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Abstract: In response to growing environmental concerns and the imperative for sustainable development in the
construction industry, this study offers a comprehensive assessment of waste-derived materials aimed at advancing
sustainable building practices. A survey involving 100 professionals from diverse sectors within construction—
including civil engineers, architects, construction managers, environmental consultants, materials scientists, and
sustainability experts—was conducted to evaluate nine waste-derived materials across ten critical sustainability
metrics. Materials such as Recycled Plastic, Papercrete, Fly Ash, and Blast Furnace Slag were examined for their
performance in essential areas such as cost reduction, environmental impact reduction, material strength,
availability, ease of use, durability, thermal insulation, acoustic insulation, aesthetic value, and energy efficiency.
Through a structured questionnaire, participants provided detailed insights based on their expertise and experiences
with these materials. The collected data underwent rigorous analysis, utilizing statistical measures such as means,
standard deviations, variances, and ranges to summarize and compare each material's performance across the
metrics. These results were further visualized using comparative tables, radar charts, heatmaps, and statistical
summaries to provide a comprehensive understanding of each material's strengths and weaknesses. Key findings
highlight Recycled Plastic and Papercrete as top performers, excelling particularly in environmental impact
reduction, energy efficiency, and economic feasibility. These materials exhibit substantial potential to contribute
significantly to sustainable construction by reducing carbon footprints, enhancing energy savings, and improving
overall building performance. Conversely, materials like Construction and Demolition Waste show varying
performance, suggesting opportunities for innovation and enhancement in their application. By offering a detailed
analysis of waste-derived materials and their sustainability attributes, this study aims to guide stakeholders—
ranging from policymakers to industry professionals and researchers—towards informed decisions that promote
environmental stewardship and economic resilience in construction practices.

Keywords: sustainable construction, waste-derived materials, Recycled Plastic, Papercrete, sustainability metrics,
environmental impact, material strength, cost reduction, construction industry

INTRODUCTION

In response to escalating environmental challenges, the construction industry is increasingly turning
to sustainable building materials derived from waste to mitigate its ecological footprint. This study
undertakes a comprehensive evaluation of various waste-derived materials, assessing their performance
across ten critical sustainability metrics. These metrics encompass essential aspects such as cost
reduction, environmental impact, material strength, and aesthetic value, among others, crucial for
advancing sustainable construction practices. The research methodology involved surveying 100 diverse
professionals from the construction sector, including civil engineers, architects, and sustainability
experts. Each participant provided insights through a detailed questionnaire designed to gauge the
effectiveness of different waste materials in enhancing sustainability. The findings were meticulously
analyzed, generating statistical summaries, comparative tables, radar charts, and heatmaps to visually
represent and interpret the data.

Key findings from the study highlight standout performers like Recycled Plastic and Papercrete,
which excel in multiple metrics such as environmental impact reduction, energy efficiency, and
economic viability. These materials not only demonstrate promising potential in reducing carbon
footprints but also offer practical advantages in construction applications, such as ease of use and
durability. Conversely, materials like Construction and Demolition Waste show varying performance
across different metrics, indicating areas for improvement and innovation. The study's comprehensive
approach provides valuable insights into the diverse attributes of waste-derived materials, guiding
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stakeholders in making informed decisions aligned with sustainability goals. By promoting the adoption
of high-performing materials and enhancing recycling techniques, the construction industry can foster
more sustainable practices, thereby contributing to environmental stewardship and economic resilience.
Overall, this research serves as a foundational resource for policymakers, industry professionals, and
researchers seeking to advance sustainable construction practices through strategic material selection
and innovation.

Literature Review

Introduction

The construction industry faces significant environmental challenges, primarily due to its substantial
contribution to resource depletion, energy consumption, and waste generation. To address these issues,
the industry is increasingly exploring sustainable building materials derived from waste products. This
review synthesizes current research on various waste-derived materials used in construction, focusing
on their performance across sustainability metrics such as cost reduction, environmental impact, material
strength, availability, ease of use, durability, thermal insulation, acoustic insulation, aesthetic value, and
energy efficiency.

Recycled Plastic

Recycled plastic has emerged as a highly promising material in sustainable construction, driven by
its versatility and cost-effectiveness. One of its primary advantages lies in cost reduction, as utilizing
recycled plastic can often be more economical compared to traditional building materials, particularly
when sourced locally and processed efficiently. This cost-effectiveness is bolstered by the material's
ability to mitigate environmental impact significantly (Achal & Chin, 2021). By diverting plastic waste
from landfills and reducing the need for virgin plastic production, recycled plastic contributes to
resource conservation and minimizes environmental pollution, aligning well with sustainability goals
(Ahmad et al., 2021).

In terms of material properties, recycled plastic exhibits commendable ease of use due to its
lightweight nature and moldable characteristics. This flexibility allows for innovative design
possibilities and simplifies construction processes, enhancing its appeal across various applications.
However, challenges persist in ensuring adequate material strength and durability. While recycled
plastic can meet structural demands for certain applications, concerns remain about its long-term
performance under diverse environmental conditions. Addressing these challenges requires ongoing
research and advancements in material science to optimize its durability and resilience (Amjad
Almusaed & Asaad Almssad, 2018).

