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Abstract: The advent of the COVID-19 pandemic has increased the amount of plastic waste. The demand for food
and plastic-packaged foodstuffs has increased, and the use of disposable utensils has increased. The large usage of
plastic packaging was the main factor which contributed to the plastic waste disposal. Since these plastic wastes
are not easily degraded, it has led into massive environmental pollution. Transitioning towards eco-friendly
materials for new sustainable technologies will be critical to combating future pandemics and reduce the plastic
waste. Hence, recycling of plastic waste and its re-utilization as green and eco-friendly construction material could
decrease the tendency of environmental pollution. In this review paper, we have presented an overview of the
published articles which recycled plastic waste as an eco-friendly aggregate material for different construction-
based applications before COVID 19 and during COVID 19. Furthermore, the processing methods which were
suggested in the published articles for recycling plastic waste have been discussed. A few construction materials
could be developed by utilizing the plastic wastes, including the polymer-modified asphalt mixes, eco-bricks, and
construction and demolition materials. These products could be used as novel products for other sustainable
applications and benefits of circular economy. According to several reports, polymeric based plastic wastes can be
effectively used as a recycled material, decrease the demand for traditional materials and also tremendously reduce
the construction costs.

Keywords: Plastic waste, Eco-friendly aggregate, Eco-brick, Covid-19, and material construction

1. Introduction

1.1 Plastic Waste Management

The COVID-19 coronavirus which was officially identified in December 2019. The emergence of the COVID-19
pandemic has increased the complexity of plastic waste management. In addition, national lockdowns and home
quarantine orders have led to increased reliance on online delivery of food and other essential groceries which has led to
an increase in the production of plastic packaging waste (Benson et al., 2021; Scaraboto et al., 2020). The temporary
closure of restaurants and shops will change people's habits of life and consumption; this will create an accumulation of
waste generation. Individual choices during the Lockdown period have also increased the demand for plastics. Packaged
food and groceries delivered to homes accounted for an additional 1400 tonnes of plastic waste during Singapore's 8-
week lockdown. The global plastic packaging market size is projected to grow from USD 909.2 billion in 2019 to 1012.6
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billion in 2021, at a compound annual growth rate of 5.5%, mainly due to the pandemic response (Yudell et al., 2020).

Management of plastic waste is of major significant environmental issue in pandemic era This problem can
negatively affect the global climate, which in turn, could severely affect the public health (Kholil & Jumhur, 2018).Several
factors have been attributed to an increasing waste, i.e., population explosion, community-levelactivities, socio-economic
practices, technological advancements and the community life-style pattern (Boysan et al., 2015; Setyowati & Mulasari,
2013). Due to the constant increase in the global population, there has been a significant increase in the generation and
disposal of plastic waste (Budiyanto, et al., 2020). Different countries produce different types of plastic waste. As a result,
a 3R (i.e., Reuse, Reduce, and Recycle) program was proposed for decreasing the waste products which affected the
environment (Rehman et al., 2020). The amount of waste produced in a community can be effectively managed after
converting it to many useful products which are economically sustainable and viable (Boysan et al., 2015).

Like other countries, Indonesia is also suffering from the arising issues due to the accumulation of plastic waste
(Kholil & Jumhur, 2018). Furthermore, our fast-paced living have led to the massive utilisation and application of plastic
packaging. The plastic packaging is very useful in day-to-day activities due to their lower production costs and high-
performance features (Hasnat & Rahman, 2018; Liliani et al., 2020). The plastic material is produced using the principles
of polymer chemistry and cannot be naturally decomposed if buried with the other waste (Wahid., 2015). A combination
of several synthetic polymers (like polyamide, polystyrene, polyvinyl chloride, polyethylene, polyethylene terephthalate,
and polypropylene) were used as packaging materials (Dixit & Yadav, 2019). Different polymeric wastes like plastic are
produced after the consumption of packaging materials. These form a solid wastes which are not easily degraded and it
was kept exponentially accumulated, thereby causing a huge environmental burden (X. Li et al., 2020). The primary and
secondary carbon molecules present on the polymeric structures of the plastic materials were mainly responsible for their
non-biodegradable properties (Arredondo-Orozco et al., 2019).

