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Abstract: The emergence of plant-based building materials is supported by several factors, such as
shortages, adverse effects, and quality deficits of conventional resources, strict legislative frameworks
targeting the realization of Sustainable Development Goals (SDGs), and growing environmental
awareness on the individual and stakeholder levels. To support these findings, this paper aimed
to assess the relevance of these green materials in the construction industry and highlight the most
widespread and thoroughly studied plant-based compounds in the literature, using bibliometric
analysis. By evaluating 977 publications from 453 sources, the results show that the total number
of relevant papers has increased yearly, while most belonged to the engineering discipline. Most
articles were dedicated to one or more of the SDGs, which was confirmed by the more comprehensive
representation and elaboration of “green”, “environmental”, and “sustainability” aspects regarding
the topics of “materials” and “building” as the most frequent terms. Additionally, a wide range of
plant-based building materials are thoroughly evaluated in the literature; these are primarily used to
improve conventional materials’ mechanical properties, while many are also tested as substitutes
for conventional ones. In conclusion, the green transition in the construction industry is aided by
the scientific community by proposing plant-based supplements and alternatives to well-known
materials and practices; however, further in-depth studies are needed to verify the applicability of
such novelties to gain uniform acceptance and foster the expansion of sustainability initiatives in
the sector.

Keywords: sustainable construction; green building materials; WoS; Bibliometrix; circular economy

1. Introduction

The construction industry is a core sector that ensures the infrastructure requirements
of housing, public services, and the economy. At the same time, it induces a high environ-
mental impact and socioeconomic burdens in many respects [1,2]. Over their entire life
cycle, buildings are directly and indirectly responsible for nearly 37% of the total global
CO2 emission [3]. In comparison, the sector also accounts for a high share of waste gener-
ated (30%, [4]), water used (15% globally, [5]), and energy consumed (nearly 50%, [6]). In
addition, according to Tokede et al. [7], around 50% of all extracted materials can be linked
to construction activities. As a result, greenhouse gas emissions from material extraction,
construction product manufacturing, and construction and renovation of buildings alone
are estimated at 5–12% of total national GHG emissions [8]. According to estimations, by
2060, the global construction sector’s energy demand could increase by 30% and its carbon
emissions by 10% if it does not find alternative solutions to global challenges [9].

Due to population growth, by 2050, two-thirds of the world’s population will likely live
in cities, thereby further increasing the extent of built-in areas [10]. Current demographic
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trends show that the construction industry will require more urban space in the next
40 years than in the last 4000 [11]. Esch et al. [8] used the World Settlement Footprint
3D method (WSF 3D) to determine the world’s entire building stock. According to this
evaluation, the built-in area of the world is 291,577 km2, the average building height is
5.55 m, and the total volume is 1632 km3. These needs cannot be met with scarce raw
materials, leading researchers to develop new solutions that make it possible to create novel,
sustainable construction materials using secondary raw materials [12]. The introduction
and integration of circular construction economy mechanisms into processes are vital in
this progress: the construction cycle must be enforced in existing buildings’ materials, tools,
technologies, and methods [13]. In the case of buildings, materials are stored for many
decades, even several generations long. Thus, the material cycle affecting the construction
sector requires long-term thinking and future-proof solutions [14].

This transition requires changes in product design, supply chains, and existing busi-
ness models. It is well known that raw material stocks are dwindling globally; one of
the driving forces behind this phenomenon is the tenfold increase in material extraction
intensity between 1900 and 2010 [15]. Krausmann et al. [15] suggest that by 2050, the global
convergence of per capita material stocks at the industrial level could quadruple the use of
global material stocks. The authors also highlighted specific features regarding previously
installed materials that had reached the end of their life cycle: they found that aging build-
ings, infrastructure, and durable products are mostly discarded, increasing the amount of
end-of-life waste. More than half of this material was concrete, 7% was biomass, 5% was
metals, and 1% was plastic. At the same time, the share of recycled materials also started
to increase in the late 1990s, with metals, biomass, and plastics together accounting for
12% of end-of-life recycling [15]. Today, it is estimated that only 6% of the global economy
is circular, and in many cases, most of the extracted building materials are only ground
and used for road construction [16]. Therefore, actual circularity has yet to be achieved,
although it was previously shown that using brick, concrete, and wood–plastic composites
made from secondary materials would significantly reduce carbon emissions [17].

