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Abstract  
Innovative approach to bridging the ever increasing housing deficit in Ghana has led to the need for Alternative 

Wall Material (AWM) using Polyethylene Terephthalate (PET) plastic bottles. A number of AWMs including 

burnt clay bricks, bamboo, landcrete among others have been introduce to the construction industry alongside 

cement blocks and earth (compressed) blocks which are the two most commonly used wall materials. About 20 

million PET plastic bottles are thrown out each day without recycle, polluting the environment as it stays in the 

soils and water bodies for over 300years. This paper therefore seeks to compare PET plastic bricks with some 

commonly used materials for wall construction in Ghana (Cement blocks and compressed earth blocks) in an 

attempt to obtain another AWM. This paper uses qualitative approach to compare properties of the three wall 

materials. This study seeks to conclude that having PET bottle brick as an AWM alongside the existing 

materials will improve housing provision and reduce environmental pollution. 

______________________________________________________________________________________
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INTRODUCTION 

The need for shelter in developing countries has led to 

innovative approached to address housing issues in 

the area of walling materials. Having an Alternative 

Walling Material (AWM) is thus imperative to 

bridging the ever increasing housing deficit gap in 

Ghana which stands at about 2.4 million units (GSS, 

2012). Different types of materials have been 

developed to be used as walling materials in Ghana 

over the years. However, not all materials have been 
widely accepted for use in the ever increasing housing 

needs due to the limitations associated with a number 

of them (Acheampong, 2014).These materials for 

walls include asbestos, bamboo, burnt bricks, cement 

blocks/concrete, earth/mud, landcrete, metal sheets, 

palm leaves, thatch, raffia, stone, wood among others 

(GSS, 2012). Researchers have embraced more 

environmental friendly materials for construction and 

are now using plastics due to crave for equilibrium in 

the world‟s ecology (Ede and Ogundiran, 2014). The 

rate of production and sale of Polyethylene 

Terephthalate (PET) plastic bottles far exceeds the 
rate of recycling thereby increasing landfill sites (Raut 

et. al., 2015). Restaurants, bars, club houses, 

gymnasiums, sports stadiums, hotels, offices and 

individual homes in Ghana generate lots of bottles 

from the consumption of water and other beverages 

and disposing off these bottles pose a huge challenge 

to the environment. Approximately, 20 million of 

plastic bottles per day are thrown out in Ghana 

(Ghansah et al, 2015), making it more difficult for 

waste management departments and companies in 

Ghana to control. Having an alternative to the existing 

walling materials using waste PET plastic bottles 

would be prudent. This study is in line with number 

15 of the sustainable development goals which talks 

about life on land. Reusing waste PET bottles cleans 

the land for better life for plants and animals. This 

paper therefore seeks to compare an AWM (PET 

plastic bricks) with some commonly used materials 

for wall construction in Ghana (Cement blocks and 

compressed earth blocks).This study, perhaps the first 

of its kind in Ghana, is significant as it serves as a 
resource of knowledge about the application and 

acceptance of innovative and alternative wall material 

for construction in Ghana. Ultimately, the acceptance 

of plastic bottles in Ghana will improve the demand 

for housing and reduce environmental pollution. This 

study is however, exploratory and limited on literature 

for comparison. 

 

Using bottles for construction of walls dates back into 

the early 20th Century, specifically, 1902 in Tonopha, 

Nevada, USA where William Peck used glass beer 

bottles to build a house (Dhote,2016). It was not until 
the 21st century where lots of plastic bottle waste has 

been generated that Andreas Forese, the founder of 

Eco-Tec Environmental Solution, established the 

innovation of building plastic bottle houses in 2001 

resulting in the construction of the first plastic bottles 

house (Figure 1) in Honduras in 2002 (MAWAD24, 

2013). This environmentally friendly building is 

roofed with 30 ton green roof. 
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Fig. 1 First plastic bottle home in Honduras-

“Ecoparque El Zamorano”. Source: (MAWAD24, 

2013) 

 

ECO TEC Environmental Solutions led by Forese 

came out with this innovation when they realized that 

about 80% of plastic produced every year in Honduras 

could not be recycled, and was able to achieve this 

through clean-up exercises and have since constructed 

over 50 buildings including residential houses, 
schools, churches and parks in Bolivia, Columbia, 

Honduras, Mexico, India, Nigeria and Uganda 

(MAWAD24, 2013) as shown in Figures 2-4. 

