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Abstract: This paper presents a literature review exploring the end-of-life (EoL) scenarios 
for mass timber, focusing on Life Cycle Assessment (LCA), Environmental Product Dec-
larations (EPDs), and circular principles. Despite its claimed environmental benefits, sig-
nificant gaps exist in standardising LCA methodologies, including inconsistent system 
boundaries, challenges with time-dependent emissions, and limited integration of circular 
strategies. The literature review evaluates four primary EoL scenarios: reuse, recycling, 
energy recovery, and landfill. Reuse is identified as the most sustainable option, extending 
material lifespans and minimising environmental impacts, followed by recycling. Energy 
recovery is considered a fallback, while landfill remains the least desirable. Design for 
Disassembly and Reuse (DfD&R) is highlighted as critical for promoting circularity, 
though economic, market, and regulatory barriers hinder widespread adoption. The con-
clusion of this literature review calls for several thematic topics including harmonised 
LCA practices, policy reforms, and industry awareness to optimise EoL strategies for mass 
timber. By addressing these challenges, the building sector can better align with circular 
economy goals, reducing environmental burdens and supporting global climate targets. 
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1. Introduction 
The global demand to reduce greenhouse gas (GHG) emissions was formalised in 

the Paris Agreement [1], adopted by 195 parties in 2015. Its goal is to limit global warming 
to well below 2 °C, with an aspirational target of 1.5 °C above pre-industrial levels. Fur-
thermore, the EU Green Deal [2] reinforced Europe’s commitment to sustainable devel-
opment, with the 2030 agenda targeting a 55% reduction in GHG emissions compared to 
1990 levels, and achieving climate neutrality by 2050. These policies advocate for circular 
thinking [3,4], in contrast to conventional linear models, in both economic and material 
resource management. According to Bocken et al. [5] and Konietzko et al. [6], circular 
thinking involves the narrowing down and minimisation of material usage, the slowing 
down of material usage, the close-loop of material usage, meaning to reuse them again 
and again if possible, and the use of regenerative materials. 

The construction industry is a significant contributor to GHG emissions, accounting 
for approximately 37% of annual emissions [7]. Despite growing recognition of the need 
to transition toward sustainable practices, the sector faces several challenges. 
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Technological bottlenecks, such as the full implementation of circularity in building ma-
terials, hinder progress. Furthermore, reliance on traditional energy-intensive materials 
like concrete and steel intensifies emissions. Policy implementation also presents hurdles; 
while frameworks like the EU Green Deal [2] set ambitious targets, uneven enforcement 
and varying regional regulations complicate adoption. A lack of standardised metrics for 
sustainability further complicates decision-making for the construction industry. There-
fore, incorporating full life cycle assessments (LCA) into the selection of building materi-
als can help designers and practitioners identify and choose the least impactful options, 
thereby significantly reducing emissions in building design. LCA, in fact, is the method 
used to measure the environmental impacts across all stages of a material’s life cycle, from 
raw material extraction, production, and transportation, to construction, operation, 
maintenance, and finally, demolition and waste management at the end of its service life 
[8]. The full life cycle of mass timber is illustrated in Figure 1 with all life cycle stages 
according to EN 15978 [9]. 

 

Figure 1. Life Cycle Stages of Mass Timber Material (EN 15978) [9]. 

In light of the EU’s climate policies, wood and the forestry industry play prominent 
roles in achieving recently intensified sustainable targets [10]. In recent years, mass timber 
has gained recognition as an environmentally friendly and sustainable alternative to ma-
terials like concrete and steel, especially in large-scale construction. Mass timber, a cate-
gory of engineered wood products, comprises multiple layers of solid wood bonded to-
gether using adhesives, nails, or dowels to create large-scale structural elements such as 
columns, beams, and panels. Out of the big variety of mass timber products, the most 
commonly used ones include Cross-Laminated Timber (CLT), Glue-Laminated Timber 
(GLT or Glulam), and Laminated Veneer Lumber (LVL) [11,12], the focus of this study. 
Many studies [13–17] have highlighted the climate benefits of mass timber buildings com-
pared to those made from fossil-based materials. Younis and Dodoo’s LCA studies [18] 
revealed that using Cross Laminated Timber (CLT) instead of conventional construction 
materials like reinforced concrete (RC) in multi-story buildings could achieve approxi-
mately 40% savings in GHG emissions. 

Approximately 70% of the wood in the European Union is utilised as mass timber for 
the construction industry today [3]. Given the increasing production, utilisation, and re-
search on mass timber, it is crucial to incorporate LCA (Figure 1), as mentioned earlier, 
into the discussions of mass timber, particularly at the time of the climate crisis. Special 
attention should be paid to the assessment of end-of-life (EoL) stage C (Figure 1) for 
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widely used products like CLT, Glulam and LVL. Although definitive studies on the exact 
lifespan of mass timber buildings are lacking, most research assumes a 50- to 60-year ser-
vice life [17,19]. With many mass timber buildings expected to reach the end of their 
lifespan in the coming years [18], establishing clear EoL strategies that incorporate circular 
approaches is increasingly urgent. Maximising waste utilisation is critical to reducing en-
vironmental burdens associated with raw material extraction and processing [20]. Thus, 
achieving circularity for mass timber at the EoL stage could further reduce the environ-
mental footprint of timber structures. 

