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ABSTRACT Palm oil has a great commercial value in the global vegetable oil market, due to having several beneficial uniqueness such
as significant profits and high yields for farmers, as well as effective and efficient land use. As the second-largest producer of palm
oil in the world, Malaysia produces an enormous amount of empty fruit bunch (EFB) as biomass waste, whose proper and improper
disposal incurs costs and environmental problems, respectively. This EFB fibre is also used to produce bricks and mortar for building
construction, due to being a sustainable solution to environmental problems. Therefore, this study aims to analyze the existing literature
related to the application of EFB in the civil engineering field. This focused on the properties of the fibre and its effects on bricks
and mortar, to gauge the challenges and prospects of EFB products in the local industry. EFB fibre is a porous voluminous cellulose
structure, whose properties vary among each other due to diverse origins, species, and biological growth conditions. This is useful in
reducing the weight and thermal conductivity of bricks, as well as slightly increasing their tensile and flexural strengths. However, some
disadvantages were observed for the EFB bricks, with the workability and compressive strength being lower. The water absorption of
this product was also higher than normal bricks. This confirmed that EFB fibre should be minimally used in bricks and mortar. As a
natural fibre, concerns are often observed on inconsistent quality, poor fire resistance, and decay risk, which need to be solved before
the use of bricks in the construction industry. This study recommends several patterns of improving the strength, quality, and con-
sistency of EFB bricks, such as the alkaline treatment, which roughens the surface area of the product to enhance the fibre-matrix adhesion.
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1 INTRODUCTION
Oil palm (Elaeis Guineensis) is a tropical plant in-
digenous to West Africa (Awalludin et al., 2015),
which was originally treated ornamentally for its
pleasant and unique appearance (Alam et al.,
2015; Nambiappan et al., 2018). This is presently
one of the leading vegetable oils in the global mar-
ket, which is expected to continuously and rapidly
expand from 2019 to 2024, at a compound an-
nual growth rate (CAGR) of 5.7 (Research andMar-
kets, 2020). The plant was initially introduced to
Malaysia in 1917 (Nambiappan et al., 2018), where
the industry rapidly developed since the 1960s till
date, portraying the country as the second-largest
producer constituting 26% of the world’s demand
(Index Mundi, 2022). This led to the following in-
dustrial functions, (a) creation of many employ-
ment opportunities, (b) contributing to approxi-

mately 4.5% of Malaysia’s gross domestic product
(GDP), and (c) constituting RM 67.5 billion foreign
exchange earnings (Council of Palm Oil Producing
Countries, 2020; Nambiappan et al., 2018). Fur-
thermore, oil palm is harvested in FFB (fresh fruit
bunches), where the fruits are removed for extrac-
tion in industrial mills. The remains of this pro-
cess are the empty fruit bunches (EFB), the lig-
nocellulosic biomass wastes abundantly produced
by the industry. This indicates that approximately
1.1 tons of EFB are produced for every ton of CPO
(Karina et al., 2008)

In 2020, Malaysia reportedly produced 16.73
tons/ha of FFB (Malaysian Palm Oil Board, 2020),
with 89.2% (5.23 million ha) of the total planted
area of 5.87 million ha being used for matured
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oil palm plantations (Malaysian Palm Oil Board,
2020). This led to an annual production of 87.5
million tons of FFB, with EFB constituting 23%
weight of the fresh fruit bunches to produce 20.1
million tons in a year (Dalimin, 1995). Subse-
quently, the production of these enormous wastes
leads to several disposal problems, as EFB needs
to be properly disposed of to minimize environ-
mental impacts. The disposal cost is nevertheless
reluctantly borne by the local industry, with only
30% of Malaysian palm-oil mills recycling EFB
due to low environmental awareness (Abas et al.,
2011). In this industry, the biomass wastes are
used as a biofuel for boilers, although their high
moisture contents diminished the combustive re-
cycling value (Chang, 2014).These are found to be
approximately 60-65% after the steam steriliza-
tion process Sulaiman et al. (2011); Yusoff (2006).
EFB is also incinerated to ash as fertilizer or soil
conditioner (Yusoff, 2006), where lots of white
smoke with high water-vapor and fly-ash contents
are produced (Babinszki et al., 2021). This disposal
method is however discouraged by the Malaysian
Environmental Department.