As a result of these trends, the amount of research into specific segments of sustainable
construction has increased in recent years. More and more literature deals with sustainable
building materials of plant or animal origin [18]. This issue is a hot topic because current
crises have highlighted the vulnerability of construction economies, and the disruption of
raw material supply chains has resulted in shortages and price increases of raw materi-
als [19]. Three terms appear regularly when novel solutions in the construction industry
are assessed. Green building materials contain substances that are sustainable and renew-
able [20]. To form a smaller group, biobased building materials are ones of partly or entirely
biological origin [21]. Within those above, plant-based building materials are considered
substances from organs of once-living plants and used for construction [22]. Due to the
multiple benefits of their use, the need to involve these materials in comprehensive studies
seems highly reasonable.

To further strengthen the relevance of previous progress, this study aims to explore
trends related to biobased raw materials based on an extensive, bibliometric analysis-based
literature assessment to help stakeholders learn the possible utilization routes of these
material types in the construction industry. As a result, this paper seeks to contribute to
material use efficiency and thus enable sustainability to be integrated into the construction
industry to a higher degree, built on existing know-how. Therefore, this paper focuses on
answering the following research questions:

1. What kind of research is being conducted worldwide regarding green and biobased
building materials, and what current trends are prevailing?

2. What are the most studied biobased—primarily plant-based—raw materials?

2. Material and Methods

A comprehensive search was run in the Web of Science (from now on WoS) database
to assess the scientometric data of its scientific research at the international level. We used
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this literature database because, according to the unanimous findings of the relevant inter-
national study, this data collection achieves an optimal compromise between completeness
and non-overlapping. The process of the research is shown in Figure 1.
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Figure 1. The process of data investigations.

While optimizing search terms, we used several word combinations to shed light
on the importance of biological resources in the construction industry. The use of some
terms (e.g., green building, green planning, green materials, or green construction) yielded
extensively broad and general lists of publications, so after optimizing the various possible
search terms, the term combination “green” AND “building materials” OR “biobased
building materials” was selected to be used on the scientific materials published between
1975 and April 2023 (1). We downloaded and reviewed the listed literature items (n = 977)
one by one, removed duplicates and incorrect references, and searched for documents
that could not be extracted from WoS for any reason (2). Subsequently, we conducted a
statistical analysis of the data and analyzed, among others, publications with multiple
authors, author collaborations, and the yearly number of publications (3). The temporal
analysis was also carried out from the perspective of crises concerning the construction
industry and biological resources (e.g., paradigm shifts following crisis periods) (4). In
addition to manual analysis methods, we applied software analysis. We could name the
relevant scientific areas of the studied publications, their order (5), and the most relevant
keywords based on titles and abstracts (6). Then, we formed clusters related to each
topic area (7), which determined the prevailing progress and trends in the research area
(8). For the statistical analyses, CitnetExplorer [23], Bibliometrics R-package [24], and
VOSviewer [25] were used.
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3. Results and Discussion
3.1. Green and Biobased Building Materials in the Literature

