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Abstract: Nowadays, industrial activities continue to generate significant waste volumes, posing new challenges in
their management and treatment to avoid economic losses and energy impacts. The growing demand for wood as a
crucial raw material across various sectors is resulting in a higher production of waste from end-of-life wood-based
products. Thus, recycling the ever-greater volumes of waste wood represents a valuable resource for the production
of novel sustainable industrial materials. Accordingly, the interest in exploring the possibilities of reusing wood waste
has significantly increased in recent years, driven by the environmental impact of improper wood waste disposal. The
aim of the present paper is to examine the evolution of research on wood waste utilization through an analysis of the
relevant literature in the field. Specifically, information extracted from bibliometric networks is used to reveal the
trends in scientific contributions and identify emerging topics. The relevant literature in the field of wood waste
recycling is gathered from the Scopus database, and the VOSviewer tool is used to analyse the international research
findings over the last 20 years. The obtained results indicate that the reuse of wood waste may range from their use
to generate renewable energy to the development of new sustainable construction materials. In particular, the
research on the wood waste reuse in the construction field has attracted significant attention only in recent years,
showing that future developments should focus on the economic feasibility of its use on an industrial scale.
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1.Introduction

Nowadays, the increasing global energy consumption is
causing serious concerns about the depletion of non-
renewable resources, which also adversely impacts the
environment by e.g. increased COZ2 emissions and air
pollution, further contributing to global warming and
ecosystem deterioration [1]. Population growth has
intensified the demand for food and energy resources,
thereby enhancing the imperative need of sustainable
resources management and waste disposal practices.
Simultaneously, industrial activities continue to generate
significant waste volumes, posing new challenges in their
management and treatment to avoid economic losses and
energy impacts. As a result, the European Union (EU) has
established ambitious objectives for products recycle and
landfill reduction promoting a circular economy transition
aimed at savings resources, reducing pollution, and
combating climate change [2]. To foster the development
of greener practices in waste management, EU has issued
a series of regulations and incentives, including the EU
Waste Directive (Ditective 2008/98/EC), the European
Waste Catalogue (EWC) (Directive 2000/532/EC), which
comprehensively categorize waste based on the originating
industrial sector, and the Circular Economy Action Plan

[3]. Therefore, owing to the central role played today by
the principles of circular economy in global policies, waste
recycling has captured the attention of numerous
researchers in the fields of production management and
industrial engineering [4,5,6,7]. In particular, the use of
low-carbon materials such as wood is recognized to be
crucial, and recycling its waste offers numerous benefits in
terms of e.g. deforestation and CO2 emissions reduction
[8]. With this recognition, the present paper proposes a
bibliometric analysis, to highlight the evolution of
research contributions on wood waste and identify
emerging topics. To this purpose, the software
VOSviewer is employed to analyze scientific contributions
on wood waste derived products over the past 20 years,
revealing a growing interest in wood reuse practices,
especially in the construction sector, and highlighting the
current need to address economic and environmental
sustainability concerns on an industrial scale to cover the
gap in literature. The paper is organized as follows.
Section 2 discusses the wood production process,
exploring the origin and types of wood waste generated
during the wood processing stages. The difference
between “wood waste” and “scrap wood” is also
highlighted. Section 3 describes the research method,
focusing on the use of VOSviewer for bibliometric
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analyses. Finally, Section 4 analyzes the results obtained
before concluding the document in Section 5.

2.Wood Production Process

Wood continues to play a predominant role in finishes,
decorations, and furnishings, demonstrating a sort of
resurgence of craftsmanship excellence in the wood sector
[9]. However, since the eatly 21st century, there has been a
significant increase in the utilization of wood, not only for
traditional usage but also in innovative sectors such as
energy, advanced construction materials, and wood-
derived chemicals. The latter has unavoidably led to a
higher generation of waste from wood processing and
disposal [10]. Therefore, valorizing and recycling this
resource could represent not only a financially
advantageous opportunity but also a significant step
towards the promotion of circular economy and
environmental sustainability. Indeed, recycling wood
waste could serve as an abundant and ecologically
sustainable source of raw materials for producing new
artefacts, meeting the growing demand for construction
materials and wood-derived products [11]. Furthermore,
the diversification of wood waste sources, including
residues from sectors such as agriculture, forestry, food
industry and paper production, underscores the
importance of adopting sustainable management practices

to foster responsible materials use and promote circular
economy and environmental sustainability [12].

