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Thermal Performance of Plastic Bottles Walls
Reused in Building Construction for Waste
Reduction
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Abstract: The research aims at studying the potential of reusing
plastic water bottles as a building material and an alternative to
traditional bricks, in a way that can minimize waste and hence
reduce ecological imbalance. The research compares the energy
performance of building with traditional bricks and building with
plastic bottle blocks. The researchers built digitally two sample
rooms: (3 meter width*3 meter length*3 meter Height) with both
materials, Then they took on-site measurements for energy
performance of the rooms.The rooms were built on DesignBuilder
software in order to help in environmental analysis of buildings,
and compare the efficiency of the two materials of sample rooms.
Results showed that building with plastic water bottles has some
environmental benefits other than reuse of a material that hardly
decomposes. It has its effects on energy saving and thermal
comfort. Further research and experiments is encouraged as the
plastic residue dilemma grows more in modern societies and
affects the ecological balance and wild life.

Keywords: Environmentally friendly, Plastic Bottles, Reuse,
Thermal Comfort.

I. INTRODUCTION

Waste is one of the biggest challenges in today’s world.
Authorities and governments around the world are trying to
find solutions for waste reduction and management in order to
save the environment from the consequences of waste
mismanagement. Solid Waste in Egypt has been found as 1.2
Kg/person/day. Rates of waste percentages increase in
summer and decrease in winter and are mostly metal like
beverage cans, plastic like water bottles and food products.

[1]
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Province Daily MSW (Ton) Annually MSW (Ton)
Cairo 15000 5.47
Alexandria 4000 1.46
Giza 4500 1.64
Kaluobya 3500 1.27
Ghrabya 3500 1.27
Behyra 3500 1.27
Sharkia 1800 0.65
Louxer 250 0.09
Aswan 650 0.23
Matroh 250 0.09
Seuz 400 0.14
Red Sea 450 0.16
New Valley 100 0.03

Fig. 1: The amount of solid waste in Egypt

According to number estimates in 2011, 55 tons of municipal
solid waste has been found to be the daily amount in Egypt. It
was found that annually, the round estimate reaches 20
million tons of waste in Egypt.

Table I: The daily generated MSW at the different
Governorates

Waste Collection Governorate

Coverage (%]

Governorate

Waste Collection
Coverage [%)"

Fayourn 45

Bani Souwaif 62

65 Menia 55

Table 1 shows that the majority of waste comes from Cairo,
and the least a waste amounts come from the new valley
province, This is a solid indication that population is key
when it comes to waste amounts. [2]

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


mailto:m.abouhadid@gmail.com
mailto:ashraf_mansour@fulbrightmail.org
mailto:raniashafik@gmail.com
mailto:omaroelrawy@gmail.com

Thermal Performance of Plastic Bottles Walls Reused in Building Construction for Waste Reduction

Figure 7 Municipal solid
waste composition in
Eqgypt [2012]

Fig.2: Exhibits the composition of MSW in Egypt in 2012
3]

Waste composition is affected by different factors such as
culture, climate, economic development and energy
resources. Waste composition controlled how often waste has
to be collected and ways to dispose it. Waste composition in
low- income countries mainly constitute of organic waste and
food products, while in high-income countries waste is mainly
paper, plastics and dry materials.[4]

Plastic Bottles is one of the most found items in the urban
waste in modern cities. It has sustainable characterizes due to
its nature that promotes it to be reused in long term products
such as building construction industry. Research has been
made on the possibility of reusing plastic bottles for building
and sustainable development. Studies have also mentioned
ways for positioning the bottles and stacking them instead of
traditional bricks. They also studied how to insulate them
thermally and acoustically. They studied the strength points
that this material possess in comparison to other traditional
materials. It was proven that in many aspects such as
flexibility, time of execution, load capacity, cost, waste
reduction and energy efficiency, Bricks were more suited than
many traditional building materials like bricks, ceramic
blocks and concrete.[5] Other researchers have examined the
plastic bottles physical characteristics and ways of bonding
them; they examined appropriate filler materials like sand and
clay. Researchers have also made cost analysis comparing
plastic bottles’ wall and traditional masonry wall. [6] A
project was done aiming to test the possibility of using waste
Plastic bottles as a partial replacement to bricks. The project
proved that Plastic bottles represented a more flexible
alternative to building blocks, as well as a material that stops
crack propagation after initial block formation. The project
answered many concerns about the dangers of waste disposals
and how to solve this dilemma. [7]