Even today, many illegal societies have collected the plastic waste from the residents and dispose it into landfills,
rivers or other water-bodies, which finally transported to the ocean (Wulandari., 2017). One related study have stated that
about =10 million tonnes of plastic waste has generally thrown to the sea, which then negatively affects marine life-forms
(Mourshed et al., 2017). The most commonly used forms of plastic materials which are used for packaging and as bottles
includes the Polyethylene Terephthalate (PET) High-Density Polyethylene (HDPE), and Low-Density Polyethylene
(LDPE) (Intan & Santosa, 2019).

Recycling these plastic wastes could significantly decrease the problems related to the disposal in global
communities. One such method used for recycling plastic waste was through converting it into some tangible products
which have added value and properly reuse the plastic wastes (Deutz., 2010). Some techniques which are practiced for
recycling the plastic wastes are through the production of bags, crafts, as plastic flowers, purses, etc. (Indrianti, 2016;
Woulandari et al., 2017).

Along with these different domestic applications, plastic wastes are effectively used as an alternative ingredient in
paving blocks, road construction, asphalt pavement, bricks and eco-bricks (Agyeman et al., 2019; Akinwumi et al., 2019;
Appiah, Berko-Boateng, & Tagbor, 2017; Arul Arulrajah et al., 2020; Intan & Santosa, 2019; Kofteci, 2016; Limami et
al., 2020; Movilla-Quesada et al., 2019; Taaffe et al., 2014). The recycling of plastic waste was an effective technology
which helped in managing waste. It was usually implemented after the preventing action, minimizing and reusing waste
have been applied (Bundhoo, 2018). The recycling process transforms the waste materials into different products which
possessed an additional value with regards to their social, financial or environmental aspect (Afroz et al., 2017).

1.1 Classification on the Plastic Waste

Table 1 presents the different categories in which plastic wastes are classified. Product packaging is the main
application of plastic materials and was accounted for 40% of total usage. Hence, the categorization of plastic wastes are
based on the raw plastic used for packaging purposes and was classified based on their special numbers. Packaging based
products includes plastic wraps were usually been discarded after used and need to be sorted out in accordance their
respective numbers, for assisting the recycling process (Nandy et al., 2015).
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Table 1 - Classification of plastic waste (Kumar et al., 2018)

S. No. Source code Name of plastics Applications Current generation rate
(kg/tonne of MSW)

1 n Polyethylene terephthalate (PET) Drinking water bottles, soft drink bottles, food 7702

U‘) jars, jell and pickles jars, plastics films, sheets
2 n High density polyethylene (HDPE), Shopping bags, food containers, woven sacks, 30650

Lz‘) bottles, plastics toys, milk pouches, detergent

bags, metalized pouches

3 A Polyviny! chloride (PVC) Pipes, hoses, sheets, wire, cable insulations, 0.506

La A multilayer tubes
4 A Low density polyethylene (LDPE) Plastic bags, various containers, dispensing 9.948

L.4 .) bottles, wash bottles, tubing
5 ,\ Polypropylene (PP) Disposable cups, bottle caps, straws 5.649
6 A Polystyrene (PS) Disposable cups, glasses, plates, spoons, trays, 1084

Lg .) CD covers, cassette boxes, foams

Thermoset, polycarbonate (PC), (D, melamine plates, helmets, shoe soles. 1365

1\,
U ‘) Polyurethane (PU)

Total generation of plastic waste 56.904

In the study performed by Kumar et al {Formatting Citation} has classified the plastic users based on the types of
users socio-economic, which mainly categorized into 3 different groups, i.e., Higher SocioEconomic Group (HSEG),
Middle SocioEconomic Group (MSEG), and Lower SocioEconomic Group (LSEG). As shown in Fig. 1, HSEG is the
major consumers of plastic materials, which accounted about 54%.