Based on the analysis of the publications after data cleaning, it can be concluded
that the following disciplines were linked to the papers the most frequently: engineering,
environmental sciences ecology, materials science, construction building technology, and
science technology other topics. It suggests that besides the vital role of engineering, several
different research areas significantly influence the introduction and spread of sustainable
building materials. These results are summarized in Figure 2.
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The data of the studied literature show that, with only two minor setbacks, the number
of publications has been steadily increasing since 2015 following the adoption of major
circular economy policy proposals (Figure 3). The first study addressing the analysis of
organic compounds present in weathered building materials of monuments dated back to
1991 [26]. As the WoS search was conducted on papers published until April 2023, the data
for 2023 represent partial yearly results; however, compared to the number of publications
(181) in the whole year of 2022, a significant improvement is expected by the end of 2023
based on the number of papers (101) published in the first four months.
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Further, to assess the publications and their topics regarding one of the most significant
international sustainability initiatives, connections with UN Sustainable Development
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Goals (SDGs) were determined [27]. As a result, the listed publications show a strong
connection with several of the SDGs: the most frequent relations of the papers are associated
with “12. Responsible consumption and production”; “13. Climate action”; “11. Sustainable
cities and communities”; “3. Good health and well being”; and “7. Affordable and clean
energy”. This confirms the growing need for sustainable activities related to construction
practices and the strong interrelation between the SDGs in general. A summary of these
findings is shown in Figure 4.
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Using the R-program and the Bibliometrix software, we found that the issue of new
types of raw materials can be considered an important topic for researchers worldwide. We
studied the affiliation countries of the authors, the key terms in the titles of the studies, and
the matrix of keywords indicated by the authors. Overall, it can be stated that researchers
from China, the USA, India, and Malaysia deal with the issue of green building materials
and biobased building materials the most frequently (Figure 5).
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It was found that studies on the topics of green building materials and biobased
building materials were published in 453 sources. The annual growth rate in the number of
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publications is 16.1%, which underlines the relevance of the issues. It can be stated that
most related papers were published in the Construction and Building Materials, followed
by Sustainability and Journal of Cleaner Production (Table 1). Further, by the distribution
of articles among the journals and the annual change in the number of publications, the
number of articles is expected to grow progressively in these top journals, as well as in
other ones that have already recognized the importance of the topic.

Table 1. Top 10 sources with the most articles related to green- and biobased materials.

Source Number of Published Articles

Construction and Building Materials 68
Sustainability 48

Journal of Cleaner Production 43
Materials 26

Building and Environment 23
Journal of Building Engineering 23

Energy and Buildings 19
Buildings 17

Science of the Total Environment 13
Journal of Green Building 12

Subsequently, the clusters into which the analyzed studies can be classified were also
assessed using VOSviewer. The analyses resulted in three clusters, as shown in Figure 6: the
first deals with green building industry issues (red color); the second includes research on
property management, cement research, and waste reduction (green color); and the third
cluster deals with various aspects of environmental impact (blue color). As can be seen, there
is also strong interconnectivity primarily within and secondary among the presented clusters.
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To further support these tendencies, the abstracts of the listed publications were also
investigated to determine the most frequently used terms.

If the abstracts of studies on green building materials are considered, the number of
sections containing the keywords materials, building, and green is outstanding compared
to other topics (Figure 7).
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The presence of 24 terms was assessed based on their yearly distribution to analyze
abstract content more in-depth. Figure 8 confirmed that the most frequent were materials,
building, and green covering six years, with the highest number of occurrences in 2020.
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3.2. The Context of Green and Biobased Building Materials

There is some variation in the description and definition of green and biobased build-
ing materials in the relevant literature. According to Pearlmutter et al. [28], “green building
materials are raw and processed nature-based materials used in constructing the built
environment. These materials are extracted from the biological cycle to serve technical
purposes, and their production and processing should result in low environmental impacts
in terms of embodied energy and carbon, water consumption, and harmful chemicals.
Ideally, they make productive reuse of other resource streams to avoid detrimental by-
products and competition with food production, and they guarantee a healthy working and
living environment with respect to indoor air quality and climate”. On the other hand, Le
et al. [29] referred to biobased materials as “materials wholly or partly derived from materi-
als of biological origin”. Similarly, focusing on the construction industry, Bourbia et al. [30]
found that a “building material is said to be biobased when it incorporates plant or animal
biomass”. Wang et al. [31] also emphasized the sustainable nature of biobased materials
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by reflecting on the fact that these “are derived from sustainable and renewable biomass,
instead of finite petrochemicals”. A highly construction-industry-relevant definition and
description was given by Yadav and Agarwal [32] establishing that “biobased materials
principally accommodate a substance(s) resulting from existing matter such as biomass
and either arise naturally or product created by developments that use biomass. Following
a firm description, several common materials, like wood, and animal product, paper, is
addressed as biobased materials; however, generally, the term refers to contemporary
materials that have undertaken plenty of in-depth processes. New biobased materials will
overwhelm conventional materials and thus the prospects to use them in existing and novel
ways merely popping out to be explored”.

