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A B S T R A C T

Production of Cross-laminated timber (CLT), which is the most widely used mass timber product, for use in large- 
scale building construction has been increasing as an alternative to traditional building materials. While 
knowledge on the environmental and engineering aspects of mass timber, such as CLT, has been well docu
mented in wood science and engineering literature, little is established regarding the social, economic, and policy 
aspects. Peer-reviewed publications were examined to establish current knowledge and future research gaps for 
cross-laminated timber and mass timber systems. Research on these aspects of mass timber is emerging but 
remains isolated and sporadic. This article synthesizes current research on these topics and identifies future 
research needs. Remaining gaps include product and lifecycle cost, regional impacts, recyclability, carbon credit 
potential, small diameter timber and hardwood lumber utilization, policy and incentive programs, and current 
public perception of cross-laminated timber and mass timber in general. Findings from this study will benefit 
researchers and other stakeholders in the wood industry and offer guidance on future research opportunities.

1. Introduction

Cross-laminated timber (CLT) is part of the mass timber family of 
engineered wood products that are manufactured by gluing, nailing, or 
doweling wood products in various layers resulting into large panels, 
post, and beams with improved strength and structural performance 
(Oval, 2024; Atkins et al., 2024). CLT and mass timber wood construc
tion system has seen traction in the building, architecture, and engi
neering sectors in recent decades (Brandner et al., 2016; Harte, 2017; 
Ahmed and Arocho, 2021; WoodWorks, 2025). With climate change, 
interest in using sustainable building materials such as mass timber in 
place of traditional materials (e.g., steel and concrete) has been growing. 
Sustainable building materials offer a potential way to mitigate green
house gas (GHG) emissions from the built environment, which is 
responsible for about one third of the global GHG emissions (United 
Nations Environment Program, 2024). Unlike traditional building ma
terials such as concrete and steel, mass timber materials offer notable 
GHG emission mitigation benefits in at least two main ways. First, mass 
timber serve as long-term carbon stores, retaining carbon in its materials 

throughout a building's service life, and continuing to store majority of 
that carbon in landfills beyond end of life. Second, the use of mass 
timber materials displaces high-emission materials such as concrete, 
resulting in lower overall carbon footprint of mass timber buildings than 
their traditional counterparts (Kumar et al., 2024; Nepal et al., 2024).

Mass timber buildings are achieving environmental certifications, 
such as LEED (Leadership in Energy and Environmental Design), likely 
due to their compatibility with other sustainably conscious structural 
systems. These certifications showcase and act as industry benchmarks 
for sustainable and environmentally conscious building practices 
(Mirando et al., 2024).

The most common mass timber product in use today is cross- 
laminated timber (CLT) with other products such as glued laminated 
timber (a.k.a. glulam or GLT), nail-laminated timber (NLT), dowel- 
laminated timber (DLT), and mass plywood panels (MPP) also gaining 
market acceptance (Atkins et al., 2024). These mass timber components 
are used in construction for ceilings, floors, walls, and support beams of 
buildings and in other large-scale applications such as crane mats or in 
bridge construction. These mass timber components can be 
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prefabricated and constructed off-site, lowering potential transport cost 
and associated climate impacts compared to traditional construction 
materials (Ahmed and Arocho, 2021; Abed et al., 2022; Taylor et al., 
2023; Kumar et al., 2024). This prefabrication also lowers the amount of 
manpower needed for installation, as the panels only need to be raised 
and secured into place (Harte, 2017). Recent studies have shown that 
construction companies, engineers, and architects are becoming more 
familiar with mass timber (Vlosky et al., 2019; Ahmed and Arocho, 
2021; Penfield et al., 2022). With this increased familiarity many large- 
scale CLT and mass timber projects have already been completed and 
hundreds more are in the design and planning stages across the United 
States (WoodWorks, 2025).

CLT is the primary focus of this study as it is the fastest growing mass 
timber product, already representing a large proportion of recent and 
new mass timber construction (Horx-Strathern et al., 2017). As CLT is a 
mass timber product, this study also examines and discusses the greater 
context of mass timber as it relates to CLT. Technological advancement 
in CLT production is advancing rapidly in North America though novel 
material sourcing, and integration of digital automation. Emerging 
businesses including Mercer Mass Timber are using design software to 
streamline engineering, code compliance and manufacturing and 
thereby make CLT more accessible and scalable. In terms of supply and 
demand, historic production capacity in North America has lagged, due 
partly to supply bottlenecks and reliance on imports; recent government 
support and industry investment have helped fill some of that gap 
(Brashaw, 2025). At the same time, the number of mass timber projects 
in the United States has risen sharply over the past decade, with data 
indicating substantial year-over-year growth in both proposed and 
completed projects (WoodWorks, 2025). Looking ahead, growing low- 
carbon mandate in construction, combined with shifting market pref
erences are expected to contribute to continuous and robust growth of 
global CLT demand in future (Mordor Intelligence, 2025).

With agreements such as the United Nations Sustainable Develop
ment Goals or SDGs, increasing consideration for environmental impli
cations is heavily influencing global politics and international relations 
(United Nations Environment Program, 2024). Human-caused climate 
change has seen global atmospheric CO2 [carbon dioxide] levels rise 
almost 40 % since the 18th century (Lindsey, 2025). The production of 
steel and concrete is one of the primary contributors to the rise in global 
CO2 levels, equating to 13.5 % of all annual human emissions (Fennell 
et al., 2022). Use of CLT shows potential in lowering CO2 levels by acting 
as a substitute to high emission steel and concrete, releasing less CO2 
during manufacture, and as a source of stored carbon (Nakano et al., 
2020; Tellnes et al., 2020; Chen et al., 2022; Greene et al., 2023; Kumar 
et al., 2024; Nepal et al., 2024). Growing adoption of mass timber sys
tems is likely to positively contribute to the climate change mitigation 
efforts in the construction industry (Tellnes et al., 2020). Traditional 
building components that use steel and concrete negatively impact 
climate through the release of CO2, and increases in ocean acidification, 
city smog, waterway eutrophication, and heavy metal leachate in soils 
(Junnila and Horvath, 2003; Kumar et al., 2024). More recent studies 
suggest that mass timber products, such as CLT, have the potential to 
lower GHG emissions by almost up to 100 % when they are used in place 
of traditional reinforced concrete or structural steel construction sys
tems, especially when reuse/recycling of mass timber materials after the 
end of their first service lives is considered (Greene et al., 2023; Kumar 
et al., 2024).

In May 2022, the Biden administration announced allocating $44 
million toward improving research and development of climate-smart 
wood products and to help establish future wood-based markets 
(USDA, 2022). This investment showcases some of the recent policy and 
investment placed on promotion of mass timber products in the U.S. Job 
creation and market opportunities play a key role when considering the 
economic benefits of mass timber. With the decline in market for 
traditional forest products such as paper and pulp across the United 
States, many jobs have been lost. CLT and other mass timber show 

potential for job creation particularly in these struggling wood product 
sectors (Scouse et al., 2020; Brandeis et al., 2021). A specific example is 
the closure of pulp and paper-based industries in Tennessee and sur
rounding states leading to a negative impact on rural communities by 
limiting the avenues for landowners to sell their stumpage (Brandeis and 
Guo, 2016; University of Kentucky Forestry Extension, 2015). This 
shows a need for the establishment and development of new industries 
that can create a market for the timber stock of these landowners and 
revitalize rural economies impacted by the decline of these traditional 
wood product markets (Poudyal et al., 2017; Adhikari et al., 2023). 
Some concerns have been raised regarding the possibility of larger mass 
timber industry harming traditional tradeperson jobs (e.g., carpenters, 
roofers). However, such a concern has been addressed by a recent study 
which concluded that a larger mass timber industry would instead add 
jobs to the market and raise household incomes in the economically 
impacted areas without harming traditional tradesperson jobs (Abed 
et al., 2022).

Most research on CLT or mass timber, thus far, has focused on en
gineering and life-cycle environmental impact assessment aspects, 
although some sporadic studies have also investigated social, policy, and 
economic aspects. Much of the research in these areas has remained 
sporadic and are discipline specific with no clear consolidation of find
ings or information. For instance, research into economic implications 
surrounding CLT has grown greatly in recent years but, findings have not 
been synthesized into a concise format. For this study, economic 
research relates to job creation, industry investment, product cost, 
market supply and demand, and building cost. Studies examining soci
etal and policy implications are also limited and what has been done has 
not been synthesized (Scouse et al., 2020; Ahn et al., 2022; Liu et al., 
2023). For this study, social research is defined as research about public 
acceptance, mental and physical well-being, psychological factors and 
perception regarding aesthetic, safety, eco-friendliness, greenness etc. 
Policy research refers to research on product standards, building codes, 
market assurances, subsidies, grants, policy formation, and implications. 
The need exists to integrate findings from various disciplines including 
engineering, environment, economic, social, and forestry sciences to 
better understand the current state of mass timber knowledge. Sum
marizing available knowledge as well as identifying future research 
needs is vital for promoting increased use of CLT. This synthesized 
knowledge is important because it enables individuals and forestry 
professionals, researchers, forest landowners, wood products manufac
turers, builders, architects, environmental groups, local and federal 
government agencies, and policymakers to make better informed de
cisions, develop effective policies, and adopt practices that support not 
only sustainable forest management but also promote responsible use of 
wood products and healthy climate.