Moreover, recycled plastic offers inherent thermal insulation properties, which contribute to energy
efficiency in buildings by reducing heating and cooling needs. Its acoustic insulation capabilities also
make it suitable for applications where noise reduction is crucial, further expanding its utility in
construction projects aimed at enhancing occupant comfort and building performance (Ashok Kumar
Gupta et al., 2022). Aesthetic considerations, however, vary depending on the processing methods
employed. With appropriate treatment, recycled plastic can achieve a range of textures and finishes,
enhancing its aesthetic appeal and applicability in architectural designs that prioritize both sustainability
and visual aesthetics (AYGUN, 2021).

Papercrete

Papercrete, a composite material made from paper waste and cement, offers significant benefits in
sustainable construction. Its composition allows for a substantial reduction in costs, as paper waste is
readily available and inexpensive (BABCOCK & SALAMA, 2022). Additionally, the use of papercrete
significantly reduces environmental impact by diverting paper waste from landfills and minimizing the
need for traditional cement, which is energy-intensive to produce. Research indicates that papercrete
exhibits excellent energy efficiency and thermal insulation properties, which contribute to energy
savings and improved indoor thermal comfort. These properties make buildings more sustainable by
lowering heating and cooling demands. The material also scores well in terms of ease of use due to its
lightweight nature and workability. Its ability to be molded into various shapes and sizes simplifies the
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construction process. Furthermore, papercrete has gained community acceptance, highlighting its
potential for broader adoption in sustainable construction practices. This acceptance is crucial for
promoting more widespread use of innovative, eco-friendly materials in the construction industry
(Bakhoum et al., 2017).

Fly Ash

Fly ash, a by-product of coal combustion, is widely used in concrete production due to its pozzolanic
properties, which enhance the mechanical properties of concrete. This utilization not only improves the
strength and durability of concrete but also reduces the environmental footprint of construction projects.
Studies show that incorporating fly ash in concrete leads to lower embodied energy and a reduced carbon
footprint, making it a sustainable alternative to traditional cement (Tiza et al., 2021). The use of fly ash
helps conserve natural resources and reduces greenhouse gas emissions associated with cement
production. However, concerns about toxicity levels and regulatory support need to be addressed to
maximize its potential. Ensuring that fly ash is free from harmful contaminants is essential to safeguard
human health and the environment. Additionally, regulatory frameworks should support the safe and
widespread use of fly ash in construction (Braham & Casillas, 2020).

Blast Furnace Slag

Blast furnace slag, a by-product of iron and steel production, is another valuable waste-derived
material in construction. It is known for its high material strength and durability, making it suitable for
various structural applications. Research highlights its balanced performance across multiple metrics,
including environmental impact, energy efficiency, and economic impact (Canning et al., 2019). The
incorporation of blast furnace slag in construction materials reduces the need for virgin raw materials
and lowers the carbon footprint. Its use in concrete enhances the material's strength and durability,
resulting in longer-lasting structures. The robust supply chain impact and regulatory support further
underscore its viability in sustainable construction. Ensuring a consistent supply of blast furnace slag
and promoting policies that encourage its use can help drive its adoption in the construction industry
(Govindan et al., 2016).

Recycled Concrete Aggregate (RCA)

Recycled concrete aggregate (RCA) involves repurposing demolished concrete into new
construction applications. This practice not only diverts waste from landfills but also reduces the demand
for virgin materials, conserving natural resources and reducing environmental degradation. Studies
reveal that RCA performs well in terms of material strength, availability, and durability (Hahladakis et
al., 2020). Its use in new concrete mixtures provides a viable alternative to traditional aggregates,
maintaining the structural integrity of buildings and infrastructure. However, RCA faces challenges in
thermal and acoustic insulation. Enhancing these properties through innovative processing techniques
could further boost its sustainability credentials. Research into improving the insulation properties of
RCA can make it a more versatile material, suitable for a wider range of construction applications (He
et al., 2021).

Rice Husk Ash

Rice husk ash, derived from the combustion of rice husks, is utilized as a supplementary
cementitious material. It offers benefits in terms of recycling efficiency and thermal insulation,
contributing to energy savings in buildings (Kisku et al., 2017). The use of rice husk ash in concrete and
mortar enhances the material's thermal properties, leading to more energy-efficient structures. However,
its processing complexity and moderate scores in innovation potential indicate the need for improved
technologies to fully harness its advantages. Developing more efficient methods for processing rice husk
ash can reduce costs and increase its adoption in the construction industry. Additionally, research into
optimizing its performance as a cement substitute can enhance its overall sustainability impact (Kog¢ &
Christiansen, 2019).

