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Introduction 

The global plastic waste crisis, particularly concerning 
hazardous plastics like HDPE and PET, necessitates innovative 
solutions [1]. Recycling this waste into construction materials, 
such as bricks, offers a compelling approach. Incorporating 
plastic waste (PW) into brick production yields stronger, lighter, 
and acoustically superior bricks, while promoting economic 
effi ciency and environmental responsibility [2,3]. This method 
diverts waste from landfi lls, leverages plastic’s inherent 
properties for improved brick quality, and reduces production 
costs. However, challenges remain, including quality control 
of PW, standardization of processes, and long-term durability 
assessments [1,3]. Continued research, standardization, and 
public awareness are crucial for the widespread adoption of this 
promising technology, paving the way for a more sustainable 
construction industry. 

This method addresses several critical challenges 
simultaneously. Firstly, it tackles the growing problem of 

plastic pollution by diverting a signifi cant portion of waste 
from landfi lls and oceans. Secondly, it leverages the inherent 
properties of plastics, such as their lightweight nature and 
strength, to improve the quality of bricks. The resulting bricks 
are not only lighter, reducing transportation costs and energy 
consumption in construction, but also potentially stronger and 
more durable than traditional bricks, extending their lifespan 
and reducing the need for frequent replacements. 

The global construction industry faces growing pressure 
to adopt sustainable practices due to the environmental and 
resource-intensive nature of traditional brick manufacturing 
[4-10]. These traditional methods signifi cantly contribute 
to pollution, greenhouse gas emissions, and the depletion 
of natural resources [3,11-17]. This has spurred extensive 
research into the development and implementation of eco-
friendly bricks as a viable and sustainable alternative. This 
study synthesizes the key fi ndings from various research 
papers exploring diverse approaches to eco-brick production, 
encompassing a wide range of materials and manufacturing 
techniques. 
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Numerous research studies concentrate on the innovative 
transformation of discarded and waste materials into eco-
friendly bricks, a process that offers signifi cant potential for 
environmental sustainability [1,2,9,11,18,19]. This multifaceted 
approach not only directly addresses the escalating global 
challenge of waste management and disposal but also 
actively promotes and exemplifi es the core tenets of circular 
economy principles, reducing reliance on virgin resources 
and minimizing environmental impact. Many studies explore 
using recycled plastics (PET, HDPE, LDPE, and crumb rubber) 
in brick production [2,3,9,11,18,20-23,]. These studies aim 
to replace traditional brick components like aggregates and 
binders with these readily available waste materials. [1,3,19,21-
24]. The incorporation of plastic waste not only reduces 
landfi ll burden but also potentially enhances the mechanical 
properties of the bricks, such as compressive strength and 
water resistance [1,22,23]. Agricultural waste, including rice 
husk ash, sugarcane bagasse ash, sawdust, straw, and hemp, 
has also been explored as a sustainable and readily available 
alternative [16,25-28]. These materials often contribute to 
improved thermal insulation and reduce the reliance on energy-
intensive cement production [26,28]. Industrial by-products, 
such as fl y ash, aluminum sludge, and ground granulated 
blast-furnace slag (GGBS), are also being investigated for 
their potential to enhance brick properties while promoting 
industrial waste reduction [6,15,29-31]. Furthermore, the 
utilization of mining tailings offers a sustainable solution for 
managing mining waste and creating eco-friendly bricks [10]. 
These studies demonstrate the potential for waste valorization 
in the construction industry, transforming waste streams into 
valuable building materials. 

The studies encompass a wide range of manufacturing 
techniques, each with its own advantages and limitations 
[8,16,32,]. The use of dry-mix mortars, for example, has 
been explored for producing rubberized bricks using waste 
tire rubber [32]. This method offers advantages in terms of 
automation and reduced energy consumption, but challenges 
related to reduced compressive strength and workability need 
to be addressed [32]. Innovative compression techniques, as 
explored in [8], offer the potential to create ecobricks from 
inorganic residues and plastic waste, promoting effi ciency 
and reducing environmental impact. The optimization of 
brick geometry, as seen in [2], demonstrates the potential to 
enhance acoustic performance while maintaining structural 
integrity. The development of thermally effi cient bricks using 
agricultural waste [28] highlights the potential to reduce 
energy consumption in the building sector. The methodologies 
employed in these studies range from traditional methods 
to cutting-edge techniques, demonstrating the breadth of 
innovation in eco-brick manufacturing. 