This study had three objectives. The first objective was to establish a 
review and synthesis of current research surrounding the economic, 
social, and policy implications of CLT and mass timber in general. The 
second objective was to identify gaps in knowledge and establish po
tential future research questions to advance the domestic CLT and mass 
timber sector. Findings from those two objectives led to our third 
objective, which was to assess the opportunities and barriers for utilizing 
small diameter timber and hardwood lumber in manufacturing of CLT. 
Most of the current manufacturing of CLT utilize higher grade softwood 
lumber as raw material. The potential for utilizing small diameter timber 
and/or hardwood lumber has been less explored. Studying these aspects 
of mass timber is important for various reasons. Social acceptance is a 
key factor in promoting the use of mass timber. Insights into public 
opinion and familiarity can help shape targeted educational initiatives 
and campaigns to increase awareness and support. Similarly, policy 
aspects is important because well-informed policies are essential for 
standardizing and regulating mass timber practices. Research into 
existing policies and their successes or shortcomings can guide effective 
policymaking, ensuring the safe and sustainable implementation of mass 
timber systems. Likewise, social research sheds light on how mass 
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timber systems affect communities, whether in terms of safety percep
tions, aesthetic value, or mental and physical well-being. This helps 
tailor designs and applications to better suit societal needs. Finally, 
economic studies often delve into subsidies, grants, market assurances, 
and building codes, all of which significantly influence the economic 
viability of mass timber products and new investment in market. Un
derstanding these aspects can aid stakeholders in optimizing economic 
benefits. Overall, mass timber has the potential to align with eco- 
friendly initiatives and reduce the carbon footprint of the construction 
industry. Social and policy research ensures that this alignment is 
effectively communicated and supported through legislative frame
works. This multifaceted understanding enriches the conversation 
around mass timber, providing actionable insights for researchers, in
dustry professionals, policymakers, and communities. It's an integral 
part of fostering a balanced and sustainable approach to its adoption.

2. Materials and methods

A narrative review methodology was used to assemble and synthe
size the current state of knowledge related to the social, economic, and 
policy aspects of CLT. Narrative reviews offer broad contextual overview 
for fields with scattered literature and research. The culmination of 
these sources are then presented in a narrative form in order to guide the 
reader through the literature and provide broad summaries and con
clusions (Baumeister and Leary, 1997; Sukhera, 2022). This approach is 
similar to the widely adopted SALSA (Search, Appraisal, Synthesis, and 
Analysis) framework (Grant and Booth, 2009), which begins with the 
initial stage of searching (with a pre-determined set of keywords of in
terest), appraising (or screening for relevance, quality etc.), synthesiz
ing, and analyzing.

To develop this study's narrative review, relevant journal articles, 
technical reports, conference papers, news reports, and other scientific 
articles were gathered using various search databases. These materials 
were then examined for recurring themes, methods, and findings, and 
subsequently categorized into key areas of knowledge related CLT and 

mass timber. The categorization of these knowledge areas was deter
mined based on their prevalence in the literature and the discretion of 
the research team. Primary search databases included Scopus, Web of 
Science, CABI Digital Library, and the U.S. Forest Service TreeSearch. 
Due to the majority of mass timber research emerging in the past decade, 
all relevant articles and publications were considered independent of 
article age. A total of fifty-five articles used in analysis were identified: 
thirty-five economics articles, ten policy articles, and ten social articles. 
Thirty-seven articles were published from 2020 to 2024 with twenty- 
three articles published between 2015 and 2019 (Fig. 1). Primary 
focus of this study is the United States. However, studies from other 
countries or regions have been included when they offer complementary 
perspectives or provide context, examples, or insight that help illumi
nate potential implications to US markets and enrich the discussion.

Search terms were broken up by social economic and policy and each 
term was searched in each of the databases listed above. Common search 
criteria included primary terms such as “mass timber” and “cross-lami
nated timber” combined with secondary terms. Due to an over
abundance of engineering-related results showing up exclusions were 
made for engineering-related criteria such as mechanical engineering 
civil engineering industrial engineering etc. Search databases used and 
the excluded and included search terms are summarized in the table 
below (Table 1). All terms were used in searches across each database. 
Search terms were used to search through article titles abstracts and 
keywords. Each article was then examined and only excluded if we felt 
the article did not fit into the scope of research for this project. However 
CABI Digital Library and Forest Tree Service Tree Search yielded a 
limited number of results making excluded term unnecessary. 
Conversely excluded terms were added to Scopus and Web of Science to 
lower the number of sources that are out of scope and unsuitable until 
the searches resulted in a relevant and manageable number of results. 
Scientific articles and publications were analyzed and selected based on 
the research team's assessment of how closely the resources fit the 
above-mentioned social economic and policy categories

It should be noted that while adding broader terms, particularly 

Fig. 1. Frequency of publications by year on social, economic, and policy aspects of mass timber and mass timber systems research. Publications were compiled from 
Scopus, Web of Science, CABI Digital Library, and the U.S. Forest Service TreeSearch.’
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social and political, would have made our search more comprehensive, 
we consider this to be a very minor bias, if any, for two reasons. First, the 
studies on social science aspects of mass timber are just emerging, rare 
and extremely limited. If our review study was about a topic (e.g., tree 
mortality, fire ecology) that with a substantial literature already, it 
would have made a significant difference but in our case of relatively 
understudied topic, we do not consider that being a significant issue. 
Second, during our search of relevant literature on social aspect of mass 
timber during this study and another related study (Bremner et al., 
2025), we have not seen any other publications that were not detected 
by our search protocols. Nonetheless, we note that like in any review 
studies, search terms we used may not necessarily be an entirely 
exhaustive list.

Research gaps were established based on the review of the infor
mation presented in the collected literature. Areas or topics with few or 
no articles were noted and researched further. The identification of these 
missing or unexplored topics was established through the literature 
compiled during the literature review process in order to gain insight 
into gaps in research on mass timber systems. These research needs and 
gaps are further expounded upon in the discussion section.

3. Results

The research related to CLT has been sporadic, especially in the areas 
of economic, policy, and social research. Gathering and synthesizing 
what knowledge is presently available will be valuable for the industry 
moving forward. A summary of what is currently known on the eco
nomic, policy, and social aspects of mass timber is listed in the following 
sections. The following section discusses these aspects in depth and can 
be used as a general resource for the current state of mass timber 
research and knowledge.

3.1. Economics

The economic aspects of CLT were the most widely researched in 
scientific literature when compared to policy and social aspects. Final 
product cost, utilization of novel low-quality wood materials, consumer 
willingness to adopt, supply and demand, carbon credit potential, and 
novel hardwood utilization are all discussed in the following section and 
table below (Table 2).

Cost consideration heavily impacts whether an industry is willing to 
adapt to a newer technology. A U.S. study examining a 12-story mass 
timber building made from softwood timber found that although front- 
end costs would be 26 % higher, the mass timber building would provide 

a cost saving of 2.4 % over its life cycle, especially when the end-of-life 
salvage values of mass timber was factored in (Gu et al., 2020). A U.S. 
based review study established a similar results with mass timber 
building costs likely higher than steel and concrete across examined 
studies. The study did state that adding carbon offsets likely shifts this 
value consideration in favor of mass timber. The same study found that 
limited research on the economic cost of mass timber was a factor 
affecting their ability to establish a definitive answer (Ahn et al., 2022). 
A recent non-U.S. based study has concluded that mass timber buildings 
showed competitive costs when compared to multi-story buildings 
constructed of conventional materials like concrete and steel (González- 
Retamal et al., 2022). A study calculating the manufacturing cost of CLT 
in the northwestern U.S. stated that a hypothetical CLT plant could 
produce panels at an average cost of $536/m3 of finished product. The 
price range was calculated at between $518/m3 and $652/m3 depend
ing on facility size and location. The economic analysis in this study was 
conducted on a cost base year of 2015 (Brandt et al., 2019). The lack of a 
widespread market and availability of CLT in many regions of the U.S. 
likely plays a large role in the current high cost of these mass timber 
systems (Rajagopalan and Kelley, 2017; Ahmed and Arocho, 2021). A 
study from 2022 looking at the potential for increasing mass timber use 
in Malaysia found that the life-cycle-cost of dowel-laminated timber and 

Table 1 
Databases and terms used during the literature review process.

Search 
Database

Excluded Terms Included Terms

Web of 
Science

“Engineering Civil”, “Engineering 
Mechanical”, “Engineering 
Geological”, “Engineering 
Multidisciplinary”, Engineering”, 
“Electrical”, “Electronic”, 
“Engineering Industrial”, 
“Engineering Manufacturing”, 
“Metallurgy”, “Metallurgical”, 
“Engineering”

“econom*”, “job creation”, 
“investment cost”, 
“production cost”, “supply”, 
“building cost”, “market 
demand”, “production 
standard”, “building code”, 
“market assurance”, 
“subsid*”, “grant”, 
“acceptance”, “mental well- 
being”, “physical well-being”, 
“aesthetic”, “safety”, “eco- 
friendly”, “perception”

Scopus
“Engineering”, 
“Chemical Engineering”

CABI Digital 
Library None

Forest 
Service 
Tree 
Search

None

Note: Asterisk (*) at end of search terms indicates a multiple character search (e. 
g., econ* = economy, economic, economics, etc.…).