While the literature on the LCA of mass timber exists and will be discussed in detail 
in the literature review results of Section 3.3, no specific literature review has been con-
ducted on the end-of-life phase of mass timber materials. The main goal of this literature 
review is therefore to summarise the current themes, trends, debates and gaps in the aca-
demic research field on the EoL of mass timber. Secondly, this systematic review provides 
an updated perspective on the EoL, LCA, and EPD of mass timber, covering studies from 
2019 to 2024, especially during a period of policy transition for EPDs from EN 15804+A1 
[21] (2013) to EN 15804+A2 [22] (2019). It offers the most recent insights on these topics, 
supplemented by references to earlier studies identified from the primary search. Based 
on the assumptions, limitations, and potentials discussed, suggestions will be given to the 
future research of EoL of mass timber. 

2. Materials and Methods 
A preliminary literature search was conducted to observe the growing trend of re-

search in mass timber, as well as the end-of-life of mass timber in recent years. Subse-
quently, a detailed literature review was performed specifically on the end-of-life consid-
erations of mass timber. 

The preliminary literature search aims to observe the tendency of research in mass 
timber along with its EoL studies in the research field. The search on Scopus was per-
formed using the terms “Mass Timber”, “Engineered Wood”, “CLT”, “GLT”, or “LVL”. 
This search yielded a total of 12,488 results. However, current knowledge on potential EoL 
and post-use practices is said to be very limited [23]. This gap is confirmed when searching 
for studies specifically focused on the EoL of mass timber. A search using terms “Mass 
Timber”, “Engineered Wood”, “CLT”, “GLT” or “LVL” combined with “End-of-life”, 
“End of life”, or “EoL” returned only 169 results. The observed trend will be discussed 
later in Section 3.1. 

The 169 articles on EoL of mass timber were then screened in detail for the literature 
review. The literature review follows the PRISMA guideline [24] to ensure a transparent 
and systematic approach to examining the current literature on the EoL of mass timber 
with the full process shown in Figure 2. 

The first filtering round applied Scopus automatic search filters with inclusion crite-
ria of peer-reviewed scientific articles, English language, and publications from the past 
five years, resulting in 94 articles. A second manual selection focused on building-related 
studies, excluding irrelevant papers on topics such as comparisons with steel-concrete 
structures, non-construction wood products (e.g., ‘tree shelters’), chemical treatments, 
and fire safety performance. This process resulted in 31 papers deemed suitable for the 
literature review [Supplementary Materials]. Additionally, 25 papers cited in the primary 
literature were identified as secondary sources, bringing the total to 56 papers included in 
the review. Each paper was analysed for research objectives, gaps, findings, limitations, 
and relevance to this paper’s topic. In addition, the literature was categorised by topics of 
discussions on the EoL of mass timber. 
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Figure 2. Flow Chart of Literature Review, following the PRISMA Guidelines [24]. 

3. Results 
This section includes the growing trend observation from the preliminary literature 

search as well as themes, patterns, debates and comparisons from the literature review. 

3.1. Trend of Research in Mass Timber and EoL of Mass Timber 

Out of the 12,488 results of “mass timber” articles from the preliminary literature 
search, 59% of these studies were published in the last ten years, with 38% appearing in 
just the past five years, highlighting the growing research interest in mass timber along 
with the rise of the industry (growth as shown on Figure 3 left). It can be seen that since 
the invention of CLT and Glue Laminated Timber (Glulam, GLT) in the 1990s [25], re-
search into mass timber has surged, with a significant increase in the past decade. 
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Figure 3. Number of Articles Found on Scopus searching terms related to “Mass Timber” (left) 
and “End of Life of Mass Timber” (right). 

Of the 169 results from the literature search on EoL of mass timber, 121 studies were 
published in the last ten years, accounting for 71.6% of the total, with 98 published in the 
last five years, representing 58% (Figure 3 right). This suggests a growing interest in the 
EoL of mass timber as attention to LCA has increased lately. However, the overall number 
of studies remains small compared to the broader body of research on mass timber with 
12,488 results, which might predominantly concentrate on the forestry and building in-
dustry and the uses of mass timber building, reflecting LCA stages A and B. 

3.2. Patterns from the Literature Review 

Out of the 56 papers reviewed, the publication years show a clear trend, with a nota-
ble rise in research activity in recent years. The distribution includes 4 papers from 2024, 
13 from 2023, 7 from 2022, 4 from 2021, 5 from 2020, and 4 from 2019. Earlier years exhibit 
fewer contributions, with 4 papers from 2018, 3 from 2017, 2 from 2016, 1 from 2015, and 
scattered entries between 2014 and 2009. All primary sources were from 2019 onward, 
aligning with the search criteria to include articles from the past five years. The inclusion 
of secondary sources, however, brought in earlier publications to provide historical con-
text and enrich the review. This approach reflects the study’s aim to update the current 
discourse on the topic while acknowledging and building upon foundational research. 