Plastic bottles are perceived as one of the most dangerous
waste to the environment due to its decomposable nature.
Researches state that the non- renewable materials cannot
lead to sustainable development, and may lead to resource
depletion and make the coming generations suffer from
destructive consequences. It was also proven that Plastic
bottles can be used for some construction elements like walls
and roofs.
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The reuse of plastic bottles in buildings can have substantial
results like saving embodied energy. This can be done by
reducing the CO2 emissions due to cement manufacturing;
hence the overall energy consumption can be reduced by
reducing the percentage of cement used. Plastic bottles wall
have been less costly in comparison to bricks and also they
provide greater strength.

This approach is considered among one of the most
promising materials for green projects in the construction
industry.

Regarding Construction cost, Cost compression between
bottles wall is half than traditional brick masonry. The
reduction of cost using plastic bottles has been stated as being
the half of cost of brick walls.

In General the bottle buildings are compliant to users’ thermal
needs, which mean that when the weather is cold or hot, inside
the building temperature is cool. The use of waste materials is
a creative way to multiple benefits, this approach can help in
energy saving in the construction industry, it can help in light
structure and temporary building purposes. The use of Plastic
can also help reduce environmental degradation. [8]

An estimated number of 20000 plastic bottles are used to
obtain one ton of plastic. It is estimated that each year 100
million tons of plastics are produced. In Europe, an average
person discards 36 kg of plastics in one year. Recycles
plastics are used in the production of many things like plastic
waste sacks. [9] According to ENSO [5], plastic bottles
manufacturing was negligible in the 1960s. But the rates has
been increasing ever since, and the amounts produced are
very high in comparison to the amount recycled. (fig.3)

PET Bottles (polyethylene terephthalate) that are not recycles
are sent to landfills or as litter. They take around One
thousand years to biodegrade. This was the reason behind
plastic waste pollution in landfills, oceans, waterways and on
the roadsides. This problem continues to grow and is
becoming more serious and dangerous to wildlife and the
environment.
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Fig. 3: PET bottles sales/recycled
Il. TOOLS AND METHODS

A. Methodology

Literature Review started with a pilot study on similar
experiments that were done around the world and what were
their findings.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication



International Journal of Engineering and Advanced Technology (IJEAT)

The team built the sample rooms on DesignBuilder software
in order to help in environmental analysis of buildings, and
compare the efficiency of the two materials of sample rooms.
The research followed an experimental approach by
simulating the room once with standard wall properties and
another simulating the same room with plastic bottles wall
assembly; Then comparing both results in terms of thermal
comfort, Temperature and relative Humidity. The standard
reference wall assembly was set based on ASHRAE standard
90.1 energy standard for buildings except low-rise residential
buildings. The plastic walls were simulated by calculating the
U-value of stacked plastic bottles wall.

Plastic bottles are normally made of Polyethylene
Terephthalate PET, Which has thermal conductivity ranging
from 0.13 to 0.15 W/mK.

B. Tools

Room Details:
3m*3m*3m Room Built with Traditional Bricks
3m*3m*3m Room Built with Plastic Bottle Block

20 cm non-ventilated

Air Gap
0.254 mm 0.254 mm
Polyethylene Polyethylene
terephthalate terephthalate

Fig. 4: Bottle's Simulated Assembly. (By the author)

Retrieval Number: A4227109119/2019GBEIESP
DOI: 10.35940/ijeat.A4227.109119

4369

ISSN: 2249 — 8958, Volume-9 Issue-1, October 2019

=

£ [Vstoe | g oy | Gk s | Stion [ 570 | Dt | ot Coon
ki i o o ot o1 o o k.