Most authors agree that biobased construction materials are essential for sustainable
construction. The past few years’ crises and international conflicts have led to a contraction
of the raw material markets in the construction industry. In parallel with the adverse effects
of the construction industry on the environment, the demand for entirely different types
of building materials has arisen [33]. In addition to the technical characteristics related to
the functional role of the given material, the list of requirements has been expanded with
new ones: the need for improvement in each segment of sustainability, the focus on locally
available materials, and the implementation of widespread recycling in the construction
industry to promote the circular economy as widely as possible [34]. Many countries can
meet these new challenges by encouraging stakeholders in construction value chains to
rethink their use and identify resources in their markets. As reliance on conventional
materials has already weakened with the appearance of sustainability initiatives, green
building materials have become prominent concepts in green construction [35]. Based
on the findings above, green building material includes all types of building materials
that support the sustainability of buildings and construction. When examining the rela-
tionship between sustainability and building materials, most papers focus exclusively on
the environmental dimensions of sustainability. Still, the authors of this paper suggest
that when assessing novel green building materials, all sustainability segments should be
considered. As this approach tends to spread, research on biobased construction materials
has intensified in recent years. Within the group of green building materials, biobased
building materials contain some plant or animal components. Below, it is introduced how
these biological resources can be integrated into the construction industry.

3.3. Plant-Based Resources for a Sustainable Construction Industry

Based on the nearly one thousand studies included in this study, the research focus
areas of biobased building materials can be classified as follows:

(a) A significant part of research involves utilizing biological resources that differ from
their original, widely known nature. These methods try to exploit the specific proper-
ties (e.g., tensile strength, absorbency, porosity) developed in nature over thousands
of years, by which it becomes possible to create entirely new biobased or natural
construction materials that were not used before. Some of these have similar or
better characteristics than existing building materials. Biobased transparent wood,
for example, is a biocomposite that combines a porous wood reinforcement with
a polymer matrix phase [36]. According to Montanari et al. [37], the heat storage
function of this material contributes to reducing energy consumption in buildings,
and its transparency contributes to the reduction in artificial lighting. Researchers
have achieved similarly outstanding results with cellulose, which is found in large
quantities in the cell walls of plants. In addition to its importance in the construction
industry, it is an excellent substitute for petroleum-synthesized plastics [38,39].

(b) Another aspect is research that handles biological resources as aggregates. While
developing green building materials for such purposes, additives and aggregates of
natural origin with lower environmental impact are added to the base composites,
thus replacing the original aggregate with a higher environmental impact. For exam-
ple, composites made from hemp are characterized by low production costs, adequate
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insulation performance and vapor permeability, and low thermal conductivity [40,41].
Further, much research exists on plant fibers’ role in improving composites’ mechani-
cal properties. According to Ramamoorthy et al. [42], plant fibers can be classified into
different groups: straw, seed, bast, wood, grass, and leaf. These are particularly impor-
tant in construction research to increase reinforced concrete structures’ compressive
and flexural strength. Missio et al. [43] highlight that foamed green and sustainable
foams made using nanocellulose are stronger, lighter, and fire resistant, have better
compressive strength, and are less wettable than formaldehyde crosslinked foams.
Researchers also reported that it is possible to develop lightweight cementitious prod-
ucts with lignocellulose of reed and coconut, which improve mechanical properties,
such as insulation performance. At the same time, the panels designed in this way
also showed better resistance to wet environments [44]. Sapuan et al. [45] highlighted
that banana fiber improves the structure of polyester tar.

