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Abstract: The current economic crisis emphasizes the need for cost-effective and sustainable construction practices, given that the
construction sector remains a significant environmental polluter, generating harmful residues and consuming substantial energy and
resources. This study investigates the use of agro-industrial waste materials, particularly coconut husk, combined with innovative
adhesives such as rice water, rubber wastewater, bael fruit (Aegle marmelos) extract and lime to develop eco-efficient insulation boards.
The research focuses on evaluating key attributes including thermal properties, mechanical strength characteristics and resistance to
mold growth, while also considering the influence of lime as a factor. Standard testing methods were employed, including thermal
conductivity tests to assess insulation efficiency, adhesive strength tests to measure bonding performance and mold resistance tests to
compare the durability of different adhesives. The study highlights the potential of utilizing agro-industrial waste materials to produce
sustainable insulation solutions, addressing both environmental and economic challenges in the construction sector. Findings indicate
that each adhesive type exhibited unique properties with some binders showing promise as viable options for bio-based insulation panels.
However, further improvements are needed to enhance the biological resistance of the natural adhesive, possibly by integrating synthetic
materials.
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1. Introduction

Amidst the ongoing economic crisis, which has led to a critical need for cost-effective and sustainable construction practices,
the construction sector has been under increased scrutiny due to its significant environmental impact. Researchers have
highlighted its role as a major contributor to pollution, characterized by the generation of harmful residues and substantial
energy and resource consumption (Circo, n.d.; Kubba, 2010; Moavenzadeh, 1994; Warnock, 2005). In Europe, it stands out
as the sector responsible for the highest emissions and the largest energy consumption (Neagu & Teodoru, 2019; Nejat et
al, n.d.). This environmental burden extends to building materials, both in their production and application phases,
emphasizing the urgency of adopting eco-efficient and environmentally friendly solutions (Yadav et al., 2024). In this
context, a promising avenue of research involves the utilization of agro-industrial waste materials for construction purposes.
These locally abundant waste materials offer numerous advantages, including the potential to produce composites with
properties akin to conventional materials, biodegradability and non-toxicity (Boey et al., 2021; Keya et al., 2019).
Furthermore, harnessing local agro-industrial waste for building material production serves the dual purpose of reducing
carbon emissions and managing solid waste disposal, thus addressing pressing environmental concerns (Maraveas, 2020).

Within the realm of sustainable construction, panels and particleboards are pivotal due to their ease of on-site
installation. Various techniques, such as compression, thermal treatment and the use of adhesives, coupled with materials
like wood chips, fibers and agro-industrial waste, have been explored as efficient solutions for waste management (Alavez-
Ramirez et al., n.d.; Lotfi et al., 2019; Panyakaew, Passive, et al., n.d.; Schiavoni et al,, n.d.). Past studies have prominently
focused on evaluating the thermal insulation properties of boards and panels derived from agro-industrial waste. For
instance, Tudor (2023) scrutinized binderless compacted particleboards fabricated from flax shives (Linum usitatissimum
L.) and sunflower stems (Helianthus annuus L.), yielding thermal conductivity values of 0.077 W/(m-K) for both at a density
of 500 kg/m3 and 0.066 W/(m-K) for flax shives and 0.070 W/(m-K) for sunflower stems at a density of 350 kg/m3
(calculated under steady-state conditions) (Tudor, 2023). Comparing short-cut rapeseed and short-cut wood chips, they
obtained thermal conductivity values of 0.048 W/(m-K) for rapeseed and 0.065 W/(m-K) for wood chips (calculated under
steady-state conditions) (Cintura et al,, n.d.). Ramos et al.,(2021) delved into the properties of particleboards composed of
corn cob and polyvinyl acetate (PVA) with Fabricol AG222 (FAG222) as a binder, shedding light on their suitability for
insulation applications.

[tis noteworthy that materials with a thermal conductivity not exceeding 0.065 W/(m.K) are generally considered suitable
for classification as thermal insulations (Danaci, 2021), while earlier research even allowed values up to 0.1 W/(m.K)
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(environment & 2005, n.d.; Kalhor et al., n.d.). These previous studies underscore the feasibility of employing agro-industrial
waste materials to manufacture thermal insulation boards that meet established standards. For further details on the density
and thermal conductivity of commercial panels with various functions (not limited to thermal insulation panels) and values
reported in prior investigations on the thermal performance of bio-based panels and boards, please refer to Table 1.