A signifi cant portion of the research focuses on evaluating the 
performance of ecobricks, comparing them to traditional fi red 
clay bricks [1,4,9,11,16,21,23,29-37]. Mechanical properties, 
including compressive and tensile strength, water absorption, 
and hardness, are commonly assessed [1,4,9,11,16,23,29,31-
37]. Thermal conductivity is also evaluated in some studies, 
highlighting the potential for improved thermal performance 

[21,29,34,]. Life cycle assessment (LCA) is increasingly used 
to evaluate the environmental impact of eco-brick production, 
considering energy consumption, greenhouse gas emissions, 
and resource depletion [7,12,13,38]. LCA provides a holistic 
perspective on the sustainability of eco-bricks, comparing 
them to conventional methods across their entire lifecycle. This 
approach is crucial for identifying areas for improvement and 
promoting the adoption of truly sustainable building materials. 
Numerical modeling is employed in [37] to predict the 
compressive strength of eco-brick masonry walls, providing 
a valuable tool for optimizing brick design and construction 
techniques. 

Eco-bricks are considered a cost-effective option for 
low-cost housing, particularly in developing countries, due 
to the availability of local materials and agricultural waste 
that reduce construction costs [8,20,35,39,]. They also offer 
social benefi ts by improving housing conditions in resource-
limited communities. However, further research is needed to 
establish standardized testing and performance criteria, assess 
large-scale production, and evaluate long-term durability 
[7,12-14,38]. Comprehensive lifecycle cost analyses are also 
necessary to determine their overall economic viability 

Development of eco-friendly Bricks from other waste 
materials 

• Stone Dust: A. This study explores using stone dust 
(5-25%) and cement (5%) as additives to enhance the 
mechanical properties of traditional adobe bricks [4]. 
This addresses housing shortages while promoting 
sustainable construction practices. 

• Plastic Waste and Sawdust: This study examines the 
creation of sound-absorbing bricks using wood-plastic 
composites (WPC) from recycled plastic and sawdust 
[2]. The study focuses on optimizing the brick’s internal 
geometry for enhanced acoustic performance. 

• Waste Tire Rubber: This paper investigates the use 
of crumb rubber (10-40%) as an aggregate in the 
production of rubberized bricks and hollow blocks [32]. 
The research assesses the challenges related to reduced 
compressive strength and workability, alongside 
economic feasibility. 

• Wastepaper: Papercrete bricks made from wastepaper, 
cement, and sand as a lightweight, eco-friendly 
alternative [33]. The study evaluates their mechanical 
properties and suitability for non-load-bearing 
applications. It further investigates papercrete bricks, 
evaluating their properties (weight, compressive 
strength, water absorption, and fi re resistance) [5]. 

• Recycled Clay: This study investigates the recyclability 
of clay from old adobe bricks to produce new units, 
exploring the use of vegetable fi bers for reinforcement 
[34].  

• Rice Husk Ash (RHA): The use of RHA as a partial 
cement replacement in compressed stabilized earth 
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bricks (CSEBs) [25], addressing the high cost of cement 
and improving the sustainability of construction. It 
further investigates RHA as a partial replacement for 
cement in concrete bricks [26]. 

• Coal Mine Waste Rocks (CMWR): The details of a two-
step process for recycling CMWR to recover coal and 
produce eco-friendly bricks using decarbonated tailings 
[40]. This addresses the environmental problems 
associated with coal mining waste. 

• Stabilized Soil: These studies investigate the use of 
lime and cement-stabilized soil bricks for low-cost 
housing [39,41], focusing on the cost-effectiveness and 
sustainability of earth building materials. 

• Industrial By-products: It explores the use of Lower 
Oxford Clay (LOC) combined with Pulverised Fly Ash 
(PFA) and stabilized with Lime, Portland Cement (PC), 
or blends of Lime/PC with Ground Granulated Blast-
furnace Slag (GGBS) to create eco-friendly bricks [6]. 

• Mining Tailings: This study examines the use of mining 
tailings in brick manufacturing to promote sustainable 
housing, investigating the use of various additives to 
improve brick properties [10]. 