 

 

 

 

  
 

Fig. 2 Plastic bottle construction in 

Yelwa, Nigeria.  

Source: (Hattam, 2011) 

Fig. 3 Plastic bottle farm house in 

Uganda. Source: (Bwire and 

Nakiwala, 2013). 

 

Fig. 4 EcoTec‟s rendered and 

pained bottle wall finish. Source: 

(instructables.com, 2016) 

 

 

Commonly Used Materials for Wall Construction 

in Ghana 

The housing deficit gap of about 2,424,862 (GSS, 

2012) seem to be widening partly, because there is not 
clear cut decision and sustainable action on materials 

for housing production in Ghana (Badu and Owusu-

Manu, 2011). Materials used for wall construction in 

Ghana include Bamboo (0.1%), Burnt bricks(0.7%), 

Landcrete (1.8%), Metal/asbestos sheets (0.8%) Stone 

(0.2%), Palm/Thach (0.7%) with cement blocks 

(57.5%) and Mud bricks or earth (34.2%) being the 

most common (GSS, 2012) .It is worth pointing out 

that glass which is an emerging material for wall is 

not captured (Oppong and Badu, 2012b). 

Conspicuously missing again, is Plastic (PET) bottle 
brick as it has yet to be accepted as a construction 

material in Ghana. The two most commonly used 

materials are sand based which demand is on the 

increase even though winning sand for construction 

seem to have a degrading effect on the earth (Peprah, 

2013; Gyasi et al., 2006) due to lack of restoration. 

Following the forgoing, the next section review 

literature to compare plastic (PET) bottle bricks, 

cement blocks or concrete and mud bricks or earth in 

terms of manufacturing process, durability, strength, 

sustainable environmental impact, heat transfer and 

cost. 

 

 

Production Process 

Cement blocks are produced using shovel to manually 

mix the constituents which are turned over a number 

of times until an even colour is attained. The standard 
mix proportion of 1:6 cement-sand ratio; that is, one 

part by volume of cement to four parts by volume of 

coarse sand. Water is then added by sprinkling to the 

even coloured sand-cement mixture to secure 

adhesion. The mixture is then compacted using either 

a mechanical or an electronic machine with metal 

moulds to keep the edges smooth. The well rammed 

and compacted block is removed from the machine 

and kept on a pallet for curing the curing period 

before drying. The curing and drying periods depend 

on the local weather conditions between 15 and 30 
days (Yusuf and Hamza, 2011). Production of cement, 

the binding agent in production of cement blocks, 

contributes significantly to global by emission of 

carbon dioxide (CO2) into the atmosphere (Mokhtar et 

al., 2015). Using earth for construction as a walling 

material dates back to the civilizations of 

Mesopotamia about 6000 years ago (Deboucha and 

Hashim, 2011). Studies have shown that natural earth 

(mud) has been used over the years for wall 

construction evident in settlements in Mali, Israel etc 

(Hadjri et al., 2007;Bourgeois, 1987; Kostof, 1995; 

Barnard, 2016). Other studies indicate an 
improvement on the manufacturing of earth blocks, 
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making it more stable with admixtures as in the case 

of TEK blocks and Compressed Stabilized Earth 

Blocks (CSEBs) (Jagadish et al., 2008; Oppong and 

Badu, 2012; Nagaraj et al., 2014). Production process 

of earth blocks starts from extraction of the laterite, 

preparation, mixing to compression. The compressed 
earth block is then dried out to obtain the quality 

needed after14 to 30 days curing (Rigassi, 1985; 

Icatis, 2013). Producing PET bottle Brick (Fig. 5) 

requires collection of plastic bottle and fill it with 

sand (finer the better). One person can prepare (fill) 

about 400 PET bottles daily (Raut et al., 2015; 

Wilhelm, 2016). 

