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ABSTRACT

Agricultural wastes are widely distributed in the environment, creating
a health and environmental risk. Because of their environmental and health
benefits, natural insulating materials are becoming increasingly popular. The
goal of this research is to provide a precise method for measuring science
and technology development trends in agricultural waste panel and board
production, with sustainability as the most important factor. The papers were
gathered using a bibliographic approach based on the Scopus database.
Using scientometric analysis, researchers can look at the trends in these
articles, including keywords, journals, countries, and authors. The use of
waste in energy-efficient architecture is an emerging research topic. The
filter is applied based on the paper's keyword of panel and board, and the
observed properties are detailed in the study. The research is being carried
out to gain a practical understanding of the various materials that have been
used in the preparation of boards and panels, as well as the tests that will be
carried out, such as modulus of rupture, elasticity, thermal conductivity,
energy analysis, small hot box test, and life cycle assessment to assess
energy usage and CO2 emissions. The future scope has also been added in
the conclusion.
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1.Introduction

Many countries are now debating the use of organic residual biomass
from wurban, agricultural, and industrial sources. Dumping materials in
landfills adds to the production of greenhouse gases, of which paper and
cardboard account for a significant portion [1]. Agriculture produces trash,
which is currently mismanaged in terms of both environmental and economic
considerations [2]. Agricultural waste has the potential to play a key role as a
sustainable alternative building material in the construction industry. New
alternative sustainable insulating construction products, on the other hand,
have been at the forefront of societal concerns [3]. Buildings use a lot of
energy and have a lot of severe environmental effects. A structure's facade
is a structural component that can help save energy while also mitigating
negative environmental effects [4]. Pyrolysis is one of the processes that
might be used to transform biomass into higher-value goods [5]. Nonetheless,
administrations are passing regulations to prohibit the use of asbestos in a
wide range of items due to a variety of health issues. Other advanced
technologies are currently searching for more resistant and long-lasting
materials [6]. The demand for energy is high, as are the prices of heating
and cooling in the winter and summer, respectively. Building insulation,
which is becoming increasingly popular, may help save money on these
charges. The creation of acceptable materials has become equally important
as a result of the rising use [7]. Manufacturing particleboards with
agricultural waste as raw materials is a cost-effective and intriguing solution.
Natural particleboards with low thermal conductivity might be used in a
variety of applications, including ceiling and wall insulation. Furthermore,
manufacturers, restaurants, and the food industry create a large number of
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agricultural peels each year, which are frequently discarded as trash [8].
Particleboard makers are now obliged to search for new, inexpensive, and
readily available raw material sources. At the same time, the construction
industry has concentrated on using healthier, safer, and ecologically friendly
materials [9]. Particleboard is indeed an engineered wood-based panel made
by heating and pressing wood particles with an appropriate adhesive. The
major main material in the particleboard business is wood [10].
Vermicomposting, which uses worms to stabilize and modify compost into
useable end-products, has been recommended as an alternate treatment
strategy for high-moisture-content organic wastes from agricultural,
industrial, and municipal sources [11]. A large research community has been
paying attention to the ongoing search for better sustainable and cost-
effective processing solutions throughout the world. Emissions CO2 of to the
environment, energy, and water usage are just a few of the variables that
play a role in this scenario. Some approaches that have shown favorable
outcomes in this context include reusing, employing green construction
materials (which has to be sustainable, regional, and accessible), retrofitting,
and adopting low-tech tools and approaches [12]. Concrete manufacturing
has become one of the primary environmental problems in the construction
sector because to the related emissions and contributing to natural resource
depletion [13].