(c) A leading research direction focuses on how adding plant-based materials can im-
prove specific properties of the building material. Ordinary Portland cement (OPC)
has significant CO2 emissions during manufacturing, accounting for 63% of global
CO2 emissions [46,47]. Therefore, research in the literature is widely devoted to
offsetting the harmful effects of cement production [48]. For example, according to
Amin et al. [49], the compressive and flexural strength of cementitious composites
reinforced with plant fibers increased by up to 43% and 67%, respectively, compared
to the original reference composites. The researchers also found that the plant fibers
most commonly incorporated into various composites are coconut, flax, jute, hemp
and wheat straw, and sugar palm. Similarly, the integration of oil palm shells can also
be found in the literature, which is available in large quantities in Malaysia, Indonesia,
and Thailand [46]. These initiatives making specific processes more sustainable can
be identified in concrete production: research suggests that in concrete construction,
eucalyptus fiber improves cracking and shrinkage properties [50]. Concrete research
targeting self-healing concrete production is also of primary importance. It is well
known that concrete is a low-tensile and brittle material that is highly susceptible to
cracking [51], against which Vijay et al. [52] proposed using bacteria as suitable agents
for repairing cracks in the matrix. Additionally, Dewi et al. [53] found that using
bamboo fibers in concrete increased the tensile strength of concrete and improved
its characteristics regarding microcrack formation and plasticity. Menor et al. [54]
investigated the role of cork in concrete production. They observed that the material
has a high absorption value and can be used as a light additive for internal hard-
ening of concrete. Klapiszewski et al. [55] developed hybrid materials containing
lignin, resulting in low porosity and improved mechanical strength parameter values.
Similarly, several projects have concerned the application of plant-based materials
to wooden structures. Ercan et al. [56] investigated the burning properties of wood
elements in green building composite panels. The researchers have shown that slow-
burning materials can delay the risk of collapse in the event of a fire in a building.
Research suggests that coating with the addition of peanut shells reduced burning
time and increased combustion temperature compared to control conditions. Charai
et al. [57] developed an Alpha drywall roofing building material using alfa grass (Stipa
tenacissima L.) fibers from the eastern Moroccan region. The material significantly
improved the thermal insulation quality of the roof and reduced its heat transfer
value, and based on simulations, the research suggests that retrofitting the 40 mm
thick Alfa drywall reduced the energy demand of residential buildings by 4%. Aouba
et al. [58] investigated the significance of adding olive flour and wheat straw residues
in brick production to improve heat performance while maintaining carrying capacity.

(d) As an additional group, research on the construction use of waste from an agri-
food sector, including agricultural and livestock farms, can be named. Ryłko-Polak
et al. [47] highlighted that lignin and its derivatives are also used in construction,
mainly as additives in cement composites and bitumen substitutes [59]. Tawasil



Resources 2023, 12, 124 10 of 16

et al. [60] studied the production of fiberboard made from waste coconut shells
and found that the higher the composition of coconut fiber in the coconut fiber
sawdust sheets was, the better the physical and mechanical performance became; the
percentage of water absorption decreased, and the bending modulus of the plate also
increased. Maximino et al. [61] evaluated the applicability of sustainable building
materials from waste with mycelium binders in the construction industry. The authors
found that the average compressive strength of bricks made of sawdust and rice bran
mixed with mycelium increased compared to non-mycelium bricks. Romano et al. [62]
assessed ten biobased waste insulation materials and recognized sawdust and wool
as the most promising green materials.

(e) Biobased building material research is often conducted at the compound (molecule)
level, which has given new impetus to the development of green chemistry [63]. The
behavior of fibers from natural ingredients (e.g., coconut, flax, hemp, etc.) depends
mainly on the pre-treatment of the fibers. For example, Khalid et al. [64] concluded that
higher concentrations of chemicals and longer soaking times in fibers tend to improve
mechanical properties. According to Khoshnava et al. [65], the polluting nature
of conventional building materials (CBMs) that are extracted from non-renewable
resources can be offset by non-toxic green building materials containing natural and
organic compounds. In this regard, biocomposites can be an environmentally friendly
solution to reduce indoor and outdoor impacts on human health. For example, Mija
et al. [66], describing the role of humines in construction, found that these compounds
play an essential role in the evolvement of new classes of thermosetting materials and
composites, as well as in the green processes of wood impregnation.

(f) Green architectural structures also appear in the focus of recent research. This
group includes green roofs consisting of planted vegetation, growing medium, fil-
ter layer, drainage and storage layers, protective and storage wool, and waterproof
layers [67,68]. A specific type of this is vertical green belt systems, which are usually
implemented on the façade of buildings [69].

3.4. The Use of Plant-Based Green Building Materials

In addition to the above research questions, the studied publications discuss several
plant-based materials and plant derivatives in terms of their application in the construction
industry. The most frequently mentioned materials are presented in Table 2.

