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Abstract: The construction industry is continuously searching for sustainable materials to combat
the rapid depletion of global resources and ongoing ecological crises. Biocomposites have recently
received global attention in various industries due to their renewability, low cost, and biodegradability.
Biocomposites’ potential as a sustainable substitute in construction can be understood by identifying
their diverse applications. Moreover, examining their life cycle environmental and economic impacts
is important. Therefore, this study is a novel attempt to encompass biocomposites’ construction
applications and their environmental life cycle performance. Statistical analysis is done related to the
temporal distribution of papers, publishers, literature type and regions of studies. First, this paper
reviews the latest research on the applications of natural fiber biocomposites in construction with
their key findings. The applications include fiber reinforcements in concrete, external strengthening
elements, internally filled hollow tubes, wood replacement boards, insulation, and non-structural
members. The second part covers the life cycle assessment (LCA) and cost studies on biocomposites.
The life cycle studies are currently rare and require more case-specific assessments; however, they
highlight the benefits of biocomposites in cost savings and environmental protection. Finally, this
study provides key suggestions for increasing the applicability of biocomposites as sustainable
construction materials.

Keywords: biocomposites; construction material; life cycle assessment; natural fibers; sustainable
construction; life cycle cost

1. Introduction

The global population (currently 7.7 Billion) has grown rapidly in recent times and
is expected to reach 9.7 Billion by 2050 [1]. This rise in the world population has resulted
in increased urbanization worldwide, requiring more buildings and housing. As of June
2020, the global construction industry invests approximately 12 trillion dollars annually [2],
which mainly comprises single and multiple residential buildings. The ecological degrada-
tion and environmental crises worldwide have driven the research focus on sustainability to
incorporate environmental conservation, economic, social, and health impacts in decision-
making [3,4]. Industrial and social innovations are an immediate need for conserving
natural resources and protecting the environment.

The building materials have changed over the years ranging from straw, wattle, daub,
clay, and stones in ancient times to innovative engineered materials like composites and
variants of concrete in recent years [5]. Despite the widespread benefits of the construction
industry and its benefits to the economy, the building sector is considered to be one of the
major contributors to several problems, including greenhouse gas emissions, construction
and demolition (C&D) waste, high energy consumption, socio-economic impacts, and other
environmental emissions [6–8]. Moreover, the construction phase and its activities are
not the only sources of environmental loads. The studies on the life cycle of the current
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construction materials have enlightened that many impacts are associated with other life
stages of those materials [9].

The environmental impacts can be attributed to several building materials, construc-
tion activities and phases, e.g., the production of one-ton cement (with potential use in
buildings) releases one ton of carbon dioxide (CO2) into the air [10]. Moreover, heavy and
sophisticated equipment used for construction activities requires substantial amounts of
energy. Similarly, the growing construction and demolition (C&D) wastes pose another
issue, making it more important to protect the environment through recycling and waste
management [11]. The United States and Canada produce 500 million tonnes and 33 mil-
lion tonnes C&D debris, most of which goes to landfills [12]. Therefore, the research in
civil and material engineering is continuously focusing on and investigating the materials
that can provide the same or better performance as conventional materials with reduced
environmental and economic impacts. Although conventional materials such as concrete,
timber, and steel hold a major share in global construction projects, natural fibers and their
derivatives have made inroads in various forms in the building sector.

Biocomposites are composite materials containing renewable constituents either as
fiber reinforcement or as a polymer in matrix form. Biocomposites have been studied and
used internationally recently due to their attractive characteristics like bio-degradability,
abundant availability, low cost, less energy requirements, and environmental health bene-
fits [13]. Although biocomposites have been widely used in the automotive industry due to
their light weight, biocomposites have also shown the potential to replace typical building
materials. Their field applications are limited; however, they have been studied extensively
in research arenas.

Few recent articles review natural fiber use in cementitious composites [14–17]. Nonethe-
less, these articles primarily deal with only one application, i.e., cementitious composites in
construction. The discussions are directed towards the factors impacting the chemical and
mechanical properties of fibers and cementitious matrix rather than their suitability as con-
struction material. There are numerous other applications of biocomposites which include
externally applied fiber reinforced polymer (FRP) [18], internally filled FRP tube [19], bio-
based sandwich panels [20] and insulation, among others. Consequently, there is a need to
assemble the information available in the literature to examine all applications in construc-
tion in terms of their benefits and drawbacks. Moreover, only mechanical performance may
not be sufficient to provide a clear picture to the policymakers and regulators regarding the
use of biocomposites in the building sector. Economic costs and environmental impacts
throughout biocomposites’ life cycle must be studied rigorously.

Most published research on biocomposites in the building sector has focused on
mechanical properties. Limited research has been conducted to date on the life cycle
impacts of biocomposites in terms of environmental and economic performance [21]. This
fact is further augmented by a low number of available records on engineering databases
while searching for the life cycle sustainability of biocomposites. Although biocomposites
seem to be “green” or sustainable by definition, it is necessary to ensure environmental
impacts are minimized after accounting for all life cycle stages rather than by transferring
impacts from one to another life cycle stage. For example, an environmentally friendly
material imported from a distant region might be less sustainable in its life cycle due to
large fuel consumption and emissions during its transport. Therefore, it is important to
scrutinize the current status of life cycle studies on biocomposites.

This paper aims to fill the above-mentioned research gaps. The methodology section
describes the review process and statistical analysis of the literature. The subsequent sec-
tion briefly introduces biocomposites, natural fibers and their classification with industrial
applications. Section 4 provides an account of construction applications of natural fibers
biocomposites in the building sector with key findings, concerns and challenges. This
synthesized information will help better understand biocomposites’ potential in the con-
struction market. Section 5 analyzes the current status of life cycle studies to understand the
sustainability of these materials. The assembled information on construction applications
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in connection with the life cycle impacts of biocomposites can be valuable for planners,
engineers, and policymakers in the field of sustainable infrastructure development for
countries rich in agricultural feedstock like Canada. Moreover, it will provide insight into
job opportunities for the people dependent on agriculture and forestry.

2. Methodology

Various natural fiber biocomposites have been studied and implemented in the con-
struction sector globally. These biocomposites differ in aspects like type of fibers, content,
mix ratio, and type of polymer (matrix), among other characteristics. Therefore, this re-
view was restricted to biocomposites based on natural fibers. Natural fibers have three
origins: plant, animal, and mineral. In the 1970s, asbestos (which belongs to the mineral
category) was banned in many countries due to its health challenges [22]. Later, asbestos
was identified as hazardous and was associated with many health concerns and risks [23].
Similarly, the fibers from animal sources have been scarcely explored in literature [24,25].
Consequently, natural fiber composites based on plants/lignocellulosic fibers have been of
primary interest and covered in this review.

The review methodology and process were divided into two phases. Phase 1 was
dedicated to searching articles on the applications of natural fiber biocomposites in the
construction industry. For this purpose, a combination of keywords for natural fibers
and their applications in buildings was used. The keywords for the search included “bio-
composites”, “buildings”, “construction”, “natural fibers”, “natural composites”, “FRP”
and “concrete” on two internet databases, including Compendex Engineering Village and
ScienceDirect. Furthermore, the useful references of the screened research papers and
Mendeley/Google Scholar resources augmented the search for additional papers. Sci-
enceDirect was selected being the mainstream database, whereas Compendex Engineering
Village provides results relevant to engineering. The papers not conforming to the scope
of this review were excluded. A similar approach was used in Phase 2, where the search
focused on life cycle assessment and life cycle costing of the biocomposites in construction
applications. The combined number of articles retrieved from each database (Figure 1) was
141. Engineering village and ScienceDirect contributed with 56 and 11 exclusive articles,
respectively, and 74 were present in both databases. Other 34 articles were used to augment
the review.
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The statistical analysis of the reviewed literature is presented in Figure 1. More
than half of the literature covered in this article has been published by Elsevier, whereas
27 articles came from IOP, MDPI, and Springer. The remaining articles belong to various
publishers, including ASCE, Taylor & Francis, and Wiley. Literature-wise, 108 referred
papers (62%) are journal articles ranging from experimental studies to numerical analysis,
followed by 24 review articles and 19 conference papers. The other sources of literature
include book chapters and reports. Moreover, the temporal distribution of the literature
has been divided into three segments. The first timeframe from 2002–2010 comprises
22 references (13%). Most of these have been the source of preliminary information and
pioneer studies on biocomposites. The second (2011–2015) and third segments (2016–2022)
contribute 24% and 63% of the reviewed papers, demonstrating the rise in biocomposite
studies in the last five years. In the context of spatial distribution, the research from Asian
countries has been cited the most (71 times), followed by Europe (53 times) and North
America (26). Many countries in Asia depend on their agriculture and have explored
natural fibers and biocomposites extensively. Further details on the spatial and temporal
distribution can also be observed in the tables of subsequent sections.

3. Biocomposites

Natural materials and their derivatives have served humankind since ancient times;
however, the industrial revolution in the last century replaced them with synthetic materi-
als [26]. Nevertheless, the current global problems have shifted the trend towards natural
materials with biocomposites. It is essential to distinguish among terminologies occasion-
ally used interchangeably when describing biocomposites. The term “biocomposite”, as the
name indicates, is a composite material that contains at least one natural ingredient [26,27].
This terminology encompasses several materials and therefore provides the flexibility to
tailor the materials according to the needs. If all the components in a biocomposite are from
natural/renewable sources, it is called a green composite. In other words, bio-based (green)
biocomposites have both matrix and reinforcement based on biomass. Conversely, if any
of the biocomposite components come from non-renewable/petroleum-based sources,
it is referred to as partly eco-friendly biocomposite [13]. Figure 2a provides a sketch to
distinguish between green and partly eco-friendly biocomposites.

