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Abstract. Nowadays, one of the most important construction materials is concrete. By the advances of the industries 
in the urban areas, concrete is considered as one of the highest demands.  As a result, the large amount of unprocessed 
materials is needed for making concrete.  In the meantime, the agricultural wastes and solid material disposal are giving 
serious damages to the environment. As a result, by employing the agricultural wastes as a cementitious material, the 
undesirable impacts of the concrete industry to the environment will be dramatically decreased. That’s because the 

source of these newly developed concretes is both reliable and environmental friendly. In this study, the utilization of 
agricultural wastes as a complementary cementitious material for producing the concrete is explained. In addition, it 
discusses the possibility of deploying the agricultural wastes by considering their engineering, physical and chemical 
properties. In addition, the successful use of agricultural wastes from oil palm industry such as oil palm shell, palm oil 
fuel ash and palm oil fibre in the concrete mixture was reported. 
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1. Introduction 

It’s almost about hundreds of years cement and concrete 

has been used in buildings, there are also evidences 
showing that Portland cement has been used for hundreds 
of years. What makes concrete standing in the first place 
among other materials is that the whole constituents of it 
can be chosen and the one, using it, is able to develop 
and improve the characteristics of each constituent and 
finally form the most developed hard-wearing 
impermeable material [1]. The amount of concrete 
production claims this truth that it is the most significant 
material used in buildings [2]. There is no doubt that 
there is a steep increase in population and by the end of 
the 21st century 11 billion people will have been living 
on the Earth, and that’s clear enough that the more 

population on the Earth, the more common goods and 
services are needed [3]. As a result it has been thought 
that about 18 billion tons of concrete is needed by the 
year 2050 [4]. Here again can be concluded the more 
concrete and cement going to be produced, the more 
natural resources is used. What has been discussed the 
most in the past decade is that green issue needs to be 
considered in every aspects of life, and the buildings are 

not exceptions. The construction material of building 
have the most impact on the Green Building Rating 
(GBR). Here it should be considered that there are 
several important factors which make concrete look less 
compatible with the environmental inquiries of the 
modern construction industry which are CO emission 
during the process of Portland Cement production, the 
amount of energy we dedicate to it, natural resources 
used such as water, aggregate and fillers which are 
widely used in the formation process of concrete. 
 Ramezanianpour et al. (2009) clarified this fact 
that what we are using as concrete nowadays is not 
sustainable at all, but using industrial and agricultural 
waste constituents may lead us to the point the industry 
will be more friendly and sustainable [5]. According to 
this debate some sort of materials can be named such as 
fly ash, recycled concrete, recycled plastics, silica fume, 
Grand Granulated Blast Furnace Slag (GGBFS) which 
have been used several years as important concrete 
production constituents [2, 6]. There are some other 
found facts nowadays that show agricultural solid wastes 
are being used in both structural and non-structural 
concrete. Among the oil palm industry’s agricultural 
wastes oil palm shell, palm oil fuel ash and palm oil fiber 
can be seen. Using other replaceable conventional 
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materials such as agricultural solid wastes as aggregate 
in concrete instead of typical ones (sand as fine and 
gravel as coarse) which take three fifths to four fifths of 
the concrete’s volume [7], helps in saving energy and 
natural resources as well as material cost reduction.
Parallel to this strategy the problem of the wastes after 
the demolition of concrete structures which means 
saving environment is being overcome [5, 8]. The 
research on the area of agricultural waste utilization in 
concrete construction is quite a new topic. The increment 
of research on this area encourages the construction 
industries to use these concretes in their projects. In this 
research, the agricultural solid wastes produced from oil 
palm industry are used tested to construct the concretes. 
In addition, green building rating system, environmental 
sustainability and the relations between concretes with 
similar characteristics are discussed. Recognition of 
these agricultural wastes by both civil and agricultural 
engineers made it possible to use these materials in 
construction and some specific industries too. Moreover, 
by using these materials, the environmental 
sustainability of concrete’s manufactures will be 

improved.

