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ABSTRACT 
The main objective of this project is to brainstorm, innovate and protype not only a construction material using 
suitable resources that can be used to replace the natural elements which are extracted from mother earth such as 
sand and limestone but to also educate the on how to save the environment and realize the importance of coexisting 
with nature with the help of science and technology. The initiative is to provide Sustainable material that will pre-
vent or reduce climate changes. Our innovation  will be applied in the manufacturing of construction building bricks 
or building blocks while maintaining the required strength and durability required by the standards. This will help 
to reduce the severity of plastic pollution caused by the low recycling rates combined with the absence of an envi-
ronmentally friendly cost-effective solution and poor government policies with a lack in funding for R&D and recy-
cling policies. Our Innovation Waste To Green – Eco construction is in line with the Malaysian Government’s 2030 
Roadmap towards ‘Zero Single Use Plastics’ and The United Nations Sustainable Development Program goals of 
achieving ‘Industry, Innovation, and Infrastructure’ which addresses the main goal of ‘Climate Action’.  
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1. INTRODUCTION 
My team EcoGirl - With research and brainstorming, 
we came up with the idea of using paddy husk ash and 
recycled plastic material for the manufacturing of the 
bricks. We called our innovation ‘Waste To Green – 
Eco construction’ . It uses sustainable recycled materi-
al to produce construction material.  
 

1.1 PROBLEM STATEMENT 
Bricks, Pavement blocks and Roof tiles used in con-
struction is made of either clay or sand. The cost of 
this materials has been escalating due to the reduction 
of readily available raw material such as limestone 
(contained in cement), river sand and clay which are 
used in the manufacturing of the construction material.  
 
Some of the causes contributing to the environmental 
issue facing the whole world in the climatic control 
and the Green-house affects. are due to sand mining 
and limestone mining which involves the destruction 
of mountains, its trees, natural habitats, eco-system and 
erosion of the rivers.   
 
The conventional sand bricks, pavement blocks and 
roof tiles are made of 1:4 ratio of cement and sand. 
Some may even use 1:6 ratio for the more inferior 
quality. This innovation will use sand bricks instead of 
clay bricks due to the fact that clay bricks involve the 
burning of the bricks in an oven which increases the 
residual toxic gases and contributes towards green-
house effect.  
 

We are losing almost 21 million hectares per annum of 
forest due to many reasons. Mining and development 
contributes towards almost 27% of the loss. Refer Fig 
1. 
 

  Fig 1. Statistics of global forest loss 
 
 
Since 1900, the global volume of resources for build-
ings and transport infrastructure has been increasing by 
about  2.8% annually, doubling every 25 years. Sand 
and gravel represent about 79% of this material extrac-
tion, almost 29 billion tonnes a year, exceeding fossil 
fuels and biomass extraction. Nations now mine about 
13 billion tonnes of sand annually just for construction. 
Refer Fig 2. 
 
 



 
Fig 2. Statistics on Mining 

 
In addition to the sustainability of the resources, the 
severity of plastic pollution is also increasing. This is 
not only destroying the marine and land eco system but 
also contributes towards the greenhouse effect and 
global warming. Statistics show that almost 8 billion 
tons of plastic waste is generated every year and is 
forecasted to reach 25 billion tons by year 2050 if we 
do not take proactive action. Refer Fig 3. 
 
           

 
Fig 3. Statistics of plastic waste 

 
Hence the team decided to concentrate on eco-friendly 
materials and processes where possible. This innova-
tion is also expected to reduce the weight and cost of 
the construction material.  
 

1.3 RESEARCH AND FINDINGS  
With research and brainstorming, we came up with the 
idea of using paddy husk ash and recycled plastic ma-
terial for the manufacturing of the bricks. There are 
many types of plastic materials that are currently being 
recycled. Some of them include PP (polypropylene), 
PET (Polyethylene), HDPE (High Density Polyeth-
ylene), PVC (Polyvinylchloride) and many more. PP 
can be obtained from recycled chemical resistance 
pipes and chairs, PET can be obtained through recy-
cled mineral water bottles, HDPE can be obtained 
through recycled water pipes and plastic road barriers 

while PVC can be obtained through recycled Cables 
and drinking bottles. Our team decided to go for the 
weakest plastic material PP and the strongest of HDPE 
which were more readily available. This material was 
intended to be crushed to produce the same granular 
like material in replacement of sand. The paddy husk 
was a suitable replacement for cement due to the high 
silica content which is much required in replacement 
of cement. 
 