The next term covered under biocomposites is “Biopolymer”, defined as a material that
possesses constituents (units) partially or entirely derived from biomass, e.g., polyphenolic
polymer. The difference between a natural polymer and a biopolymer is that the former is
naturally made, whereas a biopolymer made by repeatedly integrating the monomer (unit)
can be a synthetic (artificial) material. Therefore, natural polymers can be classified as a
sub-category of bio-polymers [13,21].

Several types of polymers exist, and some of them are naturally degradable. Environ-
mentally degradable polymers belong to a diverse group of sources from synthetic and
renewable sources [28], and they can be called biocomposites depending on the presence
of natural constituents. A comprehensive classification of environmentally degradable
polymers is given in Figure 2c. The holistic sustainability of a biocomposite depends on its
life cycle performance [17,20]. In other words, a sustainable biocomposite is a product of
renewable/recycled resources having energy and cost-effective manufacturing. Moreover,
its life cycle stage constituents must have minimum environmental impacts. This paper
covers only plant-based natural fiber biocomposites, which can be termed as a subset
of biocomposites.
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3.1. Natural Fibers for Biocomposites

Due to the sustainability concerns of plastics and related polymers, natural mate-
rials have undergone marked improvements over the last few years as they have been
incorporated into biocomposites [32]. Moreover, renewable feedstock-based composites’
production is expected to rise from 5% (2004) to 25% in 2030 in the United States [33].
The use of these fibers to make biocomposites is a result of their structural properties,
abundant availability, low cost, and depletion of petroleum-based composites [34]. Natural
fibers can be distinguished based on their origin, as they can be obtained from plants,
animals, and mineral sources [35]. The classification of natural fibers based on their origin
are presented in Figure 2b. The fibers which have found their applications in the composite
industries belong to the plant/vegetation category, which are often elaborated under the
heading of cellulose fibers as well [13,27–29]. These plant fibers can be associated to two
sources: (i) agriculture and (ii) post-processing production residue of crops [36]. Fibers in-
cluding hemp, flax, jute, and sisal have established industrial production lines, whereas the
other fibers in this category need improved production practices to streamline commercial
success [37]. Furthermore, Table 1 provides the subject fibers’ annual production (2020)
and producer countries.

Table 1. Natural fibers annual production and producing countries [38,39].

Natural Fiber Production (Metric Tons) Main Producers

Cotton 26,120,000 China, USA, India, Pakistan
Kapok 96,000 Indonesia

Jute, kenaf and allied fibers 2,500,000 India, Bangladesh, China, Thailand
Flax 310,000 China, France, Belgium, Belarus, Ukraine

Hemp 70,000 China
Ramie - China
Abaca 83,000 Philippines, Ecuador

Sisal, henequen & allied fibers 210,000 Brazil, China, Tanzania, Kenya
Coir 970,000 India, Sri Lanka

3.2. Rise in Research and Industrial Applications

Biocomposites have been continuously growing in research and development due
to their benefits despite the stronghold of plastics and petroleum-based composites over
global markets during the last century. Figure 3 illustrates the data fetched from two
large databases: “Compendex Engineering Village” and “Elsevier ScienceDirect”. The first
published research dates back to 1981 at Compendex and 1984 in ScienceDirect; however,
there has been a significant increase in biocomposite research in the last decade. This rise
can be attributed to the search for sustainable solutions for modern-day climatic problems.

Biocomposites have made their mark with industrial applications and have replaced
synthetic composites in many applications [40]. The most abundant use of biocomposites
has been observed in the automotive industry [41–44]; several other applications are
listed below.

• Construction materials and building components (interior and exterior) [19,45,46]
• Furniture components and boards [47,48]
• Sound absorbers for noise control [49]
• Mats, gardening articles, and storage cabinets [47]
• Packaging materials for electronics, foods and other products [50–52]
• Biomedical and optical applications [53]
• Dentures, tissue engineering, medical implants and 3d-printed joints [54–56]
• Marine application (limited) [57]
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The next sections will focus on the biocomposites’ use as construction materials.

4. Biocomposites as Construction Materials

Conventional building materials have enormous environmental implications, which
have encouraged using natural materials for environment-friendly buildings with lesser
impacts [58]. This sub-section discusses the applications of natural fibers biocomposites
used in the building sector or may have a potential application.

4.1. Field Applications

Globally, researchers have investigated the potential of natural fiber biocomposites
mainly on experimental setups. Nonetheless, there have been some ground-breaking
illustrations of their usage in real-time structural applications as well, which are discussed.
In 2016–2017, Dutch researchers developed the “first bio-based bridge” at Eindhoven
University of Technology [59]. The 14 m long pedestrian bridge comprised hemp and
flax fibers combined with polylactic acid core to carry a load of 500 kg/m2. Moreover,
the contributing researcher claimed it to be competent evidence of bio-based construction
materials’ load-bearing capacity.

Similarly, another recent innovation in Friesland Province of Netherlands saw the open-
ing of a bicycle swing bridge “Ritsumasyl”, based on flax biocomposites [60]. The bridge
was constructed in line with the European Union’s mission towards making Europe “the
first climate-neutral continent” by the mid of the 21st century. The bridge was primarily
constructed using flax reinforced epoxy; nevertheless, steel was still used in machinery,
hinges, gears, and motors. Furthermore, the bridge with 20 m decks and 1.2 m I-beams
support was designed to carry 5000 kg. The disadvantages of flax composites included
more sagging (40 cm compared to 5 cm with glass) and a higher coefficient of expansion.
Still, a lifting mechanism catered for the sagging, and the expansion coefficients were
closer to metals. The advantages included creep stopping after a certain time interval,
more service life than actual designed life, recycling and re-use potential, opportunities for
farmers, affordability, and sustainability.
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Another important application explored practically and documented in comprehensive
review articles is hempcrete or lime-hemp concrete [61–63]. Hempcrete, a mix of hemp fiber,
lime and water, has been mainly used as wall, roof, sub-slab and window insulation [63]
due to its light weight and low thermal conductivity [61]. Moreover, it can also repair
old stone and lime structures. The compressive strength is 5–10% of ordinary concrete;
however, it shows reasonable ductility and durability [62,63]. Lightweight hemp lime
bricks and hemp clay bricks (load bearing) are among the market materials. The use of
hemp fiber in ordinary concrete has been covered in the subsequent section.

4.2. Natural Fibers as Reinforcement

Concrete itself as a construction material is brittle, necessitating reinforcement having
an adequate bond with the concrete to enhance its ductility. Steel rebars have been used for
years to counter concrete’s inherent brittleness. Moreover, synthetic fibers like glass and
steel have been used to improve concrete’s post-cracking behavior. Similarly, natural fibers
have been adopted, especially in the last decade, to investigate their impacts on concrete’s
mechanical properties. A round-up of these applications has been provided in Table 2.

Table 2. Use of natural fibers as reinforcement.

Author (Year) Region Material
Combination Objectives Findings Weakness/Recommendation

Flax

Fernandez (2002)
[64] USA

Flax fiber
reinforced
concrete

Promote the use of
flax fiber as a
sustainable material

Enhanced strength and
toughness

Recommended for shear
strengthening for potential
material savings

Page et al. (2017)
[65] France

Flax fiber
reinforced
concrete

Improvement of fresh
state implementation
conditions.
Improve the
mechanical
properties in the
hardened state

Compressive strength
decreased with an increase in
fiber content but flexural
capacity was enhanced

Reduction in concrete
workability due to fibers and
increased air content.

Kouta et al.
(2020) [66] France

Flax fiber
reinforced earth
concrete

Investigate fracture
behavior of flax fiber
in earth concrete

Flax fibers augmented the
fracture properties of earth
concrete (increased with %
and length of fibers) and
provided ductility (by crack
bridging)

Can be used as a sustainable
option for earthen concrete
but need more exploration in
terms of damage mechanism.

Benmahiddine
et al. (2020) [67] France

Flax shive
reinforced
concrete

Investigate the
potential of flax
concrete towards
sustainable
construction

Flax concrete having 14.5%
bulk concrete provided the
maximum strength.
The strength values were
lower as compared to
conventional concrete (and
decreased with more flax
content)

Recommended by authors to
be used as insulation/filling
materials

Garikapati and
Sadeghian (2020)
[68]

Canada

Flax-lime
concrete blocks
with jute
reinforcement

Study flax shives
with lime-based
binder as a
construction material
with jute mesh

Enhanced energy absorption
and bending capacity using
jute mesh

Recommended as masonry
blocks and insulation in wall
cavities

Rahimi et al.
(2022) [69] Canada

Treated flax
fibers in high-
performance
concrete

Comparing treated
flax fiber with light
weight aggregates
and admixtures for
controlling shrinkage
of high-performance
concrete

12% increase in compressive
strength by flax fiber
Flax fibers caused 23–26%
reduction in shrinkage while
improving the energy
absorption capacity
of concrete

Treated flax fiber
recommended for better
volumetric stability of
high-performance concrete
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Table 2. Cont.