EFB is often illegally open-burnt at the planta-
tion sites due to poor enforcement, leading to en-
vironmental apprehension in the nearby locali-
ties (Shahriarinour et al., 2011). It is also used as
mulch, or simply abandoned to rot at the planta-
tion sites, with quick pileups observed at a slow
decomposition rate (Ahmad et al., 2019; Mulyan-
tara et al., 2015; Salim et al., 2012; Singh et al.,
2013). This leads to the attraction of pests and
causes fouling (Ismail and Yaacob, 2011). How-
ever, EFB-based environmental problems are re-

solved by utilizing EFB fiber to fabricate bricks,
due to the steady development of the construc-
tion industry inMalaysia. Based on this condition,
several previous studies have been performed on
the application of this fiber in bricks, with most
emphasizing its effects on density, compressive
strength, and water absorption. These were ob-
served as the common criteria to assess the fea-
sibility of EFB bricks (Ling et al., 2021a,b). The
reviews were also generally exploratory, to deter-
mine an optimum mix proportion for EFB fiber.
For industrial applications, the knowledge of these
fibrous effects was very necessary for various as-
pects. Therefore, this study aims to analyze the
potential application of EFB in bricks and mor-
tar. In this condition, several experimental arti-
cles were consulted to acquire the characteristics
of this fiber and its effects on the properties of
bricks and mortar. The challenges and prospects
of the EFB-based elements were also evaluated in
the study.

2 PROPERTIES OF EMPTY FRUIT BUNCH

EFB is a voluminous brown bunch abandoned af-
ter the separation of palm-oil fruits from the FFB.
This is approximately 3.5 kg, 130 mm, 170-300
mm, and 250-350mm inweight, thickness, length,
and width, respectively (Sung et al., 2010; Chang,
2014). It also has an irregular shape, as well as
contained 20-25% stalk and 75-80% spikelet (Ng
and Choo, 2012). Moreover, the major chemi-
cal components are cellulose (23.7-65%), hemi-
cellulose (14.62-35.3%) and lignin (13.1-31.64%),
due to the diverse origins, species, and biolog-
ical growth conditions of the fibre (Kong et al.,

Table 1. Structural composition of empty fruit bunch (wt%)

Cellulose Hemicellulose Lignin Reference

23.7 21.6 29.2 Omar et al. (2011)
23.7-65.0 20.58-33.52 14.1-30.45 Chang (2014)
34.0-40.4 17.2-22.4 23.1-29.6 Ahmad et al. (2019)
37.26 14.62 31.64 Sudiyani et al. (2013)
38.3 35.3 22.1 Kong et al. (2014)
38.73 19.55 21 Idris et al. (2015)
42.0 30.9 14.2 Sun et al. (1999)
43.7 29.02 13.3 Saba et al. (2016)
47.6 28.1 13.1 Baharuddin et al. (2012)
50.4 21.9 10.0 Umikalsom et al. (1997)
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Table 2. Physical properties of EFB fibre

Reference Ismail and
Yaacob
(2011)

Danso et al.
(2015)

Saba
et al.
(2016)

Rama Rao and
Ramakrishna
(2020)

Raut and
Gomez
(2017)

Mahjoub
et al. (2013)

Density (g/cm 3) 1.3 0.77 0.7 – 1.55 - - 0.7-1.55
Specific gravity - - - 1.2-1.4 2.13 -
Diameter (mm) 0.25 – 0.6 0.82 – 0.19 - 0.225 - 0.285 0.0194 -
Tensile strength (MPa) 21 141 – 65 50 - 400 80 - 250 35.33 24.9 - 550
Modulus of elasticity (GPa) - 1.1 - 0.7 1 – 9 - - 0.48 - 9
Elongation at break (%) 30 - 8 - 18 - 0.05 4 - 18
Microfibril angle (deg) - - 42 - 46 - - -
Lumen width (μm) - - 6.90 - - -
Moisture content (%) 11 7.4 - - - -
Water absorption (%) - 103 - 54 - 120 - 320 0.79 -