2. Agricultural wastes from oil palm 
industry 

Malaysia, Indonesia, Thailand and Nigeria are the 
countries that have oil palm industry as one of their main 
agro-industry which Malaysia and Indonesia are 
considered as the top two countries in palm oil 
production. The crude palm oil produced by Malaysia is 
over 7 million tons a year [9]. The world palm oil 
production in 2011 is shown in Figure. 1 [10]. The 
amount of solid waste produced during the palm fruit 
processing plants is considered as one of the major 
drawbacks of this process. As an instance, Malaysia has 
the highest amount of solid waste produced in a year 

which is 47 million tons followed by Indonesia with 40 
and Thailand with 3.5 million tons of solid waste 
production annually. Oil palm bunches; palm fibre and 

fruit shells are the solid wastes. Moreover, the above 
mentioned countries produce over 8 million tons of oil 
palm shell in a year [11]. 

 
Figure 1. World palm oil production [10]. 

2.1. Oil palm shell (OPS) 

The palm shell’s shape can be angular or polygonal 

based on the breaking pattern of the nut and its oil color 
varies [12]. The attributes of the OPS is shown in Table 
1. According to the table, the OPS has the density similar 
to the other lightweight aggregates while its weight is 
about 60% less as compared to the conventional coarse 
aggregates [13-15]. In addition, in comparison with 
conventional coarse aggregates, the OPS have about 80% 
lower Los Angeles abrasion value [16]. Therefore, such 
features and properties make OPS aggregates resistance 
to wear and due to its low impact and crushing values, it 
makes them absorbance to shock [17].

Table 1. Properties of the crushed granite (conventional aggregate), Oil palm shell and Coconut shell (agricultural waste) in detail as 

follows [14, 15, 17-20]. 

Properties Oil Palm Shell Crushed granite Coconut shell

Specific gravity 1.17–1.37 2.60–2.70 1.05–1.2

Bulk density (uncompacted) 
(kg/m3) 510–550 1300 –

Bulk density (compacted) (kg/m3) 590–600 1420–1470 650
Void ratio (uncompacted) (%) 63 52 –

Void ratio (compacted) (%) 57 47 –

24 h water absorption (%) 21–33 <1 24
Aggregate impact value (%) 4–8 13–17 8.15
Aggregate crushing value (%) 5–10 20 2.58
Los Angeles abrasion value (%) 3–5 24 1.63
Flakiness index (%) 65 25 –

Shell thickness (mm) 2–8 – 0.15–8 mm
Thermal conductivity (W/mc) 0.19 – –
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Loss on ignition (%) 98–100 – –

The shells have smooth concave and convex faces with 
sharp and spiky broken edges. The initial start of 
deployment of lightweight aggregates for making 
lightweight concretes was by a Malaysian and Nigerian 
researchers in 1984 [12, 21]. In many of the studies, the 
compressive strength of the OPS lightweight concrete 
with 20% to 25% lower density as compared to the 
Normal Weight Concretes (NWC) and in presence or 
absence of the cementitious materials is within the 
normal bounds of the compressive strength of the 
structural lightweight concretes (25 to 35 MPA) [14, 15, 
19, 20]. Yet, it is still likely to enhance the compressive 
strength of the OPS lightweight concrete to 53 and 56 
MPA in 28-day and 56-day tests [22, 23]. It is quite 
important to enhance the compressive strength of the 
concrete making use of an aggregate such as OPS with 
acceptable strength as the design and making a concrete 
structure is fully dependable on the compressive strength 
[23]. Besides, due to the high applicability and 
environmental friendly of the usage of the waste 
materials, the construction industry will be encouraged 
to apply these materials in their projects. 

There are many articles and researches explaining and 
analyzing various mechanisms such as the use of Old 
OPS, Crushed OPS and OPS with smaller maximum of 
coarse aggregate for the production of the high strength 
OPS [23-25]. High compressive strength can be achieved 
by the Old OPS since there is no fibre on the OPS surface 
which accordingly improves the OPS and cement matric 
bond. On the other hand, crushing old OPS and 
diminishing the highest possible size of coarse OPS 
aggregate can be counted as another mechanism. Tough 
physical bond with hydrated cement are the main 
characteristics of the crushed OPS. The strong bond of 
the crushed OPS is because of the decreased in smooth 
surface of the OPS and due to crinkling of the large sizes 
of OPS aggregates, the total surface of the broken edges 
are increased. Moreover, the compressive strength 
increases by using smaller size of OPS aggregate which 
enhances the bond between the aggregate and the paste. 
The OPS aggregates in different states and the chosen 
mix proportions of OPS concrete with normal and high 
strengths are shown in Figure 2 and Table 2 respectively 
[26]. The size of the OPS (as coarse aggregate) in all of 
the OPS lightweight concretes with normal strength is 
9.5mm while is it 8mm for high strength OPS 
production. 