Table 2 
Summary of current knowledge and references on economic aspects of CLT.

Knowledge area General findings References

Cost Consideration The current upfront cost of 
CLT and mass timber 
construction may be higher, 
but the long-term life-cycle 
cost is low

Rajagopalan and Kelley, 
2017, Brandt et al., 2019, 
Gu et al., 2020, Ahmed and 
Arocho, 2021, Ahn et al., 
2022, Balasbaneh & Sher 
2022, González-Retamal 
et al., 2022

Small-Diameter 
and Low-Quality 
Lumber

Limited research and 
utilization of small-diameter 
lumber in CLT and mass 
timber components has 
shown potential with projects 
and research continuing to 
develop

Fredriksson et al., 2015, 
Crovella et al., 2019, Wu 
et al., 2021, Azambuja 
et al., 2022, Vaagen 
Timbers, 2024

Willingness to 
Adopt

The U.S is likely between the 
evaluation and trial stage of a 
successful adoption with 
architects in particular 
becoming more familiar with 
CLT and mass timber. 
Although familiar, many are 
still hesitant toward full 
adoption at this stage.

Laguarda Mallo and 
Espinoza, 2015, Strobel 
et al., 2017, Evison et al., 
2018, Nepal et al., 2021, 
Ahmed and Arocho, 2021, 
Penfield et al., 2022,

Supply and 
Demand

The likely impact on the 
forest resource base for CLT 
and mass timber is minimal 
given the higher growth-to- 
drain ratio

Brandt et al. 2021, Comnick 
et al., 2021, Nepal et al., 
2021, Nepal et al., 2024

Stored Carbon Stored carbon in CLT and 
mass timber has positive 
environmental and economic 
potential through reduced 
greenhouse gas emissions and 
carbon credit incentives

Lehmann, 2012, Kremer 
and Symmons, 2015, 
Ahmed and Arocho, 2021, 
Chaggaris et al., 2021, 
Liang et al., 2021, 
Pasternack et al., 2022, 
Taylor et al., 2023, Kumar 
et al., 2024, Nepal et al., 
2024

Hardwood Mass 
Timber

Hardwood CLT shows 
potential in mechanical 
testing and to alleviate 
struggling hardwood markets 
but will likely remain a niche 
product with higher cost and 
limited supply compared to 
traditional CLT products

Liao et al., 2017, Ehrhart 
and Brandner, 2018, 
Crovella et al., 2019, 
Adhikari et al. 2020, 
Brandeis et al., 2021, 
Comnick et al., 2021, Abed 
et al., 2022, Ettelaei et al., 
2022, Azambuja et al., 
2022, Norris et al., 2024, 
Hassler et al., 2024
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nail-laminated timber wall assemblies were lower when compared to 
CLT (Balasbaneh and Sher, 2024). As concluded by a U.S. based stake
holder survey study (Bremner et al., 2025), these cost and market 
availability considerations will play a major role in the adoption and 
utilization of mass timber going forward. Continued research on the 
economic and life cycle cost of mass timber buildings will need to be 
conducted to alleviate concerns from investors, engineers, and architects 
on the economic viability of mass timber construction.

Small-diameter timber or lower-quality lumber in CLT panel con
struction may be a way to lower cost and increase timber availability. 
Small-diameter timber is often a bioproduct of timber harvest operations 
and is frequently used in pulp, biofuel, or particle board. A study tested 
small-diameter timber as structural members and found that these 
components performed sufficiently for several light frame construction 
purposes (Wu et al., 2021). An earlier study tested small-diameter 
lumber in CLT construction utilizing a novel trapeze edging method. 
They concluded that this method was feasible and increased small- 
diameter lumber yield. A drawback to this method is that it would 
require changes to sawmill operations, edging machinery, and special
ized CLT production equipment to fully utilize small-diameter lumber 
(Fredriksson et al., 2015). Vaagen Timbers, a mass timber producer in 
Washington, has successfully specialized in small-diameter lumber in 
their production process. Currently, their website lists the use of logs 
smaller than 8 in. in diameter in their CLT and glulam panels (Vaagen 
Timbers, 2024). Researchers at Washington State University are work
ing on a project funded by a USDA Forest Service wood innovations 
grant to model the characteristics, press loads, and performance of 
small-diameter timber feedstock for use in CLT panels (U.S. Forest Ser
vice, 2022). Testing into utilizing low-quality lumber in CLT panels has 
been optimistic surrounding its mechanical effectiveness. A study 
examining a variety of species found that low-grade red maple and white 
ash met PRG 320 guidelines, but low-grade white pine did not meet the 
requirements (Crovella et al., 2019). A more recent study tested yellow 
poplar No. 2 common boards in CLT panel construction. They concluded 
that a large portion of these low-quality yellow poplar boards can be 
effectively utilized in CLT panel construction under PRG 320 guidelines 
(Azambuja et al., 2022). Utilizing small-diameter or low-quality timber 
stock in mass timber systems shows potential to lower cost and increase 
lumber availability; however, further research and testing is needed to 
form conclusive results.

A consumer's willingness to adopt plays a key role in the acceptance 
of a new or novel product. Mass timber products are still relatively new, 
especially compared to other traditional construction methods and 
materials. For a new construction material like CLT to be accepted and 
utilized by architects and engineers, there needs to be both demand for 
the product as well as sufficient manufacturing capacity to supply the 
product (Evison et al., 2018). Successful adoption of new products like 
mass timber requires awareness, interest, evaluation, trial, repeat pur
chase, and finally full adoption by consumers (Laguarda Mallo and 
Espinoza, 2015, Nepal et al., 2021). Another study found that a majority 
(58 %) of U.S. architecture firms surveyed in their study were still un
familiar with CLT as of 2015. A follow-up study that surveyed U.S.-based 
engineering firms found a similar observation with 59 % of the firms not 
being familiar with CLT (Laguarda-Mallo & Espinoza 2018). More recent 
studies suggest that overall awareness about mass timber among ar
chitects has improved over time (Ahmed and Arocho, 2021; Penfield 
et al., 2022). For example, 70 % of U.S. architects surveyed as of 2021 
had participated in some capacity with mass timber but that 45 % of 
those surveyed architects had less than 1 years of experience. When the 
researchers asked about design difficulties, lack of stakeholder aware
ness was listed as one of the most frequent answers given by architects 
surveyed (Ahmed and Arocho, 2021). Positive environmental impacts 
have been shown to increase a consumer's willingness to utilize or adopt 
a new wood-based product. Although this plays a key role in the positive 
perception of these products, cost is still the primary factor when indi
cating whether a consumer will purchase or utilize a wood-based 

product (Strobel et al., 2017). Another aspect influencing adoption is 
the perceived susceptibility of mass timber to fire. Current research is 
favorable toward mass timber fire performance with many studies 
concluding mass timber has adequate fire resistance for use in con
struction. Fire remains one of the key concerns surrounding mass timber 
use, likely impacting adoption (Abed et al., 2022). This will require a 
continued effort on the side of researchers to communicate the fire 
safety of mass timber.

Supply of and projected demand for mass timber is important for 
establishing the economic viability of these products. A U.S. based study 
found that by the year 2030 market penetration of CLT would be esti
mated at 24 % and the demand will be higher in some states (California, 
Washington, and Arizona) than in others. Their results showed that 
given the current CLT production capacity, manufacturing supply would 
not exceed demand until 2026 or 2028 depending on the scale of op
erations. Maximizing production to match capacity tends to generate the 
best economic viability given the large, fixed cost of mass timber 
manufacturing facilities. The economic viability of mass timber also 
depends on the supply of its raw material – lumber, which is processed 
using roundwood timber as input. Looking at lumber supply and 
assuming current production capacity, the researchers concluded that 
the total lumber supply required to feed these CLT manufacturers was 
modest, between 1.6 % and 1.8 % of the total U.S. lumber supply (Brandt 
et al., 2019). A similar U.S. based study examined the potential impacts 
on sustainable timber supply given an increasing mass timber demand. 
The researchers split the U.S. into North, South, and Western and esti
mated impacts on demand up until 2035. The only region that under 
conservative estimates might see demand exceeding timber supply is 
that of the Western U.S. with the North and Southern U.S. able to supply 
projected demand under all scenarios (Comnick et al., 2021). Another 
study evaluated the impacts on global wood products markets of pro
jected mass timber demand in multiple countries, which also suggested 
smaller impacts on global timber supply (harvests), with varying im
pacts on individual countries. However, they found that higher global 
lumber demand for mass timber production would lead to a diversion of 
lumber consumption away from the traditional construction industry (e. 
g., light-frame construction), suggesting a likely strong market compe
tition for lumber between mass timber and traditional construction use. 
Depending on the demand scenarios, they projected that increased de
mand for mass timber globally could drive up lumber prices by 2 % to 
23 % by 2060, suggesting likely increased costs of both mass timber and 
traditional constructions (Nepal et al., 2021). Although the current 
literature surrounding timber supply is limited, a few studies that have 
been published on this topic are optimistic. It seems unlikely that an 
expanding CLT or mass timber market would run into timber supply 
limitations any time soon.