Using diverse types of agricultural waste for the board can help
reduce CO2 emissions while also being beneficial for soundproofing,
insulation, and artificial ceilings [14]. Cork oak are long-lived trees (up to 200
to 250 years), and various life cycle assessments on cork material have
highlighted the forest's sustainable environmental benefits, especially in
terms of avoiding destruction in dry regions and long-term CO2 reduction
[15]. Buildings' environmental effect has been analyzed not just in terms of
the energy used in their usage, but also in terms of the energy materials

used in their construction. The prevalence of "sick building syndrome" is
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rising. The primary investigation was chemical contaminants from indoor
sources such as building materials, poor ventilation, excessive use of heating,
ventilation, and air conditioning, and volatile organic compounds [16]. Not
only has the utilization of agricultural waste proven beneficial in terms of
insulation, but so has bacterial farming, it is 20% stronger and has a larger
density, a greensulate panel offers better structural qualities than a foam
panel. It is less flammable than foam and can sustain fire for longer. It also
creates no hazardous emissions when burned and may be broken down into
little pieces and dispersed on the ground to give nutrients [17]. The basic
thermophysical characteristics used to describe the thermal behaviour of
insulating materials are thermal conductivity, specific heat capacity, and
density [18].

Sustainable development asks for lower-impact technology in all
aspects of human existence; a circular economy approach attempts to keep
a product's value by returning it to the manufacturing process at the end of
its lifespan, reducing material intake, waste creation, and energy usage [19].
Waste management is the most essential issue in environmental
preservation and natural resource protection. The fundamental causes of the
numerous processes of deterioration that have harmed our planet's
ecosystem, including the creation of municipal solid waste, are changes in
the environment and population increase [20]. The increasing need for high
thermal performance and "near-zero-energy" buildings, as well as present
rising problems and possibilities in the domains of green manufacturing and
low environmental effect, necessitate the use of organic relevant items
rather than traditional methods [21]. Thermal insulation is a low-cost, widely
available, and well-proven method that saves energy and money while also
decreasing emissions as soon as it is implemented. The originality of this
research derives from the analysis done, which included a cross-comparative
study capable of picking the best article from the scopus data source linked

to panel and board preparation, as well as experimental investigations in
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terms of thermal performance and environmental effect. By merging VOS
mapping technology with upgraded viewer software, the VOS viewer
application was born. The VOS viewer works with almost any hardware and
operating system. It may also be launched directly from a web page on the
internet [22].

The utilization of agricultural waste will be focused in this study.
Agricultural waste is a good building material since it is renewable,

inexpensive, lightweight, and has a high specific strength and stiffness.
2. Methodology

While document structure is important in many fields, it is especially
important in information inspection. Bibliometrics is the study of document
structure via the use of tools, goals, frequency classification, ranking, and
reference analysis. The details about the various level done to carry out the

review study is represented in the Fig.1 that consisting of six levels.

1. Domain criteria selection

2. Key words added on scopus database

3. Seggregation of article

Operation for article preparation

4. Data analysed using VOS viewer and Microsoft- Excel

5. Study on Panel and board

6. Discussion of experiments

Fig.l. Levels for analytical study
2.1 Data analysis

Bibliometric analysis, a methodology for mapping identified published

records, is now widely recognized as a new way to evaluate academically
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complex themes in library and information science [23-24] VOS viewer is a
publicly accessible computer software for creating and viewing bibliometric
maps. The VOS viewer is used to produce co-citation maps of authors or

journals, as well as co-occurrence maps of keywords [25].
2.2 Data retrieval

The Scopus database was used as it gives users access to journal articles as
well as the references in those papers allowing them to go back and forth in
time. The database may be used for both research and collection
development. [26] A total of 675 articles were used to do research on board

made from farm waste.
3. Publications
3.1 Annual publication using agricultural waste

Agricultural waste utilization is one of the important topics to be
analyzed as it creating a disturbing impact on the environment. From 1974
to 2021, Fig.2 shows publications published on the subject of "agricultural

waste utilized in civil engineering" for construction applications.
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From the above figure, it is observed that the study on agricultural waste has
been done from early years but from 2010, the study has been increased
exponentially each year. In 2020 it has reached the highest and it continuous

increasing in 2021.
3.2 Types of publication

The publication is divided into three areas, document type, language,
and publication access. Fig.3 shows the number of different sorts of
publications over the same period (1974 to July 2021). The language in which
the publications were published is shown in Fig.4. The graph clearly shows
that more than 63% of papers were written in the English language. Fig.5
depicts the paper’s publishing access where 75% of the papers are published

in the paid journal.