Table 1: Values of density and thermal conductivity of commercial panels

Insulation Commerical Density Thermal Cost per Country of Ref
Name Product conductivity square origin
[W/(m.K)] meter in
Dollars
Fiberglass Blanket  or | Varies 0.025 - 0.040 | $5-$15 Available [Online].
Insulation Batts (typically 11- [ W/(m-K) worldwide Available:
48 kg/m3) https://www
.owenscornin
g.com/insulat
ion.
[Accessed:
September
10, 2023].
Cellulose CertainTeed | typically 32- | 0.037-0.040 $5 - $15 Availability Certain teed
Insulation InsulSafe 48 kg/m3 W/(m-K) varies by of specific
Cellulose region manufacturer
Insulation
Mineral wool | Rockwool varies 0.030 - 0.044 $10- $20 Available Rockwool or
insulation Comfortbatt (typically 40- W/(m-K) worldwide specific
Insulation 200 kg/m3) manufacturer
Polyurethane | Dow Froth- Varies 0.020-0.030 $10 - $20 Available Dow or
(PU) Foam Pak (typically 25- | W/(m-K) worldwide specific
Insulation Insulation 50 kg/m3) manufacturer
Polystyrene Styrofoam Typically 15- | 0.030 - 0.038 $5 - $15 Available Styrofoam or
(EPS) Foam Brand XPS 35 kg/m3 W/(m-K) worldwide specific
Insulation Insulation manufacturer
Polyisocyanu | Kingspan Typically 30- | 0.022-0.030 $10 - $20 Available Kingspan or
rate (PIR) Kooltherm 50 kg/m3 W/(m-K) worldwide specific
Foam Insulation manufacturer
Insulation
Aerogel Aspen Typically Extremely low, | $50 - $100 Available Aspen
Insulation Aerogels 100-300 around 0.013 - worldwide Aerogels or
Spaceloft kg/m3 0.025 W/(m-K) specific
Insulation manufacturer
Cork Amorim Typically 80- | 0.040 - 0.050 $10- $30 Availability Amorim
Insulation Isolamentos 240 kg/m3 W/(m-K) varies by Isolamentos
Cork region or specific
Insulation manufacturer
Perlite Perlite Typically 0.035 - $10 - Availabili Perlite
Insulation Institute 32-96 kg/m3 | 0.050 W/(m-K) | $20 ty varies by Institute or
Perlite region specific
Insulation manufacturer
Vermiculite Vermiculite Typically 80- | 0.035-0.045 $10- $20 Availability Vermiculite
Insulation Association 192 kg/m3 W/(m-K) varies by Association
Vermiculite region or specific
Insulation manufacturer

The choice of binders and adhesives is crucial in producing sustainable insulation boards, significantly affecting their
performance and environmental impact. While urea-formaldehyde resins are effective, their toxicity raises concerns.
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Natural alternatives such as tannins, lignin, proteins, carbohydrates, and vegetable oils are being explored for bio-based
adhesives (Shanefield, 1995; Wolderufael, 2022; Antov et al, 2020; chemistry & 2019, 2019; Islam et al, n.d.).
Formaldehyde-free adhesive systems for wood have been reviewed, with both synthetic and renewable options
considered. (Soltetal, 2019). Kariuki et al., (2019) compiled previous studies that explored starch and starch derivatives
as alternatives to formaldehyde-based resins.Starch, particularly potato starch, has been used as a binder for thermal
insulation particleboards, demonstrating feasibility as an eco-friendly solution (Kariuki et al., 2019; Monteiro et al.,
2016). Wheat gluten and sour cassava starch are also promising natural adhesives Starch stands out due to its availability
and production volume, making it a viable option for sustainable binders (Zhang et al., 2023).

Biological susceptibility is another critical consideration for agro-industrial waste-based composites, as it can affect
material properties, durability, and potentially impact the health of building occupants, depending on the application
(Singh & White, 1997). Several factors influence biological susceptibility, including chemical composition (e.g., cellulose,
hemicellulose, lignin content), temperature, relative humidity (RH), moisture content, surface conditions, and pH
(Pyrolysis, 2012; Skyba, 2008). Both the aggregates and the adhesives contribute to the biological resistance of the final
product (Skyba, 2008).

The present study outlines preliminary investigations aimed at producing eco-efficient boards using a novel
combination of materials. The emphasis is on evaluating different adhesives in conjunction with coconut husk as the
primary component, which is complemented by a diverse range of supplementary materials, including rice water, rubber
waste water, bael fruit (Aegle marmelos) extract, and lime as potential fillers. These selections were made based on the
following criteria:

To explore sustainable and environmentally friendly alternatives in the production of insulation boards.

To assess the thermal properties and suitability of these novel materials for thermal insulation applications.

To determine their potential for meeting established standards for thermal conductivity in insulation materials.

To evaluate their biological resistance and resistance to microbial attacks, ensuring long-term durability and
safety.

To consider the feasibility of large-scale production using these eco-efficient materials and adhesives.