Stored carbon in mass timber components is a major factor when 
considering the positive environmental impact and economic potential 
of increasing mass timber use in construction (Lehmann, 2012; Ahmed 
and Arocho, 2021; Chaggaris et al., 2021; Pasternack et al., 2022). A U. 
S.-based survey of architects and building contractors showed that the 
low-carbon emission aspects of mass timber were a primary factor when 
architects and builders were considering these components for con
struction projects (Ahmed and Arocho, 2021). Positive carbon impacts 
and potential for carbon storage as well as lower greenhouse gas emis
sion potential have been discussed extensively in much of the recent 
scientific literature (Kremer and Symmons, 2015; Ahmed and Arocho, 
2021; Liang et al., 2021; Kumar et al., 2024; Nepal et al., 2024). The 
creation of economic incentives for the stored carbon and emission re
ductions in mass timber products creates a potential for carbon credit 
systems to be established. A recent study concluded that the potential 
economic and monetary compensation for stored carbon in mass timber 
products could be significant, depending on carbon prices. These credits 
could be provided based on mass timbers' intrinsic storage of carbon as 
well as an alternative for other high GHG emitting construction mate
rials, thus avoiding carbon emissions in two ways (Taylor et al., 2023). 
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Carbon credits for mass timber use have the potential to address some of 
the cost concerns discussed in the previous section. An established mass 
timber carbon credits system would offset some of the operating costs 
associated with a mass timber building by providing a potential source 
of continued financial compensation over the building's lifespan.

To date, lumber in U.S. CLT manufacturing has come from softwood 
species (Comnick et al., 2021). Studies surrounding the performance of 
hardwood use in CLT have shown positive results in mechanical and 
performance tests. Mechanical rolling shear strength has been tested 
using European hardwoods with positive results (Ehrhart and Brandner, 
2018). A similar study using American red maple, ash, and Eastern white 
pine in the U.S. reached similar conclusions with both hardwood species 
meeting strength requirements for CLT construction (Crovella et al., 
2019). Scientific literature surrounding hardwood CLT fire resistance 
has been optimistic about these CLT panels meeting fire and safety 
construction requirements (Abed et al., 2022). Scientific testing sur
rounding hardwood CLT mechanical performance seems to be hopeful 
about the future of hardwood use in mass timber products. The literature 
is still limited, and future testing will be required to confidently establish 
performance parameters and standards.

Utilization of hardwood timber stock for mass timber components 
such as CLT shows potential to recover declining hardwood markets. For 
2023, Hardwood Market Report (2024) reported the lowest annual 
eastern U.S. hardwood sawmill production of 5.54 billion board feet 
since at least 1960, a huge decline from years pre-pandemic. In addition, 
pulpwood, paper, and paperboard industries in the U.S. have shown a 
general decline in consumption and production since the 1990s 
(Brandeis et al., 2021). Another recent U.S. study examining the regional 
and economic impacts of mass timber in the state of Oregon discussed 
local vs non-locally sourced wood in a CLT building (Scouse et al., 
2020). Through a regional economic analysis, this study found that 
constructing a 12-story CLT building constructed with locally sourced 
wood could generate a net economic benefit of $4.8 million, compared 
to traditional 12-story concrete frame building. In contrast, using non- 
local wood reduced the benefit to $1.09 million. A survey study of 
current CLT manufacturers in the U.S. stated that quality, quantity, and 
grading standards were the main concerns of these manufacturers. They 
further state that CLT manufacturers are hesitantly optimistic about 
hardwood use in mass timber products such as CLT (Adhikari et al., 
2023). Hardwood utilization in mass timber products such as CLT shows 
potential to remediate some of these lost economic sectors and support 
rural community timber markets. The mechanical testing surrounding 
hardwood use in CLT is optimistic; however, the economic and logistics 
of utilizing hardwood species on a large scale is still up for debate.

A potential barrier to utilizing hardwood in CLT or mass timber is the 
cost differences between hardwood and softwood lumber (Bremner 
et al., 2025). Hardwood lumber in the U.S. is on average two to three 
times that of comparable softwood lumber (Timber Update 2023). A 
potential solution is the utilization of low-grade and/or small-diameter 
hardwood species. Several studies have evaluated low-grade or small- 
diameter hardwood lumber from species such as poplar, ash, oak, and 
maple and concluded the CLT panels met strength requirements 
(Crovella et al., 2019, Azambuja et al., 2022, Norris et al., 2024, Hassler 
et al., 2024). Low-density yellow poplar has also been tested; however, 
the CLT panel did not meet structural requirements. The researchers did 
note that when the low-density yellow poplar was combined with 
traditional softwood species the panels exceeded strength requirements 
(Kramer et al., 2014). This was an early study from 2014 with the po
tential for replicating the study with modern adhesives and techniques. 
Small-diameter Chinese and European eucalyptus has been tested in CLT 
panel construction with positive mechanical results (Liao et al., 2017, 
Ettelaei et al., 2022). However, it is not clear how applicable these tests 
are to American hardwoods given the unique fast-growth characteristics 
of eucalyptus.

3.2. Policy

Many of the studies on the policy aspects of mass timber in the U.S. 
have been conducted in the last several years. Policy formation outside 
of the U.S. is more developed with several countries establishing pro
grams in the late 90's. Policies adopted outside of the U.S. were 
considered in order to add perspective and potential insight to inform 
policy making in the U.S. Examining these foreign policy, including their 
successes and failures, could help guiding the development or further 
improvement of U.S. based policy efforts. This non-U.S. policy as well as 
U.S. specific policy and subsequent policy adoption and cost in the U.S. 
is discussed in the following section and table (Table 3).

Government policies and regulations play a key role in the produc
tion and use of all products including CLT. A study from 2016 found that 
the first policies surrounding CLT and mass timber were enacted by 
Germany, Austria, and Switzerland in 1998 with policies for the rest of 
Europe following in 2006 (Brandner et al., 2016). After this initial wave 
of policy introduction in European countries, other countries including 
Canada, China, Japan, New Zealand, Norway, and the United States 
started to research and enact policies and construction standards sur
rounding mass timber (Brandner et al., 2016, Su, 2018, Nakano et al., 
2020, Wahlstrøm, 2020). A study in 2016 looking at the state of CLT 
research in North America found that building code acceptance and 
standardization of design methods were the most pressing research 
needs at the time (Pei et al., 2016). In 2010, the Japanese government 
enacted policies to greatly support the production and implementation 
of wood in building construction, where CLT has become a major push 
with direct government incentives and subsidies offered to companies 
that either produce or use CLT in construction projects. These policies 
led to an increase in the number of structures in Japan utilizing CLT from 
26 in 2015 to 300 in 2018 (Nakano et al., 2020). These Non-U.S. mass 
timber policies highlight the positive potential for CLT policy imple
mentation and offer valuable insights for sharping related policies in the 
U.S.

In the United States, policy formation surrounding tall mass timber 
buildings gained traction in 2012 with organizations such as the 
American Wood Council (AWC) establishing a five-year plan with sup
port from the Softwood Lumber Board and U.S. Endowment for Forestry 
and Communities to expand the International Building Codes (IBC) 
current guidelines on tall timber building construction (Stegner and 
Fotheringham, 2022). The IBC is a code and guideline standard created 

Table 3 
Summary of current knowledge and references on policy aspects of CLT and 
mass timber.

Knowledge 
area

General findings References

Non-U.S. 
Policies

Policy surrounding mass 
timber started in the late 90's 
with many countries enacting 
new programs to push mass 
timber adoption and 
utilization

Brandner et al., 2016, Su 2018, 
Nakano et al., 2020, 
Wahlstrøm, 2020, Pei et al. 
2016, Nakano et al., 2020, 
Pasternack et al., 2022

U.S Policies U.S policy formation 
surrounding mass timber 
started in 2012 with the 
International Code Council 
(ICC) continuing to evolve the 
International Building Codes 
(IBC) with expanded fire safety 
and exposed CLT guidelines

Kouarti 2017, Gu & Bergman 
2018, International Code 
Council 2020, Stegner and 
Fotheringham, 2022, 
International Code Council 
2023, University of 
Massachusetts Amherst 2023, 
International Code Council 
2024

Policy 
Adoption 
and Cost

New and upgraded mass 
timber facility costs are likely 
more economically feasible 
than many local governments 
have found leading to positive 
potential for incentive policy 
programs