m Article
m Book chapter
m Conference

paper
m Review paper

Fig.3. Publication based on document type
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W English

B Open access

Fig.4. Publication based on language Fig.5. Publication

based on access
3.3 Keyword analysis

The review of the paper is on the area related to
agricultural waste and the most prevalent keywords linked with agricultural
waste in the building were analyzed. The minimal number of keyword co-
occurrences has been kept at five. Using these conditions as a guide, 72 out
of 1640 met the requirements. Following that, the mapping was used to
document the co-occurrences of terms, total occurrences, and total bond
strength. Fig.6 depicts a keyword-based collaborative network. The clusters

of the keyword that has been taken in various studies are shown in Table 1.
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Table 1 Clusters of keywords.
Cluster Keywords
no
1 Agricultural by- products, agricultural wastes, biomass, building

materials, porosity, recycling, rice husk, self-compacting

concrete, sustainable, sustainable concrete, sustainable

developer, sustainable materials, thermal conductivity, waste

management, Waste material waste recycling.

2 Agriculture waste, agricultural waste materials, environmental

impact,

green concrete, life cycle assessment, pozzolanic

activity, rice husk ash, rice straw, thermal insulation, workability.

3 Characterization, coconut shell, lightweight aggregate,

lightweight concrete, mechanical properties solid waste.
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4 Agricultural residues, cement replacement, concrete, durability,
microstructure, mortar, strength, sustainability, wastes.

5 Compressive strength, density, flexural strength, foamed
concrete, rice husk ash, sorptivity, split tensile strength, water
absorption.

3.4 Source Analysis

Readers may receive the finest information available and quickly
choose the ideal journal for publishing by assessing the influence of journals
in a given subject. Fig.7 shows the source occurrences map using the
bibliography as an analysis tool. The minimum number of documents of a
source given was 8 and out of 331 sources, 15 meets the threshold. The
clusters of the source that has been taken in various studies are shown in
Table 2. A cluster is a collection of nodes that are linked in some way. In a

network, each node is allocated to a single cluster.
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Fig.7. Occurrence’s map of source

Table 1 Clusters of Source
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Cluster no Source

1 AIP conference proceedings, IOP conference series: earth and
environmental science, iop conference series: material science and
engineering, key engineering materials. Materials today:
proceeding, resources, conservation and re.

2 International journal of civil, journal of building engineering, journal
of cleaner production, materials.

3 Construction and building, matec web of conference

3.5 Regions analysis

According to the research, the minimum document was 5. Computing

the overall strength of co-production groups with other nations and choosing

the country with the largest total bandwidth among the 152 countries, 35

meet the threshold that fulfills the criterion. Fig. 8 depicts a network of

collaboration based on national cooperation. The highest document was 134

from India and the lowest was 5 from Taiwan. The clusters of the region that

has done similar studies are shown in Table 3.
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Fig.8. Occurrence’s map of country

Tables 3 Clusters of country

Cluster Country
no
1 Australia, Canada, France, Nigeria, Spain, United
States
2 India, Indonesia, Iran, Malaysia, Mexico, Singapore

Brazil, Egypt, Germany, Pakistan, South Africa,
Thailand

Italy, Netherlands, South Korea, Vietnam
China, japan, Turkey, United Kingdom

Portugal, Taiwan

N O o &

Czech republic

4. Panel Vs Board

A panel is a rectangular portion of a surface covering, wall, fence,
and other structure in architecture, a recessed compartment with elevated
borders, as in ceilings, wainscotings, etc. While a board is a long, broad, and
thin piece of any material, generally wood is similarly used in building or

furniture manufacturing. But likely to be used as a word for similar meaning.
4.1 Study on the board preparation using the farm waste

