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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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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 

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] 
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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.  

 

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.  

 

 
Fig. 3: PET bottles sales/recycled 

II. 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.  
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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 

 

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

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5: Simulated Room using DesignBuilder software 

III. TESTS RESULTS 

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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Fig. 6: Results using standard brick walls 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Results using plastic bottles assembly 

 

 

Fig. 8: Indoor Temperature Comparison 

 

 

Fig. 9: Indoor Relative Humidity Comparison 
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Fig. 10: Discomfort Hours Comparison 

 

Table II: ASHRAE 55 based Thermal Comfort 

Comparison 
Thermal Comfort 

Criteria
Brick Room Plastic Room

% Reduction in 

Discomfort Hours

ASHRAE55 80% 

Acceptability Limits 

[Discomfort Hours]

6363.5 5692.5 11%

ASHRAE55 90% 

Acceptability Limits 

[Discomfort Hours]

7727.5 6563 15%

 
 

Thermal comfort is determined in terms of ASHRAE 55 2010 

adaptive thermal comfort model 1 . (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. 

 
1 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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