Milestone & Kremer 2019, 
Riddle 2023, WoodWorks 2024
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by the International Code Council (ICC) for building construction in the 
United States, Puerto Rico, and the U.S. Virgin Islands. These codes 
include building codes for all buildings, excluding townhouses up to 
three stories as well as one- or two-family homes. These codes are 
released on a three-year cycle with individual states and municipalities 
choosing whether to adopt the current IBC guidelines or remain under a 
previous version (International Code Council 2024). In 2012 the AWC 
proposed changes to the 2015 IBC that aided in the establishment of 
guidelines specifying CLT use as a heavy timber building (type IV-HT) 
element in the IBC 2015 guidelines (Stegner and Fotheringham, 
2022). It was under the IBC 2015 guidelines that the first design plans 
were developed such as the Framework building proposed by Lever 
Architecture in Portland Oregon and the John W. Olver Design Building 
proposed by Leers Weinzapfel Associates in Amherst Massachusetts 
(Kouarti 2017, Gu and Bergman 2018, University of Massachusetts 
Amherst 2023). These changes were proposed and spearheaded by the 
AWC in collaboration with the Softwood Lumber Board and the U.S. 
Endowment for Forestry and Communities as well as an Ad Hoc Com
mittee on Tall Wood Buildings approved by the ICC Board of Directors in 
2015. The Committee established research and testing needs and tests 
were conducted to support new safety and performance guidelines for 
CLT construction. Fourteen mass timber code changes were approved 
for the 2021 version of the IBC guidelines (International Code Council 
2020). These changes established three types of mass timber building 
construction categories: Type IV-A classified as wood buildings up to 18 
stories with noncombustible protection over mass timber, Type IV-B 
classified as wood buildings up to 12 stories with limited exposure of 
mass timber ceiling panels, and Type IV-C classified as wood buildings 
up to 9 stories with completely exposed mass timber with 2-h fire rat
ings. The AWC and ICC Committee on Tall Wood Buildings put forward 
changes again during the 2021 IBC development phase which were later 
approved and have now appeared in the 2024 version of the IBC 
guidelines (International Code Council 2023). The major changes in this 
2024 version included new fire safety guidelines allowing for Type IV-B 
mass timber buildings to have all interior floors and ceiling areas con
structed of exposed CLT (International Code Council 2023, Stegner and 
Fotheringham, 2022).

One of the main factors for local governments' hesitancy or barriers 
to adopting mass timber building policy is the lack of knowledge on cost. 
A 2019 study found that governments and councils might find mass 
timber use more economically feasible than previous assumptions and 
recommended local cost-benefit analysis (Milestone & Kremer 2019). 
New mass timber facility costs and costs associated with upgrading 
current facilities have been a general concern limiting mass timber 
adoption. In 2018 the U.S. Farm Bill introduced the Community Wood 
Energy and Wood Innovation program to facilitate wood-utilizing in
dustries. One of these applications is the Innovative Wood Product Fa
cilities grant, which provides cost share for innovative wood facilities, 
which include mass timber facilities (e.g., sawmills, mass timber 
manufacturing). These grants can cover up to 30 % ($1 million cap) of a 
facility's cost. However, few mass timber-related projects have been 
funded under this program (Riddle 2023). WoodWorks provides edu
cation for the AEC community through its outreach activities on non- 
residential construction, primarily CLT and other mass timber systems 
(WoodWorks, 2025).

3.3. Social

Social aspects of CLT were organized into three categories of public 
opinion, psychological and physiological well-being, and willingness to 
adopt and are listed in the table below (Table 4). Psychological and 
physiological well-being associated with wood have the most references; 
however, it is noted that none of these studies are CLT or mass timber 
specific. Willingness to adopt is likely the most widely studied social 
aspect of CLT. However, these studies are still limited compared to other 
non-social aspects. Many barriers surrounding willingness to adopt for 

CLT have been listed in various studies over the last decade.
The most recent study directly examining public opinion on mass 

timber assessed the opinions on CLT of millennials and showed partic
ipants had a positive but limited knowledge (Montague et al., 2021). The 
study concluded that information campaigns will be vital to communi
cate the properties and potential benefits of CLT to this younger de
mographic. An indirect recent study by in 2022 looked at public 
perception on social media. However, this study took a meta-analysis 
approach and did not ask direct questions about mass timber (Debnath 
et al., 2022). The most concrete research on public opinion and mass 
timber was conducted by a study in 2018. In this study, the researchers 
found that limited familiarity was common among the survey re
spondents. The neutral responses given by the participants prompted the 
researchers to emphasize education as a positive strength for advancing 
future initiative. Participants stated mass timber construction was seen 
as having better environmental performance while also stating concerns 
surrounding deforestation, fire risk, and uncertainty surrounding 
earthquake (seismic) risk. This study was pivotal in establishing many of 
the currently held perceptions of what the public thinks about CLT and 
mass timber (Larasatie et al., 2018). However, the questionnaire for this 
study was administered throughout 2017, making the information and 
conclusions gathered, over half a decade old. Social pressures sur
rounding building-oriented climate action are prominent on social 
media platforms and online discussions. These pressures influence the 
perception and discourse around recent international climate agree
ments and climate mitigation policies such as the 2015 Paris Agreement, 
EU Green Deal, and the 2017 UN Climate Change Conference (Debnath 
et al., 2022). A more study involving attitudes and perception of 
stakeholders found some promises for CLT from hardwood species in 
terms of mechanical effectiveness, supply and aesthetic value that can be 
added with hardwood, but note that higher cost of raw materials, lia
bility issues and lack of establishing lumber grading could be potential 
barriers in growth of hardwood CT products (Brember et al. 2025). 
Further research into the social implications including public awareness, 
knowledge, attitudes, acceptability, and preference of CLT and mass 
timber is limited. Recent research by Montague et al. (2021) and Deb
nath et al. (2022) has shown the importance of acquiring these per
spectives as well as establishing the link between social perception and 
environmental policy support surrounding CLT and mass timber use. 
The dated nature of available information creates a need for up-to-date 

Table 4 
Summary of current knowledge and references on social aspects of CLT and mass 
timber.

Knowledge area General findings References

Public Opinion The most recent studies 
looking at public opinion on 
CLT and mass timber 
showed limited familiarity 
with public opinion being 
generally positive about 
environmental aspects and 
safety concerns.

Larasatie et al., 2018, 
Montague et al., 2021, 
Debnath et al., 2022, 
Stegner and Fotheringham, 
2022

Psychological and 
Physiological 
Well-Being

Studies surrounding exposed 
wood use in building 
construction are extensive 
with long-term support for 
the positive psychological 
and physiological aspects of 
wood

Sakuragawa et al., 2005, 
Nyrud A. & Bringslimark T. 
2010, Burnard et al. 2015, 
Strobel et al., 2017, Yin 
et al., 2018, Jo et al., 2019

Willingness to 
Adopt

Economic risk, awareness, 
cost, comparability to other 
materials, sustainability, 
code standards, 
performance, fire safety, and 
durability are the primary 
factors affecting engineers, 
architects, and contractors' 
willingness to adopt CLT

Laguarda Mallo and 
Espinoza, 2015, Zelinka 
et al. 2021, Ahmed and 
Arocho, 2021, Abed et al., 
2022, Penfield et al., 2022, 
Ricco et al. 2023
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research and surveys on public opinion surrounding CLT and mass 
timber in general. Given how far the policy and construction guidelines 
have come in the last five years (Stegner and Fotheringham, 2022), it is 
reasonable to assume that the public's opinion on CLT and mass timber 
has likely shifted since the last in-depth surveys were administered.

The connection between the natural environment and human well- 
being in constructed spaces has been well-established in the physio
logical and psychological scientific literature (Sakuragawa et al., 2005, 
Nyrud and Bringslimark, 2010, Burnard et al. 2015, Strobel et al., 2017, 
Jo et al., 2019). Some early studies of note concluded that interior wood 
wall panels decrease depression and lower blood pressure (Sakuragawa 
et al., 2005). Similarly, Bringslimark (2010) showed that participants 
perceived interior wood panels as “natural” and “healthy” as well as 
quantifying physiological benefits. Traditionally constructed non-wood- 
utilizing indoor environments have been shown to lessen a person's 
ability to recover emotionally and are linked to psychological drain 
(Burnard et al. 2015). The use of natural building components, such as 
wood, has been shown to improve people's emotional and physical well- 
being in these constructed environments (Sakuragawa et al., 2005; Yin 
et al., 2018). People report decreased levels of stress, improved memory, 
and improved emotional state when natural biophilic components are 
incorporated into building construction (Yin et al., 2018). The wood 
used in interior spaces can influence a person's perception of ambiance 
and elicit feelings of positivity and connectedness to nature (Strobel 
et al., 2017). These psychological and physiological considerations are 
important when establishing potential benefits to increased use and 
adoption of CLT.

