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Abstract:

The construction industry is grappling with significant challenges due to the
rapid expansion of urban populations and the resultant depletion of natural
resources critical for producing construction materials. Overexploitation of
resources such as natural and river sand, alongside agricultural by-products like
paddy husks and sugarcane residues, has raised serious sustainability concerns.
This review investigates the potential of groundnut shells and their derivatives
as sustainable alternatives to conventional construction materials, including
cement, fine aggregates, and coarse aggregates. It offers a detailed analysis of
their physical properties, chemical composition, and environmental benefits,
highlighting their applications in thermal insulation, lightweight construction,
and sustainable building practices. The advantages of incorporating Agro-
waste, such as reduced embodied energy, cost efficiency, and improved
thermal insulation, are underscored, while challenges like the absence of
standardized regulations and material quality inconsistencies are also
addressed. Additionally, the review evaluates the physical, thermo-mechanical,
methodological, and ecological impacts of Agro-waste, emphasizing its
commercial viability and contributions to energy security. By providing
valuable insights for researchers and professionals in construction, waste
management, sustainable development, and recycling, this review aims to
advance Agro-waste standards and foster sustainable construction practices.
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Introduction

The growing global population, projected to reach 9.7 billion by 2050, has precipitated a
concomitant increase in demands on social amenities, including housing (United Nations,
2019). Consequently, this has led to a strain on the building sector, exacerbating the already
pressing issue of meeting the demand for traditional materials such as cement, steel, and wood
(Gartner, 2004). Furthermore, the disposal of agricultural crop waste products has emerged as
a significant environmental concern, with a staggering 600 metric tons of waste reported in
India alone (Gupta et al., 2015). This alarming statistic underscores the need for innovative
solutions to mitigate the environmental impacts of agricultural waste. Recent studies have
conclusively demonstrated that utilizing agricultural waste and by products to create building
materials is a viable and viable solution (Ashraf et al., 2020). Notably, researchers have
successfully harnessed agricultural crop wastes, such as peanut shells and rice husks, to create
sustainable building materials that meet the stringent ASTM standards for strength and
durability (Rahman et al., 2016). Moreover, natural fibres derived from wheat and barley straw
have been employed to create non-toxic and sustainable building materials, thereby reducing
the reliance on traditional materials (Khan et al., 2018). This paradigm shift in the construction
industry has far-reaching implications for environmental sustainability.

The pigeon pea plant has also been identified as a potential source of sustainable building
materials, owing to its versatility and abundance (Abdulkadir et al., 2017). However, the
burning of woody stems from the plant has become a significant environmental problem,
perpetuating air pollution and soil degradation (Ogundare et al., 2019). In contrast, researchers
propose utilizing the woody stems to create eco-friendly building materials, thereby providing
farmers with a new source of income and promoting sustainable agriculture practices (Adeoye
et al., 2021). This innovative approach has the potential to revolutionize the construction
industry while promoting environmental stewardship. Further research is necessitated to
develop sustainable construction materials from agricultural waste, addressing the existing
knowledge gaps and technical challenges (Hassan et al., 2016). Nevertheless, the strong
demand for substitute materials for green building technology presents an opportunity for
farmers to benefit from the use of agricultural waste as a resource, thereby promoting a circular
economy (Oladipo et al., 2018). Ultimately, the successful integration of agricultural waste into
the construction industry has the potential to mitigate environmental pollution, promote
sustainable development, and ensure a more resilient future for generations to come.

Literature Review
Agricultural Waste Materials Application in Construction

Agro Waste Used In Concrete
Large amounts of oil palm shell (OPS), a solid waste from the palm oil industry, are found in
tropical locations like Malaysia and India, and have been shown to be a viable coarse aggregate
for making structural lightweight concrete (Ghazali et al., 2020). Moreover, OPS has been
utilized as a lightweight aggregate to create lightweight concrete, thereby reducing the
environmental impacts of traditional concrete production (Awang et al., 2019). Meanwhile,
coconut shell (CS), an agricultural waste widely available in tropical nations, has been
identified as a promising candidate for the development of new composite materials in concrete
mix design, due to its high strength and modulus properties (Gunasekaran et al., 2011).
Furthermore, perennial giant reeds and oyster shells, abundant in island nations, have also been
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recognized as potential sustainable materials for construction, with Taiwan's oyster shell yield
alone reaching 300,000 tons over the past five years, highlighting the need for innovative
solutions to mitigate environmental pollution (Chen et al., 2018).