Within the 56 papers reviewed, earlier publications tend to be cited more frequently. 
Ten papers received over 100 citations, with six of these cited more than 200 times. Addi-
tionally, 10 papers accumulated between 50 and 100 citations. Conversely, more recent 
papers published within the last five years generally received fewer citations, reflecting 
their relatively shorter time in circulation. 

The reviewed papers cover diverse geographical, political, and economic contexts. 
Of the 56 papers, 38 relate to Europe and the UK, 11 to North America, 1 to Asia, and at 
the same time 17 adopt a global perspective. Notably, many region-specific studies link 
their findings to broader global discussions, especially as LCA becomes a globally 
adopted method for achieving environmental targets and combating the climate crisis. 

The 56 papers address a broad spectrum of topics relevant to the ongoing discussions 
on the EoL of mass timber. These topics are organised and discussed in the following sec-
tions. 

3.3. Current Assumptions and Limitations on LCA for Mass Timber 

Out of the 56 papers reviewed, the majority—45 papers—referenced the Life Cycle 
Assessment framework, since mass timber’s EoL is an integral part of the LCA process. 

When discussing the EoL stage C and the benefits beyond the life cycle D it is im-
portant to understand the system boundaries these entail. Typically, LCA studies consider 
three primary approaches related to the analysed system boundaries: cradle-to-gate 
(stages A1–A3), cradle-to-grave (stages A1–C4), and cradle-to-cradle (which includes all 
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stages with the addition of stage D) [3,26]. However, these differences in system bounda-
ries can lead to varied results and interpretations, making it particularly challenging to 
compare studies, especially when assessing mass timber. 

The discrepancies within the current LCA framework for mass timber were acknowl-
edged by all 31 papers from the primary literature search result on the EoL of mass timber. 
It is argued that the EoL stage plays a crucial role in accurately accounting wood products’ 
carbon pool size over time [27]. However, uncertainties in system boundaries, time hori-
zons, and scenario assumptions in the LCA framework have led to the lack of compatibil-
ity and even distorted climate impact assessments [28,29]. For example, Head et al. [30] 
have highlighted the importance of time when considering the LCA of wood, as the “idea 
of time” could be highly scale-dependent when considering the growth of trees. In addi-
tion, being able to compare LCA results with mass timber projects across international 
boundaries is another unresolved gap among the international LCA community, due to 
varying local regulations, methods and measurements [18]. 

It is important to adopt a consistent, circular and time-comparable system boundary 
for long-lasting wood products like mass timber in order to ensure that global studies are 
relatable. A full circular system spans from raw material extraction to disposal and also 
considers the potential for materials to be repurposed at the end of their useful life. How-
ever, other scholars argued that while including stages beyond the production one (A1–
A3) provides a more comprehensive view of the life cycle, it also introduces greater un-
certainty due to assumptions about future events beyond stage A [31]. Consequently, it is 
urgently needed to have accurate and standardised characterisation of the service-life and 
end-of-life stages of mass timber. 

An additional key issue of the discipline is the timing of emissions. One of the ap-
proaches towards LCA, the “dynamic approach” has been developed to evaluate the im-
pact of emissions at each time step. Initially introduced by Levasseur et al. [32], this 
method considers the timing of emissions in LCA by utilising a dynamic inventory, which 
tracks emissions over time, along with dynamic characterisation factors. While static LCA 
assumes that all emissions occur simultaneously throughout a product’s life cycle, dy-
namic LCA evaluates environmental impacts over different time spans, considering both 
the timing of emissions and the kinetics of their effects within the ecosphere [33,34]. Ad-
ditionally, to better capture the impact of time, it incorporates time-dependent character-
isation factors, such as forest rotation periods and tree typologies, which are often over-
looked in static models [35]. As a result, this approach considers different growth rates: 
faster-growing species, in fact, absorb carbon more quickly than slower-growing ones. 
Longer rotation periods result in CO2 remaining in the atmosphere for extended dura-
tions, thereby contributing to a higher Global Warming Potential (GWP) score. Peñaloza 
et al. [29] also utilised dynamic LCA to examine the influence of system boundaries and 
baseline factors in the LCA of products made from forest biomass. Their findings indicate 
that assessment results can be affected by factors such as spatial and temporal system 
boundaries, as well as land-use baseline. However, the influence of these factors dimin-
ishes when products are used over a much longer period of time. Lan et al. [19] developed 
a dynamic life-cycle modeling framework for a cradle-to-grave CLT manufacturing sys-
tem in the Southeastern United States for a period of 100 years, in consideration of differ-
ent EoL scenarios. Their study compared net GHG emissions in high vs. low productivity 
forest management, ranging from −954 to −1445 vs. −609 to −919 metric tonnes CO2e [19], 
highlighting the dynamic impact of considering forest management in the LCA of CLT 
products. In terms of EoL, their results from the study indicate that using mill residues for 
energy recovery reduces fossil-based emissions by 59–61% compared to recycling resi-
dues for other wood products. However, it increases the overall GWP due to the immedi-
ate release of biogenic carbon from the residues [19]. Thus, incorporating dynamic LCA, 
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which accounts for system-level management, can enhance the precision of LCA results 
by addressing time factors. 