2014). Based on these conditions, some varia-
tions are also observed in the physical properties
of EFB (Table 2). The density and the specific grav-
ity of this fiber are also relatively low, leading to
the need to reduce the weight of the EFB-based
brick. In this case, a high water absorption rate
encourages the moisture utilization of the brick,
with great tensile strength also possessed. These
conditions are due to the amount of fiber in the
mix, with Tables 1 and 2 showing that inconsis-
tent properties were the biggest challenges for the
fibrous product. This subsequently led to incon-
sistent brick quality, with variations reducedwhen
EFB fiber is minimally utilized.

3 RELATED STUDIES

The related reviews that used EFB fiber to pro-
duce bricks and mortar are summarized in Tables
3 and 4. These indicated that the bricks contained
various materials, such as clay, cement, lime, lat-
erite, and soil (Abdul Kadir et al., 2017; Kadir et al.,
2017; Kolop et al., 2008; Ling et al., 2019; Raut
and Gomez, 2017; Ismail and Yaacob, 2011; Danso
et al., 2015). Subsequently, all these experimen-
tal studies investigated the effects of this fibrous
product on the physical andmechanical properties
of the bricks and mortar, including the workabil-
ity, density, compressive strength, water absorp-
tion, and the drying hardened-mix shrinkage. The
preferred conditions of themix are shown in Table
5.

EFBwas generallymixed as fibers, whichwere nor-

mally prepared based on the following before mix-
ing,
(a) Washed with clean water to remove the soil,

dirt, and impurities on the surface (Raut and
Gomez, 2017; Ling et al., 2019),

(b) Cut into specific lengths, such as 10-15 mm
(Kolop et al., 2008), 25 mm (Ismail and Yaa-
cob, 2011), and 40 mm (Ling et al., 2019),

(c) Oven-dried at 100-115oC for 24 hours, to re-
move themoisture content (Abdul Kadir et al.,
2017; Kadir et al., 2017; Ling et al., 2019).

To prevent the mixture’s suction, Danso et al.
(2015) initially soaked the fibers in water for 48
hours before blending them with the other brick
constituents. Raut and Gomez (2017) also per-
formed the alkaline treatment for EFB fiber, to
enhance the brick fiber-matrix adhesion. This
reflected the immersion of fibers in a 2% dilute
Sodium Hydroxide (NaOH) solution for an hour,
which was then sun-dried before being placed in
the mix. However, EFB was differently utilized
in the mixture by some previous reviews, with
Kolop et al. (2008) andRamaRao andRamakrishna
(2020) adding the fiber to the prescribed compo-
sition of the control specimen, without discount-
ing the constituents. Kadir et al. (2017) and Ling
et al. (2019) also used this fibrous product to re-
place a specific percentage of soil and sand within
the mixture, respectively. In addition, the amount
of EFB fiber in the mix was generally quantified by
the mass or weight related to the binder (Ismail
and Yaacob, 2011; Kolop et al., 2008; Rama Rao
and Ramakrishna, 2020; Raut and Gomez, 2016).
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Table 3. Experimental studies of bricks containing EFB fibre

Reference Description Findings

Kolop et al.,
2008

• Investigated the properties (density,
drying shrinkage, compressive strength,
water absorption and stress-strain
relationship) of cement blocks (cement-
to-sand ratio 1:6, water-to-cement ratio
= 0.55, 100x200x400 mm) containing
EFB fiber (10-15 mm length, as well as
0, 10, 20, and 30% by cement weight).

• EFB fiber increased the water absorp-
tion and drying shrinkage, as well as de-
creased the density and the compressive
strength of the cement block.