The data collected for the research on agricultural waste was
further separated, and then the studies prepared on the board were taken.
Corn curbs, agriculture debris, rice husk, and coconut husk, have high
insulating properties. The filtering procedure in the title of the article using
boards as a search phrase was used to separate the 675 articles. Fig.9
depicts the article about the board that was published each year. It can be
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observed that the study in the area of board preparation for insulation has
been increasing from 2020.
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Fig.9. Chronological order of board publication.
4.2 Study on the panel preparation using the farm waste

The data gathered for the agricultural waste study was divided
further, and the studies prepared on the panel were then taken. Mostly used
waste for the study was cork, granulated tires, rice husk, coffee chaff, wood
shavings, straw, and maize stalks Fig.10 depicts the article about the panel
that was published each year. It can be observed that the study in the area
of panel preparation for insulation has been continuing in 2021.



https://doi.org/10.36375/prepare_u.iei.al97

Ricciardi P.
Zach |J.
Tsalagkas D.
Barreca F.
Pavelek M.
Shahidan S.
Mayoral Gonzdle...
Salas Julian.

1960 1970 1980 Yéa%) 2000 2010 2020 2030

AUTHORS

Fig.10. Chronological order of panel publication

5. Test to be done for Board and Panel

The four main parts of this technique include mixing the components,
starting with the particles and glue, molding, natural curing, and unmolding. The
sample preparation technique is depicted in Figure 11 [7].

| Agricultural waste
’ h ‘
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| Trimming | li </
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\

\
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Formation Materials
ﬁ F’ m

‘HolPressing ’ Primary

Fig.11. Particleboard production process.
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5.1 Classification of board

Particleboards are divided into seven categories based on their
characteristics. The SFS-EN 312 [27] standard is used to define the
characteristics of particle board classes across Europe. Particleboard classes
are denoted by the letter 'P' followed by a number from 1 to 7 [28]. Table 4
shows the classification of board grades.

Table 4 Board grade and its uses

GRADE USES
Pl Boards for interior construction

P2 Interior usage furniture boards

P3 Non-load-bearing usage

P4 Interior-use boards that can endure stress

P5 board that withstands moisture better, that must
tolerate tension.

P6 For internal usage, floor boards that can resist a
lot of pressure.

P7  For applications that must bear a lot of pressure.

5.2 Flexural strength

Flexural parameters such as modulus of rupture (MOR) and
modulus of elasticity will be evaluated using static bending tests (MOE)
section 9 of ASTM D1037-06 [20] is used for the samples that are subjected
to static bending testing [7]. The results are shown in Table 5 for various
materials.

Table 5 MOR and MOE of board from various farm waste materials
[2,7,9,10,14]

Material MOR (MPa) MOE (MPa)




https://doi.org/10.36375/prepare_u.iei.al97

Vine pruning 6.58- 16.5. 743 - 1810
Flax 13.85 1722
Durian particleboards 25.177 28.407
Rubber wood Medium 3776.100 2947.234
Density
Tea oil camellia shell 13.4 1840
Maize husk 427 5.2
Paddy straw 193 4.9
Coconut Pith 282 5.8
Groundnut shell 523 6.3
] g e—9
(o] /
E W E @p
£ E
3 3
: & s
o o
s =
P2 P3 P4
Bl P2 P3 P4 Grade of board
Grade of boards rade of boards
a) Modulus of rupture for grade P1-P4 b) Modulus of elasticity for

grade P1-P4
Fig.12. MOR and MOE of Grade P1-P2
5.3 Thickness swelling and water absorption

According to European rules, particleboards certified as Grade P3
must have a maximum thickness swelling value of 17% after 24 hours in
water. The findings of the thickness swelling values and water absorption

values using natural fiber are shown in Fig.13. [2].
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Fig.13. Thickness swelling (TS) and water absorption (WA).