 

Compressive Strength 

Compressive Strength is the maximum load that a 

material is capable of bearing without breakage and 

the constituents of wall materials play an important 
role in supporting the load applied from either the 

subsequent slab of the roof (Mokhtar et al., 2015).BS 

5628, (1978) recommends a minimum compressive 

strength of cement blocks of 2.8N/mm2, however, 

hand molded hollow cement blocks indicated 

compressive strength of 2.61N/mm2 and 2.89N/mm2 

at 7 days and 28 days respectively (Odeyemi et 

al.,2015). Compressive strength highly depends on the 

quality of sand, type of cement and the type of mold 

(manual or mechanical). Some cement blocks could 

be as low as 1.12N/mm2 which renders susceptible to 
seismic activities (Andam, 2002;Bamfo-Agyei, 2011). 

Compressed Earth blocks also have its compressive 

strength up to 4N/mm2 depending on the soil 

composition (CraTerre, 1989). Dobson, (2004) claims 

that, the higher the percentage of stabilizer, the higher 

the compressive strength.  According to Auroville 

(2016), the type of soil used for this block determines 

the type of stabilizer to be applied. For optimum 

strength in sandy soils, cement as a stabilizer is 

preferable whereas clayey soils require the application 

of lime for high strength. The compressive strength of 

compressed earth blocks could measure up to 16.2 
MPa (Guettala et al., 2002; Raheem et al., 2010; 

Miqueleiz et al., 2012). Safinia and Alkalbani, (2016) 

claims a strength of 5.71MPa for the plastic bottle 

brick.Ultimately, the compressive strength of PET 

brick could measure between 17.44 N/mm2 and 38.34 

N/mm2 (Muyen et al., 2016; Mokhtar et al., 2015). 

 

Sustainable environmental impact  

The construction industry tends to have a huge impact 

on the environment in terms of energy consumption 

and use of the limited natural resources (Vyas et. al., 
2014; Dixon, (2010). Yilmaz and Bakis, (2015), 

present a summary of sustainability in building 

construction to include; staying in bearing capacity of 

the earth, consume minimum energy over its life cycle 

and minimizing harm to the environment and living 

things among others. The production process of 

cement block includes sand, cement and water. 

Production of cement which is a major component of 

this block emits large amounts of nonrenewable gases 

such as carbon dioxide into the atmosphere and 

energy intensive material, making use of about 

4.882Mj to produce tons of cement (Sinthaworn and 

Nimityongskul, 2009). Production of Earth blocks 

seems environmentally friendly as it used lesser 
energy and hence a reduction in the release of carbon 

dioxide into the atmosphere (Heath et al., 2009; Oti et 

al., 2009; Chan and Low, 2010). PET bottle brick 

however, is non-brittle and does not generate waste at 

the construction stage, saves energy, reduce emission 

of gases into the atmosphere and helps to reuse 

materials which are considered harmful at landfill 

sites (Raut et al., 2015;Patel et al., 2016). 

 

Durability/ Porosity  

Cement block wall is durable (lasts over 100years) 

and therefore needs less maintenance, helps to save 
new materials and can be adapted for reuse (TEK 

NOTE, 2010). Cement blocks are somewhat 

susceptible to erosion caused by rain water absorption 

if exposed to elements of the weather (Souza Rezende 

et al., 2015). CEBs still stand in most towns today 

(Icatis, 2013). However, the durability of compressed 

earth blocks has been a matter of concern due to its 

soluble nature hence frequent maintenance required if 

it is molded without stabilisers such as lime and 

cement (Kerali, 2001; Mink, 2006; Hadjri et al., 

2007). CEB is susceptible to elements of the weather 
such as abrasion which leads to rapid deterioration 

and easy penetration of insects and rodents and 

therefore require sand-cement rendering (WIT, 2007; 

Oppong and Badu, 2012). Similarly, PET bottle brick 

can last for over 300years, but is insoluble and 

therefore resistant to weathering. It is also resistant to 

corrosion resulting from chemicals such as acid based 

solvents and oils (Raut et al., 2015) 

 

Thermal Properties 

A building element such as a wall performs better 

when it takes longer time for heat to transfer and this 
can happen only when the U-value is lower. Cement 

block walls, according to the concrete society in 

England, in most cases do not meet thermal (U) 

values of 0.35 W/m2K (watts per square meter per 

degree Kelvin) for external walls unless properly 

insulated. On the average, 150mm thick cement block 

wall has an average U-value of 0.38 W/m2K with no 

insulation (Perlite, 2011).The CIBSE, (2006) 

recommends earth wall U-values of 1.899W/m2K and 

1.557W/m2K for 300mm thick and 400mm thick 

respectively for CEB. These values reduce to 
0.337W/m2K when insulated with a solid cavity with 