2. Materials and Methods

2.1 MATERILAS

Coconut coir fiber is a natural, renewable material characterized by its biodegradability and sustainability (Hasan etal.,, n.d.).
With a density of 80 to 150 kg/m?® and low thermal conductivity, it is ideal for insulation. Abundant in tropical regions,
coconut coir is durable and moisture-resistant, making it a suitable primary insulation material for this study. Inorganic
insulation materials pose health and environmental risks through hazardous emissions, high energy consumption, and
difficult disposal (Panyakaew, 2008). Renewable fiber insulation from plants, trees, and animals, such as coconut coir, offer
amore sustainable alternative (Yhaya etal., 2018). Natural fibers like coconut coir are being explored for building insulation
due to their biodegradability and lower production energy requirements. Studies show fibers like oil palm, coconut, and
sugarcane have acceptable thermal conductivity for insulation. These materials reduce processing costs and are
environmentally friendly. Coconut fiber-filled walls can lower building temperatures and energy usage, with studies
showing a 10°C reduction compared to conventional construction. Additionally, coconut fiber-insulated walls resist
moisture ingress (Iwaro & Mwasha, 2019).

Lime is a versatile, durable material with a density of 1600 to 1700 kg/m? and low thermal conductivity, making it suitable
for insulation. Lime's long history in construction and resistance to decay and pests enhance its appeal. It is used as a filler
to improve thermal properties and structural integrity (Arizzi et al.,2016; Kontoleon et al., 2023). Research shows lime-
based plasters have lower thermal conductivity than other materials, confirming lime's efficiency as an insulator. Lime also
regulates moisture and resists pests and fungi, contributing to its long-term durability (El-Otmani et al., 2011).

Rice water, a byproduct of rice cultivation, has a density similar to water (1000 kg/m?) and serves as a binder in insulation
production (TAYALAN & MANOHARAN,2014). Rubber wastewater, a byproduct of rubber processing, varies in density and
acts as an adhesive(Chang et al., 2023). Bael fruit (Aegle marmelos) extract, derived from the bael fruit, has potential thermal
properties and is used as an adhesive binder(Sharma et al., 2024).

2.2 METHOD

In this research, a systematic quantitative methodology is employed to develop and optimize insulation boards with specific
properties, emphasizing thermal conductivity, density, moisture resistance, and adhesive strength. The methodology
involves a step-by-step approach aimed at achieving the desired characteristics for these boards. The first crucial step is to
determine the precise attributes required for the insulation boards. These attributes include a target thermal conductivity
value, a specified density range, a desired level of moisture resistance, and a predefined adhesive strength criterion. These
parameters serve as the foundation for the entire research process.
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Test results are critically examined, and adjustments are made based on the findings. For example, if the adhesive
strength falls short of the desired levels, the proportions of the adhesive components (rice water, rubber waste water, and
bael fruit extract) are modified to enhance the adhesive properties while preserving effective insulation characteristics. The
research methodology is iterative in nature, allowing for continuous testing, adjustment, and optimization until the
insulation boards meet the desired criteria for both insulation properties and adhesive strength. Upon finalizing the optimal
material proportions and characteristics, the research culminates in documenting the final mix design, specifying the exact
percentages or volumes of each component. Quality control measures are then implemented during the production phase
to ensure that the actual mix aligns precisely with the final design.

As production scales up, maintaining strict adherence to the proportions outlined in the final mix design is paramount.
Furthermore, to ensure ongoing quality and consistency, regular testing and monitoring of the manufactured insulation
boards are conducted to verify their continued compliance with the desired properties. This research methodology places a
strong emphasis on optimizing the adhesive and binder components (rice water, rubber waste water, and bael fruit extract)
to achieve the required adhesive strength while concurrently preserving the effective insulation properties offered by
coconut coir and lime as core materials.

2.2.1 Materials Preparation

The fabrication of the coconut fiber coir Insulated Sandwich Panel involves a systematic manufacturing process aimed at
optimizing the composition and properties of the final product. The figure 1 shows steps detail the material preparation
phase.

Drying up Mix designs samples

Figure 1: Material preparation process (Source: Author, 2023)

We conducted blind mix designs with coconut coir content ranging from 0% to 95%, while gradually reducing lime
content from 95% to 0%. The adhesive component was kept constant at 5% of the total weight as shown in Table 2. This
approach enabled a thorough exploration of material proportions without prior assumptions. Adhesive strength and flexural
strength were subsequently assessed to validate the suitability of the various mix designs. Extensive testing confirmed that
the adhesive and flexural strengths were within an acceptable range.