Fig. 1 - Distribution of the socioeconomic group with regards to the plastic waste management (Kumar et al.,
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Fig. 2 - Rate of plastic waste generated by different socioeconomic groups (Kumar et al., 2018)
Plastic materials are generally consumed in the form of PET based products. As shown in Fig. 2, the plastic waste

produced from PET (which is used in different products like drinking bottles, food bottles, plastic films, soft drink bottles,
and sheets) were generated consumed by the entire different social groups. Along with the PET -based products, the PP,
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HDPE, LDPE, and PVC wastes are also generated by different social groups. Since it was very difficult to review the
problems related to all forms of plastic materials, the researchers have only focused on the management of plastic wastes
that generated from PET, HDPE, LDPE, PVC and PP plastics. Different studies had stated that these materials could be
effectively utilized as the building mix materials (Agyeman, Obeng-Ahenkora, et al., 2019; Akinwumi et al., 2019;
Appiah et al., 2017; Arul Arulrajah et al., 2020; Intan & Santosa, 2019; Kdfteci, 2016; Limami et al., 2020; Movilla-
Quesada et al., 2019; Pereira & Lourenco, 2016; Taaffe et al., 2014). This application was attributed to the fact that
plastics were of major types of polymeric material with varying chemical and technical specifications. Though, plastic
wastes are non-degradable, they also can be used as raw materials for recovering energy (Vidales-Barriguete et al., 2020).
High temperatures and ultraviolet radiation are used for breaking the polymeric structure and converting it first into
smaller pieces and finally into microscopic granules which are mixed with other materials to form a novel and more
durable product (Hasnhat & Rahman, 2018).

One study has stated that a campaign was carried out for recycling plastic waste in Denmark. In many of the Denmark
recycling centres, the plastic wastes were categorised into three categories, i.e., hard plastics, plastics films and PVC, as
shown in Fig 3 (Faraca & Astrup, 2019; Kaliyavaradhan et al., 2019). Hard plastic are mainly consisted of PP. This
material was mainly used for non-food related applications (42%), food packaging (20%) and in an automotive sector
(16%). HDPE was used for non-food packaging applications like construction (18%) and plastic toys (10%). The plastic
film waste was generated by five different types of plastics, i.e., LDPE (63%), PP (25%), HDPE (7%), PET (5%) and
engineering polymers (0.2%). Plastic films were generally produced by using LDPE, PP, and PET based raw materials
(Horodytska., 2018). Basically, in our daily lives, we used many types of plastics like PP, PET, HDPE, LDPE, and PVC.
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Fig 3 - Use of polymers in applications that generate hard and plastic film wastes (Faraca & Astrup, 2019)

2. Methodology

2.1. Application Screening Criteria

Two techniques were used for defining the screening criteria. In the first process, practical screening was determined by
assessing the abstracts, publication content, and publication type and research background. In the second screening
process, the quality of the methodology used in the paper would further narrow the process. In this review, the researchers
have focused only on articles which discussed the use of plastic wastes for producing different end products. Here, we
reviewed the articles which presented all the techniques for recycling plastic wastes and producing construction and
building materials. The keywords used in this study are included ‘plastic recycling’ and ‘plastic waste’.

2.2. Bibliography Analysis

The initial screening process that has been generated by 111 previous related studies were double-screened by using
the second approach to finally yield into 105 refined high-impact articles. The publication date of these paperswas
restricted to those published between year 2008 and 2021. Among all, about 16 articles were related to plastic and
polymeric recycling, which were published in 2021. The results was indicated that this research topic has garnered a lot
of attention after year 2015. As a result, the number of articles which discussed this topic and were published after 2015
was very high and this trend has only increased in the last six years (Fig. 4). During the COVID-19 pandemic, there were
more than 30 articles discussing plastic waste during the COVID-19 pandemic. Research on thistopic has overwhelmingly
increased because the society needs to become aware of environmental sustainability, particularly regarding the issues
related to the recycling of plastic wastes and its benefit to circular economy.
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Fig. 4 - Number of publications

This review determined about four types of publications which published the majority of technical studies regarding
on the recycling of plastic wastes. As shown in Fig. 5, these publications were classified into journal papers (89%),
conference proceedings (6%), reports (3%) and books (2%). Since the majority of the articles were published in research
journals, these publications were further classified into journals which possessed an impact factor and had a Quartile
index by Scimago. Table 2 indicated that the majority of articles which were reviewed belonged to Q1, Q2, and Q3
categories.