Author (Year) Region Material
Combination Objectives Findings Weakness/Recommendation

Hemp

Li et al. (2006)
[70] Australia

Hemp fiber
reinforced
concrete

Experimental
investigation for
mechanical
properties of hemp
fiber concrete

Fiber content is crucial in
mechanical performance
Compressive strength
reduces by adding fibers in
comparison to conventional
concrete
The wet mix shows better
flexural performance as
compared to the dry mix

Recommended for pavements

Brujin et al.
(2009) [71] Sweden Hemp-lime

concrete

Feasibility study of
hemp lime concrete
as a load-bearing
member

Low compressive strengths
and young modulus

Not suitable for load-bearing
application

Arnaud and
Gourlay (2012)
[72]

France
Hemp fiber
reinforced
concrete

Study the impact of
various mix design
factors on hemp
concrete

Hemp concrete’s properties
depend on curing conditions,
age, binder type/content and
hemp characteristics

Care to be exercised during
mix design

Awwad et al.
(2012) [73] Lebanon

Hemp fiber
reinforced
concrete

Investigate the
mechanical and
thermal properties of
hemp fiber concrete

Fibers addition resulted in
coarse aggregate reduction
No impact on tensile strength
and increased ductility
Reduction in thermal
conductivity and modulus
of elasticity

Hemp fibers reduced the
compressive strength by
about 25% (0.75–1% fibers);
therefore, recommended for
non-structural applications

Awwad et al.
(2013) [74] Lebanon

Hemp concrete
masonry blocks
(untreated hemp
and hurds)

Investigating the
behavior of hemp
fibers masonry blocks
Reducing the
aggregates and
density of blocks
while enhancing
thermal and acoustic
properties

Compressive strength
decreased with an increase in
hemp fiber content
About 20% decrease in
thermal conductivity

Fulfils minimum strength
requirement for non-load
bearing members

Merta and
Tschegg (2013)
[75]

Austria Natural fibers in
concrete

Study the influence
of fibers on energy
absorption capacity
of concrete

70%, 2% and 5% increase in
fracture energy using hemp,
straw and grass fibers
respectively in comparison to
unreinforced concrete

4%, 7% and 8% decline in
split tensile strength with
hemp, straw and grass,
respectively

Walker et al.
(2014) [76] Ireland Hemp-lime

concrete

Evaluate the
post-exposure
performance of
hemp-lime concrete
against sodium
chloride

Resistance to biodeterioration
(hemp concrete)

Recommended as a
sustainable material

Zhou et al. (2016)
[77] London, UK

Hemp fiber
reinforced
concrete panels

Investigate the
impact resistance
with other
mechanical
properties

Low compressive strength
but high split tensile strength
with longer fibers (20 mm) as
compared to short (10 mm)
Better impact resistance, low
crack propagation, and high
energy absorption with
longer fibers (20 mm)

No comparison with
unreinforced concrete
It can be used for structures
subjected to impact loading
with careful selection of fiber
length and content
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Table 2. Cont.

Author (Year) Region Material
Combination Objectives Findings Weakness/Recommendation

Barbuta et al.
(2017) [78] Romania

Natural fibers in
polymer concrete
with fly ash

Analyze the behavior
of hemp/wool on the
mechanical
properties of polymer
concrete

Decline in compressive
strength but increase in
tensile strength (for
wool only)
Greater flexural strength with
hemp fibers in comparison
to wool
Increase in fiber dosage
decreased the density

Suggested for eco-friendly
concrete with enhanced
thermal performance

Grubesa et al.
(2018) [79] Croatia

Hemp fiber
reinforced
concrete

Study the influence
of fiber treatment on
their properties at
ambient temperature
and fire resistance of
hemp concrete

Hemp fibers did not impact
the fire resistance of concrete.
Crack propagation was
reduced at elevated
temperature (400 ◦C)

Not useful for fire resistance
under very high temperatures
but useful for enhancing fire
resistance at moderately high
temperatures

Bamboo

Wong et al.
(2010) [80] Malaysia

Fiber reinforced
polyester
concrete

Point out the
optimum volume
fraction % and fiber
length for improved
impact resistance

16.6 times higher toughness
was achieved using optimum
content under study (50%
fiber volume fraction and
10 mm fiber length

Durability for outdoor
applications may be a
drawback that can be
explored and improved

Zhang et al.
(2013) [81]

Shanghai,
China

Bamboo fiber
reinforced
concrete

Study the mechanical
performance of
bamboo fiber
concrete

Positive impact on split
tensile strength but adverse
impact on compressive
strength

Maybe used for controlling
initial micro-cracking.

Ahmad et al.
(2014) [82]

Bamboo
reinforced
concrete beam
(fibers)

Study the effect of
bamboo fiber on
mechanical
properties of concrete

No influence on 28 days
strength but high 50-day
strength
Increased flexural strength
and modulus of elasticity

Recommended for low-cost
buildings

Agarwal et al.
(2014) [83] India

Bamboo
reinforced beam
and column

Improve the bond
strength at the
interface of bamboo
fiber concrete and
other mechanical
properties

Bonding strength of treated
bamboo depends on the
adhesive used
Untreated bamboo does not
impact strength
Treated bamboo (8%)
provides the same strength as
steel (0.89%)
Flexural load capacity
increased by 29% by 1.49%
treated bamboo

Suggested as potential
substitute reinforcement

Moroz et al.
(2014) [84] Canada

Bamboo
reinforced
concrete masonry
shear walls

Compare bamboo to
steel as a replacement
in shear walls

Increased shear capacity and
ductility vs. unreinforced
masonry
Reasonably closer behavior to
steel reinforcement

Waterproofing of bamboo
reinforcement is required
Long-term properties
investigation and cost
analysis should be done

Goh and
Zulkornain
(2019) [85]

Malaysia
Bamboo fiber
reinforced
concrete

Investigate the
influence of various
fiber fractions on the
compressive strength
of concrete

Improved compressive
strength was achieved with
0.5% fibers (optimum)
Beams with only bamboo
fiber had lower strengths as
compared to control concrete

Suggested by authors for
either non-structural
applications or in flexure with
supporting shear
strengthening

Sridhar et al.
(2022) [86] Turkey

Treated jute and
bamboo fiber in
reinforced
concrete

Comparison of the
effectiveness of
chemically treated
jute and bamboo
fiber on reinforced
concrete’s mechanical
properties

Optimal dosage was 1.5% and
2% for bamboo and jute,
respectively
Improved compressive and
flexural strengths by both
fibers (17–31%)
Scanning electron microscopy
showed good bonding
between fiber and matrix

Treated bamboo
recommended for concrete
flexural capacity
enhancement
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Table 2. Cont.

Author (Year) Region Material
Combination Objectives Findings Weakness/Recommendation

Coconut (coir)

Dhandhania and
Sawant (2014)
[87]

India
Coir fiber
reinforced
concrete

Study coconut fiber
as replacement
reinforcement for
roofs

Reasonable strength
enhancement
No corrosion and cooling
ability due to low thermal
conductivity

Can be used to avoid
corrosion

Ahmad et al.
(2020) [88] Pakistan

Coconut fiber
reinforced
high-strength
concrete

Explore the use of
coconut fibers in
high-strength
concrete to optimize
the fiber’s aspects

Increased compressive,
flexural and tensile strengths
Enhanced energy absorption
in comparison to
high-strength concrete

Best performance with 1.5%
fiber content (by cement
mass) at 50 mm length

Khan et al. (2020)
[89] Pakistan

Coconut fiber
reinforced silica
fume modified
concrete

Optimizing thickness
design of concrete
road

Increased compressive, split
tensile strengths, energy
absorption and modulus of
elasticity for coconut
reinforced concrete versus
plain concrete at 15%
silica fume.

Recommended for concrete
pavement use

Kenaf

Elsaid et al.
(2011) [90] USA

kenaf fiber
reinforced
concrete

Characterize the
mechanical
properties of kenaf
fiber reinforced
concrete

Similar or lower strength than
plain concrete
Increased ductility and
energy absorption

More water is required for
suitable workability
Suggested for
impact-resistant applications

Mohsin et al.
(2018) [91] Malaysia kenaf concrete

slab

Study the behavior of
kenaf fiber concrete
slabs and
improvement in
shear capacity

Increased flexural strength,
reduced crack propagation
and improved ductility

No regain of shear capacity
(lost due to decreased
thickness) by adding fibers

Baarimah and
Mohsin (2018)
[92]

Malaysia
kenaf fiber
concrete/hybrid
(steel/kenaf)

Evaluate behavior of
kenaf fiber or hybrid
(kenaf-steel) fiber
reinforced concrete

Increased mechanical
properties with steel fibers
Compressive strength
improved with high % of steel
with kenaf fibers (hybrid)
Flexural strength was
improved with even low steel
hybrid mix
Failure patterns changed
from brittle to ductile

Hybrid combination of
kenaf-steel can be applied for
flexural applications

Muda et al.
(2019) [93] Malaysia

kenaf fiber mesh
reinforced
concrete

Investigate the
impact resistance
relationship with
kenaf mesh
reinforcement

Enhanced first crack and
ultimate resistance with kenaf
fiber mesh as compared to
control specimen.
Increased impact resistance
with kenaf mesh having a
higher diameter for the same
thickness of slab

Mahzabin et al.
[94] Malaysia

Kenaf fiber
reinforced
concrete

Compare kenaf fiber
composite concrete
with normal concrete
in terms of
mechanical
properties

Equal or slightly low
compressive strength, lower
density, low slump and
higher absorption than
normal concrete
Improved split tensile
strength and flexural capacity

Zhou et al. (2020)
[95] China

Kenaf reinforced
high-strength
concrete

Investigating the
effect of natural fiber
on high-strength
concrete

Decreased compressive
strength (12.2–46.2%)
Increased flexural strength
(30–67%)

The optimum fiber content
was 1%
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Table 2. Cont.