An early study considering mass timber production and market 
acceptance found that economic risk and uncertainty were driving fac
tors in Architecture, Engineering and Construction (AEC) firms' will
ingness to adopt mass timber (Laguarda-Mallo & Espinoza 2015). A 
survey of industry professionals at a 2018 North American Mass Timber 
Research Needs Assessment Workshop found that the top concerns about 
mass timber adoption included the need for studies related to cost- 
effectiveness, comparability to other materials, environmental and 
carbon implications, and establishment of codes and construction 
standards (Zelinka et al. 2021). A recent study resulting from the 2022 
North American mass timber research needs assessment workshop found 
that many questions related to fire performance, building durability, 
architectural considerations, structural performance, sustainability, and 
infrastructure applications require extensive future investment and 
research (Ricco et al. 2023). Each section of the workshop proposed 
questions to participants with results broken down into a matrix 
examining the research and investment effort compared to the perceived 
or expected impact. These topics varied greatly in perceived effort and 
impact, but few proposed future steps fell into the low effort and high 
impact category (Ricco et al. 2023). Another survey of building con
tractors, architects, and mass timber manufacturers found that aware
ness and hesitancy were still primary factors driving whether a 
construction practitioner was willing to use mass timber products as of 
2021 (Ahmed & Arocho 2021). There has likely been a shift in architect 
and building engineer awareness of CLT as a more recent survey con
ducted in 2022 by Penfield et al. (2022) showed that 100 % of architects 
and engineers were familiar with CLT. Both architects and engineers 
agreed that CLT shows advantages in environmental aspects but only 
architects stated CLT is more effective when compared to traditional 
building materials. Compatibility with traditional building materials 
was not seen as an issue for either architects or engineers. Disseminating 
information on the current state of mass timber construction codes, 
safety testing, and economic potential to building contractors, archi
tects, engineers, and manufacturers has the potential to alleviate the 
current hesitancy toward mass timber products such as CLT (Penfield 
et al., 2022).

4. Discussion

Mass timber research has made considerable progress in recent years, 
but many aspects and areas of knowledge are yet to be explored. These 
knowledge gaps are listed in the table below (Table 5). Specifically, 
questions related to economic viability, policy and regulation needs, and 
social acceptance aspects of CLT are yet to be answered. Establishing 
and discussing this knowledge gaps will better guide future research and 
help to add to the continued knowledge around CLT and mass timber in 
general.

4.1. Economics

Although several publications discuss the cost of CLT and mass 
timber use in building construction, there is limited literature on how a 
CLT industry would impact local and state economies. The forest-based 
economic markets in the U.S. have declined in recent years, leading to a 
need to replace lost economic potential (Brandeis and Guo, 2016, Uni
versity of Kentucky Forestry Extension 2015, Brandeis et al., 2021). 
Many hardwood states such as Tennessee have seen closures of pulp and 
paper mills removing these markets that local landowners relied upon to 
sell their timber (Brandeis and Guo, 2016; Poudyal et al., 2017). CLT 
shows potential to alleviate some of these economic losses. Research into 
specifics of these market implications such as the investment needed to 
establish CLT plants, and the expected regional economic impacts (i.e., 
multipliers of jobs, GDP, tax implications) will be vital to justify new 
investment for CLT production and secure support from stakeholders in 
the forest products industry. This economic potential will likely dictate 
regional acceptance of CLT with struggling markets more likely to adapt 
to novel products such as CLT. Continued research into which regions 
will likely benefit most from an expanded CLT market will help to 
achieve a clearer picture of the total economic potential of CLT.

Studies have examined the direct cost of CLT and mass timber in 
large-scale building construction and as an individual finished product 
(Brandt et al., 2019; Gu et al., 2020; Ahn et al., 2022; González-Retamal 
et al., 2022). However, these studies have been limited in scope and 
lacked definitive supporting economic research to confidently state 
conclusions. Ahn et al. (2022) stated limited research is a negative factor 
in definitively establishing the economic competitiveness of mass timber 
when compared to traditional building materials such as steel and 
concrete. A study in Japan found that CLT slabs utilized in bridge con
struction would be significantly more expensive than currently used 
reinforced concrete methods. Greenhouse gas emissions could be lower 
than reinforced concrete but only if CLT without waterproofing was 
used (Iwase et al., 2020). Future research into regional economic im
pacts, financial feasibility over time, increasing product availability and 
cost, and utilization of more cost-effective lumber resources will likely 
have varied but major impacts on the economic feasibility of future 
projects utilizing CLT. Research into other applications such as in large- 
scale residential, commercial, and parking garages, or more research 
into utilization in bridge construction has the potential to create new 
avenues for CLT that may be more suited to overcome the economic 
hurdles currently in place.

Recyclability and salvageability of CLT and mass timber components 
at the end of a building's life cycle have been discussed in several sci
entific publications (Robertson et al., 2012; Vamza et al., 2021; Hasse
gawa et al., 2022; Greene et al., 2023). Studies specifically looking at the 
economic impacts of recyclability are limited (Liang et al., 2021). A 
study by Vamza et al. (2021) states that recycling CLT into a mycelium 
insulation material shows the most potential followed by wood pellet 
production. Even though this study covered the environmental and 
feasibility implications of recycling CLT well, it did not get into the 
economic benefits. Further research into ways to recycle CLT and other 
mass timber components will be vital if economic circularity and envi
ronmental factors are to be positively addressed. Research into the 
economic benefits of recycling CLT has the potential to shift the 
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Table 5 
Summary of knowledge gaps for economic, policy, and social aspects of CLT and 
mass timber.

Knowledge area General findings References

Economic
Regional Economic 

Impact
There has been a decline in 
forest-based markets in the U. 
S. However, research into the 
direct economic impacts of 
CLT mass timber has been 
limited, showing potential for 
research into new ways to 
support and revitalize 
declining markets.

Brandeis and Guo, 2016, 
University of Kentucky 
Forestry Extension 2015, 
Poudyal et al., 2017, Scouse 
et al., 2020, Brandeis et al., 
2021

Cost and 
Availability

Current literature lacks 
definitive answers on CLT 
cost and availability, likely 
due to regional complexities 
in resources and 
infrastructure. Studies have 
stated this uncertainty as a 
primary factor in the inability 
to establish mass timbers' 
economic competitiveness.

Brandt et al., 2019, Iwase 
et al., 2020, Gu et al., 2020, 
Ahn et al., 2022, González- 
Retamal et al., 2022

Recyclability Most studies into the 
recyclability of CLT and mass 
timber are newer and 
continued efforts into novel 
end-of-life uses need to be 
pursued.

Robertson et al., 2012, 
Liang et al., 2021, Vamza 
et al., 2021, Hassegawa 
et al., 2022, Greene et al., 
2023

Small-Diameter/ 
Low-Quality 
Timber

Two studies have shown 
positive results when looking 
into small-diameter timber 
use in CLT. Utilization of 
small-diameter lumber could 
aid declining industries, but 
more research is needed to 
support the current findings 
and research new timber 
species viability.

Fredriksson et al., 2015, 
Crovella et al., 2019, 
Azambuja et al., 2022, U.S. 
Forest Service 2022, Vaagen 
Timbers, 2024

Carbon Credit 
Potential

Carbon credits for CLT and 
mass timber show the 
potential to shift the 
economic feasibility of large- 
scale mass timber use and 
increase stored carbon. 
However, carbon credits for 
CLT and mass timber is a new 
concept that will require 
further research into the 
benefits, drawbacks, and 
consequences if 
implemented.

Chaggaris et al., 2021, 
Taylor et al., 2023, Georgia 
Forestry Commission 2024

Impact on Wood 
Markets

The current research is 
confident that current timber 
markets can supply a CLT 
industry. However, research 
into the specifics of supply 
and demand and impacts on 
product prices has been 
limited.

Comnick et al., 2021, Nepal 
et al., 2021, Atkins et al. 
2023

Aesthetics and 
Perceptions

The positive impact of wood 
aesthetics and human 
perception in literature is 
well supported. However, no 
studies have directly 
examined if CLT or mass 
timber show the same 
positive impacts as other 
wood products.

Sakuragawa et al., 2005, 
Burnard et al. 2015, Yin 
et al., 2018, Harju et al. 
2022

Incentives and Cost 
Share

Incentives and cost-share 
programs, such as the 
successful ones implemented 
in Japan, show the potential 
to support U.S. industries in 
an emerging CLT market. 
Studies into the economic 

Nakano et al., 2020, Riddle 
2023

Table 5 (continued )

Knowledge area General findings References

impacts of these programs 
will be vital to establish if U. 
S. markets will benefit from 
new or expanded CLT and 
mass timber incentive 
programs.

Hardwood Mass 
Timber

Hardwood CLT is a novel 
product gaining traction in 
the wood products field. Uses 
of low-quality and small- 
diameter feedstock may 
increase the economic 
viability of these products. 
There is potential for these 
products to alleviate some of 
the economic struggles felt by 
declining hardwood markets.

Crovella et al., 2019, 
Brandeis et al., 2021, 
Azambuja et al. 2022, 
Norris et al., 2024, Hassler 
et al., 2024

Policy
New Policy 

Programs
The research into CLT and 
mass timber policy formation 
and implementation has been 
limited. The few U.S. policy 
programs that are in place 
have likely not been 
sufficiently utilized. New 
research into expanding 
current programs and 
creating new policies will be 
vital to support an expanding 
CLT sector.

Nakano et al., 2020, Riddle 
2023, Taylor et al., 2023

Synthesis of non-U. 
S. Policy

Testing to establish U.S. 
construction standards and 
regulations must take place in 
the U.S. However, further 
research and examination of 
CLT and mass timber 
programs, such as those in 
Japan, could bring insight 
and help guide U.S.-based 
policy efforts.