Reports, 3%

Books, 2% -

Proceeding,
6%

Fig. 4 - Types of Publication

Table 2 - Groups of publication

Search Screening Number of articles
Q1 68
Q2 16
Q3 6
None from Scimago list 21
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The different journals which published articles related to the recycling of plastic waste were further determined as
shown in the following Fig 6. The results indicated that the Journal of Waste Management had published the maximal
number of articles on this topic and provided maximal information regarding the waste management program. The Journal
of Construction and Building Materials has also contributed and published many articles related to the topic of waste
management and the use of recycled plastic as a building material.

Energy Procedia

Materials Today: Proceedings

Procedia engineering

Revista de la Construction

Trends in civil engineering and its Architecture
Advances in Colloid and Interface Science
Engineering Structures

Environmental Technology and Innovation
International Research Journal of Engineering and Technology
Materials and Structures

Renewable and Sustainable Energy Reviews
Case Studies in Construction Materials
Environmental Science and Pollution Research
Journal of Building Engineering

Journal of Cleaner Production

Procedia Manufacturing

Resources, Conservation & Recycling
Construction and Building Materials

Waste Manag

»
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Fig. 6 - Number of publications published by different Journals

The data presented in Fig. 6 could be evaluated and categorised based on the type of plastic waste that was generally
used in the society. This classification considered the type of product which was developed after recycling the different
types of plastic materials. All these data are based on 11 articles which were assessed in this review and summarised in
Table 3.

Table 3 - Usage of various plastic wastes in numerous end products

Nc Plastic category Product Reference
1 HDPE and PP Mix Asphalt (Appiah et al., 2017)
) HDPE Mix Asphalt (Kofteci, 2016)
3 PP Paving Blocks (Agyeman, Obeng-
Ahenkora, et al,
2019)
4  PET, HDPE, Mix Asphalt (Movilla-Quesada et
PVC al., 2019)
£ PET Aerogel (Leetal., 2019)
€ PET Cement stabilized  (Arul Arulrajah et
al., 2020)
7 HDPE and PET Construction material (Limami et al.,
2020)
8 PET and LDPE Brick (Intan & Santosa,
2019)
9 PET Brick (Akinwumi et al.,
2019)
10 PET Eco-brick (Taaffe et al., 2014)
11 PET Construction material ~ (Perera et al., 2019)
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3. Results and Discussion

3.1. Polymer Modified Asphalt Mixes

The plastic wastes can be effectively used as the reinforcement material and as an enhancer additive ingredient. These
utilizations can provide alternative solutions for managing the plastic waste (Movilla-Quesada et al., 2019). The asphalt
mixture contains asphalt and aggregate-binding compounds which are petroleum-based plastic materials (Lesueur, 2009).
Many studies have been investigated the effects of recycled plastic wastes addition to the asphalt mixtures. It was seen
that these plastic-based mixtures were similar to the modified binder materials (Polacco et al., 2015). Addition of plastic
wastes to the asphalt had improved its durability which also led into the economic benefits (Landi et al., 2018). In an earlier
study, the researchers used plastic waste mixtures as the substitute for partial binders in the production of asphalt (Movilla-
Quesada et al., 2019). This was an efficient process as it did not require the separation of various polymeric constituents.
All types of plastic wastes which originated from PVC, PET and HDPE were crushed to form into smaller chips. In the
next step, i.e., at the solidification of the recycled aggregates, the wastes were crushed into a size which was similar to
the natural aggregates (Jiang et al., 2019). Once it became flaky, the waste was melted at a temperature of 180°C so that
the flakes could be binded together. Table 4 presents the different combinations of mixtures with varying volumes and
percentages of ingredients or composition.