3.4. Is Wood Always a Carbon Sink? 

Timber’s carbon sequestration is usually reflected as a negative GWP number in stage 
A1 Raw Material Supply. This is because the raw material of wood itself gives a credit in 
terms of CO2e in GWP due to its biogenic carbon content. Trees absorb carbon dioxide 
during growth through photosynthesis, converting the carbon dioxide into biogenic car-
bon, which is stored within the wood material. This process allows wood to act as a carbon 
sink, sequestering CO2 from the atmosphere and storing it in the biomass of the tree. How-
ever, the climate neutrality of wood products has been discussed and questioned within 
29 papers. The controversy stems from the biogenic carbon stored in wood, which could 
be released back into the atmosphere through combustion or decomposition, depending 
on the chosen end-of-life (EoL) scenario [32,36–39]. The impacts in life cycle stage C are 
usually overlooked and not optimised from a holistic circular perspective. In order to ac-
curately calculate the carbon sequestration, it is therefore essential to take into account the 
EoL of wood products. According to Hawkins [40], the carbon benefits of wood should 
only be discussed along with its emissions when end-of-life values are included. 

According to Head et al. [30], although standards recognise the importance of tem-
porary carbon storage in LCAs of wood products, currently there is still no agreed-upon 
method for how to measure it. Factors such as time, local forestry context and policy sce-
narios which determine the EoL options could lead to very different LCA results, as men-
tioned previously. Wei et al. [27] have also acknowledged this gap and developed a state-
of-the-art estimator (Wood Products Carbon Storage Estimator, WPsCS Estimator) to 
quantify the carbon stored in harvested wood products for a given region over a specific 
period. Factors such as service life, region-specific parameters, and time-dependent meth-
ods are considered. Although the tool is still limited in the product-based scale (e.g., rely-
ing on EPDs) instead of building or urban based scale, and only uses a constant service 
life for the entire simulation. 

3.5. End-of-Life Scenarios: Reuse, Recycling, Energy Recovery and Landfill 

Within the current LCA framework for mass timber, there are predominantly four 
different EoL scenarios: reuse, recycling, incineration with and without energy recovery 
(sometimes counted separately), and landfill. Forty-four out of 56 papers have addressed 
the topic of End-of-Life. 

3.5.1. Reuse 

Twenty-nine papers have addressed reuse as an important EoL scenario. Reuse refers 
to the second or subsequent utilization of mass timber components for their originally 
intended purpose without any structural changes in the material [41,42]. Reusing existing 
wood products not only reduces the need for extracting virgin resources but also extends 
the carbon storage period of the reused wood. Ahn et al. [34] suggest that reusing mass 
timber products may support sustainable forest practices by reducing the demand for har-
vesting, a benefit that conventional LCA approaches cannot fully capture. 

In addition, several studies have emphasized the importance of considering reuse at 
the design stage, specifically through the approach known as Design for Disassembly and 
Reuse (DfD&R). Passarelli [4] and Piccardo and Hughes [43] have identified downstream 
and upstream DfD&R, with downstream focuses on salvaging materials from existing de-
molished buildings, whereas upstream focusing on designing strategies to facilitate the 
future reuse of wood when it reaches the EoL. Polastri et al. [44], also suggested incorpo-
rating dismantlable components in design as part of the building process. Klinge et al. [45] 
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have highlighted the current lack of consideration of designs for disassembly, evident in 
the vast amount of construction and demolition waste (CDW) directed to landfill, which 
represents an undesirable EoL scenario from a climate-conscious perspective. This re-
search suggested that producing standardized modular elements of wood can help to 
avoid storage costs and increase the market acceptance for salvaged timber. In addition, 
reversible joints in mass timber, such as reusable metal brackets or carpentry mortise-and-
tenon joints, though typically more expensive, could be effectively designed if circular 
construction becomes mandatory through policy requirements [45]. Kręt-Grześkowiak et 
al. [46] have also suggested wood joints and wood nails over metal fasteners for an even 
lower environmental impact. Similarly, in the studies of Han et al. [47], thermo-hydro-
mechanical densified wooden nails were developed and tested in order to avoid the use 
of adhesives or metal in timber assemblies. 

The prefabricated and modular nature of mass timber such as CLT already manifests 
many advantages in terms of structural capacity, design flexibility, fire, seismic and ther-
mal performances, as well as construction efficiency with a dry construction process [18]. 
These qualities could be further incorporated with reversible construction methods in or-
der to maximize reuse of mass timber at its EoL. 