• The brick shrinkage stabilized after 10
days of curing, with usage after 28 days
having no problem.

• The fiber also altered the elastoplastic
characteristics and increased the brick
ductility.

Ismail and
Yaacob,
2011

• Used EFB fiber (average length = 25 mm,
as well as 0, 1, 2, 3, 4, and 5% by cement
weight) to reinforce laterite bricks (mix
proportion = 70% soil, 24% sand, 6% ce-
ment, and size = 216x97x68 mm).

• Investigated the effects of EFB fiber
on the dimension, density, compressive
strength and water absorption of the
bricks.

• The density andwater absorption capac-
ity was decreased, with the compressive
strength of the laterite bricks also in-
creased.

• For optimum strength, EFB content
should not exceed 3%, to increase 4.2%
brick prowess.

Danso et
al., 2015

• Investigated the properties of the soil
blocks (290x140x100 mm) reinforced by
the fibers of sugarcane bagasse, oil-palm
fruit, and coconut husk (0.25, 0.5, 0.75,
and 1% by weight).

• The blocks were tested for density (BS
EN 771-1), water absorption (BS EN
772-11), linear shrinkage, compressive
strength (BS EN 772-1), splitting ten-
sile strength (BS EN 12390-6), wear-
ing (ASTM D559-03), and erosion (NZS
4298).

• The natural fibers reduced the density,
linear shrinkage, wearing, and erosion
while increasing the water absorption,
as well as the compressive and tensile
strength of the blocks.

• Coconut and oil-palm fibers reinforced
the soil blocks more effectively than
bagasse.

• Optimum strength and durability were
achieved at 0.5 wt% fiber content.
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Reference Description Findings

Raut and
Gomez,
2017

• Used glass powder (20-35% wt), POFA
(20-35% wt), alkaline-treated EFB fiber
(0.25-1% wt of binder) crusher dust (20-
45% wt), and lime (15% wt) to produce
bricks.

• The bricks (210x100x100 mm) were
tested for water absorption, bulk den-
sity, porosity (ASTM C20), compression
and flexural strength (ASTM C67 & IS
4860), as well as initial suction rate (BS
3921).

• EFB fiber reduced the thermal conduc-
tivity, compressive strength and density
while increasing the initial rate of ab-
sorption.

• The brick with 1% wt met the require-
ments of the standards on load-bearing
strength and water absorption.

Kadir et al.,
2017

• Analyzed the effects of EFB fiber (1,
5, and 10%) on the physical and me-
chanical properties of fired clay brick
(215x102.5x65 mm).

• This included the shrinkage, density,
water absorption, porosity, initial suc-
tion rate, and compressive strength.

• Used palm fiber (1, 5 and 10%) to par-
tially replace the clay soil in the fired
clay brick (215x102.5x65 mm).

• The bricks were analyzed based on the
density, shrinkage, initial suction rate,
water absorption, porosity, and com-
pressive strength.

• EFB fiber decreased the density and
compressive strength, as well as in-
creased the firing shrinkage and the ini-
tial suction rate of the clay brick.

• EFB fiber content should not exceed 5%,
to prevent significant loss of strength.

• The palm fiber reduced the density
and compressive strength, although in-
creased the firing shrinkage, initial suc-
tion rate, water absorption, and poros-
ity.

• EFB content should not exceed 5%, to
prevent significant loss of strength.

Ling et al.,
2019

• In sand-cement brick (cement-to-sand
ratio = 1:2.5), EFB fiber (10-25%) and sil-
ica fume (SF) (10-25%) were used to par-
tially replace the sand and cement, re-
spectively.

• The bricks were tested regarding their
compressive strength, density, and wa-
ter absorption.

• SF increased the compressive strength of
the brick, with its substation suggested
not to exceed 10% of cement.

• EFB fiber reduced the strength and den-
sity, although increased the water ab-
sorption of the cement brick.

• SF neutralized the detrimental effects of
EFB fiber on the performance of brick.