Table 2: Blind mix design (Source: Author, 2023)

Mix Desien code Coconut Coir Adhesive Rubber Wastewater, Rice
8 Lime Water & Bael Fruit Extract
CCOL95RWWS5 0% 95% 5%
CC10L85RWWS5 10% 85% 5%
CC20L75RWWS5 20% 75% 5%
CC30L65RWWS5 30% 65% 5%
CC40L55RWWS5 40% 55% 5%
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CC50L45RWWS5 50% 45% | 5%
CC60L35RWWS5 60% 35% | 5%
CC70L25RWW5 70% 25% | 5%

2.2.2 Experimental Design

For the purpose of develop and optimize insulation boards with specific properties, standard tests were employed, including
thermal conductivity tests to assess insulation efficiency, adhesive strength tests to measure bonding performance and mold
resistance tests to compare the durability of different adhesives.

In Test 1, a thermal conductivity test aimed to determine the insulation material’s ability to prevent heat conduction. In
this process, the insulation material sample preprepared with the validated mix design, was placed between two plates of
the thermal conductivity apparatus [one heated and one chilled] as shown in figure 2.

Figure 2: Thermal Conductivity Test Process (Source: Author, 2023)

A controlled temperature differential was maintained between the plates, allowing heat to pass through the material.
The apparatus continuously monitored the heat transfer rate and temperature differential across the insulation material.
These measurements were used to calculate the material's thermal conductivity. Lower thermal conductivity readings
indicated better insulating properties, reflecting the material's ability to resist heat transfer. To thoroughly understand the
insulating qualities, thermal conductivity tests were conducted at various temperatures. These tests were performed at the
facilities of The Open University of Sri Lanka.

In Test 2, the strength of the insulation board was assessed through adhesive strength test and strength of the coconut
coir, lime, rubber waste & rice water and bael fruit extract mixture was evaluated using a controlled compression method.
The mixture was compressed between two cladding boards, each measuring 15 cm in length and width. The resulting sample
was dried in natural sunlight for 3 days to achieve a stable and consistent state. The dried sample was then suspended as
illustrated in Figure 3, with a bucket positioned below it. Water was gradually poured into the bucket, ensuring a systematic
and controlled application of load to the material. The experiment was closely monitored, and the elapsed time was
measured from the initiation of water filling until the bucket detached. The weight of the bucket at the point of detachment
provided a quantitative measure of the load bearlng capac1ty of the materlal This test allowed us to assess the adhesive
strength and durability : & 3 : of the material under
stress.

Figure 3: Test 2 Adhesive Strength Test Process (Source : Author,2023)

In Test 3 a mold resistance test was conducted to simulate tropical conditions and assess the susceptibility of composite
samples to mold formation. Composite samples consisting of Coconut Coir, Lime, Rubber wastewater, Rice water, and Bael
extracts were prepared and placed in a tropical conditions simulation box for three weeks of 30°c and 85% humidity, typical
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of tropical environments. The Copper Sulfate is widely recognized because of its anti-fungal properties was incorporated
into same samples to reduce the mold growth (Alwash et al,, 2022). The efficiency of mold prevention is supported by
previous studies highlighting its capability to inhabit fungal growth in humid conditions (Brambilla et al., 2020.; Menneer et
al,, 2022; Sterflinger,K, 2010). For the sample preparation, Copper Sulfate was added to the composite at two concentrations
range 0.5% and 1% by weight of the total composite material, that could assess the optimal concentration for mold
resistance and was mixed thoroughly with the prepared composite to ensure uniform distribution within the samples.
Without the Copper Sulfate, untreated samples were prepared as controls that allowed the direct comparison.

Figure 4: Mold Samples prepared by applying different ratios of mixture (Source: Author, 2023)

3. Results

Test 01, the results of the thermal conductivity test has highlighted values of thermal conductivity, Thermal diffusivity,
Specific heat, Penetration Depth (Pr Depth), Temperature increment (Tem.Incr) Mean deviation (Mean Dev) and Disk
resilience. According to the each of these values relevant curves has derived as shown in figure 5.
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Figure 5: Results of Test 1 (Source : Author,2023)

The findings of thermal properties presented in figure 5 reveals distinct variations among the samples. Notably, the
samples with the lowest thermal conductivity values are CC10RW5LM85, CC20RW5LM75, CC50RW5LM45, and
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CC100RWOO0LMOO, indicating superior insulation properties. Conversely, the sample with the highest thermal conductivity
value is CC75RW5LM20. The thermal diffusivity curve indicates that samples CC25RW5LM70 and CCBORW5LM15 exhibit
the lowest values, suggesting a slower rate of heat propagation. In contrast, the sample CCSRW5LM90 shows the highest
thermal diffusivity value, indicating a faster rate of heat transfer.