The primary characteristics of agricultural wastes that make them a viable substitute for natural
aggregate are highlighted in this section. Notably, the specific gravity values of various
agricultural wastes, as displayed in Table 1 (Chandra and Berntsson, 2002), reveal that oil palm
shell (OPS) and coconut shell (CS) have specific gravity values ranging from 1.17-1.37 and
1.33, respectively, which are comparable to those of natural weight aggregates (Gunasekaran
and Kumar, 2008). Furthermore, the water absorption percentages of OPS and CS, ranging
from 9.03-33% and 8-25%, respectively, are relatively high compared to natural aggregates,
but similar to each other (Gunasekaran et al., 2012). Overall, these characteristics underscore
the potential of agricultural wastes as sustainable substitutes for natural aggregates in
construction materials.

Table 1. Proprieties of Agricultural Wastes Material as Conventional Aggregate

Proprigties Oil palm shell Coconut shell Oyster shell (Kuo et al. Giant
(Muthusamy & (Olanipekun et al 2013)(Yang et al reed
Zamri 2016) 2006)(Reddy et al 2005)(Yang et al. fibres
2014) 2010) (lsmail &
Jaeel
2014).
Size (mm) 30 5-20 - 2.5-10
bulk 590-740 650-1900 - 535
density(compacted)
kg/m?
bulk density(loose) 510-550 550-592 - -
kg/m”
Water absorption (%) 9.03-33 8-25 2.9-7.66 -
Specific gravity 1.17-1.37 1.05-1.2 2.1-2.48 -
Fineness modulus - - 2-2.8 -
Moisture content (%) 8-15 4.2 - -
Shell thickness (mm) 2-8 0.15-8 - -

Shape, Texture, Size And Color Of Particles

Table 1 and Figure 1 illustrate the characteristics of various agricultural wastes that can
potentially replace coarse aggregate entirely or partially. Notably, oil palm shell (OPS) exhibits
a range of colors from dark grey to black, with a maximum size of 30mm, and its irregular
shape and high absorption capacity result in a high air content in OPS concrete [29]. In contrast,
waste oyster shells (WOS) vary in size and color, with a fineness modulus ranging from 2 to
2.5, and are distinguished by their spiral structure and rough surface roughness. Conversely,
crushed coconut shell is limited to a maximum diameter of 12mm [30]. Overall, these
characteristics highlight the potential of these agricultural wastes as sustainable alternatives to
traditional coarse aggregates.
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Figure 1: Some Agricultural Wastes,

Furthermore, the chemical reaction, carbonation depth, and thawing and freezing resistance of
concrete specimens incorporating agricultural waste aggregates, such as oil palm shell (OS),
have been investigated. Notably, the substitution ratio of OS did not significantly affect the
weight loss of concrete specimens, although the degradation of OS concrete persisted over time
(Hussein et al., 2017; Nagarajan et al., 2021). Moreover, the resistance of agro-concrete to
chemical attacks was found to be unaffected by the OS substitution ratio (Nagarajan et al.,
2021). Furthermore, the carbonation depth of OS concrete increased with carbonation age, and
the replacement level of OS was inversely proportional to the depth of carbonation (Oluwasola
et al., 2014). Additionally, the freeze-thaw resistance of concrete incorporating OS aggregates
was found to be significantly impacted by the OS substitution ratio, particularly for long-term
performance (Gunarathna et al., 2018).