Nakano et al., 2020, Stegner 
and Fotheringham, 2022

Social
Public Attitudes 

and Preferences
Research into what the public 
thinks of CLT has been 
limited. Research has shown 
that the public is generally 
unaware of CLT or mass 
timber. Further research into 
current perception and 
education and outreach 
programs will be vital to gain 
a clearer picture of the social 
acceptance and public 
attitude toward CLT.

Larasatie et al., 2018, 
Luo et al., 2018, Montague 
et al., 2021, Poratelli et al., 
2023,

Environmental 
Opinion

Positive environmental 
impacts of a product are often 
a leading driver toward 
public support. Studies show 
positive public opinions 
toward CLT and mass timber. 
Further studies and research 
will need to be done as the 
CLT industry grows to 
establish current public 
perceptions and opinions.

Larasatie et al., 2018, 
Montague et al., 2021, Abed 
et al., 2022, Debnath et al., 
2022

Exposed Wood The benefits of exposed wood 
are heavily supported in the 
literature. However, no 
studies have been done 
directly examining the 
impacts of exposed CLT or 
mass timber on study 
participants. Further studies 

Sakuragawa et al., 2005, 
Nyrud and Bringslimark, 
2010, Burnard and Kutnar, 
2015, Strobel et al., 2017, 
Jo et al., 2019

(continued on next page)
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economic feasibility. Additionally, recycled CLT could be used for new 
structural applications, further showing the economic feasibility of these 
components. If possible, this could lower the demand for new CLT 
components as recycled components would continue to be utilized well 
beyond the original structural application. New and novel ways of uti
lizing CLT and mass timber at the end of a building life-cycle will need to 
be researched to establish a clearer picture of the true lifetime cost of 
CLT building construction.

Low-quality softwood and hardwood lumber is not currently being 
utilized in structural applications. These lumbers often come from young 
or low value timber stands. Some studies have been conducted on the 
use of low-quality and small-diameter hardwood lumber for CLT con
struction (Crovella et al., 2019, Azambuja et al., 2022). Some studies 
have been done and shown that small-diameter lumber has potential 
both in terms of strength and production (Fredriksson et al., 2015; Wu 
et al., 2021). Although these studies show positive results, Azambuja 
et al. (2022) and Crovella et al. (2019) assessed limited species and 
Fredriksson et al. (2015) stated several potential barriers in imple
menting small-diameter lumber in CLT. Some companies such as Vaagen 
Timber have even adopted manufacturing models to make use of these 
low cost small-diameter lumber stocks showing a successful economic 
model can be achieved (Vaagen Timbers, 2024). A deeper investigation 
is needed to determine if other low-quality softwood or hardwood 
lumber is financially viable for use in CLT products. The U.S. Forest 
Service has continued to support advancements in new and novel wood 
products through their wood innovation grants (U.S. Forest Service 
2022). Further utilizing these programs to promote and expand the 
knowledge surrounding small-diameter and low-quality lumber feed
stock in CLT will likely be pivotal to successfully implementing these 
products. The use of under-utilized timber has the potential to revitalize 
struggling economies as well as bring down the potential cost of CLT or 
other mass timber products. New and novel ways of manufacturing CLT 
may be specifically developed to make use of these types of low-grade 
lumber.

Since CLT and mass timber structures store carbon in their wood 
biomass while simultaneously acting as alternatives to other high GHG- 
intensive materials, there is a potential for carbon credit generation 
(Chaggaris et al., 2021, Taylor et al., 2023, Georgia Forestry Commis
sion 2024). However, our current understanding of the effectiveness and 
logistics of carbon credits for CLT and mass timber use in construction is 
limited. Further economic analysis is needed to quantify the value of 
such carbon credits, demonstrate that they meet all eligibility criteria (e. 
g., additionality, permanence), and propose feasible market protocols 
(e.g., commitment, payment vehicles, beneficiaries, monitoring, and 
verification) and models for their trade in the market. Perhaps, existing 
models of trade in other commodities (e.g., biochar, agriculture soil 
carbon) may be evaluated for their replicability in the context of CLT. 
Overall carbon credits show great potential to both promote and further 
highlight the economic feasibility of CLT.

Although research has shown that the current timber supply can 
adequately support the continued growth of CLT manufacturing 
(Comnick et al., 2021, Nepal et al., 2021, Atkins et al. 2023), this does 
not mean that there will be no impact on wood markets. The potential 
for increasing CLT manufacturing to raise demand in timber markets has 
potential to raise prices and create supply scarcity. These increased 
prices and scarcity have the potential to negatively affect traditional 
wood-utilizing markets (Nepal et al., 2021). However, given the current 

size of the CLT and mass timber industry, as well as its projected growth, 
it is unlikely that traditional wood markets will be significantly 
impacted. National forest growth has exceeded harvest since the 1940's. 
According to Comnick et al. (2021), total harvestable forest demand 
would only equate to 82 % of national forest supply even under high 
estimates of CLT and mass timber utilizing. This does not consider 
regionality with areas such as the Western U.S. likely more susceptible to 
demand exceeding forest growth (Comnick et al., 2021). Research into 
these impacts will likely need to be done on a local and regional scale 
and replicated across a variety of different models before a clear picture 
of CLT’ impact on forest resources can be understood.

Positive aesthetics play a key role in how people perceive wood 
products through increased attractiveness as well as positive emotional, 
physical, and psychological well-being (Sakuragawa et al., 2005, Bur
nard et al. 2015, Yin et al., 2018). A review by Harju et al. (2022) states 
that environmental impacts, health implications, perceived naturalness, 
and symbolism all influence whether a consumer is willing to make an 
economic decision based on wood characteristics. However, no studies 
have directly examined if CLT in particular shares the same emotional, 
physical, and psychologically positive attributes as the previous studies 
have suggested. It is possible that a structure made entirely of CLT could 
have diminished, neutral, or expounded effects on people's willingness 
to adopt CLT. It is likely that perceptions surrounding the positive 
aesthetic aspects of CLT will be a large driving factor for the promotion 
of these products moving forward. New and novel mass timber products 
will likely develop with visual and exposed components being the 
largest draw for prospective buyers.

Incentives and cost-sharing policies are another avenue for future 
research to consider. A policy establishing incentives like those dis
cussed by Nakano et al. (2020) in Japan could be implemented in the U. 
S. to help promote and spur CLT and mass timber adoption. In 2014 
Japan initiated a program to expand CLT production as an expansion of 
a previous 2010 plan to promote wood use in public buildings. This plan 
involved the subsidizing of CLT production facilities and has seen the 
expansion from 26 facilities in 2015 to 300 by 2018. These policies could 
be nationwide efforts or enacted by state, county, or city governments to 
promote adoption in specific regions. Cost share programs could influ
ence whether a person, company, or organization would utilize CLT in 
building construction. Future studies to examine the potential impacts of 
different levels of incentives, regionality of implementation, length of 
incentive programs, and mode of payment (e.g., direct payment, tax 
break, cost-share) could help derive a predicted future demand under 
different scenarios. These studies could be quantitative economic ana
lyses or implemented under qualitative methodologies such as gathering 
stakeholder opinions and perceptions under differing scenarios.

Hardwood CLT has gained attention in recent years as a potential 
way to address struggling hardwood lumber markets. These markets 
have declined in recent years with sawmill production levels at the 
lowest point since 1960 (Hardwood Market Report, 2024). Add to this 
the general decline of paper, pulpwood, and paperboard and this decline 
becomes even more prevalent (Brandeis et al., 2021). A new product 
such as hardwood CLT could create a new avenue for hardwood lumber 
and alleviate some of the burden on these struggling industries. Hesi
tancy toward the use of hardwood in mass timber often forms when 
discussing the cost increase between hardwood and the more available 
softwood options. It is true that hardwood lumber is on average two to 
three times that of softwood lumber (Timber Update 2023). However, 
studies have been conducted in areas that show potential to lower this 
cost and make hardwood CLT more competitive (Crovella et al., 2019, 
Azambuja et al., 2022, Norris et al., 2024, Hassler et al., 2024). These 
studies show that hardwood CLT may show potential to be economically 
competitive under specific scenarios. More studies into these aspects of 
hardwood CLT and other mass timber products will be vital to establish a 
clearer picture of the true potential of this novel product. Although 
hardwood CLT will likely not be a one product solution to these strug
gling hardwood markets, any increased demand for hardwood lumber 

Table 5 (continued )

Knowledge area General findings References

will be needed to establish 
the psychological and 
physiological impacts of 
exposed mass timber on 
building inhabitants.
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can be seen as a positive.