Table 4 - Bitumen and plastic scrap composition (Movilla-Quesada et al., 2019)

Plastic Scrap

Series Bitumen (%0)

Coarse (%) Fine (%)
REF 100 - -
REF; 90 - -
PF1 90 - 10
PG 90 10 -
PF: 90 - 20
PG: 90 20 -

The REFerence (REF) aggregate mixtures were mixed with bitumen for 3 mins. On the other hand, the polymeric
mixture was mixed with the plastic pieces and aggregate and heated at 150°C (Fernandes et al., 2017; Lastra-Gonzalez,
Calzada-Pérez et al., 2016). A Wheel tracking test was carried out. The results indicated that the mixtures containing the
plastic wastes has yielded better results in comparison to the REF. An increase in the concentration of the plastic wastes
improved the settling of the materials, as shown in Fig. 7. The plastic wastes bind and tighten the mixture more firmly.
They also display a better affinity with the aggregates so that it shows a lesser deformation (Movilla-Quesada et al., 2019).

4

35

Rut Depth, RDair [mm]

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Cycle

Fig.7 - Wheel tracking test (Movilla-Quesada et al., 2019)

This study indicated that the plastic waste material could be used as the binder for asphalt. The scrap plastic waste
interacts with the aggregate material such that these plastic particles showed a size of <2.00 mm. This filled the air void
within the asphalt. When the asphalt was mixed with plastic wastes, it increased the pressure because of better energy
dissipation, which decreased its permanent deformation rate (Gautam et al., 2018; Mahdi et al., 2010; Movilla-Quesada
et al., 2019). Another study investigated the benefits of using recycled plastic wastes for road construction in Ghana.
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They focused on the HDPE and PP wastes mixed with asphalt (Appiah et al., 2017). In their study, the researchers
has manually liquefied the plastic wastes at the temperatures ranging at between of 160° and 170°C. Thereafter, they
analysed the mixture by determining the softening point (ASTM D-36), penetration (ASTM D-5), viscosity (ASTM D-
4402), and the Fourier Transform Infra-Red (FTIR) analysis. The FTIR spectrophotometric analysis has indicated that
the HDPE and PP polymers were properly mixed with the bitumen matrix, indicating that the PP and HDPE were
effective bitumen mixture materials and could be used for highway repairs and construction. Based on the results of the
mentioned tests, it was concluded that the PP and HDPE could be used for constructing roads (Appiah et al., 2017). In
another study, Kofteci investigated the effect of mixing only the HDPE plastic waste with asphalt (Kéfteci, 2016). The
researchers aimed to assess the effect of using a single plastic waste on the performance of this asphalt mixture. They
carried out the Indirect Tensile Test (ITT) for determining the water damage, flow value and stability of the mixtures.
In their study, they has compared five difference treatment strategies. HMA-0 was used as the control, while HMA-1
contained 1% HDPE, HMA-2 contained 2% HDPE, HMA-3 was made by using 3% HDPE, and finally, HMA-4
contained of 4% HDPE. The results indicated that the asphalt mixtures with 2 and 4% of HDPE content, showed the
best resistance characteristic. Furthermore, the HMA-4 mixture also showed higher stability and better resistance to
water damage. Thus, the researchers has concluded that the HDPE was a more appropriate material which could be used
for preparing the asphalt mixtures (Kofteci, 2016).

3.2. Construction and Demolition (C&D)

In a material construction field, PET can be mixed with cement and the construction materials or demolition waste
(Arul Arulrajah et al., 2020). The Construction and Demolition (C&D) activities generated a lot of waste and rock
particles in the urban areas, which was generally filled into landfills. For decreasing the quantity of disposed waste, this
waste needs to be used for forming brick products (Ouda & Gharieb, 2020). The construction waste had severely affects
the community and environment as the disposed waste was thrown into the landfills (Z. Li et al., 2020). Sustainability
is regarded as the biggest priority in the construction industry. In the past few years, plastic was used as the aggregate
material for managing strategically the uncontrolled disposal of plastic wastes (Jassim, 2017).