According to the literature [12], splitting tensile strength, 
flexural strength and modulus of elasticity as the 
mechanical properties of OPS concrete at the same 
compressive strength, are lower as compared to 
lightweight aggregate concretes made from artificial or 

natural lightweight aggregates. But it has been proved 
[24] that the compressive strength, splitting tensile and 
flexural strength enhance significantly by including steel 

fibre into OPS concrete. The steel fibre OPS concrete’s 

splitting tensile/compressive strength ratio is within 
normal weight concrete and its flexural strength is similar 
to artificial lightweight aggregate concrete. The previous 

studies showed that the OPS concrete has significantly 
lower modulus of elasticity in comparison with the 
normal weight concrete. However, the OPS concrete’s 

modulus of elasticity can be further improved to the 
normal weight concrete ranges by deploying certain 
methods which are contingent upon  the use of old OPS 
and old crushed OPS [24, 25]. Teo et al. (2010) have 
analyzed the OPS structural lightweight concrete’s 

durability properties under different curing conditions. 
They revealed that both OPS structural lightweight 
concretes and conventional lightweight concretes are 
having similar durability properties. They reported that 
OPS concrete requires proper curing to attain superior 
durability over the conventional lightweight concretes. 
In addition, they suggest that the least possible period of 
moist curing must be done for 7 continuous days [27]. 
Besides, a comparison between bond properties of OPS 
concrete and normal weight concrete [28] showed that 
the OPS concrete’s bond stress was 86% of the 

corresponding normal weight concrete, however, the 
OPS concrete had 2.5 times higher bond stress as an 
ultimate value in comparison with the theoretical values 
determined according to the BS 8110 [29]. Moreover, the 
flexural and shear behaviour of reinforced and un-
reinforced concrete beams constructed from OPS were 
tested and examined where in low reinforcement ratio, 
the reinforced concrete beams fulfilled the expectations 
in serviceability requirements with low reinforcement 
ratio of the BS 8110 code, [30]. By comparing the 
ultimate moments and predicted moments of the OPS 
reinforced concrete beams with 3.14% reinforcement 
ratio, it is concluded that the OPS reinforced concrete 
performed 4% to 35% ultimate moments. But if the 
beam’s reinforcement ratio increases to 3.90%, then the 

ultimate moment’s capacity will be underestimated by 

BS 8110 by about 6%. Hence, it was suggested that if the 
reinforcement ratio is greater than 3.14%, then larger 
depth for OPS concrete beam to be applied. The research 
conducted by Ahmed and Sobuz (2011) indicates that the 
flexural behaviour of beams produced from OPS and its 
theoretical results are having close outcomes [31].
Additionally, an adequate shear behavior of OPS 
concrete beams is described [31, 32]. It should be 
highlighted that according to Alengaram et al. (2011), the 
overall flexural behavior of reinforced OPS concrete 
beams are similar to the equivalent beams produced from 
normal weight concrete [33]. 
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Figure 2. Oil palm shell grains in different conditions. 

(a): old, (b): fresh, and (c): crushed from large size old 

OPS [26].

Table 2. Selected mix proportion and properties of oil palm shell lightweight concrete 

Mix no 1 2 3 4 5

Mix proportion
(kg/m3)

Cement 360 480 550 480 510
Silica fume 0 0 0 0 0
Fly ash 0 0 0 0 0
Super
Plasticizer
(%)

1.8 1 1.1 1.5 1.4

Water
to cement 0.45 0.41 0.31 0.38 0.38

Oil palm shell 380 370 330 300 310
Conventional
Coarse 
Aggregate (granite)

210 0 180 0 0

Fine
Aggregate 830 820 710 1050 850

Fresh Property (slump, mm) 33 7 205 50 60
Density (kg/m3) 1910a 1900a 1980a 1990c 1960b
28-Day cube compressive Strength 
(MPA) 34 29 53 47 28

Reference Shafigh et al.  

[12]

Mannan and 
Ganapathy 
[13]

Shafigh et 

al.  [23]
Shafigh et 

al. [22]
Teo et al.  
[34]

a Demolded density.

bAir dry density.

c Oven dry density.