3.5.2. Recycling 

Recycling is another favored EoL scenario by many scholars. Twenty-nine papers 
have discussed recycling when considering EoL scenarios. “Recycling” refers to any re-
covery process in which waste materials are reprocessed into products, materials, or sub-
stances, either for their original purpose or for new uses. This excludes energy recovery—
a scenario that will be explored next—and the reprocessing of materials intended for use 
as fuels or for backfilling operations [41,42]. In the recycling of mass timber, the material 
is usually chipped or shredded and turned into boards or animal bedding [48]. The stored 
carbon remains in the recycled product, though typically for a shorter duration compared 
to reuse, as recycled materials generally have a shorter secondary lifespan. According to 
Hart and Pomponi and Whittaker et al. [31,48], “leakage” can occur during some recycling 
processes, involving both material losses and carbon costs. For instance, if a chipped prod-
uct such as animal bedding or wood mulch begins to deteriorate, the decomposition pro-
cess could mimic that of landfill disposal, potentially releasing methane into the atmos-
phere. This greenhouse gas poses a significantly greater threat to the environment, given 
that its GWP is commonly cited in the range of 28 to 36 times that of CO2 [49]. Addition-
ally, the decomposition of these products may occur more rapidly than in landfills, as they 
are exposed to air and often mixed with other organic materials such as soil and animal 
feces, factors that can accelerate the process. This results in a much shorter product 
lifespan compared to other recycled products. Further research could explore the envi-
ronmental implications of this issue. 

3.5.3. Incineration with/Without Energy Recovery 

Another common EoL scenario is incineration, which can occur with or without en-
ergy recovery. In many cases, incineration and energy recovery are presented separately, 
even though incineration is a broader term that may include energy recovery but does not 
always entail recovery or benefits. Incineration refers to the combustion of waste in incin-
eration plants, while incineration with energy recovery, sometimes referred to simply as 
energy recovery, involves burning materials to release the embedded primary energy 
stored in wooden products, generating heat as a byproduct [41,50]. During this process, 
stored carbon returns to the atmosphere as CO2, along with smaller quantities of methane 
and nitrous oxide. Modern incineration technology, known as carbon capture and storage 
(CCS), can capture significant amounts of CO2 generated during combustion and store it 
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in underground facilities, preventing its release into the atmosphere [51]. Although the 
environmental impact of all other categories apart from GHG increases when CCS is im-
plemented. The heat generated through incineration with energy recovery can typically 
be harnessed for other uses, offsetting GHG emissions from other systems [48]. Con-
versely, incineration without energy recovery releases heat into the environment without 
being utilized for any practical purposes [52]. 

Incineration with energy recovery is currently the most assumed industry option for 
EoL of mass timber due to its competitive market situation [46]. It is also said to be a typ-
ical method for dealing with offcuts from CLT production [23]. Although being the most 
common practical EoL option today, this method is only discussed by 18 out of 56 scholars 
in this literature review. 

3.5.4. Landfill 

Landfill as an EoL scenario is discussed by 17 scholars. When timber is landfilled, a 
portion of the carbon in the timber can be stored longer, contributing to overall carbon 
sequestration. However, the environmental impact of landfilling timber is complex and 
involves several factors. As timber decomposes, landfill gas (LFG) is released, primarily 
consisting of methane (around 50%), which poses a significant environmental concern due 
to its strong greenhouse gas effects [49]. Reinforced by Zhao et al. [52], the decomposition 
of waste wood materials in landfills is recognized as a major contributor to methane emis-
sions. This makes landfill the least preferred option as an EoL scenario for mass timber 
from an environmental perspective. 

The environmental impact of landfilling timber is influenced by the rate and extent 
of its decay, which are again challenging to predict accurately. According to Hart and 
Pomponi [31], these factors are affected by variations in landfill conditions, including cli-
mate, management practices, and the specific landfill design. Additionally, there is a lack 
of comprehensive, long-term studies on timber degradation in situ, which makes it diffi-
cult to assess how timber decomposes over several decades. Several research studies 
[53,54] and the last IPCC guidelines [55], however, have highlighted that the degradation 
potential of wood in anaerobic environments, such as landfills, has been overstated, thus 
offering a potential reassessment of the negative effects. Thus, the variability in these con-
ditions can significantly alter the environmental impact of landfilling timber, highlighting 
the need for more detailed research and improved landfill management practices to miti-
gate potential negative effects. 