Fig. 5: Simulated Room using DesignBuilder software

. TESTSRESULTS

Figure 6 shows the thermal comfort analysis using standard
brick, as per ASHRAE 90.1 standard. Figure 7 _shows the
same analysis using the plastic bottles assembly, and Figures
8_& 9&10 show both results’ comparison, in Temperature,
Relative Humidity and Discomfort Hours Comparison.
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Comfort - Block 1, Zone 1
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Month 2002 Apr Jul Oct
Air Temperature ("C) | 2560 27.10 2793 2892 2934 2986 2973 2984 2972 2909 2792 2663
Radiant Temperature (°C) | 26.50 28.63 29.86 3146 3237 3326 3333 3332 3284 3187 2984 2781
Operative Temperature (“C) | 26.05 27.87 2890 30.19 3085 3156 3153 3158 31.28 3048 2878 27.12
Qutside Dry-Bulb Temperature (°C) [ 13.75 1589 1820 2115 2476 2741 2875 2924 2696 2467 1956 16.27
Relative Humidity (%) | 33.63 29.88 3111 3234 3542 3763 4108 41.58 4095 4071 3715 3344
Fanger PPD (%) [ 21.63 3485 4646 4696 5752 6890 6980 70.80 66.76 88.74 4821 2950
Discomfort hrs (all clothing) (hrs) [ 184.50 377.50 582.50 709.00 743.50 720.00 744.00 744.00 720.00 740.00 562.50 296.00
Fanger PMV ()| 075 115 141 142 166 193 195 197 187 189 144 101
Fig. 6: Results using standard brick walls
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Fig. 7. Results using plastic bottles assembly
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Fig. 10: Discomfort Hours Comparison

Table Il: ASHRAE 55 based Thermal Comfort

Comparison
Thermal Comfort . X % Reduction in
. Brick Room Plastic Room )
Criteria Discomfort Hours

ASHRAES5 80%
Acceptabilty Limits 6363.5 5692.5 11%
[Discomfort Hours]

ASHRAES55 90%
Acceptabiity Limits 7727.5 6563 15%
[Discomfort Hours]

Thermal comfort is determined in terms of ASHRAE 55 2010
adaptive thermal comfort model1. (DesignBuilder, n.d.).
Both ASHRAE 80% and 90% thermal comfort limits are
used; The ASHRAE 80% criterion indicates the annual
discomfort hours for all zones in which 80% of the occupants
are expected to report discomfort, while the 90% criterion
indicates the annual discomfort hours for all zones in which
90% of the occupants are expected to report discomfort. .
(ASHRAE, 2010).

IV. RESULT AND DISCUSSION

The results showed that the average temperature in brick
rooms is higher than in the plastic bottles room. However,
relative humidity is higher in plastic bottles room; noting that
the plastic bottles are empty, not filled with sand for instance,
and stacked with no bonding material like cement and mortar.
As for thermal discomfort, the results showed that during
months of peak cold (December and January), The Plastic
Bottles room had higher discomfort hours average than brick
rooms. While on months of peak heat (July and August),
Plastic room had almost the same average as brick room in
discomfort hours. But the rest of the year, when the
temperature in Egypt is relatively stable and neither too hot
nor too cold (20-30 degree celsius), results showed that the
plastic room had lower rates of discomfort hours average than
brick room.

V. CONCLUSION

Results of this experiment have shown promising potential of
using plastic bottles in light construction in the Egyptian
(Cairene) thermal case. It has been proven that it can maintain
lower temperature in hot weather, and although relative
humidity was higher with plastic, treatments can be
considered to be added to plastic to give different results in
future research.

! adaptive model: a model that relates indoor design temperatures or
acceptable temperature ranges to outdoor meteorological or climatological
parameters. (ASHRAE, 2010)
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