2.2. Palm oil fuel ash (POFA)  

Tangchirapat et al. (2009) expressed that Oil palm fuel 
ash (POFA) is an agro-waste ash produced from palm oil 
remainders like palm fibre and shells. These wastes are 
burnt at 800 to 1000 C of temperature in order to use its 
produced steam as the purpose of generating electricity 
in biomass thermal power plants. There are 15% of shell 
and 85% of fibre in residue of the oil palm. As for the 
energy production, a boiler is used to burn the empty 
fruits which basically produce 5% ash as weight as solid 
waste. There is a huge pollution affecting the 
environment due to the production of the solid wastes 
and ashes. Hence, a possible practical solution must be 
given to resolve the land-fitting, pollution and high cost 

of material constructions. Due to the high cost of waste 
disposal, it delivers “negative value”, whereas the 

maximized manageable usage of POFA delivers 
“positive value” while decreases negative impacts on the 

environment. By comparing the palm-oil products during 
past two centuries, POFA has the most negative effects 
on the environment since it remains in the atmosphere. 
By burning the solid wastes as a fuel in a boiler, POFA 
will be produced [35]. The solid wastes are palm oil husk 
or fibre and palm kernel shell. The residue of an oil palm 
industry is shown in Figure 3a. By using 300 μm of sieve, 
there are ashes remained which are displayed in Figure 
3b [36].
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Figure 3. (a) Palm oil residue and (b) palm oil fuel ash [36]. 

The POFA has various development processes both in 
industrial development stage and burning process. The 
early stage preparation of POFA was tested by Noorvand 
et al. (2013) in an oven for the duration of 24 hours under 
105 ± 5 °C of temperature once the burning process was 
over [37]. On the other hand, Tangchirapat et al. (2009) 
have the ashes prepared after incineration process by 
using sieve number 16 (1.18 mm opening) under the 
temperature of 700 to 1000 °C. According to their 
experimental studies, three types of POFA were found 
based on the gravity sizes of 1.89 for original (OP), 2.36 
for medium (MP) and 2.43 as for the small (SP). Their 
analysis proves that the grinding process in addition of 
enhancing the POFA’s quality, it improves the specific 

gravity too [35]. In 2013, Abdul Awal and Shehu (2013) 
conducted a research in Johor which is the southern-state 
of Malaysia. In this study the ashes were prepared from 
the flue tower’s foot. Then, a 150 μm of filter was used 
in sieving process. The results were grounded and 
modified to the Los Angeles abrasion test machine 
containing 10 stainless steel bars. These bars were 
having 12 mm diameter with 800 mm long and were used 
as a replacement for steel balls [38]. Depending on the 
carbon content of the ashes produced, their colors vary 
from light grey to dark grey [37, 39-44]. Finally, it was 
understood that the fuel industry is the main sources of 
the raw materials of the POFA, being incinerated in a 
boiler or other grinding industries. In addition, those fine 
ashes that were escaped from the boiler were trapped and 
sieved by a 150 μm to 300 μm filter so that the small 
sized ashes remain. The palm oil industry’s operating 

system has direct effect on the POFA’s physical 

characteristics. The Los Angeles abrasion test machine is 
used to ground the ash. This machine had 10-20 stainless 
steel bars. POFA had a grey color in bulk, but it became 
darker by the increment of the properties of the carbons 
that were unburned. Table 3 describes POFA’s properties 

where silicon dioxide (SiO2) is the core oxide. POFA has 
about 59.6% to 66.9% of silica. Furthermore, there is 
approximately 1.9% to 5.7% of iron as well as about 5% 
calcium oxide (CaO). Nevertheless, it has a specific 
gravity of 1.9 to 2.4. In addition, the carbon’s amount 

exists in ash is effectively depends upon the incineration 
process. As an instance, the amount of Loss on Ignition 
was 8.25% which is considered high according to the 
ASTM C618 that specified it 6% as the maximum value 
[45]. Efficiency parameters such as time and
temperature, combustion process and material source are 
the main reasons for having different amount of chemical 
components in POFA. 

Table 3. The chemical and physical properties of POFA [36]. 

Chemical composition (%)

SiO2 59.6–66.9
Al2O3 2.5–6.4
Fe2O3 1.9–5.7
CaO 4.9–6.4
MgO 3.0–4.5
SO3 0.3–1.3
Na2O 0.2–0.8
K2O 5.0–7.5
LOI 6.6–10.0

Physical properties

Median particle size (μm) 10.5

Specific gravity 1.9–2.4

Blaine fineness (m
2

/kg) 493.0

 

Table 4. The selected mix proportion of high strength concrete. [35, 38, 43, 44, 46, 47]. 