The production process of wood-based products (e.g.
construction elements and furniture) involves a series of
operational phases that generate a wide variety of waste.
In Table 1, the main by-products generated at different
stages of the production process are listed, starting from
wood collection in forests to processing activities at
sawmills and carpentry workshops.  Waste produced
include sawdust, wood chips and trimmings. In particular,
sawdust accumulates in large quantities, while its
utilization rate is significantly lower compared to other by-
products such as bark, branches, wood chips, and pruning
[13]. In addition, wood products often undergo specific
treatments depending on their intended use (e.g.
application of antiseptics and fire protection), which can
result in additional by-products or waste [14]. Therefore, it
is crucial to clarify the conceptual distinction between two
key terms in the wood industry, namely “wood waste” and
“scrap wood”. The first one refers to wooden materials
that are not suitable for reuse due to reasons such as
structural limitations or temporary elements such as
formwork. This category also includes by-products from
wood processing. On the other hand, the term “scrap
wood” refers to low-quality or contaminated wood species

of poor quality [8].

Table 1: By-products generated by different processing processes

Waste and by-product Generative process Description
Bark Peeler Trunk outer layer removed during peeling
Branch Cutting with saws or pruning Trees’ branched parts, oft.en cut during various
processing
Shavings Processing with saws o cutters Small fragments of wood ersulting from various
processing
Cuttings Various phases Small pieces left over from manufacturing processes
Sawdust Cutting with saws Thin slices of wood cut during processing
Packaging Packaging manufacture Wooden materials used as packaging
Dried fruit shells Nut processing Woody fruit shells
Straw Vegetable fibres processing Vegetable fibres manufactured from straw processing
Beam, strips and boards Cutting and processing of structural Larger pieces of wood used in construction
elements
Residues from planing Planer Small fragments generated during planing
Unused trunk Selecting and cutting Unsuitable parts of the trunk removed during selection
Wooden dust Processing with sanders Small fine particles produced during sanding
Wooden ash Various processing Volatile particles produced during various processing

3. Research Method

VOSviewer is a valuable tool, particularly for conducting
the bibliometric analysis of scientific documents. It
develops detailed citation networks, enabling the

exploration of connections between scientific articles,
keywords, and authors within specific research fields.
This feature facilitates the identification of the most
prolific authors and collaborations, while also reveling
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thematic clusters and tracking the evolution of research
areas of interest over time. Additionally, VOSviewer
offers the possibility to generate publication, country, and
journal maps, based on co-citation networks. Users have
also the possibility to adjust the number and relevance of
keywords, allowing for complete customization of
analyses. Moreover, the software supports data mining,
mapping, and clustering of articles retrieved from
different database [15]. VOSviewer is hence a versatile
and comprehensive tool for exploring and understanding
the landscape of contemporary research, providing a
solid foundation for decision-making and guiding future
development in the scientific domain [16,17,18,19]. In
the present paper, documents to be analyzed by
VOSviewer were searched on the Scopus database, owing
to its extensive collection of academic contributions. The
keywords “wood waste” and “waste utilization” were
entered into the field “article title, abstract, keywords”,
limiting the search period from 2000 to 2024. As a result,
a dataset of 2,176 documents was obtained and exported
to VOSviewer to perform the bibliometric analysis.
Afterwards, three bibliometric maps were developed:

e The co-occurrence map, aimed at identifying
those terms frequently associated with the
keywords of interest.

e  The citation map by country.

e  The citation map by source.

Regarding the co-occurrence map, a minimum number
of 20 co-occurrences was set for every keyword,
generating a list of 326 keywords. However, VOSviewer
does not distinguish between singular and plural
Therefore, 56 duplicate keywords were manually
removed, so reducing the number of keywords to 270.

For the citation map by country, a minimum number of
5 documents per country was imposed, and only 63 out
of 122 countries met this criterion. Finally, for the
citation map by source, the same criterion of at least 5
documents per source was forced, thus limiting the
analysis to 85 relevant sources.

4. Results and discussion

Although the analysis spans more than a 20-year period,
the co-occurrence map in Figure 1 highlights that the
majority of studies on the selected keywords are
concentrated from 2012 to 2018 (as indicated by the
color scale representing the average year of publication).
Specifically, in 2012 and 2013 (marked by the purple