(a) RCA, (b) CB and (c) PET (Arul Arulrajah et al., 2020)

In their study, Mukherjee et al. (Mukherjee et al., 2020) noted that PET could be used for stabilising the cement and
C&D mixture to yield the Recycled Concrete Aggregate (RCA) and Crushed Bricks (CB). The C&D wastes were
described as a material which was often generated while demolishing a building or structure (A. Arulrajah etal., 2012).
They conducted some characteristic tests using three types of materials, i.e., PET, RCA and CB. The PET material used
in the study was crushed by using a chopper machine to produce a particle size of 5.00 mm (Yaghoubi et al., 2017).
Fig. 8 describes the physical appearance and the microscopic structure of the materials that were used in the study.
Table 5 depicts the different compositions of RCA, CB and PET used in the formulations.
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Table 5 - Composition of PET blends (Arul Arulrajah et al., 2020)

Materials Blend Name

RCA (%) CB (%) PET (%)

100 0 0 100%RCA (control)

97 0 3 3%PET + 97%RCA

95 0 5 5%PET + 95%RCA
100 0 100%CB (control)
97 3 3%PET + 97%CB
95 5 5%PET + 95%CB

The researchers carried out some laboratory tests on the PET particles and determined the size distribution, water
absorption, organic matter content, abrasion, particle density, crust index, and Unconfined Compression Stress (UCS)
values. Fig 9. presents the particle size distribution curve for the different materials used in the study. The results
indicated that the PET particles lay within the gradation curve limits that were described for the Registration of Crushed
Rock Mixes (VicRoad).

Fig. 9 - Distribution of the size particle curve (Arul Arulrajah et al., 2020)

Percentage passing (%)

+— 100%RCA

- SUPET + 9
—o— 100%CB

0 —x— 100%PET
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%RCA

0 WPET 4 979
—8— SUPET + 95%CH

0.01

Particle size (mm)

The figure showed that the higher PET content decreased the modulus of rupture and the flexural modulus values for the
RCA and CB. Many researchers recommended the use of different PET blends for constructing the pavement structures
(Di Maria et al., 2016; Mahdi et al., 2010; Xiao et al., 2019). The researchers also assessed the geotechnical properties of
these PET mixtures based on the California Bearing Ratio (CBR). The test results indicated that the PET mixtures with
CB and RCA satisfied the CBR and RLT (Repeated Load Triaxial) requirements (Z. Li et al., 2020).

Table 6 - Test results for concrete paving blocks (Agyeman, Obeng-ahenkora, Assiamah, & Twumasi, 2019)

Compressive

Strength  Average Density (kg/m®) Water

2 i i
Specimen Sample ID  Mix Ratio (N/mm®) and Porosity (%) gbsgrzptl?]r;S
7days 14 days 2ldays Density Porosity (%)
Control CB-001 1:1:2 3.81 4.23 5.56 1688.00 4.6
CB-002 6.02 6.42 6.58 1738.50 5.2
Average 4.92 5.33 6.07 1713.25 35.35 4.9
Less in Plastic  LP-003 1:1:2 5.88 6.61 7.01 2052.50 29
LP-004 6.04 7.26 7.61 2229.00 2.5
Average 5.96 6.94 7.31 2140.75 19.22 2.7
High in plastic Hp-005 1:05:1 9.51 9.53 7.06 2287.50 0.44
HP-006 7.26 7.29 9.99 2285.50 0.56
Average 8.39 8.41 8.53 2286.50 13.72 0.50

251



Okka Adiyanto et al., International Journal of Sustainable Construction Engineering and Technology Vol. 13 No. 2 (2022) 243-257

The plastic wastes are mixed with different aggregates and used as building materials and also pavement blocks
(Agyeman et al., 2019). PET, LPDE and HDPE are the common types of plastics which are used for making pavement
blocks. They are added to sand and cement in a fixed formulation ratio. Different tests were conducted for determining
the porosity, average density, compressive strength and the water absorption capacity of these mixtures (Agyeman,
Obeng-Ahenkora, et al., 2019; Thanyavinichakul & Thanyavinichakul, 2018). Table 6 summarises the test results, the
table presented that the control sample (no plastic) showed a low compressive strength in comparison to the pavement
blocks which were mixed using plastic as a binding material. Thus, the compressive strength of these blocks could be
increased when the plastic wastes were used as a replacement for cement as the binding material. This was indicated as
an increase in the adhesive strength and surface area between the plastic wastes and aggregates (Agyeman, Obeng-
Ahenkora, et al., 2019). The higher contact area could further increase the strength of the material (Huang et al., 2019).
The researchers also determined the water absorption capacity of different samples (Sharma & Sharma, 2017). The
concrete paving blocks showed a higher water absorption capacity than the RPW (Recycled Plastic Waste) paving blocks
(Table 6). In their study, Constantin et al. (Constantin et al., 2019) noted similar results since the porosity of the concrete
paving blocks was higher in comparison to the RPW paving blocks. This was attributed to the fact that the hydrophobicity
absorption decreased by 0.00 -1.00% when the blocks were immersed in water for a period ranging between 6 hrs and 1
week (Frigione, 2010; Thanyavinichakul & Thanyavinichakul, 2018). Thus, it could be concluded that the paving blocks
could be used for constructing structures with a lower load like footpaths, walkways and pedestrian plazas.