Rubber Tires
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Rubber tires, when processed into crumb rubber, can be used in concrete and asphalt mixtures. This
not only addresses the issue of tire waste but also enhances the properties of construction materials
(Kumar & Prabhansu, 2022). The incorporation of crumb rubber improves the acoustic insulation and
durability of building materials, making them more resilient and quieter. However, the embodied energy
associated with processing rubber tires and the need for further innovation to optimize their use require
attention. Research into reducing the energy consumption of the processing methods and improving the
performance of crumb rubber in construction applications can make it a more sustainable option (Kumar
et al., 2024).

Glass Waste

Glass waste, when crushed and repurposed, serves as an aggregate in concrete or as a raw material
in new glass products. It scores highly in terms of recycling efficiency, embodied energy, and
community acceptance, making it a valuable material in sustainable construction (Mahpour, 2018). The
use of recycled glass reduces the need for virgin materials, conserving natural resources and lowering
the carbon footprint of construction projects. However, addressing its toxicity levels is crucial to ensure
the safety and environmental sustainability of using glass waste in construction. Ensuring that recycled
glass is free from harmful contaminants and promoting safe handling and processing practices can
enhance its sustainability credentials (Maier, 2022).

By exploring and optimizing the use of these waste-derived materials, the construction industry can
significantly reduce its environmental impact and move towards more sustainable practices. Continued
research and innovation are essential to overcome the challenges associated with these materials and
fully realize their potential in sustainable construction (Maraveas, 2020).

Table 1: Summary of Benefits, Challenges, and Sustainability Metrics of Waste-Derived Materials in

Construction
Material Bene.ﬁts 2 nd Chall'enges .and Sustainability Metrics References
Applications Considerations
(Achal &
Chin, 2021),
(Ahmad et al.,
2021), (Amjad
Almusaed &
Asaad
Almssad,
Cost-effective, reduces Concerns about Cost reduction, 2018), (Ashok
environmental impact, material strength environmental impact, ease | Kumar Gupta
versatile, easy to use, good | and durability; of use, energy efficiency, et al., 2022),
Recycled thermal and acoustic requires ongoing acoustic insulation, aesthetic | (AYGUN,
Plastic insulation research versatility 2021)
Reduces costs, diverts Lightweight but (BABCOCK
paper waste from landfills, | may need Cost reduction, & SALAMA,
good energy efficiency enhancements in environmental impact, 2022),
and thermal insulation, fire resistance and | energy efficiency, thermal (Bakhoum et
Papercrete | community acceptance waterproofing insulation, ease of use al., 2017)
Enhances concrete
strength and durability, (Tiza et al.,
reduces environmental Concerns about Embodied energy, carbon 2021),
footprint, conserves toxicity, need for footprint, material strength, (Braham &
Fly Ash natural resources regulatory support | environmental impact Casillas, 2020)
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High strength and Material strength, durability, | (Canning et
Blast durability, reduces need Ensuring consistent | environmental impact, al., 2019),
Furnace for virgin materials, lower | supply, need for energy efficiency, economic | (Govindan et
Slag carbon footprint regulatory support | impact al., 2016)
Challenges in
thermal and
Recycled Reduces landfill waste, acoustic insulation,
Concrete conserves natural need for innovative | Material strength, (Hahladakis et
Aggregate resources, good material processing availability, durability, al., 2020), (He
(RCA) strength and durability techniques environmental impact et al., 2021)
Processing
complexity, (Kisku et al.,
Good recycling efficiency, | moderate Recycling efficiency, 2017), (Kog &
Rice Husk enhances thermal innovation thermal insulation, energy Christiansen,
Ash insulation, energy savings | potential savings 2019)
Enhances acoustic (Kumar &
insulation and durability High embodied Acoustic insulation, Prabhansu,
Rubber of concrete and asphalt, energy, need for durability, environmental 2022), (Kumar
Tires addresses tire waste issue | further innovation | impact et al., 2024)
Recycling efficiency,
High recycling efficiency, embodied energy, (Mahpour,
good, embodied energy, Need to address environmental impact, 2018), (Maier,
Glass Waste | community acceptance toxicity levels community acceptance 2022)
Continued research
Exploring and optimizing | and innovation
waste-derived materials needed to
reduces environmental overcome Overall sustainability
impact and moves challenges and impact, resource
General construction towards fully realize conservation, reduction of (Maraveas,
Conclusion | sustainability potential environmental footprint 2020)

Table 1 above provides an overview of various waste-derived materials used in sustainable construction.
It highlights their benefits and applications, addresses challenges and considerations, and lists the key
sustainability metrics associated with each material.

Sustainable Use of Waste-Derived Materials in Civil Engineering

Structural Applications

Civil engineering projects have increasingly incorporated waste-derived materials into structural
applications, aiming to enhance sustainability. For example, recycled concrete aggregate (RCA) is
commonly used in the production of new concrete, serving as a replacement for natural aggregates
(Michael, 2021). This practice not only diverts substantial amounts of construction and demolition waste
from landfills but also reduces the demand for virgin aggregate materials. The use of RCA in
constructing foundations, roads, and pavements demonstrates how civil engineering can contribute to a
circular economy by reusing materials efficiently (Ossa et al., 2016).