Water absorption can be assessed with a precision of 0.1 mg by
weighing the samples before and after immersion. To get an accurate

average, the measurements must be repeated five times for each
particleboard[9].

5.4 Sound insulation

Boards with thicknesses of 3, 2, and 4 cm are utilized for sound
insulation boards made from natural waste. Impact sound insulation tests
must be carried out following NP EN ISO 140 [30], and impact sound
insulation ratings were determined following ISO 717-2 [31]. The equipment
to measure sound insulation is shown in Fig.14. The basic tools for testing
sound insulation are a sonometer and a percussion machine [3]. Table 6

shows the values of the various average sound absorption coefficients for
agricultural materials.
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(a) I- Rion NC74, II - Sonometer (b) Percussion machine (Retec RI 069)
(01dB/Solo Blue) and III - standard
tripod

Fig.14. Sound insulation test equipment.

Table 6 Sound absorption coefficient of materials.

Product Average Referenc Produ Average Referenc
sound es ct sound es
absorption absorption
coefficient coefficient

Flax 0.5-0.85 [34] Rice 0.02-0.8 [38]

Hemp 0.45-0.95 [35] Oak 0.9 [36]

Reed 0.25-0.6 [36] Cocon 0.5-0.9 [39]

ut

Bagasse 0.15-0.9 [37] Palm 0.38 [40]

Sunflow 0.86-0.99 [35]

er

5.5 Thermal conductivity

A Netzsch Heat Flow Meter (HFM) 436 Lamda was used to measure
the thermal conductivity () of the bulk plant particles and particleboards [9].
As the porosity of the boards grew, the thermal conductivity decreased as
the particle size rise [2]. The HFM is a calibrated device that is used for
testing thermal conductivity. A specimen is placed between two plates, one
hot and the other cold, and the heat flow induced by the temperature
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differential is measured using a heat flux sensor [32]. The schematic
diagram is shown in Fig.15 and the thermal conductivity (A) value for various

materials is shown in table 7.

Water outlet -

N

Thermocouple
T3 at top centre

Sample —r

2 Thermocouple T1 at
bottom centre andthe __ |{—
other to determine the
heat flow

Water for cooling
~~  system

/ Bottom head

|

Thermocouple T2 at bottom centre

Fig.15. Schematic of thermal conductivity test [6]

Table 7 Thermal conductivity coefficients of different organic fibers [2].

Material Thermal Conductivity A
(W/m K)
0.111
Hemp 0.040 to 0.094
0.038 to 0.075
Flax 0.042
Cotton 0.040 to 0.069
Date palm 0.083
rachis
Rice straw 0.076 to 0.091
Sisal 0.070
Sugarcane 0.079 to 0.098
bagasse
Wood 0.070 to 0.180

particleboards

Wood

0.050 to 0.140
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fiberboards
Vine prunings 0.064 to 0.068

The hot box design is the method that was used by Milos Pavelek
and Paola Ricciardi to measure the thermal conductivities. Fig.16 shows the

apparatus of the small hot-box [19].

a) Installed mside ; hot Chamber
b) Semple holder compartment

B ) Radiat sild o eatingsysten
B ) Thermosresstace

¢) Themnal lux meter probes

Fig.16. The small hot box apparatus

The specimen is sandwiched between two compartments, one for
metering and the other for environmental conditions [42]. The climatic
chamber represents the outside climate (cold side), whereas the metering
chamber represents the inside environment (hot side). The panel thermal
resistance is estimated using the observed heat flow from the metering
chamber side to the climatic chamber side passing through the specimen, as
well as the recorded temperature differential between the hot and cold sides
[41].

5.6 Energy analysis

The software mostly used is “energy plus”. This activity includes
the physical or chemical processing of materials, as well as the transfer and

conversion of energy. The innovative panels in giant reed for buildings with
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the “chimney effect” and the cork were used to make the panel in the wall
the panel was compared with the normal brick wall for the energy analysis of
heating and cooling. For heating and cooling, the predicted CO2 emissions for
brick walls were 2517 kg, 623 kg for agglomerated cork walls, and 1905 kg
for giant reed walls [16].