3.6. Cascading Use for EoL: Non-Demolition, Reuse, Recycling, Energy Recovery and Landfill 

An important theme across the literature review is the cascading use of mass timber 
products at their EoL, based on the above scenarios available, mentioned by 23 studies. 
According to the EU publication on study of “the optimized cascading use of wood” [56], 
cascading use refers to “the efficient utilization of resources by using residues and recy-
cled materials for material use to extend total biomass availability within a given system”. 
It promotes the optimal use of the same wood material multiple times before it is con-
verted into energy or landfilled [57]. Cascading can maximize wood’s carbon storage ca-
pacity by prioritizing its use for “higher-value” and relatively long-lasting products like 
construction materials, and only resorting to “lower-value” applications, such as energy 
production, when the optimal options are exhausted [58]. In terms of LCA calculations 
with cascading principles in mind, Kręt-Grześkowiak et al. [46] have suggested expanding 
the system boundaries of the product’s LCA to link to its second life cycle in order to 
assess LCA over multiple lifecycles. 

An ideal hierarchy in cascading use of EoL scenarios is concluded in Figure 4. 
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Figure 4. Hierarchy of EoL Options according to the Cascading Approach. 

3.6.1. Best EoL Scenario: Non-Demolition and Adaptive Reuse of Mass Timber Building 

The key in maximizing timber’s climate benefits as a carbon sink is to prolong the life 
of timber structures as much as possible. According to Hawkins [40], a structure used for 
100 years would achieve carbon negativity for about half its life, whereas one demolished 
after 40 years would never become carbon-negative. This study also concluded that, even 
under ideal conditions, “it is still better for the climate to build nothing at all than to con-
struct a timber building” [40]. This push for constructing more timber buildings is also 
criticized by Passarelli [59], whose study argues that it represents a non-circular and linear 
approach. Instead, it advocates for producing and building less, focusing on developing 
solutions to utilize the existing stock of wood-based materials already embedded in our 
current buildings. 

Based on these zoomed-out perspectives, the best EoL scenario for existing mass tim-
ber buildings is actually to delay the release of carbon, through adaptive reuse of the entire 
structure avoiding major demolition. This thinking, emphasized by Passarelli [59], sees 
mass timber not only at the product component scale, but also at a building and urban 
scale. Jockwer et al. [60] have also addressed the idea of Design for Adaptation (DfA) for 
timber buildings in order to accommodate functional and structural changes over time. 
While the current lifespan of mass timber buildings is set at around 60 years, further stud-
ies could focus on extending this lifespan, thereby prolonging the carbon sequestration 
period. From an LCA perspective, adaptive reuse connects the C phase to the use modules 
B3, B4, and B5 (Repair, Refurbishment, and Reuse). Policies and standards could also ex-
plore ways to make phases B and C more interconnected. However, this ideal scenario 
and the consideration of time at mass timber’s EoL are not currently reflected in industry 
EPDs, which either do not include it or classify it under reuse categories. Additionally, 
credits for extending the EoL are currently allocated to the next product system, but they 
could potentially be integrated into dynamic LCA calculations of the current one. 

Based on the cascading principle and the hierarchy of circular strategies outlined in 
Section 1 Introduction [3,4], recovering mass timber materials for reuse is the second pri-
ority after the adaptive reuse of the entire mass timber structure. When it is no longer 
possible to reuse mass timber materials for the same purpose, recycling becomes the next 
preferred EoL scenario in the cascading hierarchy. If both reuse and recycling options are 
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fully exhausted, energy recovery can be selected to offset GHG emissions in the next sys-
tem. Finally, landfill should only be considered as a last resort due to its potential negative 
environmental impacts. 

3.6.2. Difficulties in Implementing Cascading Uses of Wood 

Even if the cascading use of wood could contribute to limiting climate change, the 
current building industry continues to follow a wasteful approach, with CDW accounting 
for 35% of global waste disposed of in landfills [61]. The barriers of optimizing CDW in 
EU are summarized by Caro et al. [62] into a list of factors, including the perceived high 
cost of reuse and recycling relative to “lower-value” treatment options such as incinera-
tion and landfilling, the lack of local market, policy challenges such as chemical composi-
tion or safety regulations, and competition with low-cost products. Disposal in landfills is 
often the most cost-effective and convenient option. In addition, the market could project 
lack of confidence in the quality of recycled materials. Klinge et al. [45] have also stated 
that the current existing building stock is not designed for deconstruction, which is still 
driven by economic factors such as time and cost. However, selective dismantling for re-
use and recycling could be achieved by bringing up the cost for disposal, transport and 
new raw materials. Therefore, policies, market and the industry are all responsible in im-
plementing cascading use of wood. 

The public perceptions of circular use of wood are also investigated by other scholars. 
Kuzman et al. [58] conducted surveys to explore the attitudes of the general public and 
professionals towards prolonging the life cycles of wood products through cascading in 
central and southeastern Europe. The study found that the end-of-life options for wood 
are still being developed in certain parts of Europe in comparison to the few leading or-
ganizations and associations mainly located in western Europe. Many of the sustainable 
processes must be better explained with detailed education and policy support involved. 
Implementation will take time since the industry and market in other parts of Europe—
specifically Bosnia and Herzegovina, Croatia, Serbia, and Slovenia, where the survey was 
conducted—do not sufficiently understand the cascading concept. Additionally, policies 
and systems lack incentives to adopt a fully circular approach to wood utilization [58]. 
The lack of knowledge about the circularity of wood products can be a global issue, par-
ticularly in regions where public perception is closely tied to economic growth and con-
strained policymaking. 