50mm thick polyurethane board. The U-value of PET 

brick wall after an experiment indicated 1.0638 

W/m2K (Naoum et al, 2015). Walls constructed with 

PET bricks in Nigeria is able to maintain an interior 

temperature of about 18oC (Abubakar, 2011; 

Opeyemi, 2015) and able to keep the indoor 

temperature away from the outdoor (Keiren, 2016). 
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Bullet, Earth Quake Resistance and Cost 

Cement block wall of 150mm thick is able to resist 

bullet shots except high velocity bullets (Kashuba et 

al., 2002). Ranada, (2016), indicates that a well design 

building by an Architect or a civil Engineer with 

150mm thick cement blocks to a large extent, cannot 
resist earth quake except there is a reinforced concrete 

elements. CEBs have proven to be bulletproof, and 

can resist earthquake with bamboo or rebar 

reinforcement as part of its structural design, in 

seismic zones (Icatis, 2013). However, PET brick wall 

is bullet proof and earthquake resistant (Abubakar, 

2011; Opeyemi, 2015; Muyen, 2016).  

 

Icatis, (2013) claims that CEBs are significantly less 

expensive than concrete because the materials are 

locally available (thus eliminating or greatly reducing 

both material and transportation costs). On the 

contrary, other researchers are of the opinion that PET 

bottle wall construction is cheaper than most 
commonly used materials such as bricks (Raut et al., 

2015; Patel et al., 2016; Muyen et al., 2016). This 

study therefore compares the cost of the three 

materials (cement blocks, compressed earth blocks 

and PET brick wall). The comparison is done 

considering 10m2 area of each material as indicated in 

tables below. 

COST ANALYSIS

Table 1 Cost analysis of 10 m2Cement (Sandcrete) Block wall 

Item Description Quantity Rate (GH¢) Amount(GH¢) 

1 Sandcrete blocks 

(450 x 225 x 150 mm) 

100 Pieces 3.00 300.00 

2 Cement 2 bags 30.00  60.00 

3 Sand 0.350m3 50.00 17.50 

4 Labour 3 50.00 150.00 

 Total   527.50 

Source: Author’s field survey (2017) 

 

Table 2. Cost analysis of 10 m2 Compressed Earth Block (CEB) wall 

Item Description Quantity Rate (GH¢) Amount(GH¢) 

1 CEB (295 x 140 x 90mm) 300 Pieces 2.00 600.00 

2 Cement 4bags 30.00  120.00 

3 Sand 0.2500m3 50.00    12.5 

4 Labour 5 50.00 250.00 

 Total   982.50 

Source: Author’s field survey (2017) 
Table 3Cost analysis of 10 m2 (1.5L) PET Bottle Wall Block (CEB) wall 

Item Description Quantity Rate (GH¢) Amount(GH¢) 

1 Plastic Bottle 1000Pieces 0.20 200.00 

2 Cement 3 bags 30.00 90.00 

3 Sand for filling bottles  1.5 m3 50.00 150.00 

4 Sand for mortar 1 m3 50.00 50.00 

5 Labour 3 50.00 150.00 

 Total   640.00 

Source: Author’s field survey (2017) 
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FINDINGS AND DISCUSSION 

Table 4 shows a summary in comparing cement blocks, compressed earth blocks and PET bricks

 
Table 6 Summary of comparison 

Source: Author’s survey (2017) 

 

This study compares „Plastic bottle brick‟ and other 

commonly used material for wall (concrete blocks and 

earth blocks) in Ghana through literature review under 
the following sub-headings; manufacturing process, 

durability, environmental impact, compressive 

strength, porosity, bullet proof, earthquake resistance, 

thermal properties and cost.As shown in Table 4, the 

PET bottle brick is non brittle and used instantly after 

manufacturing while cement blocks and compressed 

earth blocks are both brittle and requires a minimum 

of 14 and 30 days respectively before they can be 

used for construction (Mokhtar et al., 2015;Icatis, 

2013; Rigassi, 1985). Again, the production of cement 

which forms a larger component of manufacturing 
cement blocks emit non-renewable gases such as 

carbon di oxide into the atmosphere and therefore has 

a negative impact on the environment; compressed 

earth blocks is manufactured with laterite with little or 

no admixtures (cement or lime) making it more 

environmental friendly but the most environmentally 

friendly material is the PET bottle brick which makes 

use of waste for the landfill sites and sand with no 

admixtures (Sinthaworn and Nimityongskul, 2009; 