2.0 METHOD AND EXPERIMENTAL 
DETAILS 
The following processes were involved in the prototyp-
ing and testing of the innovation. Refer Fig 4. 
 

 
Fig 4. Process Flow diagram 

 
The first step was to burn the paddy husk to ash by 
burning it above 400oC but ideally it should have been 
700oC to maintain the silica for maximum reaction. 
This should have been carried out in a controlled envi-
ronment such as an incinerator plant with a secondary 
process burning of up to 850oC to ensure no toxic gas-
es were released. However, we only had the facility of 
a metal bin, burning torch, some camphor and petrol to 
start the fire and burn the paddy husk making sure that 
it does not turn into carbon by turning them over and 
over and with watchful eye that the fire does not go 
out. The gathered ash was blended from coarse grade 
to fine grade to maximise reaction. Initially we were 
planning to use full replacement of the ash but due to 
not able to facilitate control burning temperature and 
process we decided to use a mixture of cement ash 
ratio. Once the process of blending was completed the 
blended paddy husk had to be sieved to remove the ash 
from the unburned material. The ashes were filtered for 
carbon and unburned material. Carbon when mixed 
with the brick mixture may reduce the strength of the 
material. The second process involved the gathering 
PP pipes and HDPE water pipes and the crushing of 
the recycled plastic material. Initially we used a vege-
table grater to grate the plastic HDPE pipe and PP 
pipes which was laborious and time consuming. We 
managed to engage a friendly recycler who helped us 



with the crushing. The preparation of the different test 
specimens included getting ready of Cement, Sand, 
crushed HDPE material, crushed PP material and 
crushed and sieved Paddy Husk Ash. The specimens 
for the different mixtures were prepared with the dif-
ferent ratios and categorized into 3 mixtures: Refer 
Fig 4. 
 

 
Fig 4. Mixtures of bricks 

 
1. Cement /  Sand /  Paddy Husk Ash with a mixture 

ratios  of;   1 : 5 : 3 and 1 : 5 : 4 
2. Cement / Sand / Paddy Husk Ash / HDPE with a 

mixture ratio of:  1 : 4 : 1 : 4 and 1 : 4 : 1 : 5 
3. Cement / Sand / Paddy Husk Ash / PP with a mix-

ture ratio of:  1 : 4 : 1 : 4 and 1 : 4 : 1 : 5 
 
Our mixture proposal effectively reduces the amount 
of cement by 50% and sand by approximately 50% 
which enhance the sustainability of our rivers, moun-
tains, eco-system and reduces the green-house effect.  
 
Prior to mixing the specimens a wooden mould and 
timber platform was made. The specimens are mixed 
together with water and poured in a timber mould with 
flat plywood bed. The bricks were sized to 8 x 4 x 2 ½ 
inch and tested in line with the General Brick Specifi-
cations as per Malaysia Standard MS 7.6: 1972 / Brit-
ish Standard BS 3921: 1985. Refer Table 1. 
 
Table 1 - MS 7.6: 1972 / BS 3921: 1985 

 
 
 A standard measurement mould was created to meas-
ure the mixture ratio. A measuring beaker was used but 
instead we a standard 1 kg Baby’s milk tin to measure 
the different ratios of mixtures in multiples. Each spec-
imen is mixed in a pail with standard measurement 

following the individual ratios with a hand-drill and a 
pail.  
 
Each specimen was prepared and casted using the pre-
pared mould in multiples of 9. This is to record results 
for curing after 7 days, 14 days, 21 days,28 days and 
also absorption testing.  
 
After 1 day of casting the moulds were removed and 
the samples were marked with white paint marker in-
dicating the specimen type and testing days. These are 
then soaked for 7 days, 14 days and 21days for the 
testing.  
 