Cement
POFA

kg/m3 % Sand
Coarse

aggregate
Water SP (l)

W/C Slump        Day

28 days 90 days

1 495.0 55.0 10 753 959 176 6.8 0.32 250 60 68

2 440.0 110.0 20 745 950 176 8.6 0.32 240 61 70
3 385.0 165.0 30 738 940 176 11.6 0.32 250 59 66
4 400.0 100.0 20 711 1067 145 11.5 0.28 – 37 52
5 400.0 100.0 20 711 1067 145 11.5 0.28 – 49 53
6 540.4 145.3 25 1057 1340 168 50.4 0.23 169 175 182
7 214.0 213.0 50 787 961 205 - 0.29 115 41 –

8 171.0 256.0 60 787 961 205 - 0.29 90 36 –
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9 128.0 299.0 70 787 961 205 - 0.29 80 28 –

10 504.0 56.0 10 757 971 153 8.5 0.28 200 89 91
11 448.0 112.0 20 749 962 151 11.8 0.28 185 94 93
12 392.0 168.0 30 742 952 148 16.9 0.28 185 87 91
13 270.0 30.0 10 804 1024 216 – 0.72 80 39 40
14 240.0 60.0 20 801 1021 210 – 0.70 60 32 39
15 210.0 90.0 30 799 1018 219 – 0.73 75 28 34

The pazzolanic reaction of coarse POFA is slower as 
compared to high fineness POFA. Therefore, because of 
the higher dense and homogeneous of the high fineness 
POFA, it can effectively enhance the concrete’s 

compressive strength. Moreover, POFA can be applied 
as a binder to meet the chemical necessities of the ASTM 
C618 [45]. Due to the low Loss of Ignition (LoI) of the 
POFA which is below 10%, it will be used as a 
pazzolanic component. As a result, it benefits the 
concrete construction industry.  As another research in 
concrete strength enhancements, the capabilities of 
POFA as a pozzolan were investigated [36]. There is a 
tremendous effort by the researches to improve the 
POFA concrete’s behavior to the pazzolanic reactions 

where the result of this reaction is the hydration products. 
Table 4 displays the compressive strength of few chosen 
mixtures. The compressive strength of the concretes 
having different POFA’s properties is over 55 MPA in 
28-days test. However, by increasing the POFA 
percentage up to 20% and 30% in the concrete, the 
compressive strength is 59 and 61 MPA respectively. 
According to the Table 4, the concrete samples having 
POFA have higher compressive strength as compared to 
the normal concretes at 28 days. The compressive 
strength of a concrete increases to 70 MPA in 90-days 
test and by using 20% POFA. Two different palm oil 
industries provided two types of POFA which are 
CAPOFA and ALPOFA. Based on the sample G(I), 
utilizing fiber (steel) as a binder aggregate can lead to a
compressive strength of 175 MPA in comparison with 
situations where no fibers are used. In the meantime, by 
having 10%, 20% and 30% of the POFA mixed with 10% 
SF, the strength increases to 93 MPA. Moreover, to make 
a concrete with high strength, POFA with proportion of 
30% can be applied in replacement of cement which 
results in higher compressive strength as compared to the 
concrete produced using Portland cement. The 
compressive strength has an expansion and loss which 
can be reduced if the ultrafine is included. It was 
proposed that to minimize the needs of the high-strength 
concrete to the water, POFA can be utilized to act like 
pazzolanic POFA [46]. In general, it has been proved that 
POFA has pazzolanic cementing materials including 
superior engineering in a suitable and appropriate mixing 
and curing system. In addition, the larger amount of 
waste materials produced in agriculture can be used. 
Then, by reducing the waste’s volumes and Greenhouse 

Gases CO (GAGs), the environment will be protected. 
Besides, in addition of reducing the construction-cost, 
POFA is conducive to maintainable industry. 