B G-Q-@-- 2-FO0A G- L ol

ETY . .

Modify Energy Enable  RunEnergy Results &
A ™| Settings Energy Model Simulation Compare

. Select = Energy Analysis

Fig.17. Energy Analysis for Autodesk Revit

As shown in Fig.17, Energy Analysis for Revit is a tool that allows
users to execute a cloud-based whole-building evaluation using Autodesk®
Green Building Studio® (GBS) directly from Revit. Revit now provides an
integrated Energy Analysis workflow that incorporates both Architectural
Building elements such as walls, roofs, floors, and windows, as well as
Conceptual Massing components formerly known as Conceptual Energy
Analysis.

5.8 Life Cycle Assessment (LCA)

The analysis and valuation of a given item's natural impacts is
known as a life cycle assessment [1]. An LCA investigation of a building
material or collection can be classified as cradle-to-grave ( the extraction
and handling of raw materials and creation), cradle-to-cradle (vehicle cost,
appropriation, and assembly, use, upkeep, and final removal), or cradle-to-
cradle ( reuse, recovery, and recycling).The details of 4 stages (A,B,C and D)

considered in LCA are discussed in figure 18.
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Life cycle stages Designation and description operational energy use
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demolition
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C reuse, recovery and/or recycling (3R)
disposalL
D reuse, recovery and/or recycling(3R)

Fig.18. Detailed life cycle stages of building materials [15]

The importance of conducting a life cycle assessment of
particleboard production is that it provides information on critical parameters
such as fossil fuel based primary energy consumption, renewable primary
energy consumption, Eutrophication potential, climate impact over a period

of 100 years, depletion of the ozone layer.

6. Conclusion

e The monetization of these agricultural byproducts could thus give
farmers with a new source of income. It contributes to the removal of
agricultural waste from the environment in such a way that even waste
is turned into a commodity.



https://doi.org/10.36375/prepare_u.iei.al97

o Applying water repellent chemicals during the board's manufacture
would improve these metrics significantly if the thickness swelling and

water absorption values were very high.

« When compared to cork and granulated tyres, rice husk and coffee
chaff have the lowest global warming potential and cumulative energy
requirement, especially when considering thermal studies.

o Coconut shells can withstand temperatures of up to 800°C while losing
just a small percentage of compressive strength. Less than 10% was
the ideal proportion to use as an admixture or replacement. The
thermal characterization can be done using the small hot box
apparatus.

e Cork, rice husk, and coffee chaff were some of the finest sustainable
panels discovered, with similar thermal conductivities of 0.063-0.068
W/mK and reduced environmental effects.

o As the agricultural waste is used on the panel and board preparation
the binding agent must be used and binder types urea-formaldehyde,
phenol-formaldehyde resins, isocyanate.

o Consequently, particleboards manufactured from agricultural waste
are feasible choices to employ in building insulation walls and ceilings,
even for the improved aesthetic features making it affordable and also
decrease in CO2 emission and the problem of waste disposal.

o« The greater the value of the average sound insulation capacity, the
better the sound insulating capability.

o This review paper would help in understanding the different test values
of agricultural waste as well as the experimental procedure for the
thermal conductivity test. Making it useful for the researcher.

o The study of life cycle assessment aids in analyzing the environmental
consequences of practical boards and panels' manufacture, usage, and
end-of-life processing. This aids in the reduction of toxic waste

utilization as well as pollution in the environment.
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Future scope

Future studies on the impact of various binding material ratios for
thermal and mechanical characteristics can be done. Furthermore, most of
the studies are done using the hot-pressing process, and fewer binders are
used, further research on the binder and alternative agricultural waste for
the sustainable solution can be an intriguing and better approach in the

construction of sustainable solutions.
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