Enhancing Durability and Performance

Materials such as fly ash and blast furnace slag are widely utilized to improve the durability and
mechanical performance of concrete. Fly ash, a by-product of coal combustion, is incorporated into
concrete mixes to enhance strength and longevity while also reducing the concrete's overall carbon
footprint. Similarly, blast furnace slag, a by-product of iron and steel production, is used to replace a
portion of Portland cement in concrete (Pan et al., 2023). This substitution not only lowers the
environmental impact but also enhances the concrete's resistance to chemical attacks and thermal
cracking, making structures more durable and sustainable (Tiza, 2023).
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Improving Thermal and Acoustic Insulation

The integration of materials like rubber tires and rice husk ash into construction projects addresses
both sustainability and performance needs. Rubber tires, processed into crumb rubber, are added to
concrete and asphalt mixtures to enhance acoustic insulation, thereby reducing noise pollution in urban
environments. Rice husk ash, when used as a supplementary cementitious material, improves the thermal
insulation properties of buildings. This contributes to energy savings by maintaining more stable indoor
temperatures, reducing the need for extensive heating and cooling systems (Panda et al., 2017).

Innovative Building Technologies

Civil engineers are continually exploring innovative building technologies that leverage waste-
derived materials. Papercrete, for instance, is being tested in various forms such as lightweight panels
and blocks for low-cost housing. Its high thermal insulation properties make it an ideal material for
energy-efficient buildings. Moreover, glass waste is being repurposed as an aggregate in concrete or as
a raw material for new glass products, demonstrating its versatility and potential for reducing the
construction industry's environmental footprint (Ren, 2020).

Environmental Impact and Resource Conservation

The use of waste-derived materials significantly mitigates the environmental impact of civil
engineering projects. By incorporating recycled plastics, fly ash, and other by-products into construction
materials, engineers can lower greenhouse gas emissions associated with the production and disposal of
traditional building materials (Samarakoon et al., 2021 & Satyanarayanan et al., 2021). Additionally,
these practices help conserve natural resources, such as limestone and clay, which are extensively used
in cement production. The conservation of these resources ensures their availability for future
generations and promotes the overall sustainability of the construction industry.

Community Acceptance and Economic Benefits

Adopting sustainable materials in civil engineering also brings about community acceptance and
economic benefits. Communities increasingly favor construction projects that prioritize environmental
stewardship and resource efficiency (Teijon-Lopez-Zuazo et al., 2020). The use of locally sourced
waste-derived materials can also stimulate local economies by creating jobs in recycling and material
processing industries. Furthermore, the reduced material costs and potential for government incentives
make sustainable construction practices economically viable for contractors and developers (Tiza,
2022).

In conclusion, the integration of waste-derived materials into civil engineering practices presents a
multifaceted approach to achieving sustainability (Ulubeyli & Artir, 2015). These materials not only
enhance the performance and durability of construction projects but also contribute to significant
environmental and economic benefits (Venkateswaran, 2021). Continued research and innovation in this
field will further expand the possibilities for sustainable construction, paving the way for a more resilient
and eco-friendlier built environment.

Environme .
Application | Example Benefits Challenges ntal and Communlt}f Refere
. and and . and Economic
Area Materials . . Economic nces
Advantages | Considerations Benefits
Impact
Diverts Reduces
construction landfill
waste from | Challenges in waste; Stimulates local
landfills; thermal and conserves economies (Mich
reduces acoustic natural through ael,
Recycled demand for | properties; need | resources; recycling and 2021),
Structural | Concrete virgin for innovative lowers material (Ossa
Application | Aggregate | aggregates; | processing carbon processing etal.,
s (RCA) promotes techniques footprint industries 2016)
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circular
economy
Increases
Enhances community
Improves concrete acceptance
concrete Concerns about | durability; through durable
Enhancing strength and | toxicity (fly resistance to | and sustainable | (Pan et
Durability | Fly Ash, longevity; ash); ensuring chemical infrastructure; al.,
and Blast reduces consistent attacks and | potential for 2023),
Performan | Furnace carbon supply of blast | thermal government (Tiza,
ce Slag footprint furnace slag cracking incentives 2023)
Energy
savings
Enhances through
acoustic improved
insulation; High embodied | thermal Improves indoor
Rubber reduces energy in efficiency; comfort;
Tires noise processing reduced enhances
Thermal (crumb pollution; rubber tires; need for building
and rubber), improves processing heating and | performance; (Panda
Acoustic Rice Husk | thermal complexity of | cooling addresses urban | et al.,
Insulation | Ash properties rice husk ash systems noise pollution | 2017)
Lightweight
with high
thermal
insulation
properties Versatile
(Papercrete); | Fire resistance | applications
versatile raw | and in low-cost | Promotes
material for | waterproofing | housing and | innovation in
concrete and | challenges in architectural | building
Innovative glass Papercrete; designs; materials;
Building products toxicity reduces potential for
Technologi | Papercrete, | (Glass concerns in environment | aesthetic (Ren,
es Glass Waste | Waste) Glass Waste al footprint | enhancements 2020)
Reduces
greenhouse
gas Material Mitigates
emissions; strength and environment | Fosters
conserves durability al impact; environmental
Environme natural challenges; conserves stewardship;
ntal Impact | Recycled resources regulatory natural ensures (Sama
and Plastics, Fly | like support needed | resources sustainable rakoon
Conservati | Ash, Other | limestone for safe use of | for future resource etal.,
on By-products | and clay by-products generations | management 2021)
Promotes Economic
community viability
acceptance Initial higher through Enhances
of costs for reduced community
Communit sustainable | sustainable material well-being;
y Local practices; materials; costs; supports local (Satya
Acceptance | Sourcing of | stimulates perception potential for | industries; naraya
and Materials, local challenges in government | aligns with nan et
Economic Government | economies material support and | sustainability al.,
Benefits Incentives through job | performance incentives goals 2021)
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creation and