Groundnut Shell Ash

The groundnut shell has emerged as a versatile material with a wide range of applications,
extending beyond its traditional uses as animal feed and growth media. Notably, groundnut
shells have been utilized as a feedstock for the production of biodiesel or bioethanol (Al-
Zubaidi et al., 2019; Irfan et al., 2020), pulp (Chen et al., 2018), mulch, and activated charcoal
(Okoro et al., 2016), as well as for the generation of carbon nano-sheets (Tan et al., 2020) and
the degradation of dyes (Prasad et al., 2022). Moreover, researchers have explored the potential
of groundnut shells as a renewable energy source, leveraging their biodegradable properties for
soil enhancement applications (Akinpelu et al., 2021). Furthermore, the use of groundnut shells
as a building material has gained attention, particularly as a cement substitute, with various
applications illustrated in Fig. 2 (Rahman et al., 2017; Bello et al., 2019; Kumar et al., 2021).
Despite these diverse applications, a significant quantity of groundnut shells remains
underutilized and is discarded in landfills (Udeozor et al., 2015).
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Figure 2. Groundnut Derivatives' Possible Applications As Well As An Overview Of

The Review
Source: (Rahman et al., 2017; Bello et al., 2019; Kumar et al., 2021).

The physical and chemical properties of groundnut shell ash (GSA) play a crucial role in
determining its performance in construction applications. Characterized by a complex fibrous
structure, groundnut shells are lignocellulosic materials comprising cellulose (40-65%),
hemicellulose (3-15%), and lignin (26-36%) (Irfan et al., 2020; Kumar et al., 2021; Prasad et
al., 2022). Interestingly, when groundnut shells are burned under controlled conditions, they
can be used as supplementary cementitious materials. Notably, a temperature increases to 100
°C results in a 9% weight loss, primarily due to the elimination of moisture and volatile organic
compounds (Bello et al., 2019). Conversely, a substantial weight loss of 55-60% occurs when
the temperature rises to 450 °C, attributed to the breakdown of lignin, cellulose, and
hemicellulose. Furthermore, the thermal decomposition of hemicellulose and cellulose occurs
within the temperature ranges of 100-300 °C and 300-450 °C, respectively, resulting in a rapid
weight loss (Kumar et al., 2021). Ultimately, the phase shifts that occur during this process
result in only 27-30% of the original groundnut shell weight remaining as groundnut shell ash.
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Figure 3. Chemical Composition of GSA

The chemical composition of groundnut shell ash (GSA) is illustrated in Fig. 3, based on a
compilation of published literature, revealing significant variations in its chemical makeup due
to the groundnut's origin and processing parameters. Notably, silica is the primary component
of GSA, ranging from 16 to 51%, and can react with Ca(OH)2 to produce calcium silicate
hydrate (C-S-H). Moreover, the composition of SiO2+AlI203+Fe203 in GSA is generally less
than 70%, which is the minimum requirement for natural pozzolanic materials according to
ASTM C618. Additionally, the loss on ignition (LOI) of GSA is typically less than 10%,
although higher LOI values are often correlated with unburned carbon content,

The groundnut shell, once considered a waste product after harvesting, poses significant
environmental risks when accumulated in large quantities, including soil pollution, water
contamination, and greenhouse gas emissions. However, utilizing groundnut shell ash (GSA)
as a substitute for cement or fine aggregate in construction materials has been shown to offer
numerous benefits, including cost-effectiveness, reduced embodied energy, and lower CO2
emissions (Chiemela et al., 2020). By harnessing GSA, the environmental impacts associated
with large-scale shell accumulation can be mitigated, while also promoting sustainable
construction practices. Furthermore, the use of GSA can also reduce the need for landfills,
minimize waste management costs, and create new revenue streams for farmers and rural
communities. The use of GSA and groundnut shell powder (GSP) can potentially reduce
embodied energy and CO: emissions in construction materials by substituting cement and fine
aggregate (see Fig. 4). This reduction can be achieved through various stages, including cement
production, which requires significant amounts of energy and results in substantial CO:
emissions (Bath Inventory of Carbon and Energy, 2015). According to the Bath Inventory of
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Carbon and Energy (ICE), producing one kilogram of cement requires 4.5 MJ of embodied
energy and emits 0.73 kg of CO.. By substituting GSA for cement, the embodied energy and
CO: emissions associated with cement production can be significantly reduced. Additionally,
the use of GSP as a fine aggregate can also reduce the embodied energy and CO: emissions
associated with aggregate production and transportation (Adekunle et al., 2019; Liu et al.,
2021). Although the processing of GSA and GSP requires energy and fuel, resulting in
additional CO: emissions, the overall eco-benefits of using these materials in construction
outweigh the negative impacts (Eze et al., 2020).