The "temperature increment.” values, representing the total temperature increment during testing, are lowest for
samples CC80RW5LM15 and CC25RWS5LM70, indicating enhanced thermal stability. The highest total temperature
increment is observed in sample CC35RW5LM60, with a value of 5.40 K, suggesting significant heat absorption or retention.
Specific heat, a measure of thermal storage capacity, varies among the samples. The Mean Deviation curve for thermal
conductivity highlights that samples CC20RW5LM75 and CC50RW5LM45 exhibit the lowest values, indicating high
consistency and homogeneity.Conversely, higher Mean Deviation values suggest greater variability in thermal conductivity.
Penetration depth measurements reveal variability, with the lowest value in sample CC25RW5LM70 at 2.71 mm, and the
highest in sample CC65RW5LM30 at 6.84 mm. This range signifies diverse material characteristics and penetration extents
among the samples.

The thermal properties analysis of coconut coir concentrations reveals key findings, including the observation that the
lowest thermal diffusivity occurs at a 25% coir concentration (CC25RW5LM70), indicating the slowest rate of heat
conduction. Thermal conductivity values are lowest within 10% to 50% coir concentrations, suggesting that enhanced
insulation properties. Moreover, the lowest penetration depth is at 25% coir concentration (CC25RW5LM70), measuring
2.71 mm, indicating limited external factor penetration and the lowest mean deviation values occur in the 20% to 50% coir
range (CC2Z0RW5LM75 and CC50RW5LM45), reflecting high consistency. The lowest total temperature increment is seen in
the 25% to 80% coir range (CC25RW5LM70 and CCBORWS5LM15), indicating superior insulation. These findings suggest
that the optimal composition for thermal insulation consists of 10% to 50% coconut coir, 5% rice flour, and wash water,
with potential adjustments to lime content to minimize thermal conductivity.

Furthermore, Coconut coir, lime, and agricultural waste adhesive-insulated steel sandwich panels exhibit thermal
conductivity between 1.079-1.093 W/mK, comparable to materials like clay, limestone, and sandstone and superior to
metals such as aluminium, copper, and silver (Table 3). These panels also demonstrate high specific heat (5.694-5.999
M]/m3K), enhancing their capacity for heat storage and energy efficiency. This makes them suitable for applications where
minimizing heat transfer is crucial, surpassing most other materials in thermal mass and heat storage capacity.

Material Thermal conductiv- Material Thermal
ity conductivity
W/(m/K) W/(m/K)

Glass 1.38 Aluminum 200

Bricks 0.5 1.0 Bronze 110

Steel 45 Copper (Cu 400

Concrete 0.6-3.6 Iron (Fe) 80

Clay 1.2 Lead (Pb) 35

Granite 3 Silver (Ag) 450

Limestone 15

Cement plaster 1

Marble 2.2

Porcelain 15

Sandstone 15

Figure 6: Thermal conductivity for other construction materials ((Standardization E. C.)

Test 2, the dynamic loading scenario, created by gradually filling a bucket with water, simulates incremental stress on
the material. The results have indicated that material supported a 4.875 kg load for 3 minutes and 54 seconds before failure
as shown in figure 6, demonstrating its ability to withstand gradual stress buildup. This combined adhesive strength and
bucket test provides a comprehensive evaluation of the material's strength and performance, indicating significant
structural integrity and load-bearing capacity under varying conditions.

Test 3, the findings highlighted that mold growth was significantly inhibited after adding copper sulfate to the composite
material. The untreated samples exhibited extensive mold coverage with approximately 70% of the surface that indicating
visible mold growth by the end of the third week. The reduction of mold growth showed as 30% surface coverage of samples
of treated with 0.5% copper sulfate. However samples treated with 1% showed in most effective resistance by the end of
the test period. As shown in figure 7, these results indicating the possibility of using this method to lessen mold-related
problems at 1% concentration providing optimal resistance under tropical conditions.
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Figure 7: Results of Strength Test (Source: Author, 2023)

The sample without added
copper sulfate added sample. :

copper sulfate is mol

Figure 8 The difference between copper sulfate added sample and other sample (Source: Author,2023)

4., Conclusion

This study investigated the feasibility of producing agro-industrial waste-based insulation boards with promising
hydrothermal performance. Using agricultural waste-derived adhesives, lime, and coconut coir between steel panels, we
assessed their potential for insulating air-conditioned spaces in tropical climates. From thermal conductivity, adhesive
strength, and dynamic load-bearing tests, offering insights into heat transfer control and stress endurance.

The results indicate that the optimal composition for the Coconut Fiber Coir Insulated Steel Sandwich Panel consists of
10% to 50% coconut coir, 5% rubber wastewater and 5% rice wash water. This composition exhibits superior thermal
insulation, with thermal conductivity values ranging from 1.079 to 1.093 W/mK. These values are comparable to those of
materials such as clay, limestone, and sandstone and significantly lower than those of common metals like aluminum, copper,
and silver. Furthermore, these panels possess a high specific heat capacity, enabling effective heat storage and dispersion,
thereby enhancing energy efficiency. In addition, the adhesive strength and bucket tests confirmed the material's structural
integrity and load-bearing capacity, which are essential for real-world applications. Mold resistance testing highlighted the
necessity of copper sulfate for enhanced durability. The results offers viable solution to enhance the durability and resilience
of these composites against mold related issues by adding 1% copper sulfate by weight. However, further research is
required to optimize the concentration of copper sulfate and assess long-term efficacy.