Author (Year) Region Material
Combination Objectives Findings Weakness/Recommendation

Sisal/Banana/Ramie

Hu et al. (2018)
[96]

Guangzhou,
China

Fiber reinforced
epoxy polymer
concrete

Study the flexural
behavior using sisal
or ramie fibers

0.36% fibers caused 25.3%
and 10.4% increase in flexural
strength using ramie and sisal
fiber, respectively without
compromise on compressive
strength
Higher fiber % resulted in
decreased strength

Suggested for highway
pavements and bridges as
they are subjected to both
compressive and bending
loads

Prasannan et al.
(2018) [97] India Fiber reinforced

concrete

Study the effect of
sisal and banana
fibers on concrete
properties

Minor improvements in
compressive and split tensile
strength
Substantial increase in the
flexural strength

Recommended for flexural
applications where depth
needs to be reduced

Frazao et al.
(2018) [98] Portugal

Sisal fiber cement
composite
reinforced
lightweight
concrete

Experimentally
investigate the
mechanical behavior
of the composite
reinforced concrete

Improved modulus of
elasticity and tensile strength
Reduced compressive
strength, workability and
more water absorption

Recommended for
applications needing ductility

Okeoloa et al.
(2018) [99] Kenya

Sisal fiber
reinforced
concrete

Investigating the
mechanical
properties at different
% of sisal

Increased split tensile
strength and modulus of
elasticity
Decreased compressive
strength, water absorption
and workability

1% sisal as optimum out of
0.5–2.0%

Mouli et al.
(2019) [100] India

Metakaolin and
banana
reinforced
concrete

Explore the effect of
banana fibers on
concrete properties

Increase in compressive
strength and tensile strength
in comparison to plain
concrete, along with greater
cracking resistance

Fiber content beyond
optimum may cause a
negative impact on
mechanical properties

Jute

Zakaria et al.
(2017) [101] Bangladesh

Jute fiber
reinforced
concrete

Evaluate the strength
improvement in
concrete using jute
fibers

Increased compressive,
flexural and tensile strength
with 0.1% & 0.25% volume
content and 10 mm & 15 mm
fiber length
Jute yarn was found to be
more suitable for concrete
than jute fiber

Jute yarn was recommended
for concrete due to
renewability, low cost and
strength improvement

Zia and Ali
(2017) [102] Pakistan Fiber reinforced

canal lining

Study behavior of
jute fiber reinforced
concrete in crack
control of
canal-lining

Jute fiber concrete showed
61% decreased slump, 31%
compressive strength drop
but 87% enhanced absorbed
energy and better tensile
strength than plain concrete
lining

Suggested to use for
controlling the cracking rate
in canal lining

Akasaka et al.
(2018) [103] Japan

Fiber reinforced
concrete (ring
restrained
specimen)

Experimentally
observe the effect of
incorporating jute for
reducing
high-strength
concrete spalling

Negligible spalling with
jute fibers.

Can be used in combination
with ring restraint for control
of spalling

Dayananda et al.
(2018) [104] India

Jute fiber
reinforced
concrete

Investigate the effect
of raw jute on the
compressive strength
of concrete

Improved compressive
strength as compared to
control concrete
Optimum fiber content was
0.4% after which strength and
workability reduced

It’s important to find the
optimum dosage of fibers
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Table 2. Cont.

Author (Year) Region Material
Combination Objectives Findings Weakness/Recommendation

Kundu et al.
(2018) [105] India

Jute fiber
concrete paver
blocks

Study jute fibers for
improvement of
strength and
flexibility of concrete
paver blocks

Surface modified (using SBR
latex and tannin) jute fibers
increased compressive
strength, flexural strength
and flexural toughness by
30%, 49% and 166%,
respectively.

It is recommended as a paver
material as it enhances
mechanical performance and
can potentially reduce life
cycle cost as It extends the
service life

Islam and
Ahmad (2018)
[106]

Saudi Arabia
Jute fiber
reinforced
concrete

Evaluate the impact
of different dosages
of jute fibers on fresh
and hardened
properties of concrete.
Also, studying the
effect of fiber length
and volume

Increase in fiber content
caused decrease in slump
Mixed influence on
compressive strength
depending on fiber content,
type and size
Flexural strength was
reduced but the number of
cracks/crack widths
was lowered

Care to be exercised during
mix design with fiber size and
proportion

Zhang et al.
(2019) [107] China

Jute fiber
reinforced high
strength concrete

Explore effect of the
water–cement ratio,
jute fiber length,
and jute fiber content
on the high-strength
concrete properties

Improved mechanical
properties with optimum
features (fiber content =
3 kg/m3, fiber length =
16 mm and W/C = 0.3)

Need for exploring the acidity
and alkalinity of natural
fibers and cement

Ahmad and Ali
(2020) [108] Pakistan

Reinforced
(Steel/GFRP)
concrete walls
with jute fibers

Augment the impact
resistance of
reinforced concrete
walls

Jute reinforced concrete
showed better toughness as
compared to plain concrete.
The GFRP and jute concrete
combination was found to be
the best.

Jute fibers recommended as
sustainable material keeping
in view the optimum fiber
length, content and mix
design

Zhang et al.
(2020) [109] Singapore

Fiber reinforced
ultra-high
performance
concrete

Study
high-temperature
behavior of
ultra-high
performance concrete
with jute fibers

More jute fiber is required to
counter the thermal spalling
compared to synthetic fibers.
Weathering effects did not
have any significant impact
on the basic mechanical
properties.

Khaleel et al.
(2021) [110] India Jute reinforced

masonry bricks

Investigation of
mechanical
properties (fiber
reinforced vs. textile
reinforced)

Higher effectiveness of fiber
reinforcement against textile
reinforced.
Enhanced energy absorption
capacity

Can be utilized in earthquake
zones

Pineapple

Irawan and Idris
(2019) [111] Indonesia Fiber reinforced

foamed concrete

Investigate behavior
of foamed concrete
with the addition of
pineapple and
polypropylene fiber

The compressive and flexural
strengths both increased with
the increase in fiber content
with 0.4% polypropylene
fiber (of total volume) with
12 mm length gave the
maximum strengths. The
fibers also reduced the
microcracking of the concrete

The authors suggested using
pineapple & polypropylene
fibers for non-structural and
structural concrete elements

Esper and
Canseco (2020)
[112]

Philippines
Pineapple fiber
reinforced
concrete

Study the effect of
pineapple leaf fiber
on concrete
properties

Due to hydrophilic nature,
treatment is required for
addition of fibers into a
cementitious material.
The highest tensile strength
(parallel to surface) and
flexural strength were
observed for 1% fiber content
(w/w cement) out of 1.4 and
7% with 4% NaOH treatment

Pineapple fiber can be used as
a low-cost and renewable
source with special attention
to optimum content and fiber
treatment
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It is evident from Table 2 that the use of natural fibers in concrete is one of the major
applications of biocomposites as a construction material. Many researchers around the
globe have explored the efficacy of natural fibers in concrete for augmenting mechanical
properties. The merits of using natural fibers include low cost, corrosion resistance, low
thermal conductivity, non-toxicity and renewability [14,113]. The fresh properties of con-
crete (slump and workability) are decreased by fibers similar to steel fibers. In terms of
compressive strength, typically, the addition of natural fibers results in similar strength or
slight reduction [65,67,71,74,77], which may be attributed to lower density and softness of
natural fibers as compared to their synthetic counterparts like glass and steel. For example,
Page et al. [65] observed compressive strengths of 38.28 MPa, 43.95 MPa and 40.72 MPa
using 12 mm, 24 mm and 36 mm long fibers, respectively (0.3% fiber content). Whereas the
control strength without fibers was 46.39 MPa. Nevertheless, the compressive strength in
some instances is higher than the reference concrete, prominently in the case of treated jute
fibers. For example, concrete paver blocks with modified jute fiber exhibited compressive
strength of 31.3 MPa compared to 27.5 MPa for blocks with unmodified fibers and 26.2 MPa
for unreinforced blocks [105]. Conversely, the natural fibers in concrete tend to improve the
split tensile strength, flexural strength, impact resistance, shear strength, energy absorption,
and deflection capabilities. In other words, their addition increases the concrete’s toughness
and ductility like steel fibers by providing crack resistance and more distributed cracking
instead of large cracks. Moreover, natural fibers also help reduce the early age shrinkage in
high-performance concrete as they provide an internal curing effect and enhanced volumet-
ric stability [69,114]. A recent advancement in fiber reinforced concrete is structural health
monitoring and damage diagnosis using non-destructive/wireless methods [115]. It has
been used for synthetic fibers; however, it can be explored for natural fiber composites.

It is pertinent to mention that the improvement in mechanical properties is with
reference to unreinforced concrete, whereas the mechanical properties may reflect lower
values compared to synthetic fibers (comparable in certain cases). Another variant in this
regard is a hybrid combination [92] of synthetic and natural fibers to reach a compromise
between strength requirements and sustainability. Moreover, it is vital to take care of certain
factors while using natural fibers in concrete like mix design [106], fiber content [100], fiber
length [108], treatment (for countering hydrophilic nature) [112], acidity/alkalinity of natu-
ral fibers/cement [107]. For example, soaking hemp fiber in 0.24% NaOH solution for 48 h
results in 80% and 54% increase in tensile strength and elastic modulus, respectively [116].
The surface treatment plays an important role in improved fiber-matrix interface, leading
to a strong composite having higher interfacial shear strength [36]. Hence an optimized
fiber content, treatment, and mix design are necessary to benefit from using natural fibers
as reinforcement in concrete.

4.3. External Strengthening Agent

Natural resources are depleting rapidly, and the construction sector uses the abun-
dance of the planet’s natural resources [61]. In the case of damaged buildings or com-
ponents, the demolishing and rebuilding processes put an immense burden on available
materials. The strengthening agents in the form of plates, jackets, and wraps have been
used in the past, recently replaced by Fiber Reinforced Polymers (FRP) made of glass,
carbon, and aramid. Synthetic FRPs provide numerous advantages for strengthening struc-
tures/members such as corrosion resistance, large deformations handling capacity, and
high strength-to-weight ratios [106]; however, they are costly and have high environmental
impacts [117]. Table 3 exhibits natural fiber reinforced polymers (NFRP) as a structural
strengthening agent.
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Table 3. Natural fiber composites as an external strengthening agent.