Figure 4. Potential Reduction Of CO2 Emissions And Embodied Energy Through The
Use Of Groundnut Shell And Its Derivatives

Development of Alternative Material for Construction using Agricultural Residue

The growing urban population and the depletion of natural resources for construction present
issues for the modern construction sector. Concerns around climate change have also prompted
consideration of sustainable building materials. Another major worry is the development of
agro-waste, which is produced at a rate 10-15 times higher than that of the actual products
(e.g., red gram crops). Agricultural waste could be one of the suitable sustainable substitute
materials to address the demand for efficient building materials (Bharath et al., 2021). This
section outlines the various agricultural leftovers that have been considered as suitable
sustainable alternative building materials.

Thermal Insulator
Effective thermal insulation is crucial in buildings exposed to external heat, and natural fibers
have emerged as promising materials for this application. Research has demonstrated the
potential of sugarcane and oil palm empty fruit bunch (OPEFB) fiber as wall thermal insulation,
highlighting their ability to decrease the rate of heat transfer between surfaces with different
temperatures (Kumar et al., 2020). Additionally, studies have shown that high lignocellulose
and natural fiber content can be utilized as thermal insulation materials in building walls and
roofing, with a decrease in thermal conductivity value observed as the amount of fiber increases
(Ali & Yusuf, 2019). Moreover, the use of natural fibers and agricultural lignocellulosic
materials as bio-aggregates to create bio-based insulating concretes has gained significant
attention in recent research. Various studies have investigated the thermal and acoustic
performance of natural fibers, including sugarcane bagasse waste (SBW) and agricultural
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leftovers such as palm leaves and wheat straw fibers (Rahman et al., 2020; Eze et al., 2021;

Singh et al., 2021). Furthermore, the development of thermal insulating materials based on

natural fibers has shown promising results, with thermal conductivity values ranging from

0.045 to 0.065 W/mK and acoustic absorption coefficients of 0.6 for frequencies above 900 Hz
(Singh et al., 2021; Chiemela et al., 2022).

Rice husk

Flgure 5. Selected Husks And Flbers For The Composite Processing

The composite processing steps are shown in Fig. 6. Prior to prepare the composites, rice husk,
wheat husk, wood fibers and textile fibers were dried in an oven at 80 °C overnight to eliminate
moisture. The Ecovio® (15% by weight) was dissolved in chloroform (CHCI3) at room
temperature, and the dissolved Ecovio® in CHCI3 was used as a binder for the selected husks
and fibers to perform composites.

Ecovio™
+ _
— Hot pressin
-+ = P 2
« Ecovio® binder o
O‘? . Husks or Fibers
- i Samples rcmovcd
CHCI3 { -n'- . J ! l‘o o
"Moqihnlosy.andysi& Characterization
v" Water absorption test

Figure. 6. Composites Processing Steps

Saturation is quite reached after 2 hours of immersion due to high absorption kinetics (Ali et
al., 2020). Nevertheless, the water absorption of prepared composites remains much lower than
those of particle board composites prepared from corn cob, sawdust, and larch bark (Zhang &
Lin, 2019). Unlike rice husks and textile fiber composites, the composites prepared with wood
fibers and wheat husks showed obvious cracks after 24 hours of immersion in water (Akinyemi
et al., 2016; Kain et al., 2014). The observed cracks are due to the swelling behavior of the
fibers/husks in the presence of water, as well as poor bonding between the fibers/husks and
Ecovio® and insufficient binder content in the resulting composites. The high-water absorption
nature of the composites is inconvenient because it leads to high shrinkage and swelling after
long-term exposure to water (Rahman et al., 2020).
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Rice husk Wheat husk Textile fibers Wood fibers

After 24 h immersion in water

Figure. 7. Appearance Of The Prepared Composite Samples Before And After Water
Absorption Test