This study highlights the importance of sustainable insulation materials in reducing environmental impact and energy
consumption. Despite promising results, limitations include the need for large-scale production, economic viability
assessments, comprehensive environmental impact analysis, and long-term performance evaluations. Future research
should focus on field testing, optimizing material composition, enhancing mold resistance, and integrating these materials
with building systems to promote sustainable practices in tropical climates.

112



FARU Journal, Vol. 11, Issue 02
Acknowledgement: the open university, nawala, sri lanka has facilitated to conduct thermal conductivity test.
5. List of References

Alavez-Ramirez, R., (2012). Thermal conductivity of coconut fibre filled ferrocement sandwich panelsQ1Construction and Building
Materials; H-Index: 198 SJR: Q1 CORE: NA ABDC: NA FT50: NA 2Construction and Building Materials; H-Index: 198 VHB:
NA FNEGE: NA CoNRS: NA HCERE: NA CCF: NA BFI: 2 AJG: NA +. ElsevierR Alavez-Ramirez, F Chifias-Castillo, V] Morales-Dominguez,
M Ortiz-GuzmanConstruction and Building Materials, 2012 ¢Elsevier. Retrieved August 4, 2024, from
https://www.sciencedirect.com/science/article/pii/S0950061812005235

Alwash, S., Al-Faragji, J., Agricultural, T. A.-S.-1. ]. (2022). Effeciency of copper nanoparticles coated mint as anti-fungal against
saprolegniasis disease in common carp. /asj.Net. Retrieved November 5, 2024, from
https://www.iasj.net/iasj/download/06cdc02e51ff2300

Arizzi, A, Viles, H,, ... 1. M.-S.-S. of the T., (2016). Predicting the long-term durability of hemp-lime renders in inland and coastal areas
using Mediterranean, Tropical and Semi-arid climatic simulationsQ1Science of the Total Environment; Retrieved August 4, 2024, from
https://www.sciencedirect.com/science/article/pii/S0048969715309578

Boey, ]J. Y., Mohamad, L., Khok, Y. Sen, Tay, G. S., & Baidurah, S. (2021). A review of the applications and biodegradation of
polyhydroxyalkanoates and poly(Lactic acid) and its composites. Polymers, 13(10). https://doi.org/10.3390/POLYM13101544

Brambilla, A., Reviews, A. S.-R. and S. E,, (2020). Mould growth in energy efficient buildings: Causes, health implications and strategies to
mitigate the risk. Elsevier. Retrieved November 7, 2024, from
https://www.sciencedirect.com/science/article/pii/S1364032120303841

Chang, Z., Ting, L., Processing, J. S.-C. E. (2023). A review on membrane separation in natural rubber processing: Concentration, recovery
and treatmentQ1Chemical Engineering and Processing-Process Intensification; Retrieved August 4, 2024, from
https://www.sciencedirect.com/science/article/pii/S0255270123002787

Cintura, E., Faria, P., Duarte, M., Materials, L. N.-C. and B.,(2023). Eco-efficient boards with agro-industrial wastes-Assessment of
different adhesivesQ1Construction and Building Materials; Retrieved August 4, 2024, from
https://www.sciencedirect.com/science/article/pii/S0950061823023814

Circo, C.]. (n.d.). Will Green Building Contracts Transform Construction and Design Law? http://ssrn.com/abstract=1928125

Danaci, H. M. (2021). Thermal Insulation Materials in Architecture: A Comparative Test Study with Aerogel and Rock Wool.
https://doi.org/10.21203 /rs.3.rs-1116870/v1

El-Otmani, M., Ait-Oubahou, A., & Zacarias, L. (2011). Citrus spp .: orange, mandarin, tangerine, clementine, grapefruit, pomelo, lemon
and lime. Postharvest Biology and Technology of Tropical and Subtropical Fruits, 437-516e.
https://doi.org/10.1533/9780857092762.437

M. A.-H.-B. (2005). Performance characteristics and practical applications of common building thermal insulation materialsQ1Building
and environment; Retrieved August 4, 2024, from https://www.sciencedirect.com/science/article/pii/S0360132304001878

Hasan, K., Horvath, P,, Bak, M., advances, T. A.-R., (2021). A state-of-the-art review on coir fiber-reinforced biocompositesQ1RSC
advances; Retrieved August 4, 2024, from https://pubs.rsc.org/en/content/articlehtml/2021/ra/d1ra00231g