Author (Year) Region Material
Combination Objective(s) Findings Weakness/Recommendation

Flax

Takasaki et al.
(2014) [118] Japan

Reinforced
concrete beams
strengthened by
Flax fiber sheets

Study the shear
strengthening effect
of Flax fabric

22–72% improvement in
shear strength of the beam
Higher number of layers
provided higher strengths

The direction of fiber in
applied sheets influences the
strengthening effect (WEFT
direction better than WARP)

Yan et al. (2015)
[119] Germany

Concrete beams
with coir (coconut)
fibers and FFRP
wrapping

Investigate the
effectiveness of FFRP
wrapping for
concrete beams

Increased mechanical
properties (flexural
strength, deflection and
ultimate load)
More strengthening with
more layers of wrapping
Coir fibers augmented the
lateral load capacity and
fracture energy

FFRP can be used for
strengthening of structures
with an adequate intervention
for ensured durability.

Huang et al.
(2016) [120] China

Concrete beams
with external FFRP
plates

Study flexural
performance of FFRP
strengthened
concrete beams

Increased load-bearing
capacity, deflection,
ductility and energy
absorption with FFRP
strengthening
Comparable load-bearing
capacity to CFRP and GFRP

Lower tensile strength and
modulus compared to CFRP
and GFRP

Luccio et al.
(2017) [121] France

Reinforced
concrete walls
strengthened by
flax FRP strips

Assess the feasibility
of strengthening RC
walls using flax FRP

Up to 150% strength
enhancement and 30%
increase in ductility were
observed due to FFRP
comparable to carbon FRP
strips.

Authors recommended using
FFRP for seismic retrofitting
due to high displacement
capacities with a suggestion
for further experimental
explorations.

Wang and Chow
(2018) [122]

New
Zealand

Concrete slabs with
coconut fibers
strengthened with
flax fiber reinforced
polymer (FFRP)

Evaluate the impact
resistance of the
FFRP wrapping and
finding the more
effective
configuration

Better impact resistance,
improved structural
integrity under impact
loading and more energy
absorption capacity for
slabs having fibers and
FFRP wrap

Can be used for pavements or
other structures having
impact loads

Wang et al. (2019)
[18] Germany

Wooden beams
externally
strengthened using
flax FRP

Compare Flax, Basalt
and Glass FRP as
external flexural
strengthening agent

Flax FRP exhibited higher
flexural load capacity than
basalt and comparable with
glass FRP
The capacity increased for
hybrid layer and a greater
number of layers but the
failure modes changed
to debonding

Can be used for beam
strengthening but cost
provisions (in comparison to
deep beam) and optimum
number of layers must be
used

Guadagnuolo
and Faella (2020)
[45]

Italy

Masonry beams
strengthened with
flax fiber fabric for
seismic
strengthening

Assess the retrofitting
efficiency of masonry
ring-beams with flax
fabric for existing
buildings

Enhanced seismic
performance, increased
resisting moments and
deformation capacities
compatible with adjoining
masonry walls

Recommended for
monumental buildings

Chen et al. (2020)
[123] China

Reinforced
concrete beams
strengthened by
Natural FRP

Investigate the
feasibility of natural
FRP as replacement
of synthetic FRP in
structural
strengthening
upgrades

Significant (41%) increase in
load-carrying capacity of
RC beams (better than
CFRP) and 20–40%
cost efficiency
Flax (particularly
unidirectional) FRP
achieved the best
strengthening effect and
cost-efficiency

Long term durability still
unknown.Lower effective
bond length of jute (more
vulnerable to debonding)
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Table 3. Cont.

Author (Year) Region Material
Combination Objective(s) Findings Weakness/Recommendation

Hemp

Siriluk et al.
(2016) [124] Thailand

Reinforced
concrete beam with
HFRP (shear
strengthening)

Investigate the shear
strengthening effect
of HFRP

Increased shear capacity
Better strength with
uni-directional weaved
wrap as compared to matte
weaving

HFRP costs are significantly
lower than CFRP and GFRP

Ghalieh et al.
(2017) [125] Lebanon

Concrete columns
with hemp fiber
reinforced polymer
(HFRP)
confinement

Study HFRP efficacy
for column
strengthening along
with factors like
number of layers and
column slenderness
ratio

Increased compressive
strength, ductility and
energy absorption
capacities.More capacity
enhancement with a greater
number of wraps

Ultimate stress impacted by
the column’s slenderness
ratio

Bitar et al. (2020)
[126] Lebanon

Unreinforced
masonry walls
externally
strengthened by
hemp fiber fabric

Investigate the effect
of hemp fabric in
enhancing flexural
capacity

Substantial increase in
flexural capacity using
hemp fabric (up to 500%)
along with enhanced
deflectionshemp fiber
rupture governed the
majority of failure modes

Going beyond the optimum
reinforcement ratio (2% in
this case) may result in a loss
of ductility

Kenaf/Jute/Sisal

Sen and Reddy
(2013) [127] India

Reinforced
concrete beams
strengthened with
jute composites

Study jute fibers for
structural retrofitting
of beams

Approx. 60% increase in the
load-carrying capacity of
beams (full wrap)
25% strength enhancement
with strip wrappingHigh
deformability index as
compared to CFRP
and GFRP

Jute FRP recommended for
structural strengthening

Hafizah et al.
(2014) [128] Malaysia

Reinforced
concrete beam with
kenaf composites

Study of kenaf fiber
application for
strengthening of
beams (flexural
strength,
deflections etc.)

More fiber content resulted
in higher strength of kenaf
composites
Enhanced flexural strength
(40%), deflection (24%) and
stiffness

Need to investigate long-term
durability

Sen and Reddy
(2014) [129] India

Reinforced
concrete beams
strengthened with
sisal composites

Investigate the
structural
strengthening
characteristics of sisal
composites

Heat treatment increased
the flexural and tensile
strength of sisal FRP
About 110% and 65%
strengthening was achieved
using full and strip sisal
wrapping, respectively

Sisal composites also provide
an edge in terms of life cycle
environmental impacts

Sen and Paul
(2015) [130] India

Concrete cylinders
confined with
natural FRP

Evaluate the
confinement
strength/modulus
parameters of fully
and strip-wrapped
concrete cylinders by
natural jute and
sisal fabrics

Approx. 65% and 50%
strength increment using
sisal and jute FRPs,
respectively

Lower strengthening in
comparison to GFRP and
CFRP but more sustainable

Tan et al. (2017)
[131] China

Jute FRP confined
sisal fiber concrete
cylinders

Experimentally study
the compressive
behavior of jute
polymer confined
sisal fiber concrete

Jute FRP enhanced the
compressive strength of
plain and sisal fiber
concrete with more increase
with sisal fibers
18%, 35% and 58% increase
with 1, 3 and 5 layers,
respectively
Sisal fiber increased the
fiber efficiency but not the
ultimate strain.
More layers increased
the ductility

Suggested further studies on
axial/flexural strengthening
of concrete and masonry.
Durability needs to be
examined
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Table 3. Cont.

Author (Year) Region Material
Combination Objective(s) Findings Weakness/Recommendation

Alam and
Riyami (2018)
[132]

Malaysia

Reinforced
concrete beams
with natural
composite plates
(shear
strengthening)

Produce
high-strength
composite plates
with
treated/untreated
kenaf, jute and jute
rope for shear
strengthening of
beams

The maximum natural fiber
content for fabrication was
45%
35%, 36% & 34% higher
shear strengths for beams
strengthened with
untreated kenaf, jute and
jute rope plates,
respectively
10%, 23% & 31% higher
shear strengths for beams
strengthened with treated
fiber plates

Important to investigate the
optimum fiber content with
each composite for better
structural performance

Omar et al. (2022)
[133] Malaysia

Plain concrete
beam strengthened
by kenaf FRP plates

Optimization of
varying kenaf FRP
plates for flexural
strengthening of
beams

Increased flexural strength
and deformability by all
4 variants of kenaf FRP
Main failure mode in plate
rupture utilizing the full
strength

Thicker kenaf FRP plates
provide the best performance.

Maulana et al.
(2022) [134] Malaysia

Foam concrete
beam strengthened
by kenaf FRP sheet

Experimental
investigation of
strengthened beam
behavior and
strength prediction

Increased lengths of the
sheet provided higher
flexural capacities
More layers of KFRP
reduced the ultimate
displacement
Finite element modelling
resulted in models with
average 10% discrepancies
with experiments

The major failure mode was
shear failure, and only the
specimen with the longest
FRP sheet failed in rupture

Bamboo

Chin et al. (2019)
[135] Malaysia

Reinforced
concrete beams
strengthened with
bamboo fiber
composite plate

Test the effectiveness
of the plates as
external
strengthening
material in flexure

10–12% increase in flexural
strength as compared to
un-strengthened beam and
diversion of cracks from
vertical to diagonal at the
end of plates

Recommended for flexural
strengthening of RC beams

Modern FRPs have incorporated natural fibers as they are cheap and maneuverable.
The natural FRPs used for retrofitting/strengthening include sheets/wraps, plates, and
strips applied according to the requirement (axial strengthening, flexural strengthening,
or shear strengthening). Unlike fiber reinforcement, natural fiber strengthening and its
impacts vary more in fiber type, structural member, parent material, and applied configura-
tion. The common observation is the improvement in mechanical properties of structural
members having NFRP strengthening compared to un-strengthened members. Although
the strength enhancement is lower compared to Carbon and Glass FRPs, the strength
increase is comparable in certain cases. Moreover, the energy absorption capacity and
ductility of NFRP strengthened elements exceed the synthetic FRPs. For example, Wang
et al. [18] observed that one wrap of Flax FRP enhanced the maximum load carrying capac-
ity of the control specimen from 2.8 kN to 4.5 kN, whereas the strength with one wrap of
Glass FRP was 4.8 kN (very close to flax FRP). The areas of concern in their application are
their long-term durability [123], fiber content [126], and the direction of fibers in FRP [118].