color), concepts such as “combustion” and “renewable
energy resources” emerge. This is in line with the initial
phase of the scientific research on the recovery and reuse
of wood waste, primarily focused on the incineration of
non-recyclable residues to generate heat. This approach
resulted in the loss of recoverable materials and involved
the presence of contaminants (e.g. glues, paints, and non-
wood materials), whose treatment was specifically
regulated based on the degree of contamination,
consequently complicated the recycling process [20].
From 2014 to 2017 (tepresented in green), terms like
“wood products”, “fly ash”, or “fertilizers” emerge. The
latter highlights the interest to develop wood waste
derived products also as fertilizers, although this may lead
to soil contamination with heavy metals [21]. From 2018
onwards (represented in yellow), concepts such as
“construction  industry”,  “tensile  strength”, or
“compressive strength” emerge, indicating a shift in the
scientific landscape. It is noteworthy the increasing
interest in reusing wood waste in the construction sector,
with a focus on mechanical properties, concretes, and
bio-composite materials. However, a more in-depth
analysis reveals that many waste materials remain unused,
resulting in serious environmental impacts [22].
Consequently, numerous scholars propose alternative use
of wood waste, such as the employment of wood ash to
enhance the sustainability of cementitious materials [23].
A highly researched area concerns the transformation of
wood into a  transpatent  material  through
physicochemical processes involving lignin degradation.
As a result, innovative solutions as substitutes for glass
are obtained, offering significant potential for use in
architecture and  engineering  [24].  Additionally,
composite materials based on wood waste and recycled
plastic have been developed for construction and
furniture [25]. Moreover, wood wastes are becoming
increasingly important in sectors such as biomedicine and
aviation, contributing to the development of lightweight
and durable materials [26]. Finally, studies are also
emerging on the so called “smart wood”, which can
respond to environmental stimuli, opening up new
prospects in the field of advanced materials [27]. The
main results of VOS clustering technique to indexed
keywords reveal that there has been an extensive
exploration of new materials at the laboratory scale in
recent years. However, the papers review indicates a lack
from the perspective of the industrial scale up as well as
no one seems to have investigated on the economic
feasibility of the development of these new materials.
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Figure 1: Co-occurrence map

In Figure 2, the map of citations by country is given.
Through the color scale, it cleatly highlights those
publications related to the keywords “wood waste” and
“waste utilization” are predominantly concentrated from
2014 to 2020. In 2014 and 2015, the purple-colored
bubbles emphasize that the United States, Canada, Japan,

philippines.
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and some FEuropean countries were the main
contributors in the field. Over the years, the topic has
gained interest from other countries. A notable example
is China, distinguished on the map of Figure 2 by the
largest green bubble. In 2019, China alone produces 354
publications and has 28 connections with other countries.
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Figure 2: Map of citations by country

Finally, the map of citations by journal is presented in
Figure 3. “Journal of Cleaner Production” has published
the highest number of documents, with a notable peak in
2018 and 2019 when the Journal published 51 articles,
cited in turn by other 20 journals. From the color scale,

“Biomass and Bioenergy” and “Waste Management”
journals also addressed the topic of interest from 2013 to
2015, with 40 and 41 published documents respectively.
This map can help researchers to identify the main
journals addressing the problem of wood waste.



XXIX SUMMER SCHOOL “Francesco Turco” — Industrial Systems Engineering

acs sustainableichemistry and

industrial crops and products

journal of cle/aﬁser production
4/
bieresour@fechnology

construction and building mate
environmentalstience and poll y %

resources, cogggrvation and re®Nemey
energy@nd fuels

biomass @bioenergy

energies
materials
rsc adwances
el
renewable energy
.

journal of physics: conference

iop conference series: earth a

I"~ VOSviewer

L)

polymers

iop conferenc@series: materia

bicre@ur:es

forests.

- forest prodcts journal

waste n@gement

2014 2016 2018 2020 2022

Figure 3: Map of citations by journal

5. Conclusions

The goal of this paper was to explore the research
directions on wood wastes reuse by means of a
bibliometric analysis. The wood production process
generates numerous waste materials, highlighting the
urgent need for effective and innovative management to
maximize economic, environmental, and energy benefits.
As a result, wood recycling emerges as a key element for
the sustainable development of the sector, offering a
range of opportunities to reduce environmental impact,
create new markets, and contribute to climate change
mitigation. The importance of careful and sustainable
management of wood waste has been also emphasized at
the European level, by issuing numerous ad-hoc
regulations.

The bibliometric analysis conducted highlights a
significant rise in interest regarding the recycling of wood
waste from 2014 to 2020. While wood waste reusing was
initially focused on the incineration of non-recyclable
residues to generate energy, recent efforts have moved
on understanding and testing their properties within bio
composite materials. This transition suggests a potential
for multiple environmental benefits, underscoring the
importance of further studies and researches to
overcome current limitations. Actually, challenges to be
faced are still numerous, including the management of
the huge amounts of unused waste, which could cause
environmental damage and threaten biodiversity.

The main findings highlight that there has been an
extensive exploration of new materials development at
the laboratory scale in recent years. On the other hand,
the papers review reveals that only few studies have
focused on the industrial scale up, and no one seems to

investigate on the economic feasibility of these new
materials development.

Future research developments might extend the analysis
considering not only keywords but even the citations
between papers to extract a series of works representing
the backbone of the new development of the wood waste
management.
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