• Without SF, EFB content should not ex-
ceed 15%. It is nevertheless expected to
reach 25% with 10% SF.
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Table 4. Experimental studies of mortar containing EFB fiber

Reference Description Findings

Aziz et al.
(2014)

1. Investigated the properties of lightweight
mortar (w/c ratio = 0.485,
cement-to-aggregate ratio = 1:2.75)
containing EFB fiber (3-5 cm long with dry
surface dry, at 0.5, 1, and 1.5% wt of the
cement content) and tire crumb (0, 10, 20,
30, and 40% of fine aggregate volume).

2. The mortar was tested for the workability
(ASTM C1437), density (ASTM C642, cube
50 mm), as well as the compressive, split
tensile, and flexural strength (ASTM C109,
cube 50 mm; ASTM C 496, cylinder 100 x
200 mm; ASTM C348, 40 x 40 x 160 mm).

1. EFB fiber decreased the compressive
prowess while increasing the water
absorption value, ductility, as well as bond,
tensile, and flexural strength of the mortar

2. The optimum mix was 0.5% EFB fiber and
10% tire crumb.

Raut and
Gomez
(2016)

1. Evaluated the thermal and mechanical
performance of the mortar
(cement-to-crusher dust ratio = 1:2.75,
water-to-cement ratio = 0.485) reinforced
with oil-palm fiber (0, 0.5, 1, and 1.5% wt
of binder), which contained POFA (10% wt
of cement).

1. Oil Palm Fibers (OPF) decreased the
density, thermal conductivity and
compressive strength of mortar, although
increased the flexural prowess, drying
shrinkage, porosity, and water absorption.

Rama Rao
and Ra-
makrishna
(2020)

1. Investigated the effects of EFB (1, 2, and
3% wt of the cement, 10, 15 and 20 mm
fiber length, and dry surface condition) on
the workability (IS 4031- part 7-1988), as
well as compressive, flexural (IS 4031- part
8-1988), and split tensile strength of
reinforced cement mortar (mix ratio
cement-sand = 1:2, w/c ratio with
superplasticizer = 0.45, specimen size = 40
x 40 x 160 mm).

1. EFB fiber reduced the compressive
strength, although increased the flexural
and split tensile prowess of the mortar.

2. The optimum mix was 2% fiber with an
average length of 15 mm.

4 EFFECTSOF EFB FIBREONBRICKSANDMORTAR

Table 6 summarizes the effects of EFB fiber in
bricks and mortar, as observed by the study
experts. This showed that the biomass waste
decreased the workability, density, compressive
strength, and thermal conductivity of the speci-
mens, although increased the water absorption, as
well as flexural, tensile, and split-tensile prowess.
The results also proved that the effects on worka-
bility, compressive strength, and water absorption
were not favorable for building construction.

Based on Table 6, the listed effects were mainly
attributed to the characteristics of EFB fibre, in-
cluding (a) high pole volumes within its cellulose
structure, (b) high deformation compressibility
and resistance, and (c) low compressive strength
(Fig. 1).

According to Raut and Gomez (2017), the cel-
lular structure of EFB fiber was porous through
the scanning electron microscopy (SEM) images,
subsequently creating mixture voids and reduc-
ing the brick density (Ismail and Yaacob, 2011).
This structure possessed some stiffness in defor-
mation resistance while enabling the partial re-
covery of the fiber to its original size after com-
paction. The compressibility characteristic of EFB
also affected the consistency and quality of mix-
ture compaction (Ismail and Yaacob, 2011). Fur-
thermore, the presence of voids reduced the den-
sity and thermal conductivity of the brick, indicat-
ing the lightweight status (density < 1680 kg/m3)
of a block with more than 10% EFB fiber (Kolop
et al., 2008). The air trapped within the cellu-
lar structure also reduced the overall heat transfer
of mortar (Raut and Gomez, 2017), with the voids
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subsequently accommodating the storage of wa-
ter. This increased the water absorption capacity
of the brick.