• Plastic Waste: Multiple recent studies have investigated 
the use of various plastic waste types in eco-friendly 
brick production. These studies encompass: the 
development of machinery to compact plastic waste 
into bricks; analysis of the mechanical properties of 
bricks made from different plastic wastes; exploration 
of plastic waste applications in road construction; 
creation of masonry bricks using scrap plastic and 
foundry sand; optimization of compressive strength in 
bricks using PET plastic waste; investigation of HDPE 
plastic waste in brick production; feasibility studies of 
eco-bricks (using compressed waste in PET bottles) 
for affordable housing; creation of eco-friendly hollow 
concrete blocks from HDPE, LDPE, and tire rubber; 
optimization of cement brick production using PET and 
HDPE plastic waste; production of high-performance 
bricks using geopolymerization and plastic waste; and 
investigation of the use of plastic waste in broader 
construction applications [1,3,8,9,11,18-22,24,]. 

• Agricultural Waste: Several studies investigate the 
development of eco-friendly bricks using plastic and 
agricultural waste (stubble) and investigate the thermal 
performance enhancement of eco-friendly bricks 
incorporating agricultural wastes (sugarcane bagasse 
ash and rice husk ash) [16,28]. 

• Other Waste Materials: This study investigates the 
use of industrial nano-crystalline aluminum sludge in 
eco-effi cient hollow clay bricks [29]. Others use cow 
dung and coffee stems in lightweight eco-bricks [42]. 
polyester fabric waste in eco-friendly cement bricks 
[36] And uses lime kiln dust (LKD) and tire rubber waste 
(TRW) in eco-friendly brick production [15]. 

• Life Cycle Assessment (LCA): Recent studies utilize LCA 
to evaluate the environmental impact of various eco-
brick production methods [7,12,13,14,38,]. 

In conclusion, the 50 studies reviewed here demonstrate 
a signifi cant effort towards developing sustainable and 
environmentally friendly brick alternatives. The diverse 
range of materials, manufacturing methods, and evaluation 
techniques employed highlights the dynamic and evolving 
nature of this research fi eld. The collective fi ndings provide 
a valuable foundation for future research and development, 
paving the way for more sustainable and environmentally 
responsible construction practices. Further research focusing 
on standardization, large-scale implementation, long-term 
durability, material optimization, and lifecycle cost analysis 
will be crucial for ensuring the widespread adoption and 
success of eco-brick technology. 

Methodology 

The research papers examine various eco-brick 
manufacturing techniques, generally grouped as follows: 

1. Material-Based Approaches: Many studies focused on 
utilizing waste materials, including: 

Agricultural Waste: Rice husk ash [25,26], sawdust [2], 
straw, hemp fi bers [34], cow dung, coffee stem. Methodologies 
involved mixing these with cement, sand, or other binders, 
followed by molding, curing, and testing for compressive 
strength, water absorption, and other properties. 

Industrial Waste: Fly ash [30], crumb rubber [32], plastic 
waste (PET, HDPE, LDPE) [2], [1,16,18,21,22,29,31], foundry 
sand [11], wastepaper [5,33]. These studies employed various 
mixing ratios, molding techniques, and curing methods, with 
testing focused on mechanical properties and durability. 

Recycled Materials: Recycled clay [34], recycled concrete. 
Methodologies involved crushing, mixing, and remolding, 
often comparing the performance of recycled materials with 
virgin materials. 

2. Process-Based Approaches: Several papers focused on 
optimizing the production process: 

Mix Design Optimization: Many studies used experimental 
designs like Box-Behnken design [25], full factorial design 
[19,23] to optimize the mix proportions of various materials to 
achieve desired mechanical properties. 

Molding and Curing: A variety of molding techniques and 
curing methods (sun-drying, water-curing, damp-curing, 
fi ring) were employed, with variations based on the specifi c 
materials used. 

Automated Manufacturing: Some studies explored 
automated production methods [32] to improve effi ciency and 
scalability. 

3. Performance Evaluation: Most studies evaluated the 
performance of eco-bricks through: 
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material costs, energy consumption, and potential 
revenue generation. Compare the cost-effectiveness 
with traditional bricks. 

6. Scalability and Sustainability: Evaluate the scalability 
of the process, ensuring it can be adapted to different 
contexts and scales of production. Assess the overall 
environmental impact through LCA, focusing on carbon 
footprint reduction and resource effi ciency. 