Bricks are used in constructing buildings and other structures since the early civilisation period (Afzal et al., 2020).
A majority of the conventional bricks are made using sand and clay, mixed in a proportion based on the binder materials
used (Murmu & Patel, 2018). One approach that is applied for conserving energy and promoting green ecology included
the creation of permeable bricks. The permeable bricks effectively decreased the heat effect, absorbed noise and showed a
higher anti-skid performance (Smith et al., 2001). These permeable bricks could be made by adding plastic wastes, which
made these bricks very eco-friendly (Zhou, 2018). Many different plastic wastes are used as a binding material for
manufacturing permeable bricks. The addition of plastic waste increases the durability and compressive strength of the
waste bricks (Amir & Yusof, 2018; Limami et al., 2020; Paihte, Lalngaihawma, & Saini, 2019). The results indicated that
the PET-based bricks were more porous in comparison to those produced using LDPE and HDPE since they showed a
higher Melt Flow Rate (MFR) (Wu, Lin, Huang, & Chen, 2016). Furthermore, LDPE and HDPE showed a higher density
in comparison to PET (Intan & Santosa, 2019; Limami et al., 2020). These results led to the conclusion that plastic wastes
like PET, HDPE and LDPE can be effectively used for manufacturing bricks (Akinwumi et al., 2019; Bhushaiah et al.,,
2008; Intan & Santosa, 2019; Limami et al., 2020; Sellakutty, 2016).

3.3. Use of Plastic Waste for Producing eco-Brick

Bricks are used as a construction material for building of many structures. The conventional bricks are made using
clay. Continued usage of clay could deplete the topsoil which could cause soil infertility. Furthermore, these bricks have
to be burned, which increases the greenhouse effect (Paihte et al., 2019). To decrease this effect, cheap, environment-
friendly and light-weight construction materials need to be used (Kognole, Shipkule, & Survase, 2019; Wahid et al.,
2015). Three different cost-effective construction materials can be used i.e., tetra pack chip panels, wood plastic
composite, and PET eco-bricks (Arredondo-Orozco et al., 2019). Another eco-friendly alternative included the use of
PET based plastic bricks (Jayaprakash et al., 2016). PET plastic bottles are used for producing environmentally-friendly
bricks or eco-bricks. These eco-bricks were used as an effective alternative for construction materials (Antico, Wiener,
Araya-Letelier, & Retamal, 2017; Safinia & Alkalbani, 2016; Singhal & Netula, 2017; Wahid et al., 2015). Making
ecobricks during the CoVid-19 pandemic is a way for citizens and governments to reduce the spread of the SARS-CoV-
2 virus. Ecobricking activities can help prevent virus transmission in disposable utensils (Alliance, 2020). Washing and
drying the plastic packaging that we use can prevent the plastic from transmitting the virus. Packing clean and dry plastic
into bottles and making ecobrick virus contamination can be minimized. In addition, making ecobricks using used plastic
will help in assisting waste management in urban areas. The plastics display corrosion-resisting and long-lasting
properties. They are also economical, light-weight and save energy (Jassim, 2017). Reuse of PET plastic bottles as
construction materials saves energy and decreases CO; emissions (Jayaprakash et al., 2016).