Moreover, the natural fibers tend to be combustible as cellulose and hemicellulose
start decomposing near 200 ◦C [136]. The thermal performance is governed by factors like
fiber type, surface treatment, matrix type, fillers, and fiber content [37]. Hence, there are
methods to analyze the thermal performance of natural fiber composites. These methods
include dynamic mechanical analysis (DMA), differential scanning calorimetry (DSC),
and thermogravimetric analysis (TGA) [37]. Moreover, macroscale flame retardants (like
mineral hydroxide, hydroxy carbonates, borates-based, phosphorus-based and halogenated
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flame retardants) and Nanoscale retardants (including layered silicates and carbon family
nanomaterials) can be used to reduce combustibility [136]. Macroscale retardants have
the drawback that they need higher dosages and lessen the mechanical properties of
composites, whereas nanoscale retardants can cause agglomeration. A balance needs to be
established to optimize the desired properties of composites.

4.4. Internally Filled FRP Tubes

Another important structural application of composites is FRP tubes filled with ma-
sonry or concrete. The FRP forms the internally hollow confinement with a rough internal
surface for bonding, whereas the designed concrete mix is filled inside it in the fresh state
and allowed to harden and attain strength. Synthetic fibers have been used quite frequently
for such structural beams and columns. Recently, flax fibers FRP have also been used
by researchers in combination with other natural fibers (for strengthening the concrete).
Table 4 shows a few studies and their findings regarding this hybrid structural application.
Currently, flax has been used predominantly as the material providing the confinement to
recycled concrete/brick masonry aggregates with encouraging results in terms of strength
enhancement and use as compressive/flexural members. However, other fibers need more
experimental exploration for similar applications.

Table 4. Internally filled natural fiber composite tubes.

Author (Year) Region Material
Combination Objectives Findings Weakness/Recommendation

Yan and Chouw
(2013) [19]

New
Zealand

Flax FRP tube filled
with coir reinforced
concrete

Investigate the
efficacy of coir as
concrete
reinforcement and
flax FRP as
confinement material

Improved axial
compressive strength and
ductility with FFRP
confinement for both plain
and coir reinforced concrete.
(also, with increased tube
thickness)
Significant enhancement in
ultimate lateral load and
mid-span deflection using
FFRP tube.

FFRP-CFRC composite
columns have the potential to
be used as axial/flexural
structural members

Yan et al. (2017)
[137] China

Flax FRP tube filled
with masonry
recycled aggregate
concrete (partial
replacement)

Investigate the
compressive
behavior of the
hybrid material

FFRP tube enhanced the
strength of recycled
aggregate concrete with
more strength enhancement
for higher concrete strength

Huang et al.
(2017) [138] China

Flax FRP tube filled
with recycled
aggregate concrete
containing clay
brick aggregate

Investigate the
compressive
behavior of the
hybrid material

FFRP tube confinement
significantly increased both
strength and ductility of the
confined cylinders

Gao et al. (2022)
[139] China

Sisal fibers in
recycled aggregate
concrete confined
by jute FRP tube

Study the
compressive
behavior of sisal fiber
recycled aggregate
concrete in jute
FRP tube

Increased compressive
strength and ultimate strain
provided by jute FRP
Bridging effect and slow
lateral dilation provided by
sisal fibers

Fiber orientation in recycled
aggregate concrete plays an
important role in ultimate
compressive strength
and strain

4.5. Bio-Based Sandwich Panels

Biocomposites have also shown promise as replacement of synthetic fibers for making
composite panels. The use of natural fibers in bio-based panels is highly encouraging,
specifically from the Canadian perspective. Table 5 shows the findings of the studies with
foamed core combined with natural fiber skins to make sandwich panels. Prominently,
the bio-based panels have used flax as a substitute outer skin material; nonetheless, they
do not provide the same performance as glass skins and need thicker layers to provide
similar strength.
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Table 5. Bio-based sandwich panels.

Author (Year) Region Material
Combination Objectives Findings Weakness/Recommendation

Hu et al. (2007)
[117] USA Bio-based skin for

sandwich panels

Structural design and
performance
evaluation of the
sandwich roof

Wrapping the bio-based
skins provided better
performance than the
stacked layers.
The model satisfied the
deflection criteria.

Recommended investigating
the creep, thermal analysis
and inflammability further

CoDyre and Fam
(2017) [20] Canada

Foam-core panels
with flax composite
skins

Investigate axial
compressive
behavior of the
sandwich panels
with flax composite
skins

Flax FRP sandwich
specimens exhibited about
one-third of the strength
given by sandwich
specimens with glass
FRP skin
Longer panels failed due to
global buckling at peak
load; whereas’ shorter
panels had localized
failures

Design can be optimized
according to the usage
requirements

Betts et al. (2017)
[140] Canada

Sandwich Panels
having foam cores
and Flax FRP
facings

Investigate failure
mechanisms of
sandwich foamed
panels with FFRP
facings

Flax FRP facings were
found suitable for
sandwich panels (having
polyisocyanurate foams)

The failure mechanisms
depend on the facing
thickness

CoDyre et al.
(2018) [141] Canada

Foam-core panels
with flax composite
skins

Investigate axial &
flexural behavior of
the sandwich panels
with flax composite
skins

Three-layered flax
reinforced skin (only 17%
thicker than one glass FRP
provided equivalent
flexural and axial strengths
at all three core densities
with slight deviations
The enhancement in axial &
flexural strength was more
for specimens with FFRP
skins as compared to
specimens with GFRP

FFRP skins can be used to
replace GFRP with a higher
number of layers.
Cost analysis needs to be
done

4.6. Insulation and other Applications

Hempcrete has been used widely for insulation purposes. The use of natural fiber
composites, including hemp-lime concrete as insulating materials, are presented in Table 6.
Moreover, the other applications of biocomposites include:

• Pipes made of plain-woven (bidirectional) flax fabric [142]
• Flax-based wind turbine blade [143]
• Sound absorbing materials [144]
• Kenaf-based wall cladding [145]
• Biocomposite boards as wood replacement [146,147]
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Table 6. Biocomposites as insulating materials.

Author (Year) Region Material
Combination Objectives Findings Weakness/Recommendation

Ibraheem et al.
(2011) [23] Malaysia Insulation boards

(kenaf)

Development of
green insulation
boards using
polyurethane with
kenaf fibers

50% kenaf fiber content was
optimum (out of 40%, 50%
& 60%)
Thermal conductivity
reduced with an increase in
fiber content
The NaOH treatment of
kenaf fibers increased the
mechanical properties.

The use of optimum content
and proper treatment of fibers
keeping in account the
porosity and bonding of fibers
can help produce high-quality
insulation products.

Korjenic et al.
(2016) [46] Austria

Plant-based
building facades
(flax, hemp & jute)

Present results
regarding insulation
material based on
natural fibers

Optimal mix of materials
out of all combinations
provided thermal
performance comparable to
market materials

Recommended due to their
thermal performance and
smaller PEI (primary energy
input) compared to glass
fibers.

Brzyski et al.
(2017) [148] Poland Hemp Flax

composite material

Study various
combinations of
flax-hemp
composites foe low
energy buildings

Composites showed low
strength, low density, low
thermal conductivity and
high absorptivity.

Recommended as
insulation/filler or for
external wall construction

Costantine et al.
(2018) [149] France

Hemp lime
concrete for
insulation

Assess the
performance of the
building in terms of
thermal insulation

Reasonable thermal
comfort (some high relative
humidity areas)

Limitations in terms of site
implementation of hemp
concrete as compared to other
materials

Garikapati et al.
(2020) [68] Canada

Flax lime
concrete/beams
with jute fabric
mesh

Study flax shives
mixed with a
lime-based binder
work as a
construction material

Jute fabric was effective in
crack control

Recommended for infilling
masonry blocks and for filling
wall cavities as insulation

4.7. Key Concerns and Challenges

The current applications of biocomposites as construction materials discussed above
have the following concerns and challenges.

Limited real-life applications: The real-life applications of biocomposites are promising
but limited and require industrial expansion to instill confidence in their benefits and
applicability in construction.

Varying fiber properties: Natural fibers in cementitious composites/concrete improve
their post-cracking behavior i.e., toughness. The major concern is the variability of
natural fibers as each fiber has its composition and properties. Hence, it is important
to get the optimum fiber content, length, and type (treated/untreated) for a particular
member [100,106,108,112]. Moreover, natural fibers tend to decrease workability and in-
crease air content and water demand which can be inconvenient in massive concrete works.

Specific design and unknown long-term durability: Natural fiber reinforced polymers
(FRP) with adhesives have shown strength enhancement comparable to glass in a few cases.
Like cementitious composites, these composites also need an optimized design [150] for
each application with caution related to fiber content, member configuration, and direction
of application of composites [118,123,126]. Higher fiber content generally enhances their
strength but compromises ductility. Furthermore, their long-term ductility against open
environments and weathering needs further investigation. Selecting the right fiber, content,
and orientation in the composite and interventions for extending the service life of natural
FRPs can serve the construction industries of countries rich in agricultural feedstock.
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Explorations with other natural fibers: The current studies on filled FRP tubes and bio-
based sandwich panels predominantly involve flax fibers. The other lignocellulosic fibers
should be experimentally evaluated for similar applications to have a basis for sound
comparison among fibers. Further, their long-term durability needs to be addressed as well.

Insulation design: Biocomposites have numerous non-structural applications like cover-
ings, facades, and partitions but the applications that stand out are as insulation material
and wood replacement [20,140,141,148,149]. The optimized mix design is necessary to get
the best performance out of these materials. These can benefit the construction industry of
countries like Canada, where wooden construction is common.