Results 

Numerous studies have explored the use of industrial waste 
materials such as stone dust, sawdust, recycled plastic, crumb 
rubber, rice husk ash, fl y ash, mining tailings, and agricultural 
waste as partial or complete replacements for traditional 
brick components. These investigations consistently show 
that such materials can lower costs, enhance properties 
like thermal insulation and sound absorption, and provide 
environmental benefi ts. However, challenges related to 
strength, durability, and water absorption often necessitate 
optimization of material ratios and manufacturing processes. 
Additionally, research into alternative binders, including lime, 
cement-lime mixtures, and geopolymers, has demonstrated 
their potential to reduce reliance on Portland cement, 
thereby lowering greenhouse gas emissions and improving 
sustainability. Innovations in manufacturing processes, such 
as automated production for rubberized bricks and energy-
effi cient manual machines for compressing inorganic waste, 
aim to boost effi ciency, cut energy consumption, and scale 
up eco-friendly brick production. A signifi cant focus of the 
research also examines the structural performance of eco-
bricks, particularly their compressive, tensile, and fl exural 
strength, hardness, and water absorption. While many studies 
indicate that eco-bricks can match or exceed the strength 
of conventional bricks, further refi nement is often needed 
to address certain limitations. Life cycle assessment (LCA) 
studies further underscore the environmental advantages of 
using waste materials and alternative production methods, 
while also pinpointing areas for continued improvement in 
sustainable brick manufacturing. 

The reviewed literature showcases a signifi cant push 
towards sustainable brick manufacturing using various waste 
materials and innovative techniques. While many studies 
demonstrate the potential for eco-friendly bricks to match or 
surpass traditional bricks in mechanical properties and offer 
environmental benefi ts, challenges remain in optimizing 
material ratios, ensuring long-term durability, and achieving 
widespread market acceptance. Those studies gave us several 
key fi ndings: 

Waste Material Utilization: A wide range of industrial and 
agricultural waste materials have been successfully integrated 
into eco-friendly bricks, demonstrating the potential for 
waste reduction and resource recovery. However, the optimal 
mix proportions often require careful optimization to balance 
strength, durability, and water absorption. 

Improved Sustainability: The use of alternative binders 
and manufacturing processes leads to signifi cant reductions 

Mechanical Testing: Compressive strength [1,2,4-
7,9,11,15,16,21-23,25-27,29-35,37,40-43], fl exural strength 
[4,16,30], tensile strength [7,11,], and other relevant tests were 
commonly used. Durability Testing Freeze-thaw resistance 
6,15], water absorption [1,2,4-6,11,15,16,21,25,26,30,34,35,40-
42], and acid resistance [11] were frequently assessed. 

 Life Cycle Assessment (LCA): Several studies used LCA to 
evaluate the environmental impact of eco-brick production 
[7,12-14,44], comparing it with traditional brick manufacturing. 

Proposed New Methodology: 

This new methodology integrates the best practices from 
the reviewed papers, aiming for a versatile and sustainable 
eco-brick production process: 

1. Material Selection: Prioritize locally sourced waste 
materials with high availability and minimal 
preprocessing needs. Consider a mix of materials to 
optimize properties and reduce reliance on any single 
waste stream. Potential materials include: 

Agricultural residues (e.g., rice husk ash, sawdust, straw) 

Recycled industrial byproducts (e.g., fl y ash, ground 
granulated blast-furnace slag) 

Recycled plastics (with focus on pre-consumer waste 
streams) 

2. Mix Design: Employ a statistically designed experiment 
(e.g., Box-Behnken or full factorial design) to optimize 
the mixed ratios of selected materials. The response 
variables should include compressive strength, fl exural 
strength, water absorption, and density. The experiment 
should consider the infl uence of moisture content and 
curing conditions. 

3. Brick Production: Utilize a low-energy, low-cost 
molding and curing process. Consider using a simple 
manual press for smaller-scale production or exploring 
automated methods for larger-scale applications. 
Optimize curing conditions (temperature, humidity, 
time) based on the mix design results. 

4. Performance Evaluation: Conduct a comprehensive set 
of tests, including: 

a) Compressive strength 

b) Flexural strength 

c) Water absorption 

d) Density 

e) Durability testing 

f) Life cycle assessment (LCA) 

5. Cost-Benefi t Analysis: Assess the economic feasibility 
of the eco-brick production process, considering 



5

https://www.chemisgroup.com/acms

Citation: Ereno J, Cayanan Jason Emannuel L, Santiago Nancy M, Ereño Jimuel Y, Angelo SK, Javier Vienndarell A, et al. Eco Bricks and Sustainability: A Scientific 
Perspective on Waste-Based Materials. Appl Chem Mater Sci. 2026;4(1):1-7. Available from: https://dx.doi.org/10.17352/acms.000005

in greenhouse gas emissions and improved energy effi ciency 
[6,14,44,30]. 