Based on the results, dry and porous EFB fibers
were found to absorb water, due to the extraction
of moisture during the casting process. This re-

Table 5. Characteristics of the mix for brick and mortar

Properties Explanation

Workability High workability enables the fresh mix for easier performances, ensures a better
consistency of the blend, and leads to reliable brick quality.

Density A low-density brick is lighter and easier to handle/mobilize, while also imposing lesser
dead loads on the building structure (Ling et al., 2020a; Ling et al., 2020b).

Compressive strength The brick should have adequate compressive strength to sustain loads for handling,
stacking, and mobilizing (Ling et al., 2020a; Ling et al., 2020b).

Water absorption Low water absorption prevents excessive moisture extraction from the mortar and
plaster, leading to the effects on the bond strength and aesthetic appeal of the plastered
brick surfaces (Ling et al., 2020a; Ling et al., 2020b).

Drying shrinkage Low drying shrinkage is associated with greater brick dimension accuracy after
fabrication, which is a part of the block quality control (Ling et al., 2020a; Ling et al.,
2020b). Subsequently, this condition is found to prevent shrinkage cracks (Ghavami
et al., 1999).

Table 6. Effects of EFB fiber on the physical and mechanical properties of brick and mortar

Effects Explanation

Decrease ofworkabil-
ity*

1. EFB fiber absorbed the free water that lubricated the movement of the mixture constituents
(Aziz et al., 2014; Rama Rao and Ramakrishna, 2020).

2. It also obstructed the flow of the mixture (Olaoye et al., 2013).
3. The rough and irregular surface of this fiber caused additional coherency of the mixture and

friction (Ramli and Alonge, 2016).
4. The compressibility characteristic also affected the quality of compaction (Ling et al., 2019).
5. The workability problem was solved by using the surface-dried EFB fiber and providing the

superplasticizer in the mix (Rama Rao and Ramakrishna, 2020).

Decrease of density 1. The pores increased the amount of void in the mix (Raut and Gomez, 2016).
2. The compressibility characteristics affected the quality of fresh mix compaction (Ling et al.,

2019).

Decrease of compres-
sive strength*

1. EFB fiber possessed a lower stiffness and strength than the substituted materials (Rama Rao and
Ramakrishna, 2020).

2. It was also compressible and unable to resist axial load (Kolop et al., 2008).
3. This fiber led to a higher void volume content in the mix, enabling more sample compressibility

and leading to an early failure (Abd. Aziz et al., 2014).
4. The creation of air voids in the cement matrix reduced the bond strength (Raut and Gomez,

2016).

Increase of flexural,
tensile, tensile split-
ting strengths

1. EFB contributed to the tensile resistance of brick (Abd. Aziz et al., 2014; Rama Rao and
Ramakrishna, 2020), due to the redistribution of internal forces from the matrix to the
reinforced fibers (Ghavami et al., 1999).

2. It also served as an energy-absorbing mechanism (bridging action) and delayed the formation of
micro-crack (Raut and Gomez, 2017).

3. The strength was majorly dependent on the orientation of the fibers, leading to varied
considerations between the mixes (Rama Rao and Ramakrishna, 2020).

Increase in water ab-
sorption*

1. The porous structure provided space for the accommodation of water molecules (Abd. Aziz et
al., 2014; Raut and Gomez, 2016).

Decrease of thermal
conductivity

1. The formation of air voids by the porous fiber reduced the efficiency of heat transfer (Raut and
Gomez, 2016).

199



Journal of the Civil Engineering Forum Vol. 8 No. 2 (May 2022)

Figure 1 Effects of characteristics of EFB fibre on the properties of bricks.

duced the free water lubricating the constituents’
movement and affected the workability of the
fresh mix (Aziz et al., 2014; Rama Rao and Ra-
makrishna, 2020). In a cementitious mix, exces-
sive extraction of the water also influenced the hy-
dration process, leading to subsequent effects on
the compressive strength of this brick. To prevent
excessive water absorption, EFB fibre was used in
saturated and surface-dried forms (Danso et al.,
2015), with the workability improved by provid-
ing a superplasticizer in the mix (Rama Rao and
Ramakrishna, 2020). Additionally, the other rea-
sons responsible for a low compressive strength
included,

(a) LowEFB compressive strength (RamaRao and
Ramakrishna, 2020; Kolop et al., 2008),

(b) Poor compaction quality during casting (Ling
et al., 2019),

(c) The poor bond between the fibre and ce-
ment/soilmatrix (Raut andGomez, 2016), and

(d) Large void volume in the EFB brick (Aziz et al.,
2014).