However, this could be interfered with by implementing new regulations and poli-
cies on the control of carbon footprint for building projects. So far, all Nordic countries 
have started regulations on the requirement of carbon footprint documentation in new 
buildings, and have set life cycle carbon limits for buildings at certain scales [23]. These 
measures set precedents in pushing for low-carbon building materials and construction 
techniques from top-down perspectives. As a result, more circular strategies and materials 
can be taken into consideration through building design, construction, and management 
throughout their life cycles. Thus, the perception of the circular use of wood by the public 
and the market could be shaped by sustainable policies. 

Several researchers have also pointed out the difficulties in assessing the impact with 
the cascading EoL of wood within the LCA framework. This is because multi-output cas-
cading systems could be challenging due to the involvement of multiple products and 
recycling steps of wood, as well as the difficulty in distributing emissions, especially bio-
genic CO2, over extended time periods [36]. They also acknowledged that the accounting 
of carbon flows is dynamic. Although it was concluded that longer cascade chains offer 
greater benefits compared to shorter ones in terms of biogenic CO2 emissions, it still re-
mains unclear how to distribute the burdens and benefits of recycling materials across 
their cascading uses within LCA [36,63]. Currently in EPDs of timber products, the 



Appl. Sci. 2025, 15, 1208 12 of 18 
 

 

cascading principles are not clearly integrated, even though some stage D data could re-
flect this benefit over the next product system. However, it is still questionable with the 
inconsistencies of data and what it implies. As a result of the current difficulties, the ben-
efits of DfD&R are also diminished in relation to EoL for mass timber, as mentioned earlier 
[59]. 

3.7. Inconsistencies in the EoL Scenarios of EPDs 

Environmental Product Declarations (EPDs) for mass timber are increasingly used to 
assess the environmental impacts of wood products in construction, with the aim of sup-
porting better decision-making in selecting sustainable building materials for practition-
ers from the industry. Within the literature review, 18 studies mentioned EPD in their 
investigations, 12 have pointed out that the current state of EPDs includes a significant 
number of assumptions and limitations, making it difficult to achieve the goal of imple-
menting material circularity in reality. The main inconsistencies and discrepancies stem 
from the biogenic CO2 values resulting from sequestration of carbon in mass timber, var-
ying system boundaries across different EPDs, variations among generic and specific da-
tabases, and the end-of-life scenarios (C stage) in EPDs. 

Although carbon content and the EoL possibilities were seen as the major advantages 
of wood products [64], they introduce the biggest degree of uncertainties and variations 
in EPDs due to the density of wood used and EoL choices based on assumptions [65]. As 
mentioned in Section 3.2, the sequestered biogenic carbon content is closely linked to the 
chosen EoL scenario, as the negative biogenic CO2e value reflected in EPDs must be coun-
terbalanced after the product reaches its EoL. In Rasmussen’s studies [65], several EPDs 
reported a negative total GWP after stage C, due to the EoL definitions applied for the 
products in the EPD. Eighteen out of 71 EPDs included only the production stage A1-A3, 
without consideration of the release stage C. The total GWP could be misleading as the 
omitted C stages could make the product seem like a more ‘climate friendly material’ but 
in fact it is the result of inconsistent reporting. Other negative total GWP values may also 
result from the EoL option of landfill, as landfill scenarios are sometimes assumed to pro-
vide permanent storage capacity for biogenic CO2e [65]. 

According to Dodoo et al. [66], generic life cycle inventory databases can yield sig-
nificantly different carbon footprint values for the same product compared to industry 
EPDs. These discrepancies arise from variations in the fuels used by local manufacturers, 
production processes, and the selection of raw wood materials. Lasvaux et al. [67] also 
pointed out that generic data from broad LCA databases might not reflect the specific 
production processes or regional variations as they are mainly provided by academics 
and consultancy firms. They emphasized that mixing data for LCA calculations should be 
avoided. It is therefore critical to improve the requirements of generic LCA databases de-
pending on the use in practice. 

In addition, Næss et al. [68] and Linkosalmi et al. [69] both noted that varying assess-
ment methods can result in inconsistent allocations of environmental impact results, mak-
ing comparisons between different wood-based products difficult. In addition, different 
verification processes of EPDs have been found among EPD operators and individual ver-
ifiers due to the discrepancies among Product Category Rules (PCRs) [69,70]. Therefore 
the harmonization of methodologies, system boundaries and data verifications is critical 
in providing reliable and comparable EPDs for accurate and valid environmental impact 
assessment. 

4. Discussions 
The findings of this review highlight critical implications for the EoL scenarios of 

mass timber and underline future research directions. Firstly, the emphasis on LCA as a 
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tool to measure environmental impacts leads to the necessity for standardized methodol-
ogies that account for time-dependent emissions and align with circular economy princi-
ples. Harmonizing LCA frameworks globally is crucial to ensure the comparability of re-
sults, particularly for long-lived materials like mass timber. Future research could focus 
on refining system boundaries and adopting dynamic approaches that integrate time-de-
pendent characterization factors to maximize the precision and comparability of LCA re-
sults. 