Ceiling Tiles

Natural fibres, a significant component of global Agro-waste, have been repurposed to
minimize environmental degradation. Researchers have successfully utilized wool and coconut
coir to create gypsum ceiling tiles, leveraging their biodegradable and low-cost properties
(Ramli et al., 2021). These natural fibres have been shown to enhance the structural qualities
of gypsum-based ceiling tiles, addressing issues with moisture resistance and acoustics.
Furthermore, studies have investigated the acoustic, mechanical, and thermal properties of
composites made from various agricultural leftovers, such as rice husks, vine pruning, and cork,
using acrylic resin (Delgado et al., 2020). The results demonstrate promising thermal resistance
and acoustic absorption coefficients, highlighting the potential of these sustainable materials
for green building applications, as illustrated in the process flow depicted in Fig. 8

Final Product as
Suitable for

p S0
“ﬂﬁj&; | Fabrication
A

Green Building
Sugarcane/ - Materia:
Composites of
Cocconut Cotton  Sugarcane (.
Husk/ Cotton Compression Test - i T *‘
Fly Wi

Figure 8. Green Building Materials' Sustainable Product Development Process Flow
Source: (Ali et al., 2020).

Fiber Reinforcement

The construction industry's increasing demand for sustainable development has driven research
into alternative building materials. Natural fibres, such as coconut coir and sisal fibre, have
been investigated for their potential to enhance the mechanical properties of concrete
(Ramakrishna & Sundararajan, 2005). Studies have shown that the optimal proportion of
coconut coir fibre to add to concrete is 1.5%, which improves its ductility and strength.
Additionally, wrapping with sisal fibre has been found to increase load-bearing capacity. The
effects of natural fibre reinforcement on the mechanical characteristics of concrete have also
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been documented (Li et al., 2006). Research has explored the use of Masson Pine Needle Fibre
(MPNF) to improve concrete's mechanical properties, demonstrating its potential as a
sustainable reinforcement material (Kim et al., 2020). The search for sustainable alternatives
to steel reinforcement has led to increased interest in natural fibres. Sisal fibre, in particular,
has been studied for its potential as a reinforcement material (Akinyemi et al., 2016). Research
has also investigated the autogenous self-healing potential of ultra-high-performance fibre-
reinforced concrete (UHPFRC) (Li et al., 2018). Furthermore, natural fibre composite plates
have been explored as a cost-effective and sustainable alternative to carbon fibre-reinforced
polymer (CFRP) laminates and steel plates for shear strengthening of concrete beams (Ali et
al., 2020). Experimental results have shown that beams reinforced with composite plates made
of natural fibres exhibit superior ductility and failure loads compared to CFRP laminates.

IJIREV

Reinforcement Material for Building

Agro-wastes have been utilized in the production of building reinforcement materials,
leveraging their lightweight properties. Research has shown that combining clay and
agricultural waste from grape seeds and wine lees can result in lightweight bricks (Delgado et
al., 2018). Similarly, studies have demonstrated that concrete panels made using groundnut
shells as aggregate substitutes exhibit reduced compressive strength, making them unsuitable
for heavy structural applications (Ekanayake & Ramachandran, 2020). Additionally, building
insulation composites made with fibres from barley and wheat straw have been found to be
naturally lightweight (Hosseini et al., 2015). The use of vegetable fibres as reinforcement in
cement-based materials has also been explored, with research showing improved durability and
other characteristics (Onuaguluchi & Banthia, 2016). For instance, concrete beams reinforced
with bamboo rebars, a substitute for vegetable fibre, have been investigated, as shown in Figure
6.

i . A i
Figure 9. Concrete Beams Reinforced With Bamboo Rebars: (A) Finished
Reinforcement, (B) The Setup