The results confirmed that EFB fiber slightly in-
creased the tensile and flexural strengths of the
brick (Aziz et al., 2014; Rama Rao and Ramakr-
ishna, 2020), indicating the occurrence and dis-
tribution of stress (Ghavami et al., 1999). This
delayed the micro-crack formation developed in

the brick (Raut and Gomez, 2017). However, the
tensile strength of the brick slightly varied due
to the random orientation and inconsistent cross-
sectional size of EFB fibers in the mix (Rama Rao
and Ramakrishna, 2020; Mahjoub et al., 2013).
Based on these results, the mixed proportion of
EFB fibre in bricks and mortar was differently rec-
ommended by various experts, such as 0.5, 1, 2, 3,
and 5% wt of the binder (Aziz et al., 2014; Danso
et al., 2015; Raut and Gomez, 2017; Rama Rao and
Ramakrishna, 2020; Ismail and Yaacob, 2011; Ab-
dul Kadir et al., 2017; Kadir et al., 2017). This
confirmed that EFB content barely exceeded 5%
to prevent a significant reduction of compressive
strength.

5 CHALLENGES AND PROSPECTS

Due to being a renewable resource abundantly
produced by the palm oil industry, the successful
application of EFB fiber in bricks and mortar leads
to the following benefits,

(a) The reduction of reliance on non-renewable
resources, such as sand, clay, laterite, and ce-
ment.

(b) Decrease in the cost of the buildingmaterials.

(c) The reduction of biomass waste directly dis-
posed to the environment.

200



Vol. 8 No. 2 (May 2022) Journal of the Civil Engineering Forum

Table 7. Advantages and disadvantages of typical natural
fiber (Sanjay et al., 2019)

Advantages Disadvantages

1. Low specific weight
leads to high
strength and
stiffness

2. Cheap renewable
resources

3. Good thermal and
acoustic insulating
properties

4. Biodegradable

1. Lower strength
2. Variable quality
3. Poor moisture

resistant
4. Lower durability
5. Poor fire resistant
6. Poor fiber-matrix

adhesion

Despite these results, the consumption rate of EFB
was still very lower than the production of the
palm oil industry. This proved that only a small
amount of the fiber (≤5%wt of the binder) was uti-
lized in bricks and mortar, to prevent the irregu-
lar functionality of the building materials. More-
over, EFB mortar was highly mixed in the con-
struction sites than the factory fabrications fab-
ricated in the factories, although had issues with
the mixture quality and consistency. This veri-
fied that EFB application in the mortar was practi-
cal under the present industrial procedures. Some
disadvantages of EFB-based bricks that need to be
addressed were also observed, due to being closely
related to the waste’s characteristics as a natural
fiber (Table 7).

The physical and mechanical properties of EFB
fibers were also found to be very inconsistent (Virk
et al., 2010), due to being conditional on vari-
ous aspects such as size, growth phase, geograph-
ical location, soil condition, and climate effects
(Chang, 2014). This was because the variations ex-
isted within the same plant, regarding the irregu-
lar cross-sectional area of the fiber (Mahjoub et al.,
2013), subsequently leading to the inconsistent
engineering properties of the EFB-based brick.
These results were a concern to the mass produc-
tion of bricks, using EFB fiber from several planta-
tion sites. To overcome these challenges, a stan-
dardized procedure needs to be carried out while
removing OPF from FFB or treating EFB fibers.
This was to ensure the utilization of a consistent
fiber quality for the fabrication of bricks, through
the following (a) regulating the moisture content