2.3. Palm oil fibre  

Recently, cellulose, lignin and hemicellulose which form 
the lignocellulosic materials of a palm oil fiber, have 
obtained the demand thrust. Therefore, the 
lignocelluloses fibers are obtainable and they are being 
heavily utilized even with inadequate developments in 
technology. The oil palm fiber is a harmless, recyclable 
material taken from Oil Palm’s Empty Fruit Bunch 

(OPEFB) by applying a process called decortation. As 
the main specifications of the fibers can point to their 
cleanness, non-carcinogenic, soft parenchyma cells as 
well as free from insecticide. The fibers used in this study 
are displayed in Figure 4. As the purpose of making cost 
effective construction material in construction industry, 
the interests in using natural fibers as reinforcement have 
been dramatically increased [48]. The comparison 
between physical properties of the palm oil fibre and 
other references are explained in Table 5.  

The mechanical properties of palm oil fiber like tensile 
strength, elongation and modulus of elasticity of fiber are 
shown in Table 6. These properties were ascertained by 
the ASTM C1557 standards by using a Tinius Olsen 
machine and 8x10-6 m/min of cross-head speed. 
However, Subramani (2007) claims that specified fiber 
content (percentage) is the only factor affecting the 
compressive strength. In their study, by increasing the 
fiber content percentage, the modulus rupture of 
specimens remains constant. They reported that there 
might be a reduction in bonding and disintegration if the 
fiber is congested [49]. The lowest flexural strength of 
the specimen is when there are 0.5% of content and 5cm 
of fiber length where the 5cm fiber length could be the 
reason of this low flexural strength since majority of the 
fibers weaken the bonding among particles [50]. One of 
the vital components in a concrete is fiber’s size. It has 

both pros and cons based upon the fiber’s length size. 

However, in comparison with long fibers, small fibers 
deliver a uniform dispersion in the concrete mix if the 
concrete properties are fresh. In addition, by using short 
fibres, the workability of the concrete mix increased as a 
result of extreme fiber balling reduction [51]. The 
strength of the composites can be further improved in 28 
days by having palm oil fiber added to the composites. 
However, it must be noted that although the fiber causes 
enhancements in the strength but this is not true for the 
fiber content (percentage) [49]. 
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Figure 4. Palm Oil Fiber [48] 

Table 5. Mechanical Properties of POF [48]. 

Technical 

Attributes

Reference

[49, 52]

Result from

Amrec, 
SIRIM

FKKKSA,
UTM

Tensile Strength 
(MPA)

21.2 83.1 113.43

Elongation at 
break (%)

0.04 0.11 0.11

Compression of 
Strength

36.4 - -

(MPA)
Direct Screw 
Withdrawal (N)

1420 - -

Nail Withdrawal 
(N)

310 - -

Bending Stress 
(MPA)

37.6 - -

That means by the increase in fiber content (percentage), 
the strength does not necessarily improve. There could 
be an improvement on the strength of hardens concrete 
based on the fiber content. Yet, both the structural 
integrity of the harden concrete and bonding and 
disintegration can be reduced by the fiber congestion. By 
utilizing the fiber in concrete the matrix bonding will be 
increased in comparison with control mix. As a result, 
the concrete’s strength improves. Once the fiber is added 

to the concrete, based upon its percentage as 0.25% or 
0.50%, the optimum length of the fiber would be 5cm 
and 3cm respectively. Therefore, by having the fiber 
content, the required properties increase [50]. Ramli and 
Dawood (2010) denoted that the addition of oil palm 
fibre in the mixture will moderately increase the density 
of the lightweight concrete [53]. 

Table 6. Physical Properties of Palm Oil Fiber [48]. 

Properties

Result From References

MPOB/UKM [54] [52]

Average fiber length, μm 170.38 - -

Average fiber width, μm 291.44 - -

Average lumen width, μm 11.33 7.90 12.34

Average wall thickness, μm 4.90 2.30 3.38

Moisture content, % 10.57 - -

Ashes content, % 2.4 - -

Water absorption, % 15.97 *result from Amrec, SIRIM

3. CONCLUSION 
As long as the population grows, it is essential for the 
concrete industries to focus on the maintainable 
developments. Therefore, it is possible to reach to this 
objective by using by-products and agricultural wastes. 
According to the previous studies, some specific 
agricultural wastes such as oil palm shell, palm oil fuel 
ash and oil palm fibre can be used in producing the 

concrete due to their satisfactory performance. As a 
result, by using these materials, an initiative can be taken 
to enhance the environmental sustainability of the 
concrete industry. Hence, by the advances in current 
knowledge and exploration of the other agricultural 
wastes to be applied in concrete mixtures, there will be a 
feasible contribution in enhancements and improvements 
of the environmentally sustainable and friendly 
constructions.
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