Iwaro, J., & Mwasha, A. (2019). Effects of Using Coconut Fiber-Insulated Masonry Walls to Achieve Energy Efficiency and Thermal
Comfort in Residential Dwellings. Journal of Architectural Engineering, 25(1). https://doi.org/10.1061/(ASCE)AE.1943-5568.0000341

Kalhor, K., Engineering, N. E.-]. of B., (2020). Qualitative and quantitative optimization of thermal insulation materials: Insights from the
market and energy codesQ1Journal of Building Engineering. Retrieved August 4, 2024, from
https://www.sciencedirect.com/science/article/pii/S2352710219312215

Kariuki, S. W., Wachira, J., Kawira, M., Murithi, G., & Jin, Z. (2019). Formaldehyde use and alternative biobased binders for particleboard
formulation: A reviewQ2Journal of chemistry; Wiley Online Library, 2019. https://doi.org/10.1155/2019/5256897

Keya, K. N, Kona, N. A, Koly, F. A, Madina Maraz, K., Islam, M. N., & Khan, R. A. (2020). Natural fiber reinforced polymer composites:
history, types, advantages and applications. Syncsci.Com, 2019(2), 69-85. https://doi.org/10.25082/MER.2019.02.006

Kontoleon, K., Saboor, S., Mazzeo, D,, ... B. P.-E. (2023). The impact of thermal insulation on the vulnerability of hollow masonry walls
under elevated temperaturesQ1Energy and Buildings;. Elsevier. Retrieved August 4, 2024, from
https://www.sciencedirect.com/science/article/pii/S0378778823007521

Kubba, S. (2010). Green construction project management and cost oversight. https://books.google.com/books?hl=en&lr=&id=X0ni4-
6TpUkC&oi=fnd&pg=PP1&dq=ongoing+economic+crisis,+which+has+led+to+a+critical+need+for+cost-
effective+and+sustainable+con-
struction+practices,+the+construction+sector+has+been+under+increased+scrutiny+due+to+its+significant+environmental+impact.
&ots=Gg_tUM7W7Y&sig=NghglVzUUZER4AfNYQdhS6C-T-k

Lotfi, A, Li, H,, Dao, D., Thermoplastic, G. P.-]. (2019). Natural fiber-reinforced composites: A review on material, manufacturing, and
machinabilityQ2Journal of Thermoplastic Composite Materials; H-Index: 48 SJR: Q2 CORE: NA ABDC: NA FT50: NA 1Journal of
Thermoplastic Composite Materials; H-Index: 48 VHB: NA FNEGE: NA CoNRS: NA HCERE: NA CCF: NA BFI: 1 AJG: NA +.
Journals.Sagepub.Com, 34(2), 238-284. https://doi.org/10.1177/0892705719844546

Maraveas, C. (2020). Production of sustainable construction materials using agro-wastes. In Materials (Vol. 13, Issue 2). MDPI AG.
https://doi.org/10.3390/ma13020262

Menneer, T., Mueller, M., Sharpe, R,, environment, S. T.-B. (2022). Modelling mould growth in domestic environments using relative
humidity and temperature. Elsevier. Retrieved November 7, 2024, from
https://www.sciencedirect.com/science/article/pii/S0360132321009756

Moavenzadeh, F. (1994). Global construction and the environment: strategies and opportunities.
https://books.google.com/books?hl=en&lr=&id=CPy-
Va7whdcC&oi=fnd&pg=PR11&dq=ongoing+economic+crisis,+which+has+led+to+a+critical+need+for+cost-
effective+and+sustainable+con-
struction+practices,+the+construction+sector+has+been+under+increased+scrutiny+due+to+its+significant+environmental+impact.
&ots=Njaoq5YR71&sig=fau7-FI7u8dbM-ftnKhhBVAoDYs

113



FARU Journal, Vol. 11, Issue 02

Neaguy, O., & Teodoru, M. C. (2019). The relationship between economic complexity, energy consumption structure and greenhouse gas
emission: Heterogeneous panel evidence from the EU countries. Sustainability (Switzerland), 11(2).
https://doi.org/10.3390/su11020497

Nejat, P, Jomehzadeh, F., Taheri, M,, ... M. G.-... and sustainable energy, (2015). A global review of energy consumption, CO2 emissions
and policy in the residential sector (with an overview of the top ten CO2 emitting countries)Q1Renewable and sustainable energy
reviews; Elsevier. Retrieved August 4, 2024, from https://www.sciencedirect.com/science/article/pii/S1364032114010053

Panyakaew, S,, ... S. F. 25th C. on P. and L. E,, (2008). 321: Agricultural waste materials as thermal Insulation for dwellings in Thailand:
Preliminary results. Citeseer, 22. Retrieved August 4, 2024, from
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=8fe56609241347630caaa316e8dc4092f7e465ad