Furthermore, the performance of the eco-bricks as effective construction materials is based on the material that is
used for filling these bottles. Fig. 10 presents one example of eco-brick. The Rohingya refugees in Bangladesh have used
eco-bricks as construction materials for building their houses (Antico et al., 2017; Haque, 2019).
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Fig. 10 - One example of an eco-brick

PET plastic bottles contain a harmful chemical called Bisphenol-A (BPA) which causes environmental pollution when
it is not properly recycled (Rehse, Kloas, & Zarfl, 2018). Eco-bricks make use of the PET plastic bottles which are filled
using plastic wastes and are arranged to form an environmentally-friendly structure (Paihte et al., 2019). This plastic waste
is filled into the bottles manually using sticks. For making eco-bricks, plastic scraps are inserted into the PET bottles
using a stick. Tests need to be carried out for determining the strength, compressive force and radial deformation of these
eco-bricks (Antico et al., 2017; Dominguez et al., 2017; Taaffe et al., 2014).

Taaffe et al. (Taaffe etal., 2014) tested 10 different samples of eco-bricks which were formed by using different plastic
fillers and their results are summarised in Table 7. In their study, they used the PET bottles which were available in the
market and weighed between 24 into 27 g per brick. These PET bottles were filled with plastic wastes and the final weight
of these bottles ranged between 245 into 260 g. The results of the compressive test indicated that the bottles with the
highest weight showed the maximal compression force, i.e., 40 kN. This indicated that the filler material in the bottle has
affected the strength of these eco-bricks. The researchers also studied the relationship between the compressive strength
of these eco-bricks and the density of the filler materials (Table 8). The results indicated that as the weight and density of
the filler materials increased, the strength and compressive force values of the eco-bricks also increased.

Table 7 - Compressive force of specimens (Taaffe et al., 2014)

Bottle weight  Brick weight ~ Compressive force

©) C)) (kN)
Specimen 1 26 250 35.1
Specimen 2 25 247 34.6
Specimen 3 26 258 39.3
Specimen 4 27 260 40.1
Specimen 5 25 251 35.3
Specimen 6 27 254 38.9
Specimen 7 24 245 34.5
Specimen 8 26 249 36.1
Specimen 9 25 252 36.3
Specimen 10 25 257 38.0

Table 8 - The resulted strength of each specimen (Taaffe et al., 2014)

Compressive Area (m?) Strength
force (kN) (MPa)
Specimen 1 35.1 0.0136 2.59
Specimen 2 34.6 0.0136 2.55
Specimen 3 39.3 0.0136 2.90
Specimen 4 40.1 0.0136 2.96
Specimen 5 35.3 0.0136 2.60
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Specimen 6 38.9 0.0136 2.87
Specimen 7 34.5 0.0136 2.55
Specimen 8 36.1 0.0136 2.66
Specimen 9 36.3 0.0136 2.68
Specimen 10 38.0 0.0136 2.80

Radial deformation was noted when the convergent temperature changes affected the filler materials used in the eco
brick. Some factors like thermal shrinkage, density and elastic modulus were dependent on the filler content of the eco-
bricks. Furthermore, the elastic-plastic behaviour of the eco-bricks was dependent on the load that was received by these
eco-bricks. They also prevent the development of cracks owing to a higher thermal deformation (Taaffe et al., 2014).
Antico et al. (Antico et al., 2017) stated that the eco-bricks showed an elastic behaviour when they were subjected to a
specific load (i.e., hmax ranging from 4 and 8 mm). Thus, the test results indicated that the effectiveness of these eco-
bricks was based on the filler materials used in the PET bottles

4. Conclusions

This review has successfully evaluated the potential of using plastic wastes as eco-friendly aggregate materials for
building and construction purposes before pandemic Covid 19 and during Covid 19. Many past studies have been
reviewed and it was found that the wastes generated by different plastics like PET, LDPE, HDPE, PP and PVC were
added to the conventional building materials. These plastic wastes were added to asphalt, eco-bricks and other building
materials. In general, plastic waste was recycled by breaking it into smaller pieces which were easily mixed into the
mixtures. These plastic wastes could tighten the mixture and showed a higher affinity to the aggregate, which decreased
the deformation rate. These alternative materials need to be applied in real applications for decreasing the plastic waste
generated worldwide. Hence, it is important to assess the feasibility of the integration of plastic wastes to such applications
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