Heath et al., 2009; Oti et al., 2009; Chan and Low, 

2010; Raut et al., 2015; Patel et al., 2016). PET bottle 

bricks are stronger than cement blocks and 
compressed earth blocks. With compressive strength 

of up to 3.86 N/mm2 and 16.2 N/mm2 for cement 

blocks and compressed earth blocks respectively, the 

PET bottle bricks could be as high as 38.34 N/mm2 

(Yusif and Hamza, 2011;Guettala et al., 2002; 

Raheem et al., 2010; Miqueleiz et al., 2012;Muyen et 

al., 2016; Mokhtar et al., 2015 ).All the three 

materials are durable with cement blocks and 

compressed earth blocks buildings as evidence in our 

settlements, while PET bottle buildings is expected to 

last not less than 300 years(Raut et al., 2015). 

However, cement blocks and compressed earth blocks 

(soluble without admixtures) are susceptible to 
erosion without rendering (Souza Rezende et al., 

2015;Mink, 2006; Hadjri et al., 2007). To resist 

earthquake, cement and compressed earth blocks 

require rebar or bamboo reinforcement while PET 

bottle wall does not require reinforcement to 

withstand earthquake depending on its magnitude 

(Ranada, 2016; Powell, 2016; Icatis, 2013;Abubakar, 

2011). Furthermore, PET bottle wall is able to 

withstand even high speed bullets (Opeyemi, 2015; 

Muyen, 2016. The researcher analysed the cost based 

on materials and labour cost for the construction of a 
10m2 wall and it was clear that cement blocks is less 

costly followed by PET bottle bricks with compressed 

earth blocks being the most expensive. This seems to 

compliment other comparison involving PET brick 

but against other materials such as burnt bricks and 

the results were in favour of PET bottle bricks (Patel 

et al., 2016; Muyen, 2016; Mokhtar et al., 2015; Raut 

et al., 2015; Shoubi et al., 2013).  

 

CONCLUSION AND RECOMMENDATION 

The analysis with respect to cost comparison showed 

that PET plastic bottle brick placed second 
(GH¢640.00) to Cement blocks (GH¢527.50) with 

Compressed earth blocks being the most expensive 

(GH¢982.50) based on 10m2 wall area. That 

notwithstanding, PET bottle bricks as an AWM, saves 

time for construction as it can be used instantly after it 

production. Waste during construction is reduced to a 

large extent because it is not brittle and for that matter 

does not break into pieces.  
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Moreover, PET bottle bricks has been tested by 

various researchers and proven to be stronger than the 

Cement blocks and Compressed earth blocks which 

strength are sometimes compromised to the barest 

minimum or sometimes below the allowable 

minimum strength on the Ghanaian market. Unlike 
the production of cement blocks and compressed earth 

blocks PET bottle brick (filling bottles with sand) 

does not allow for compromise as it only required to 

fill the bottles to the brim. PET bottle brick is durable 

and not susceptible to erosion even without rendering 

in addition to its great earthquake, fire, bullet proof 

and thermal properties. Furthermore, PET bottle 

bricks is the most environmentally friendly among the 

three materials as it helps clean the environment of 

plastic waste which has been a menace to Ghanaians 

over the years.  

 
It is therefore recommended that PET plastic bottle 

waste for construction in Ghana which is in line with 

METSI‟s agenda to clean the environment of filth 

should be encouraged. This could be a reality only if 

citizens are able to overcome the fear of change from 

traditional material to a new material. However, this 

innovation would be easily adopted if the top 

management i.e. Ministries, Architects and Engineers 

utilise it in their design specifications especially for 

classroom blocks, Chip compounds and other 

government initiated projects. Finally, CSIR-Building 
and Road Research Institute should create used PET 

bottle-Hub to serve as a collection point and storage 

for distribution to various sites in time of need to 

produce the PET bottle bricks for wall construction. 
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