Table 2. The most assessed plant-based materials and their use in the construction industry in the
studied literature.

Building
Material/Procedure Plant-Based Material Products Created after Plant-Based Material Use Related

Publication(s)

Cement production agricultural palm waste cement composites [47,70]
mixed plant-based agricultural waste biocomposites as reinforcers, plasticizers, and insulators [47,71]

rice and reed fiber reinforced cementitious panels and biocomposites with
increased compressive strength [72,73]

hemp fiber cement-based mortar with increased compressive and
flexural strength [74]

sugarcane bagasse ash cement-based products with increased compressive
strength [75,76]

Concrete production palm kernel shell lightweight concrete aggregate [46,77]
mixed plant fibers reinforced concrete [78]

coconut fiber high-strength reinforced concrete with increased
compressive and bending strength [46,49,79–82]

biofilm with microorganisms concrete with increased bioreceptivity [83]

hemp concrete with reinforced internal structure and increased
self-healing ability [84–87]

bamboo fiber agent treating concrete cracks, high-performance concrete
with decreased shrinkage [53,88–90]

juta fiber reinforced concrete [91–93]
pineapple leaf fiber reinforced concrete [94]

flax fiber reinforced concrete with increased compressive strength [49,95]
granulated cork concrete and mortar with increased insulating property [54]
tobacco waste lightweight concrete [96]

resins from different origin translucent concrete [97]
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Table 2. Cont.

Building
Material/Procedure Plant-Based Material Products Created after Plant-Based Material Use Related

Publication(s)

Brick production building waste materials with mycelium bio-composite mycelium bricks [61]
Wood-based products delignified, succinylated birch wood transparent wood [37]

chitosan wooden surfaces with increased flame resistance [98]

fungal melanin, linseed, and tree tea oil wooden materials with increased antibacterial effects and
water resistance [99]

peanut husk green composite panels with increased flame resistance [56]
Sealing and insulation

materials nanocellulose performance improvement of tannin-based foams [43]

various plant species bio-green insulation panels [100,101]
coconut fiber insulation ceiling board, fibrous thermal insulation [102,103]

peat thermal insulation material [104,105]
sawdust green insulation panels [106]

arch, pine, spruce, fir, and oak tree bark resins insulation panels [107]
beet-pulp fiber with potato starch biopolymer composites with increased insulation property [108]

almond skin sound absorber materials [109]

Other spent coffee grounds mortar with increased technical and sustainability
performance [110]

4. Conclusions

This study aimed to evaluate plant-based construction research characteristics and trends.
In addition, this paper provided a comprehensive overview of the scientometric relations
of types, properties, and applications of biobased building materials. Based on the review
of 977 publications available in the Web of Science database, it was found that research
regarding the integration of biobased resources into the construction industry has increased
significantly in recent years, especially in the post-pandemic period. This can be explained
by the extraordinary demand for raw materials in the construction industry, the depleting
resources, the compensation for the significant adverse environmental impact of the sector,
and the spillover effect of the crises of recent years. These phenomena anticipate a high degree
of openness from the stakeholders and users regarding sustainable building materials.

The scientometric analysis reflected on the concepts of green and biobased building
materials and the relationship between the two. Extensive research is being carried out
into using alternative, plant-based substances or derivatives for various raw materials and
processes to reduce environmental degradation. Due to their excellent specific properties,
ecological benefits, structural features, availability, and low cost, such materials should
be considered and advised more frequently by professionals, bringing these sustainable
practices into common knowledge. However, complementary actions (e.g., cost-efficiency
analyses and popularizing campaigns) could also be necessary for this progress, while the
insistence on conventional materials and solutions seems still strong. Further, the role of
researchers and publications in testing and establishing materials is also considered a huge
step ahead.

Besides the afore findings, this research also has some limitations: the paper neither
dealt with the mechanical and sustainability analysis of individual raw materials and
composites nor did it evaluate the use of mineral materials in construction (e.g., silt, adobe,
gravel rocks, biochar, or even various mineral photocatalyst building materials used for
urban air purification). These aspects should be integrated into future studies, giving a more
thorough technical demonstration of the materials and their functions in the sustainable
construction industry to shift plant-based material application from theory to practice.
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