recycling

industries

Expands Explores new

possibilities Advances avenues for (Teijo

for Requires eco-friendly | sustainable n-

sustainable | ongoing construction | development; Lopez-

construction; | research and practices; integrates waste | Zuazo
Continued | enhances development fosters management etal.,
Research resilience of | for material resilient strategies into 2020),
and built optimization infrastructur | civil engineering | (Tiza,
Innovation | environment | and innovation | e practices 2022)

Methodology

The study involved 100 participants who were surveyed through a detailed questionnaire. The
respondents comprised a diverse group of professionals from the construction industry, including:

Civil Engineers (25%): Professionals involved in the planning, design, and oversight of
construction and infrastructure projects.

Architects (20%): Experts in building design and construction, focusing on the aesthetics,
functionality, and sustainability of structures.

Construction Managers (20%): Individuals responsible for overseeing construction projects,
ensuring they are completed on time and within budget.

Environmental Consultants (15%): Specialists providing advice on environmental impact,
sustainability practices, and compliance with regulations.

Materials Scientists (10%): Researchers and developers working on new materials and their
applications in construction.

Sustainability Experts (10%): Professionals dedicated to promoting sustainable practices and
reducing the environmental footprint of construction activities.

Data Collection and Analysis

The combination of detailed questionnaire responses, rigorous data analysis, and clear graphical
representation provides a robust overview of the potential benefits of using different waste materials in
sustainable construction practices.

Benchmarking Sustainable Construction Materials across Performance Metrics

Table 1: Comparative Analysis of Sustainable Building Material Attributes

Wa Cost Enviro . . Eas Ther écous Aesthe | Energy
ste nment | Material | Avail Dura | mal tic . .
Reduct e e of | ... tic Efficienc
Typ | . al Strength | ability bility | Insula | Insula
ion Use . . Value |y
e Impact tion tion
Fly
Ash | 8 9 7 8 8 8 7 6 7 8
Blas
t
Fur
nace
Slag | 7 8 8 7 7 9 7 7 6 8
Rec
ycle
d
Con | 6 7 8 9 8 8 6 6 7 7
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Table 1 offers a comprehensive and detailed analysis of sustainable building material attributes
across nine waste types; each rated on a scale from 1 to 10 for ten critical metrics essential for
construction applications. Recycled Plastic emerges as a standout performer across multiple criteria.
With a high score of 9 for both environmental impact and energy efficiency, Recycled Plastic
demonstrates its capability to significantly reduce environmental footprints while enhancing energy
savings in buildings. Its strong score of 9 in ease of use underscores its practicality in construction
projects, making it accessible and efficient for builders. Moreover, Recycled Plastic scores 8 in aesthetic
value, showcasing its potential to contribute aesthetically pleasing solutions to architectural designs.
These attributes collectively position Recycled Plastic as a leading choice for sustainable construction,
balancing environmental responsibility with practical utility.

Papercrete also demonstrates notable strengths in various categories. With a score of 9 in both cost
reduction and environmental impact, Papercrete proves cost-effective and environmentally friendly
compared to conventional materials. Its high scores in energy efficiency (9) and thermal insulation (8)
highlight its capability to contribute significantly to energy savings and improve thermal comfort in
buildings. Papercrete's solid performance in acoustic insulation (7) further enhances its appeal by
reducing noise transmission, promoting quieter indoor environments. These attributes make Papercrete
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a compelling option for builders looking to integrate sustainable and efficient materials into their
projects, particularly in terms of economic and environmental benefits. Other notable performers include
Blast Furnace Slag and Recycled Concrete Aggregate, which excel in material strength (both scoring 8)
and availability (scoring 7 and 9, respectively). These materials offer robust structural capabilities and
abundant supply, making them reliable choices for various construction applications. Glass Waste and
Coconut Shell also stand out with their high scores in aesthetic value (both scoring 8), contributing to
design flexibility and visual appeal in architectural settings.