Panyakaew, S., Passive, S. F.-P. of the 25th C. on, (2008). 321: Agricultural waste materials as thermal Insulation for dwellings in
Thailand: Preliminary resultsQ1Energy and Buildings; +. CiteseerS Panyakaew, S FotiosProceedings of the 25th Conference on Passive
and Low Energy Architectu, 2008+ Citeseer, 22. Retrieved August 4, 2024, from
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=8fe56609241347630caaa316e8dc4092f7e465ad

Pyrolysis, C. C.-]. of A. and A., (2023). of dissertation: Effects of long-term moisture and weather exposure on the structureQ1]Journal of
Analytical and Applied Pyrolysis; Pdfs.Semanticscholar.Org. Retrieved August 4, 2024, from
https://pdfs.semanticscholar.org/563e/9e8{f63e1702e7156f00e90388580ee1dabf.pdf

Ramos, A, Briga-S4, A, Pereira, S,, ... M. C.-]. of B.,(2021). Thermal performance and life cycle assessment of corn cob
particleboardsQ1]Journal of Building Engineering; Elsevier. Retrieved August 4, 2024, from
https://www.sciencedirect.com/science/article/pii/S2352710221008561

reviews, K. S.-F. biology, (2010). Fungi: Their role in deterioration of cultural heritage. Elsevier. Retrieved November 7, 2024, from
https://www.sciencedirect.com/science/article/pii/S1749461310000278

Schiavoni, S., Bianchi, F., Reviews, F. A. S. E., (2016). Insulation materials for the building sector: A review and comparative
analysisQ1Renewable and Sustainable Energy Reviews;. Elsevier. Retrieved August 4, 2024, from
https://www.sciencedirect.com/science/article/pii/S1364032116301551

Shanefield, D. ]. (1995). Binders. Organic Additives and Ceramic Processing, 255-279. https://doi.org/10.1007 /978-1-4757-6103-0_9

Sharma, M,, Bains, A., Goksen, G., Sridhar, K., Sharma, M., Mousavi Khaneghah, A., & Chawla, P. (2024). Bioactive polysaccharides from
Aegle marmelos fruit: Recent trends on extraction, bio-techno functionality, and food applications. Food Science and Nutrition, 12(5),
3150-3163. https://doi.org/10.1002/FSN3.4026

Singh, J., & White, N. (1997). Timber Decay in Buildings: Pathology and Control. Journal of Performance of Constructed Facilities, 11(1), 3—-
12. https://doi.org/10.1061/(ASCE)0887-3828(1997)11:1(3)

Skyba, 0. (2008). Durability and physical properties of thermo-hygro-mechanically (THM)-densified wood. https:/ /www.research-
collection.ethz.ch/bitstream/handle/20.500.11850/150676/eth-30841-02.pdf

Solt, P, Konnerth, J., Gindl-Altmutter, W., Adhesives, W. K.-(2019). Technological performance of formaldehyde-free adhesive
alternatives for particleboard industryQ1International Journal of Adhesion and Adhesives; Elsevier. Retrieved August 4, 2024, from
https://www.sciencedirect.com/science/article/pii/S0143749619300946

TAYALAN, A, & MANOHARAN, L. (n.d.). DEVELOPMENT OF HIGHLY EFFICIENT WALL INSULATION FROM RICE HUSK FOAM
REINFORCED COMPOSITE. Od.Lk. Retrieved August 4, 2024, from https://od.lk/s/MV81NjQ50DU10F8/Tayalan1.pdf

Tudor, E. M. (2023). Alternative Adhesives for Composites Made of Annual Plants. 215-239. https://doi.org/10.1007/978-981-99-2473-
8.9

Warnock, A. C. (2005). Sustainable Construction in New Zealand. https://ssrn.com/abstract=3263858

Wolderufael, N. (2022). Finding a suitable and optimal amount of binder for refibering of acoustic boards.

Yadav, ],, Singh, V. P., & Kumar, A. (2024). Life Cycle Assessment of sustainable building materials. Sustainable Technologies for Energy
Efficient Buildings, 64-101. https://doi.org/10.1201/9781003496656-4

Yhaya, M. F,, Tajarudin, H. A.,, & Ahmad, M. I. (2018). Renewable and Sustainable Materials for Various Green Technology Applications.
SpringerBriefs in Applied Sciences and Technology, 37-50. https://doi.org/10.1007/978-3-319-75121-4_4

Zhang, M,, Jia, R, Ma, M,, Yang, T, Sun, Q., & Li, M. (2023). Versatile wheat gluten: functional properties and application in the food-
related industry. Critical Reviews in Food Science and Nutrition, 63(30), 10444-10460.
https://doi.org/10.1080/10408398.2022.2078785

114