4.2. Policy

In the U.S., current incentive programs directed toward CLT, and 
mass timber have been limited with no direct CLT-specific policies in 
place. Riddle (2023) suggests several measures for increasing the 
adoption of CLT and mass timber including expanding research grants 
and programs, specifying requirements for government buildings to 
utilize CLT and mass timber wholly or partially in new construction, 
monetary incentives for utilizing CLT and mass timber in construction 
projects (e.g., tax incentives, access to credit), and direct federal timber 
harvest to support CLT and mass timber manufacturing facilities' lumber 
requirements. Expansion of current programs to incorporate more CLT 
and mass timber would likely be the simplest solution as several pro
grams in the Wood Innovation Grant Program have already supported 
CLT and mass timber projects. Requirements for new construction to 
utilize CLT and mass timber either partially or wholly have been suc
cessful in other countries such as Japan found by Nakano et al. (2020). 
Monetary incentives (e.g., tax incentives, access to credit) have been 
successful in other similar industries and may show positive results if 
applied to the CLT industry. California's Buy Clean California Act in 
2017, and the U.S. Department of Agriculture's Partnership for Climate- 
Smart Commodities Program are examples of U.S.-based policies push
ing for cleaner manufacturing and material use (Taylor et al., 2023). The 
potential for CLT manufacturers to utilize federal timber stock could 
address some of the cost and lumber availability concerns surrounding 
current CLT and mass timber systems. Research into the viability and 
potential of these measures would better inform policymakers when 
considering options for increasing CLT adoption.

The United States and other countries interested in promoting the 
CLT and mass timber should assess the feasibility of some of the suc
cessfully implanted CLT and mass timber policy incentives elsewhere (e. 
g., Japan) (Nakano et al., 2020). It is not guaranteed that success will 
translate to other countries, but future research could examine the fac
tors that contributed to the success and adapt similar or reasonably 
modified models that fit the local conditions. Although this paper ex
amines and discusses research in other countries its primary focus is on 
policy implications in the United States. Regulations and construction 
standards such as the U.S.-specific IBC guidelines have been discussed. 
Testing for mass timber component properties must take place in the U. 
S. to be considered as evidence for updating the IBC guidelines (Stegner 
and Fotheringham, 2022). Although non-U.S. studies may not be 
directly applicable to the specific manufacturing and construction pa
rameters in the U.S., the synthesis of quality scientific testing in other 
countries can better shape and direct U.S.-based efforts toward suc
cessful CLT adoption.

4.3. Social

How the public and potential consumers of CLT products view mass 
timber is largely unknown. Support for public policies and demand for 
and adoption of CLT and mass timber products will largely depend on 
public attitudes toward the product and its availability. Limited social 
research thus far (Larasatie et al., 2018; Montague et al., 2021) has not 
considered consumer willingness to pay for CLT products. These types of 
studies are vital when evaluating wood products and a consumer's 
likelihood and willingness to adopt new or novel wood product solu
tions. Environmentally certified timber products are similar to CLT 
concerning the environmental considerations and potential for con
sumers to value the eco-friendly aspects. A recent study found that 
consumers are willing to pay a premium price for environmentally 
certified timber products due to the environmentally conscious man
agement behind them (Poratelli et al., 2023). A study looking at con
sumers' willingness to pay for modern wood buildings in China and 
Japan showed differences between the two markets and helped to 

establish a lack of consumer knowledge as a factor impacting willingness 
to pay for modern wood buildings (Luo et al., 2018). Establishing will
ingness to pay for CLT products from architects and engineers as well as 
building owners or project funding agencies will be vital if the adoption 
of CLT systems is to increase. Future research needs to be done to fill this 
knowledge gap as well as gain further perspective on consumers' will
ingness to adopt CLT.

Environmental concerns and considerations have been shown to 
impact the perception of and support from the public on the use of CLT 
and mass timber systems and products (Larasatie et al., 2018; Montague 
et al., 2021; Debnath et al., 2022). This public concern aligns well with 
the current scientific literature on CLT and mass timber, particularly 
when examining environmental impacts. Improved sustainability and 
environmental benefits over traditional construction materials such as 
steel are some of the driving factors behind the scientific communities' 
positive stances toward the increased adoption of CLT and mass timber 
products (Abed et al., 2022). Better communicating these positive 
environmental and sustainability aspects of CLT will be vital to gaining 
public and social support. This social support will be vital particularly 
when considering the establishment of governmental policies that have 
the potential to subsidize and promote the use of CLT products. Further 
research is needed on the connection between the current public and 
consumer perception of the environmental aspects of CLT and how these 
aspects will impact willingness to pay and willingness to adapt.

The current research on the psychological and physiological benefits 
of wood exposure in the built environment has been stated in a sub
stantial amount of scientific literature (Sakuragawa et al., 2005, Nyrud 
and Bringslimark, 2010, Burnard et al. 2015, Strobel et al., 2017, Jo 
et al., 2019). However, none of these publications examined the direct 
psychological and physiological impacts of CLT products on experiment 
participants. As such, only indirect conclusions can be made on the 
potential positive end-user experience-based benefits of CLT products. 
This creates a need for research on the direct psychological and physi
ological impacts of CLT use in large-scale building construction. It is 
likely exposed wood will become a major selling point for CLT moving 
forward. However, it is difficult to state certainties when no studies have 
been done on these psychological and physiological aspects of CLT.

Considering everything, several key implications as stated below, 
can be drawn to summarize the discussion of knowledge generated and 
strategic directions needed to advance CLT production. 

- Target investments strategically: Societal benefits of CLT could be 
maximized by focusing CLT investments in regions with declining 
forest-product markets and conduct region-specific feasibility 
analyses.

- Expand and diversify markets: Developing new CLT applications and 
products, including hardwood CLT, can improve competitiveness 
and reduce reliance on single or limited market.

- Optimize raw material use: Policy initiatives at the next level should 
prioritize leveraging low-quality, small-diameter, and under-utilized 
timber to reduce production costs and strengthen supply chains.

- Leverage sustainability benefits: This may be realized by capturing 
value from carbon storage credits and emphasizing CLT's environ
mental advantages to market these benefits to the builders, con
sumers etc.

- Manage supply and price risks: The economic shocks from market 
uncertainties may be addressed by monitoring regional timber 
availability and secure long-term procurement strategies (e.g., future 
contracting options)

- Differentiate through design and aesthetics: Manufactures may see 
benefit and even receive price premium by greater use of exposed 
wood and design quality to enhance CLT's market acceptance.

- Engage policy and stakeholders: Institutions interested in promoting 
manufacturing and use of CLT need continuous advocacy for in
centives and education of policymakers, professionals, and con
sumers to increase adoption.
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5. Conclusions

The CLT and most other mass timber products are still a novel wood 
product system and many questions about its economic, policy, and 
social aspects are yet to be answered. Discipline-specific research thus 
far has resulted in sporadic and isolated knowledge lacking coalescence 
between disciplines. This study synthesized the current body of knowl
edge and research related to the economic, policy, and social aspects of 
CLT and mass timber, in general. Informed by this review, it also 
established the need for several potential directions for future research, 
which will benefit researchers, policymakers, and stakeholders in the 
wood products industry interested in promoting CLT adoption. Addi
tionally, limited research has addressed the chronological evolution of 
mass timber production and use. Also unknown is regional variation in 
mass timber knowledge, perception of risk and benefits, use in con
struction or manufacturing of wood-based products, and adoption as 
well as effectiveness of policies adopted to promote mass timber prod
ucts. While this study was a first attempt to qualitatively synthesize the 
emerging knowledge on CLT but as the literature on mass timber con
tinues to grow, future studies could utilize a more quantitative research 
approach such as meta-analysis, quantitative multiple regression 
modeling to investigate and quantify effect of various co-variates.

Mass timber, CLT in particular, offers significant opportunities for 
consumers and developers by creating new market for underutilized 
lumber, providing long-term carbon storage benefits, adding aesthetic 
and resident well-being, and most importantly, supporting regional 
timber economy. Policy incentives and growing consumer awareness 
and appetite for environmentally sustainable building materials may 
enhance the market potential. However, widespread adoption may still 
be constrained by several barriers such as limited research on economic 
feasibility, costs, recyclability and uncertainty surrounding building 
codes and regulations.

CLT shows promise both as a financially sensible product and with 
added potential for future incentives such as carbon credits to further 
incentivize adoption. Governmental assistance and incentive programs 
(e.g., innovation grants, tax incentives, research grants) have seen pos
itive results for other wood product industries but limited programs 
have been directly applied to CLT. The social aspects surrounding CLT 
show that stakeholders are becoming more aware of CLT and mass 
timber as well as supporting the continued expansion and utilization of 
CLT in projects and designs. Policy, regulation, and guidelines in the U.S. 
have expanded greatly in the past decade and continued efforts are still 
underway to develop new policies toward expanding CLT adoption. 
Because CLT building systems are still relatively novel, it will take 
continued development over many years before they can reach a point of 
mainstream acceptance and adoption.

Research into the economic aspects surrounding CLT has been the 
most explored to date, with policy and social aspects fairly limited in the 
current literature. However, economic research gaps are still extensive 
and include regional availability and cost, recyclability and end-of-life 
solutions, utilization of low-grade or low-cost lumber, and carbon 
credit potential. Policy research gaps include expanding current cost- 
share and incentive programs, development of new policy programs 
and their impacts, and synthesis of non-US-based policy programs to 
inform U.S.-based policy formation efforts. Social gaps include research 
into current public opinion on CLT, public perception of environmental 
and sustainability considerations, and specific research on the physio
logical and psychological impacts of different mass timber systems. CLT 
shows great potential, but the growth of this industry will likely be slow 
given the competitive hurdles when compared to long-supported tradi
tional building materials.
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