Site Implementation: Their site implementation is also a challenge. Technical innovation
in a massive industry (construction) requires practical guidance for all stakeholders to
understand the processes involved. Pieces of training and guidance programs in this regard
can be fruitful.

5. Life Cycle Sustainability of Biocomposites

Biocomposites are perceived as environment-friendly and economical materials com-
pared to synthetic composites due to their renewable ingredients. Table 7 provides the costs
and environmental footprints of the natural fibers discussed in this article. It is evident that
natural fibers have less environmental impacts than synthetic fibers like glass and carbon.
However, more exploration is required, as depicted by the gaps in the table, specifically for
environmental properties. Carbon fibers provide excellent mechanical properties among
composites; nevertheless, they are costly and have environmentally low performance.
However, a composite’s renewable origin does not automatically make it a sustainable
material [151]. It is important to evaluate all the life cycle stages of material, from raw
material extraction to final disposal or recycling. Life cycle sustainability methods like life
cycle assessment (LCA) [152] and life cycle costing (LCC) [153] are commonly used for
holistic sustainability assessment, which considers all stages of a product’s life cycle for
case-to-case evaluation.
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Table 7. Environmental and economic features of natural fibers along with chemical and mechanical properties [13,28,154–160].
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Flax 71–78 18.6–20.6 2.2 1.38 5–38 10–65 343–1035 50–70 1.2–3 7 0.055 2.1–4.2 59–86 349 -

Hemp 70.2–74.4 17.9–22.4 3.7–5.7 1.47 10–51 5–55 580–1110 30–60 1.6–4.5 8 0.25 1.0–2.1 - 406 -

Jute 61–71.5 13.6–20.4 12–13 1.23 5–25 0.8–6 187–773 20–55 1.5–3.1 12 - 0.4–1.5 - 548 1.55

Kenaf 45–57 21.5 8–13 1.2 12–36 1.4–11 295–930 22–60 2.7–6.9 6.2–12 - 0.3–0.500 - 418 0.7

Abaca 56–63 21.7 12–13 1.5 10–30 4.6–5.2 430–813 31.1–33.6 2.9 14 - 0.345 - - -

Bamboo 26–65 30 5–31 0.85 25–88 1.5–4 270–862 17–89 1.3–8 11–17 - 0.5 - - -

Banana 63–64 10 5 1.35 12–30 0.4–0.9 529–914 27–32 5–6 10–11 - 0.89 - - -

Coir 36–43 0.15–0.25 41–45 1.2 7–30 0.3–3 175 6 15–25 10 0.047 0.2–0.5 - - -

Cotton 85–90 5.7 0.7–1.6 1.21 12–35 15–56 287–597 6–10 2–10 33–34 0.03 1.5–4.2 - - 2.07

Pineapple 81 12.7 1.5 8–41 3–8 170–1627 60–82 1–3 14 - 360–550 - - -

Ramie 68.6–76.2 13–16 0.6–0.7 1.44 18–80 40–250 400–938 61.4–128 2–4 12–17 - 2000 - - -

Sisal 65 12 9.9 1.2 7–47 0.8–8 507–855 9–22 1.9–3 11 0.04187 600–700 7.2–7.96 - -

Softwood 40–44 25–29 25–31 0.30–0.59 30 1 45.5 3.6–14.3 4.4 - - 4.4–5.5 - - 3.03 *

Hardwood 43–47 25–35 16–24 0.3–0.88 16 3.3 51–120.7 5.2–15.6 - - - 4.4–5.5 - - -

Carbon - - - - - - - - - - - 12.5 130 29,500 -

Glass - - - 2.5 15–25 - 2000–3500 70–73 2.5 - - 1.2–1.8 30 2700 0.041

Natural (general) 0.2–1.0 4 400 -

* from SimaPro.
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5.1. Environmental Performance

Studies involving biocomposites’ life cycle assessments (LCA) have been scarce, specif-
ically in their use as a construction material [21]. It can be observed that a search with
the keywords “LCA of biocomposites” on Compendex Engineering Village returns less
than 65 records (as of July 2022). Important life cycle studies on natural fiber composites
having direct and indirect use in the construction sector are discussed. Natural FRP made
of flax fiber have lower environmental impacts than jute and carbon FRP; however, the
extensive use of epoxy adhesive reduces environmental and cost benefits [64]. Batouli and
Zhu [161] performed a comparative LCA between kenaf and glass fiber-based insulation
panels. The cradle-to-gate LCA using the Ecoinvent database revealed kenaf-based insula-
tion panels to be environmentally positive in all impact categories. Escamilla et al. [162]
conducted LCA for vegetable fibers in concrete and reported significant environmental
savings. Moreover, it was also suggested to incorporate sensitivity analysis and be careful
in selecting functional unit and disposal scenarios.

Similarly, Arrigoni et al. [163] conducted a life cycle analysis of hempcrete blocks,
excluding the end-of-life stage (due to non-reliable data). Raw material production for
hempcrete was the main contributor to environmental impacts. Moreover, the binder
mixture amount and composition also significantly impacted the transport distance. Carbon
intake during hemp growth and carbonation during the use phase made the hempcrete
blocks carbon negative, called as “effective carbon sinks”. However, the binder production
stage was highly impactful, which may incite the use of different or less binders with
caution regarding the changes in blocks’ chemical and mechanical properties. Similarly,
raw material transport distances were vital in terms of environmental impacts. A recent
study by Diaz et al. [164] has also highlighted the carbon storing capacity of hemp concrete
and its low environmental impacts compared to other building materials.

An interesting study that combined LCA and mechanical properties of compos-
ites [165], comparing flax fiber versus glass in polypropylene revealed that a similar
substitution provided 6% lighter composites with 10–20% lower environmental burdens.
Furthermore, the merits included low fuel consumption due to lightweight, low emissions
during use, and a manageable end-of-life phase. However, the drawback in terms of
“Eutrophication” was also highlighted. Coupled micromechanical modeling involves the
initial design of the composite and subsequent LCA of the model. This enables the decision-
makers and designers to know which product is optimum for mechanical performance and
sustainability.

As discussed above, the most prominent application of biocomposites in construction
is using fibers in cementitious composites. Merta et al. [166] compared the natural fibers,
including flax, hemp, and sea grass, against synthetic Polyacrilonitrile (PAN) fibers as
reinforcement in concrete. The system boundary was defined as ‘cradle to gate’ because
of unknown durability of fibers in the cementitious mix. The LCA indicated that the
natural fibers had lower environmental impacts than synthetic ones except for flax in
eutrophication and aquatic ecotoxicity categories. These high impacts were related to using
a high amount of water, fertilizers, and emissions due to crop cultivation. Therefore, using
fibers in concrete can benefit cost and environmental implications if used as a substitute
for steel or glass. Compared to plain concrete, biocomposites can enhance mechanical
properties, but the cost and impacts will also be higher because of additional ingredients.
However, in the broader picture, the environmental benefits of natural fibers outweigh the
demerits. Recent LCA studies for biocomposites (not confined to construction) with their
prominent features have been summarized in Table 8.
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Table 8. LCA studies on biocomposites.

Ref Region (Year) Main Concern
Area/Emphasis

Biocomposite Type &
Purpose

Functional Unit
(FU)/System Boundary

(SB)

LCA
Method/Software/Inventory Findings

[167] Iran (2008)

Comparison of hybrid bio
based
composite with fully
petroleum-based composite

Kenaf biocomposite as
construction materials (with
polyhydroxybutyrate)

FU: m2 of usable floor/wall
area
SB: Cradle to gate
(excluding transportation)

• ReCiPe
• SimaPro
• Ecoivent 3.2
• industry data
• USLCI

Adverse effects of petroleum composites
such as human toxicity, eutrophication,
ecotoxicity and Indoor chemical
emissions of polymers.

[168] New Zealand (2008)

LCA of
wood-fiber-reinforced
polypropylene composite
with 3 levels of contents (10,
30 and 50% by mass)

Wood fiber composites as
construction and
automotive material

FU: Material Service density
• SimaPro
• Eco-Indicator 99

The use and disposal phase of wood
composites are environmentally
advantageous.
Disposal (e.g., Incineration) claims some
energy back

[169] USA (2008)

LCA in comparison with
glass and 2 waste treatment
methods (landfill and
composting)

kenaf fiber composites for
automotive

FU: 1 kg of fiber reinforced
composite (automotive part)
SB: cradle to grave

• TRACI
• Uncertainty Analysis

kenaf reduces non-renewable energy
consumption by 23–24% and greenhouse
gas emissions by 6–16% over glass but
has more local environmental impacts
(photochemical smog formation,
acidification and eutrophication)

[156] Poland (2016)

Comparative environmental
assessment of plastic pallets
from composites and
biocomposites

1. Polypropylene (PP)
2. Glass
3. Jute
4. Cotton
5. Kenaf

FU: 1 heavy-duty plastic
pallet (made by an injection
molding process)
SB: Cradle to gate

• SimaPro 8
• Ecoinvent 3.1
• ReCiPe method

(Midpoint)

Jute and kenaf composites have lower
environmental impact than PP
composites with glass fiber or cotton.
The negative impacts include use of
toxic pesticides and impact factors like
acidification, eutrophication,
agricultural land occupation, particulate
formation and human toxicity.

[150] Denmark (2016) Fiber selection for eco
design FFRP and GFRP

FU: Equivalent mechanical
stiffness performance of 1
kg of GFC in different
mechanical applications
SB: Cradle to grave

• Ecoinvent 2.2
• Ashby method
• GaBi 6
• ReCiPe method

(Midpoint)

Low impacts for FFRP vs. GFRP.
Optimized fiber and matrix content give
max environmental advantage.
Natural fibers use renewable sources,
low energy consumption for production
and less issues with disposal
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Table 8. Cont.