of EFB fiber, (b) internally and externally remov-
ing the impurities of the fiber pore structure, and
(c) strengthening the cellular structure of EFB
fiber. Furthermore, several EFB modification at-
tempts were conducted through alkaline treat-
ment or mercerization (Raut and Gomez, 2016,
2017), where lignin, hemicellulose, and other nat-
ural fiber contents were removed, to roughen the
fibrous surface and enhance the fiber-matrix adhe-
sion in bricks (Vishnu Vardhini et al., 2016; Raut
and Gomez, 2017).

The results further indicate that an automated
grading and classification system was also de-
signed to sort EFB fibers based on specific criteria,
where the fibrous product with consistent prop-
erties is often selected for the mix. These crite-
ria include the diameter, unit weight and poros-
ity of EFB fiber. Statistical measures were also
used to determine the characteristics strength of
EFB brick, through extensive experimental testing
and data analysis. This was to reliably ensure the
design of EFB-based bricks and predict the prop-
erties of the fibrous product based on some vis-
ible characteristics. Moreover, low compressive
strength was one of the major disadvantages of
EFB-based brick, which needs to be resolved by
the following, (a) enhancing the interfacial bond
between EFB fiber and the matrix, (b) strengthen-
ing the cellulose structure of the fiber to withstand
stresses, and (c) tangling the fibers of various ra-
tios to reinforce the mixture constituents. More
suitablemethods should also be explored in subse-
quent studies, towards the realization of sufficient
results. To reduce the water absorption capacity,
the suction or moisture inflow into the brick voids
should be disrupted through the following, (a) fill-
ing the micro-pores within the cellulose structure
of the fibers, or (b) treating the surface of the cel-
lulose structure towards being waterproof. De-
spite these results, subsequent reports are still
needed to analyze the solutions. Combustibility
was also a concern to EFB-based brick, as the fiber
was susceptible to burning. This indicated that
the large void volume controlling air circulation
in the brick subsequently encouraged combustion.
In this condition, the decay, moisture, and abra-
sion resistance of EFB bricks were also question-
able, as the fibrous pore structure was observed
to accommodate the growth and development of
microorganisms, algae, and fungi. This decreased
and affected the durability and aesthetic appeal of
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the blocks. The poor bond between EFB fiber and
the mixture also affected the abrasion resistance
of the bricks. Therefore, the performance of rele-
vant studies is futuristically recommended for the
assessment of severe issues and the development
of several problem-solving techniques.

6 CONCLUSIONS

The feasibility of using palm oil empty fruit
bunches (EFB) to produce bricks and mortar was
reviewed in this study, where the fiber practically
had a higher utilization potential. This was ad-
vantageous in reducing the density, thermal con-
ductivity, workability, and compressive strength
of bricks. It also encouraged water absorption, as
well as slightly increased the tensile and flexural
strength. As a structural element, these effects
were found to be unfavorable to the brick, with the
sole allowance of minimum EFB fiber application.
Despite these results, the development of this
brick was still at the exploratory stage, wheremost
studies focused on learning the physical and me-
chanical properties of EFB-based products. This
revealed that the techniques used to produce the
EFB bricks were quite straightforward, based on
the addition of clean fiber into amixwithoutmuch
treatment. Furthermore, the experts generally
evaluated the feasibility of these blocks based on
some critical properties, such as strength, density
and water absorption, which were still not thor-
oughly analyzed. For these bricks, some weak-
nesses were observed based on inconsistent qual-
ity, low compressive strength, high water absorp-
tion, easily combustible, as well as decay and abra-
sion susceptibility. These limitations need to be
addressed before the real application, with the re-
sults obtained providing some possible directions
for future reports. To overcome the problems re-
lated to EFB brick, the proposed solutionswere hy-
pothetical and still at the conceptual stage, indi-
cating the necessity to futuristically conduct a vi-
ability test in subsequent reviews.
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