Overall, Table 1 provides a nuanced view of how different waste-derived materials can meet diverse
criteria essential for sustainable building practices. It underscores the importance of considering multiple
factors—from environmental impact and energy efficiency to material strength and aesthetic value—in
selecting materials that enhance both construction performance and environmental stewardship.

Table 2: Summary of Statistical measures from Table 1

Metric Mean Standard Deviation Variance Range
Cost Reduction 7.4 0.97 0.94 3
Environmental Impact 8 0.94 0.88 2
Material Strength 6.8 0.79 0.62 2
Availability 7.8 0.63 0.4 2
Ease of Use 7.9 0.74 0.55 2
Durability 7.6 0.52 0.27 2
Thermal Insulation 7.4 1.07 1.15 3
Acoustic Insulation 6.9 0.83 0.69 2
Aesthetic Value 7.2 0.79 0.62 2
Energy Efficiency 8 0.67 0.45 2

Table 2 summarizes key statistical measures across ten metrics for nine different sustainable
building materials derived from waste. The table provides insights into the average performance,
variability, and spread of attributes essential for sustainable construction.

On average, the materials score highly across several metrics: environmental impact (mean of 8),
ease of use (7.9), and energy efficiency (8). These attributes highlight their effectiveness in reducing
environmental footprints, practicality in construction applications, and contribution to energy savings.
However, there are notable variations among materials in terms of other metrics. For instance, while
materials generally score well in availability (7.8) and durability (7.6), there is more variability in
thermal insulation (7.4) and acoustic insulation (6.9) capabilities. This variability suggests that some
materials may excel in specific performance areas such as thermal efficiency or aesthetic value (7.2),
while others may offer stronger material strength (6.8) or more cost-effective solutions (7.4). Overall,
Table 2 underscores the diversity and nuanced performance of waste-derived materials in sustainable
building practices, guiding decisions based on specific project needs and sustainability goals.

35



International Journal of Environmental Pollution and Environmental Modelling, Vol. 8(1): 26-42 (2025)

slass Waste

Rice Husk Ash Coconut Shel

Figure 1. Comparison of Sustainability Metrics for Various Waste Materials in Construction

Figure 1. above shows the performance of each waste material across different sustainability metrics
with a separate legend below the chart.

The radar chart illustrates the performance of nine different sustainable building materials derived
from waste across ten metrics: Cost Reduction, Environmental Impact, Material Strength, Availability,
Ease of Use, Durability, Thermal Insulation, Acoustic Insulation, Aesthetic Value, and Energy
Efficiency. Notably, Recycled Plastic, Fly Ash, and Papercrete emerge as top performers in several
areas. Recycled Plastic excels in Cost Reduction, Environmental Impact, Ease of Use, Acoustic
Insulation, and Energy Efficiency, making it a versatile and cost-effective option, though it falls short
in Material Strength and Durability. Similarly, Fly Ash and Papercrete perform well in Cost Reduction,
Environmental Impact, and Ease of Use but have lower scores in Acoustic Insulation and Thermal
Insulation.

Other materials, such as Blast Furnace Slag and Recycled Concrete Aggregate, show strengths in
specific areas. Blast Furnace Slag balances high performance in Material Strength, Durability, and
Energy Efficiency but has slightly lower scores in Cost Reduction and Ease of Use. Recycled Concrete
Aggregate is noted for its Material Strength, Availability, and Durability, indicating its reliability for
robust construction needs, though it scores lower in Thermal and Acoustic Insulation, highlighting
potential limitations in insulation properties. Coconut Shell and Glass Waste demonstrate good
performance in Environmental Impact, Durability, and Availability but vary in other areas, suggesting
a more well-rounded but not exceptional performance in any single metric.

Overall, the radar chart reveals that each material has distinct strengths and weaknesses,
emphasizing the need to select materials based on specific project requirements and sustainability goals.
Recycled Plastic stands out for its cost and environmental benefits, while materials like Blast Furnace
Slag and Recycled Concrete Aggregate are preferred for their strength and durability. This

36



International Journal of Environmental Pollution and Environmental Modelling, Vol. 8(1): 26-42 (2025)

comprehensive evaluation aids in informed decision-making for sustainable building practices,
highlighting the importance of aligning material selection with the unique demands of each construction
project.