Benefits and Drawbacks of Using Agricultural Waste for Building Materials

Many benefits and drawbacks are noted based on the thorough analysis of the various building
materials made from agro-waste, as previously discussed in the sections. For instance, the
utilization of agro-waste in the production of construction materials offers numerous benefits,
categorized into two primary groups: environmental benefits and advantages in the production
of construction materials. Repurposing agro-waste addresses environmental issues associated
with traditional disposal methods, reduces the need for non-renewable resources, and preserves
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the environment by decreasing energy consumption (Akinyemi et al., 2016; Delgado et al.,
2018). Additionally, agro-waste-based construction materials have been shown to be cost-
effective, lightweight, and of high quality, meeting predetermined construction guidelines
(Hosseini et al., 2015; Onuaguluchi & Banthia, 2016). The use of agricultural wastes as
insulation materials has also demonstrated superior mechanical resistance and insulation
qualities, promoting economic and social sustainability. Overall, the production of construction
materials from agro-waste offers three primary benefits: social, environmental, and economic
sustainability, providing maximum quality and comfort while reducing energy consumption
and environmental impact (Delgado et al., 2018).

Despite the benefits of using agro-waste in construction materials, several challenges have been
identified. One major drawback is the lightweight nature of the materials, limiting their use to
specific structural applications (Delgado et al., 2018). For instance, bricks made from clay,
sugarcane bagasse ash, and rice husk ash can only be used in situations where buildings require
reduced structural loads (Onuaguluchi & Banthia, 2016). Additionally, the requirement for
advanced manufacturing capabilities and pre-processing stages for certain agro-wastes can be
costly and time-consuming (Ramakrishna & Sundararajan, 2005; Kim et al., 2020). The
creation of sustainable building materials has also been associated with difficulties, including
the lack of instructions on combining agro-waste with conventional materials (Delgado et al.,
2018). Furthermore, pre-processing treatments, such as alkali treatment or burning, may be
necessary to produce ash that can be combined with traditional materials (Li et al., 2006).

Results and Discussions

The world's population is projected to reach 9.7 billion by 2050, putting immense pressure on
resources such as wood, steel, aluminium, and cement, and driving up construction costs. To
address the growing shortage of construction materials and the challenges associated with
disposing of agricultural waste, innovative approaches to sustainable building materials are
necessary. Agricultural waste has shown promising prospects for use in building construction,
with studies demonstrating its viability and adherence to industry standards (Ramakrishna &
Sundararajan, 2005). The use of natural fibres like wheat and barley straw for reinforced bricks
and the incorporation of crop leftovers into cement blocks are just a few examples of the
potential applications of agricultural waste in construction.

Despite the opportunities presented by agricultural waste, its integration with conventional
materials poses implementation challenges due to the lack of defined methods and policies.
Further research and real-world implementations are necessary to address these challenges and
create long-term solutions in the construction sector. An extensive analysis of agricultural
wastes has revealed possibilities for the production of composite materials and concrete,
including oil palm shell, coconut shell, waste oyster shells, and groundnut shell ash. To fully
utilize the benefits of agricultural waste, ongoing research and development are necessary to
overcome obstacles such as the lightweight nature of the material, complex manufacturing
processes, and the lack of defined rules (Onuaguluchi & Banthia, 2016).

Conclusion and Recommendations

The utilization of agricultural waste materials, such as groundnut shell ash (GSA), in
construction offers numerous benefits that contribute to a more sustainable and
environmentally friendly built environment. By reducing embodied energy and CO2 emissions
during construction, these materials can significantly lessen the environmental impact of
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building projects. Additionally, using Agro-residues instead of traditional materials like cement
and fine aggregate can result in cost savings, making building projects more economically
viable. The thermal insulation qualities of materials made from agricultural waste can also
lower building energy usage, reducing the strain on resources and mitigating climate change.
Furthermore, these materials are often lightweight, making them suitable for applications
where smaller structural loads are tolerated, and promoting more efficient and sustainable
construction practices. Ultimately, the adoption of agro-waste materials in construction
contributes to sustainable building methods, generates new revenue streams for farmers, and
benefits society and the economy as a whole, while also promoting environmental management
and resource conservation.

Future prospects for the utilization of Agro-waste in building materials appear promising, yet
further investigation is requisite to fully actualize their potential. The development and
implementation of standardized regulations and guidelines are essential to facilitate the
widespread adoption of these materials in conventional building practices. By establishing
precise protocols and frameworks, the scalability and applicability of Agro-waste-based
building materials can be substantially enhanced, thereby contributing to a more sustainable
and environmentally conscious construction industry.
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