To produce good quality of structure, good quality 
materials are required.  To decide the quality of the 
materials some tests are to be conducted on bricks. 
Absorption Test, Crushing/ Compression Strength Test 
and Efflorescence Test is required to determine its 
suitability for construction works. 
 
Absorption test was conducted on brick to find out the 
amount of moisture content absorbed by brick under 
extreme conditions. In this test, sample dry bricks were 
taken and weighed. After weighing these bricks were 
placed in water for a period of 24 hours.  
 
Then the weight of the wet brick and note down its 
value. water absorption should not exceed 10% of 
weight of dry brick.  
 
Formula for absorption rate: 
% Absorption = Mass after  - Mass before x 100%   

                      Mass before 
 
Compression Testing is a very important element of 
determining the suitability of the bricks for construc-
tion. It determines the load carrying capacity of the 
bricks. The Crushing strength of bricks was deter-
mined by placing brick in compression testing ma-
chine. After placing the brick in compression testing 
machine, we apply load on it until the brick broke.  
 
The value of failure load was recorded. Minimum 
crushing strength of brick should be 2.50N/mm2.   
 
Formula for compression testing: 

Compressive strength = Load at failure (N) 
                                        Area (mm2) 

 
The final test would be Efflorescence Test. A good 
quality brick should not contain any soluble salts in it. 
If soluble salts are there, then it will cause efflo-
rescence on brick surfaces. To know the presence of 
soluble salts in a brick, place it in a bowl of minimum 
size of 200mm x 200mm with water up to a height of 



20mm until all traces of water evaporates. The cycle is 
repeated again until all water evaporates.  
 
The bricks are checked for efflorescence scales or flak-
ings. Refer Table 2. 
 
Table 2 – Efflorescence Test Conditions 
 

 
 
 
3.0 RESULTS AND DISCUSSION 
3.1 RESULTS 
The following tables show the test results recorded for 
the Absorption Test, Compression Test and Observa-
tion of Efflorescence for 3 different mixture types. 
 
Table 3 -Test Results for PP Mixture  
 

 
 
 
Table 4 -Test Results for HDPE Mixture 
 

 

Table 5 -Test Results for PH Mixture 
 

 
 
3.2 DISCUSSSION 
The PH bricks had the highest compression strength 
with an average compression strength of 9.88N/mm2 
and the HDPE bricks had a compression strength of 
3.10N/mm2. The weakest brick was the PP bricks with 
only 0.81N/mm2. The HDPE bricks had the best ab-
sorption rate of 10%. PH bricks had 13% absorption 
rate. PP absorption rate exceeded 20%. All PP, PH and 
HDPE showed no signs of Efflorescence.  
 
Table 5– Comparisons of Results 

 
 
 
4.0 CONCLUSION 
All materials can be used for construction. Except that, 
due to the strength and absorption rate the PP bricks 
cannot be used for load bearing walls. The PH bricks 
can be used for this purpose. Table 6 below shows the 
different application for the different mixtures types.  
 
 
Table 6 – Practical application 

PH mixture  HDPE mixture  PP mixture  

Roof  Tiles  Pavement 
Blocks  

Garden Patios  

House Brick 
walls  

Decorative 
Walls < 5 feet  

Hardscape  

 
The pandemic and funds have restricted us from fur-
ther proceeding in our venture in using these material 
for future innovations. EcoGirls are planning to use 
the different composition of the material in the produc-
tion of other construction materials such as: 
 



1. Cement Bricks (Eco-bricks) 
2. Concrete Roof Tiles (Eco-Roof tiles) 
3. Pavement Blocks (Eco-pave) 
4. Floor/ Wall Tiles (Eco-Tiles) 
 
We are also planning to use other organic and non-
organic material to produce innovative products using 
sustainable recycled material.  
 
Examples of recycled Raw Organic Material include 
paddy husk, sugar cane husk, jut straws, banana skin, 
potato skin and recycled paper. Examples of Non-
Organic Material can include recycled plastic, recycled 
Oil and recycled construction waste. 
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