both consumers and professionals. Research by
(30, 36) similarly points out that while there is a positive shift in attitudes toward sustainable materials, lasting
uncertainties about wood’s long-term performance can prevent its acceptance. Addressing these perceptions
through education and transparent communication about wood’s capabilities is essential to build trust and
wider acceptance within the construction industry and among end-users.

Our findings are valuable for academia, industry, and policymakers, providing a holistic view of the current
state and future prospects of WBC. For academic researchers, these insights offer a basis for exploring solutions
to technical and economic challenges, particularly in areas such as cost reduction and regulatory adjustments.
Industry stakeholders may use these findings to understand market demands and consumer perceptions,
thereby helping them to tailor their strategies to increase WBC adoption. For policymakers, this study provides
evidence to support the development of incentives, such as subsidies for sustainable building materials, and to
adjust building regulations to better accommodate WBC.

This study is subject to certain limitations, primarily due to its qualitative design and focus on a single
country, which may affect the generalizability of the findings. Additionally, while we captured a diverse set of
stakeholder perspectives, the sample size was constrained by logistical factors, and the findings may not fully
represent all viewpoints within the WBC industry. Further research could expand on this study by conducting
quantitative analyses to validate and measure the identified drivers and challenges. Additionally, cross-country
comparisons would offer insights into how different regulatory environments and market conditions impact
WBC adoption, potentially leading to globally applicable recommendations.

5. Conclusion

This study examined the primary drivers and challenges affecting WBC in Finland, integrating insights from
both literature and practitioner interviews. The findings reveal that environmental benefits, such as carbon
sequestration and lower embodied energy, make wood a promising sustainable building material, aligning with
global carbon reduction goals. Yet, challenges, including sustainable forestry management and biodiversity
impacts, highlight the need for responsible sourcing practices. Economically, WBC offers efficiency benefits like
reduced construction times and transportation costs, while high initial costs and capacity constraints present
significant barriers. Technologically, advancements in engineered wood products and prefabrication are
enabling WBC to compete with conventional materials, but fire safety concerns and durability issues remain
major obstacles. In terms of perception, wood’s visual and health benefits enhance its appeal, but concerns of
durability and safety inhibit it.

The practical implications of these insights are relevant for academia, industry, and policymakers.
Academics can explore solutions to address the technical and economic challenges identified, while industry
professionals may find these insights useful for understanding market demands and aligning strategies with
consumer perceptions. For policymakers, the findings underscore the importance of regulatory adjustments,
public awareness campaigns, and incentive structures to support WBC adoption. While this research provides
valuable insights, its qualitative, Finland-specific approach may limit the generalizability of findings. Future
research could benefit from quantitative studies and cross-country comparisons to understand how different
regulatory and economic contexts impact WBC adoption.
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