Benchmarking Environmental Impact Across Waste Types

Table 3: Summary of Waste Material Attributes

Recyc E . | Carb | Proces | Innova Suppl Commu Regu Econ
. mbodi . . y . . . lator .
Waste Type ling led on sing tion | Chain Toxicity | nity . omic
Effici Footp | Compl | Potenti Levels Accepta Impa
ency Energy rint exity al Impa nce Supp ct
ct ort
Fly Ash 9 7 6 8 7 8 4 8 7 8
Blast
Furnace Slag | 8 6 7 7 6 7 5 7 8 7
Recycled
Concrete
Aggregate 7 8 8 7 7 8 6 8 7 7
Recycled
Plastic 9 5 5 9 8 9 4 9 8 9
Rice  Husk
Ash 8 7 6 6 7 7 4 7 6 8
Rubber Tires | 7 6 6 7 6 8 5 7 7 7
Glass Waste | 8 8 7 7 7 7 4 8 8 8
Construction
and
Demolition
Waste 6 7 8 6 6 8 5 7 7 6
Papercrete 9 5 5 8 8 9 4 9 8 9
Coconut
Shell 8 7 6 7 7 8 4 8 7 8

The table 3 above provides a detailed comparative analysis of various sustainable building materials

derived from waste, scored across ten attributes on a scale of 1 to 10. Fly Ash demonstrates high
recycling efficiency (9) and processing complexity (8), along with strong community acceptance (8) and
economic impact (8), although it scores lower on carbon footprint (6) and toxicity levels (4), indicating
environmental and health concerns. Blast Furnace Slag balances high scores in embodied energy (6),
carbon footprint (7), community acceptance (7), regulatory support (8), and economic impact (7), but it
has lower innovation potential (6) and processing complexity (7). Recycled Concrete Aggregate shows
strong performance in embodied energy (8), carbon footprint (8), community acceptance (8), and supply
chain impact (8), but has a lower score in toxicity levels (6).

Recycled Plastic stands out with the highest scores in recycling efficiency (9), innovation potential
(8), processing complexity (9), community acceptance (9), and economic impact (9), suggesting high
versatility and cost-effectiveness, though it scores lower in embodied energy (5) and carbon footprint
(5). Rice Husk Ash has good scores in recycling efficiency (8), embodied energy (7), community
acceptance (7), and economic impact (8), but lower in carbon footprint (6) and innovation potential (7).
Rubber Tires show high scores in processing complexity (7), community acceptance (7), supply chain
impact (8), and economic impact (7), with lower scores in embodied energy (6), carbon footprint (6),
and innovation potential (6). Glass Waste performs well in recycling efficiency (8), embodied energy
(8), carbon footprint (7), community acceptance (8), regulatory support (8), and economic impact (8),
but has a lower score in toxicity levels (4).

Construction and Demolition Waste shows good performance in embodied energy (7), carbon
footprint (8), community acceptance (7), and supply chain impact (8), but lower in recycling efficiency
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(6), innovation potential (6), and processing complexity (6). Papercrete scores the highest in recycling
efficiency (9), innovation potential (8), processing complexity (8), community acceptance (9),
regulatory support (8), and economic impact (9), despite lower scores in embodied energy (5) and carbon
footprint (5). Coconut Shell demonstrates high scores in recycling efficiency (8), processing complexity
(7), community acceptance (8), regulatory support (7), and economic impact (8), but has lower scores
in carbon footprint (6) and innovation potential (7). Overall, the analysis highlights the strengths and
weaknesses of each material, emphasizing the need for careful selection based on specific project
requirements and sustainability goals.

Table 4: Summary of Statistical measures from Table 3

Waste Type Mean ls)t:‘f;gzl(;?l Variance Range
Recycling Efficiency 7.9 0.983 0.966 3
Embodied Energy 6.7 1.054 1.111 3
Carbon Footprint 6.5 0.899 0.808 3
Processing Complexity | 7.3 1.06 1.123 3
Innovation Potential 7 0.978 0.956 3
Supply Chain Impact 7.7 0.923 0.853 2
Toxicity Levels 4.7 0.894 0.799 1
Community

Acceptance 7.8 0.918 0.843 3
Regulatory Support 7.2 0.989 0.978 2
Economic Impact 7.8 0.983 0.966 3

Table 4 presents a statistical summary of the attributes of various waste materials used in sustainable
building. The "Recycling Efficiency" has a mean score of 7.9, indicating a generally high ability to be
recycled among the materials, with a standard deviation of 0.983, suggesting moderate variability around
the mean. The variance of 0.966 and a range of 3 reflect that while most materials score close to the
average, some materials perform significantly better or worse in recycling efficiency.

"Embodied Energy" has a mean of 6.7, showing that the energy required to produce these materials
is relatively high, with a standard deviation of 1.054 and a variance of 1.111, indicating considerable
variability in energy use among the materials. The range is 3, showing a notable spread between the
highest and lowest scores. The "Carbon Footprint" attribute has a mean of 6.5, with a standard deviation
of 0.899 and a variance of 0.808, showing moderate variability and a similar range of 3, reflecting the
differences in environmental impact across materials.