Secondly, among the EoL scenarios, reuse is theoretically identified as the most sus-
tainable option, yet its adoption faces significant barriers in practice, such as market dy-
namics, policy inadequacies, and a lack of standardized design practices, as well as the 
lack of inclusion in LCA calculations. Implementing DfD&R principles could further ad-
dress these challenges with the integration of LCA calculation, and future research should 
explore scalable and economically viable strategies for its application in considering the 
EoL of mass timber, so that more reuse of mass timber could be put into practice. 

Moreover, recycling emerges as a secondary yet essential choice, with the potential 
to extend material utility and contribute to carbon storage. However, concerns about ma-
terial degradation and the environmental implications of certain recycling processes re-
quire further investigation. Additionally, more research is needed on cascading use to 
maximize resource efficiency across multiple lifecycles. 

While energy recovery serves as a fallback option, it should be implemented in prac-
tice in an optimized way when previous EoL options are no longer possible, with a focus 
on integrating modern technologies such as CCS. Landfilling, identified as the least desir-
able EoL scenario, presents complex environmental challenges due to methane emissions 
and long-term degradation uncertainties. Addressing these issues requires improved 
landfill management practices and comprehensive long-term studies. 

The cascading use of wood, although a promising concept, faces practical and sys-
temic barriers, including gaps in policies, economic constraints, and public perception 
challenges. Overcoming these barriers necessitates coordinated efforts among policymak-
ers, industry stakeholders, and academic researchers. New regulations promoting carbon 
footprint documentation and circular practices in construction projects, as led by Nordic 
European countries, could serve as a blueprint for other regions. 

Future studies should also address gaps in the EoL of EPDs, particularly in harmo-
nizing methodologies, system boundaries, and verification processes along with the cur-
rent gaps in LCA. Expanding the scope of EPDs to include dynamic LCA calculations and 
cascading use scenarios could significantly enhance their utility for decision-making for 
EPD users in the building sector. 

Therefore, advancing the sustainability of mass timber at its EoL requires an inte-
grated approach that combines technical precision, policy reform, and industry collabo-
ration. By addressing the outlined complexity and research gaps and resolving the gaps 
from multiple perspectives, the sector can better align with global climate targets and a 
sustainable future. 

5. Limitations 
This study has some limitations that have to be considered. Only Scopus was used as 

the search engine for the literature review, potentially excluding relevant studies from 
other databases. Second, the systematic review focused solely on scientific publications, 
omitting insights that might be found in technical reports, case studies, and practitioner 
materials, which were beyond the scope of this paper. Additionally, the review included 
only English-language publications, which may have led to the exclusion of relevant re-
search in other languages. Furthermore, the study concentrated on works published after 
2019 for primary searches (even though secondary sources include the literature from 
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years before). This could still mean that significant findings from earlier studies may have 
been overlooked. Future research could address these gaps by incorporating broader da-
tabases, articles written in languages other than English, and a wider range of resource 
materials. 

6. Conclusions 
This study has highlighted the growing importance of addressing the end-of-life 

stages of mass timber within the broader framework of LCA. As mass timber increasingly 
gains prominence in construction as a sustainable alternative to conventional materials, 
its EoL strategies must align with circular economy principles to maximize environmental 
benefits. Despite its potential for carbon sequestration and reduced environmental impact, 
the discipline faces critical gaps in standardizing LCA methodologies, particularly con-
cerning system boundaries, time-dependent emissions, and cascading use scenarios. 

Among the EoL options—reuse, recycling, energy recovery, and landfill—reuse 
emerges as the most sustainable pathway, extending the material’s carbon storage and 
minimizing environmental burdens. However, achieving this necessitates integrating 
DfD&R principles during construction. Recycling remains a viable alternative when reuse 
is unfeasible, while energy recovery should only serve as a fallback option. Landfilling, 
with its significant greenhouse gas emissions, should be minimized as much as possible. 

The cascading use of wood underscores the need to optimize resource utilization by 
prioritizing reuse and recycling over energy recovery and disposal. However, its adoption 
faces practical challenges, including economic constraints, insufficient market demand, 
and limited public and industry awareness. Harmonized policies, stringent carbon foot-
print regulations, and industry actions are essential to bridge these gaps and encourage 
the transition towards circularity in the building sector. 

This paper also identifies significant limitations in current research, particularly the 
lack of comprehensive data on EoL practices and challenges in integrating cascading use 
into LCA frameworks. Future studies should explore these aspects further, incorporating 
diverse datasets, expanding regional and linguistic inclusivity, and addressing the limita-
tions of existing EPDs. By understanding these challenges, the field can move closer to 
fully realizing the environmental potential of mass timber in a sustainable construction 
paradigm. 
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