Performance Variability: The mechanical properties of eco-
bricks vary signifi cantly depending on the specifi c materials 
and manufacturing methods used [9,11,23], 

[16]. Further research is needed to standardize production 
processes and ensure consistent performance. 

Economic Viability: While many studies highlight the 
cost-effectiveness of eco-friendly bricks [18,36], economic 
incentives may be required to fully realize their market 
potential [32]. 

Long-Term Durability: Long-term durability and 
performance remain a key concern [17,45], requiring further 
research and monitoring. 

Discussion 

The document presents a comprehensive review of various 
research papers focusing on the development and evaluation 
of eco-friendly bricks. The studies explore diverse approaches 
to creating sustainable and cost-effective building materials 
using waste products and alternative methods. Here’s a 
summary of the key fi ndings across all the papers: 

Key themes and fi ndings

• Material Innovation: Numerous studies investigated 
the use of various waste materials in brick production, 
including stone dust, plastic waste, crumb rubber, 
sawdust, rice husk ash, papercrete, recycled clay, mining 
tailings, agricultural waste (sugarcane bagasse ash, rice 
husk ash), and industrial by-products (fl y ash, ground 
granulated blast-furnace slag). The results showed 
varying degrees of success in terms of compressive 
strength, water absorption, thermal conductivity, and 
overall durability. Optimization of material ratios and 
processing techniques was often crucial for achieving 
desired properties. 

• Mechanical Properties: Compressive strength was a 
primary focus, with many studies showings that eco-
bricks could achieve comparable or even superior 
strength to traditional bricks, depending on the 
materials and methods used. Some studies also 
examined tensile strength, fl exural strength, hardness, 
and abrasion resistance. Water absorption and freeze-
thaw resistance were also important considerations for 
durability. 

• Environmental Impact: Life cycle assessments (LCA) 
were used in several studies to evaluate the environmental 
benefi ts of eco-bricks compared to traditional bricks. 
These studies consistently demonstrated that eco-
bricks had a lower environmental impact due to reduced 
energy consumption, waste diversion, and reduced 
greenhouse gas emissions. 

• Cost-Effectiveness: Many studies highlighted the cost-
effectiveness of eco-bricks, particularly those using 
readily available waste materials. The reduced material 
costs and lower energy consumption in production 
often resulted in signifi cant cost savings compared to 
traditional bricks. 

• Construction Methods: The use of interlocking brick 
systems was explored as a means of reducing energy 
consumption and improving construction effi ciency. 

• Social and Economic Benefi ts: Several studies 
emphasized the social and economic benefi ts of using 
eco-bricks, particularly in low-cost housing projects 
in developing countries. The involvement of local 
communities in production and construction was 
highlighted as a means of fostering skills development 
and economic empowerment. 

The research consistently demonstrates the potential 
of eco-friendly bricks as a sustainable and cost-effective 
alternative to traditional bricks. While some challenges remain, 
such as optimizing material properties and ensuring long-
term durability, the studies show that signifi cant progress has 
been made in developing viable and environmentally sound 
construction materials using waste products and innovative 
techniques. Further research is needed to address remaining 
challenges and promote wider adoption of eco-bricks. 

Conclusion 

The research paper provides a comprehensive review of 
eco-friendly bricks as a sustainable alternative to traditional 
construction materials, focusing on their environmental, 
economic, and structural benefi ts. By utilizing waste materials 
such as plastic, agricultural residues, industrial by-products, 
and mining tailings, eco-bricks address critical challenges 
like plastic pollution, resource depletion, and high carbon 
emissions associated with conventional brick production. Key 
fi ndings highlight that ecobricks often exhibit comparable 
or superior mechanical properties, including compressive 
strength and thermal insulation, while signifi cantly reducing 
environmental impact through lower energy consumption and 
waste diversion. 

However, challenges remain, particularly in standardizing 
production processes, ensuring long-term durability, and 
achieving widespread market acceptance. Further research 
is needed to optimize material ratios, develop scalable 
manufacturing techniques, and conduct comprehensive 
lifecycle assessments to validate their economic and 
environmental viability. 

In conclusion, eco-bricks represent a promising solution 
for sustainable construction, aligning with circular economic 
principles and offering potential social benefi ts, such as 
affordable housing in developing regions. To fully realize their 
potential, collaboration among researchers, policymakers, and 
industry stakeholders is essential to drive innovation, establish 
standards, and promote adoption. This transition to eco-bricks 
could play a pivotal role in creating a more sustainable and 
resilient built environment for the future.
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