Ref Region (Year) Main Concern
Area/Emphasis

Biocomposite Type &
Purpose

Functional Unit
(FU)/System Boundary

(SB)

LCA
Method/Software/Inventory Findings

[163] Italy (2017)

Life
cycle environmental
impacts of a wall made of
hempcrete blocks

Hemp (can be used as
filling material/roof & floor
insulation/Indoor &
outdoor plasters and
prefabricated panels

FU: 1 m2 hempcrete block
wall
SB: Selective processes

• Producer & Literature
• CED
• Sensitivity Analysis

Hempcrete blocks act as carbon sinks due
to their CO2 uptake.
The production phase is crucial (with
factors like transport distance and binder
composition as impacting factors)

[170] Canada (2017)
Comparison of
conventional beauty cover
with hybrid bio-based cover

FU: A beauty cover of truck
for 25 years/290,000 km
SB: cradle to grave

• TRACI 2.1
• OpenLCA
• SimaPro
• NREL

Hybrid bio-based worked better than the
current cover except for wood and water
consumption

[171] USA (2018) Comparison of polylactic
acid (PLA) composites

PLA composites with
organic (flax/hemp/wood)
and inorganic (glass/talc)
fillers

SB: raw material acquisition,
transportation,
manufacturing,
consumption,
and end-of-life treatment.

• TRACI

Utilization of organic fillers produces
a lower economic/environmental impact
compared to inorganic fillers in PLA
composites. (wood fillers along with
recycling end of life were least damaging)

[172] Columbia (2018)

LCA and
LCC of four alternatives of
banana fiber biocomposite
using unsaturated polyester
resin as matrix.

Columbian banana fiber
biocomposites
(for automotive, packaging
and aerospace)

FU: Tensile test sample (460
mm × 400 mm × 5 mm)
SB: Cradle to manufacture

• SimaPro 8.3
• ReCiPe Method

(Endpoint)
• Multi-criteria analysis

(Shannon entropy
method)

Biocomposite has lower cost and
environmental impact than polyester, but
its lower tensile strength and higher water
absorption cause a
lower overall performance comparing
with the polyester
The use of BF in biocomposites materials
can avoid its disposal in landfills.

[173] France (2019)

Environmental impacts of
the End of life (EoL)
treatments of wood flour
(WF) reinforced
polypropylene (PP/WF)
and flax fibers reinforced
polylactic acid (PLA/Fl)

1. Wood flour reinforced
Polypropylene (PP/WF)
2. Flax fiber reinforced poly
lactic acid (PLA/FI)
(for automotive and
buildings)

FU: Managing 1 Ton
biocomposites waste
SB: End of life

• Hybrid ReCiPe
method (midpoint)

• GABI software
• Ecoivent 2.2
• Normalization
• Sensitivity Analysis

Recycling EoL scenario presents the lowest
environmental impacts, followed by
industrial composting
for PLA/Fl composite, and incineration for
PP/WP.
Recycling leads to the production of a
secondary raw material avoiding
environmental impacts

[41] Belgium (2019) LCA of fibers and recycling

Plant fibers mainly flax
(used in automotive
industry) ∗ Compression
molded mat & injection
molded short flax fibers

SB: Cradle to grave
(incineration end of life)

• ReCiPe method
• Simapro 7.2.3
• Ecoinvent 2.2
• ROM & Ashby

method

Mat flax has low env imp than glass
(reduced fuel consumption)
Incineration end of life causes energy
recovery
More LCA studies needed for flax fiber
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It can be observed from Table 8 that current LCA studies on biocomposites vary in
terms of material combinations, functional units, system boundaries, and assessment meth-
ods. The selection of an appropriate functional unit is critical in comparative LCA studies
for meaningful comparison. Similarly, the selection of system boundaries depends on the
intended goal of the study and the availability/quality of data. Biocomposites have shown
better environmental performance than synthetic composites; however, they have higher
impacts in categories like acidification, eutrophication, agricultural land use, and human
toxicity [156,169]. Additional LCA studies on biocomposites as a construction material can
augment the current literature and help better understand their sustainability. Moreover,
the techniques like sensitivity analysis and uncertainty analysis can be incorporated for
identifying the highly impacting life cycle stages [163,173].

5.2. Economic Performance

The economic aspects of biocomposites have been investigated lesser than the environ-
mental aspects. It is obvious from Table 7 that processed natural fibers have significantly
lower costs than synthetic fibers, which gives a perception that the composites manufac-
tured using these fibers will be economical. The economic benefits have been explored
by some researchers [21,35,44,48,171,172]. The findings show that the ingredients for bio-
composites and bio-based materials are abundantly available at a significantly low price
compared to their conventional counterparts, like glass, steel, and carbon. Further, im-
proved fuel efficiency and transportation are sources of cost-effectiveness. Moreover, the
savings can also spring from the low energy requirements during their processing. For ex-
ample, Akil et al. [174] identified the cheaper cost of kenaf fiber composites, whereas,
Wambua et al. [175] pointed out less wear on the tools caused by natural fibers as compared
to glass during manufacture. This leads to longer equipment service life and long-term
savings in repair and maintenance.

5.3. Environmental and Economic Benefits

This section discusses the generic benefits of biocomposites (not confined to construc-
tion applications). The following characteristics of biocomposites can be projected towards
their construction use.

• Biodegradability and the incorporation of renewable resources make them environment-
friendly and facilitate end-of-life treatments/disposals [26,27,40]. Their incineration
produces fewer impacts as compared to conventional plastics.

• Natural fibers have a low carbon footprint, greenhouse gas emissions and resource
depletion compared to petroleum-based materials [13,28].

• Their production processes are less energy-intensive, and their lighter nature (in weight)
helps their transportation. The low weight also helps automobile manufacture due
to fuel efficiency [44]. The transport distance of raw materials is a critical factor. For
example, the fibers imported from other countries can cost even more and produce
more emissions than the locally available synthetic fibers.

• Compared to glass or carbon, natural fibers like hemp, sisal and flax have less health
implications for industry workers. They also reduce the burden on the manufacturing
equipment due to decreased abrasion.

5.4. Research Gaps and Future Needs

The identified research gaps and suggestions for future research related to biocompos-
ites’ sustainability are listed in this sub-section.

• Natural fiber-based biocomposites have a wide range of encouraging construction ap-
plications and bright sustainability prospects. Biocomposites’ projected environmental
benefits are based on limited studies. Therefore, detailed lifecycle-based assessments
of biocomposites as building materials should be conducted to establish them in the
world’s construction market.
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• Biocomposites’ economic and social lifecycle impacts have been investigated less than
their environmental aspects, as indicated by the low number of records on research
databases. More studies on life cycle costing (LCC) and social life cycle assessment
(sLCA) can enhance the current body of knowledge on biocomposites’ sustainability.

• Introducing an innovative material in a well-established construction industry is
daunting. Both mechanical properties and the life cycle sustainability aspects must
be incorporated in decision and policy-making. This process necessitates a decision
support framework that can incorporate complex criteria and rank the biocomposites
against synthetic composites under various scenarios.

6. Conclusions

The construction sector is searching for innovative sustainable materials to reduce
environmental impacts associated with conventional construction materials. Biocomposites
possess natural constituent(s) and have recently received great attention because of their
renewability and cost-effectiveness. This study reviewed the various applications of natural
fiber-based biocomposites in the building sector as a potential substitute for conventional
construction materials. The highlights are as follows:

• The research and development in biocomposites have received an exponential boost in
the last five years due to their sustainability potential, specifically in the construction
sector. Biocomposites primarily use natural fibers from plant sources (lignocellulosic
fibers) like flax, hemp, jute, and kenaf. Their field applications include biocomposite
bridges in the Netherlands and widely used hempcrete, which have paved the way
for more bio-based structures.

• The most common application is using natural fiber as reinforcement in concrete.
The current literature indicates that the compressive strength of natural fiber re-
inforced cementitious composites/concrete tends to be lower or comparable with
concrete having no fibers. The decline in strength occurs due to fibers’ low density and
softer nature. However, the natural fibers addition results in enhanced post-cracking
behavior, flexural strength, and impact resistance. Moreover, natural fibers also pro-
vide internal curing and reduce the early shrinkage for high-performance concretes.
The challenges in its use are a selection of optimum fiber content, mix design, suitable
fiber length, and the surface treatment method.

• The strength enhancement using natural FRPs for structural strengthening often lies
below the synthetic composites; nevertheless, the strengthening effect is substantially
higher than the un-strengthened specimens. Moreover, the natural FRPs also show
higher ductility and energy absorption than carbon and glass FRP. The strengthening
effect also depends on the number of FRP layers, fabrication, and direction of fibers.
The concern related to natural FRPs is their long-term durability which must be
addressed for longer service life.

• Natural fiber biocomposites have shown significant results as non-load-bearing mem-
bers like insulation, boards, sound absorbers, facades and foamed sandwich panels
(which can also be load-bearing). Biocomposite insulations provide thermal perfor-
mance and comfort comparable to market materials. The applications like bio-based
panels and natural FRP tubular members need more exploration in terms of fibers,
as current studies mainly cover flax fibers.

• Biocomposites promise to be economical and environmentally friendly construction
materials because of their natural origin; however, evaluating their life cycle assess-
ment and cost is vital to have a broader picture of their prospects. The available
studies along with the economic and energy footprint data validate their benefits
to some extent. However, the current literature is deficient in life cycle studies of
biocomposites, particularly as a construction material. Moreover, there are environ-
mental impact categories where biocomposites underperform compared to synthetic
composites. Therefore, it is necessary to have more lifecycle-based case studies for
various scenarios. A life-cycle decision support tool can present a comprehensive
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package to planners, designers, and other construction stakeholders to select and rank
biocomposites for different applications and regions.
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