"Processing Complexity" scores an average of 7.3, indicating relatively complex processing
requirements, with a standard deviation of 1.06 and a variance of 1.123, suggesting significant variation
among materials. The "Innovation Potential" has a mean score of 7, with a standard deviation of 0.978
and variance of 0.956, showing some variability in how innovative these materials are. The "Supply
Chain Impact" has a high mean score of 7.7, indicating a generally positive impact on supply chains,
with a lower standard deviation of 0.923 and variance of 0.853, showing less variability and a range of

"Toxicity Levels" have the lowest mean score of 4.7, highlighting concerns about the health impacts
of these materials, with a standard deviation of 0.894 and variance of 0.799, indicating some variability.
"Community Acceptance" and "Economic Impact" both have high mean scores of 7.8, suggesting these
materials are generally well-received and economically beneficial. Both attributes show moderate
variability with standard deviations of 0.918 and 0.983, respectively, and variances of 0.843 and 0.966.
Finally, "Regulatory Support" has a mean score of 7.2, with a standard deviation of 0.989 and variance
of 0.978, indicating that regulatory frameworks generally support these materials but with some
variability. Overall, the analysis highlights the strengths and weaknesses of each attribute, helping to
inform decisions on material selection based on specific project requirements and sustainability goals.
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Figure 2: Comparative Heatmap of Sustainable Building Material Attributes Across Various
Metrics

The heatmap in figure 2 above provides a comprehensive visual representation of the attributes of
various waste materials used in sustainable building, rated across ten different sustainability metrics.
Each attribute is rated on a scale from 1 to 9, with 9 representing the highest score and the most favorable
performance in that attribute.

In terms of recycling efficiency, Fly Ash, Recycled Plastic, and Papercrete lead with scores of 9,
indicating excellent recycling efficiency. Construction and Demolition Waste scores the lowest at 6,
showing room for improvement. For embodied energy, Recycled Concrete Aggregate and Glass Waste
perform best with scores of 8, while Recycled Plastic and Papercrete score the lowest at 5, suggesting
higher embodied energy requirements. When examining carbon footprint, Recycled Concrete
Aggregate is the best performer with a score of 8, indicating a low carbon footprint, whereas Recycled
Plastic, Papercrete, and Construction and Demolition Waste have the highest carbon footprints, each
scoring 5.

Processing complexity is rated highest for Recycled Plastic with a score of 9, indicating the
simplest processing requirements, while Rice Husk Ash and Construction and Demolition Waste are the
most complex, each scoring 6. For innovation potential, Recycled Plastic, Papercrete, and Coconut
Shell stand out with scores of 8, indicating high potential for innovative applications, whereas Blast
Furnace Slag and Rubber Tires score the lowest at 6. In the supply chain impact category, Recycled
Plastic and Papercrete again lead with scores of 9, suggesting a significant positive impact, while Blast
Furnace Slag, Rubber Tires, and Construction and Demolition Waste score a moderate 7.

Toxicity levels are generally low across most materials, with all except Rubber Tires, Blast Furnace
Slag (both scoring 5), and Fly Ash (scoring 4) rating a 4. Community acceptance is highest for
Recycled Plastic and Papercrete, both scoring 9, indicating high levels of acceptance. Rice Husk Ash,
Rubber Tires, and Construction and Demolition Waste score slightly lower at 7. For regulatory
support, Fly Ash, Recycled Plastic, Papercrete, and Glass Waste score high at 8, while Construction
and Demolition Waste scores the lowest at 6. Lastly, in terms of economic impact, Recycled Plastic
and Papercrete lead with scores of 9, indicating significant positive economic impacts, whereas
Construction and Demolition Waste and Recycled Concrete Aggregate score the lowest at 6 and 7,
respectively.

Overall, the heatmap reveals that Recycled Plastic and Papercrete consistently score high across
most metrics, suggesting they are highly favorable materials in terms of sustainability. In contrast,
Construction and Demolition Waste scores lower in several areas, indicating more challenges in
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sustainability metrics. This analysis helps identify strengths and weaknesses in each material's
sustainability profile, guiding decision-making in sustainable building practices.
Conclusion

This study provides a comprehensive analysis of various waste materials used in sustainable
building practices, focusing on ten critical sustainability metrics. The heatmap visualization reveals that
Recycled Plastic and Papercrete stand out with consistently high scores across multiple attributes,
indicating their strong potential as sustainable building materials. Conversely, Construction and
Demolition Waste shows lower performance in several areas, highlighting potential challenges and areas
for improvement. The detailed statistical analysis underscores the variability and performance gaps
among the different materials, offering valuable insights for optimizing material selection in sustainable
construction.

Future Directions

Future research should focus on exploring innovative processing techniques and technologies that
can enhance the sustainability metrics of lower-performing materials such as Construction and
Demolition Waste. Additionally, longitudinal studies examining the long-term performance and
environmental impacts of these materials in real-world applications would provide more comprehensive
data. The integration of advanced materials science, such as nanotechnology, could further improve the
properties of these materials, making them more competitive in terms of sustainability.
Recommendations

Based on the findings of this study, the following recommendations are made:

1. Promote the Use of High-Performing Materials: Encourage the adoption of Recycled Plastic

and Papercrete in sustainable construction projects due to their superior performance across multiple

metrics.

2. Enhance Recycling and Processing Techniques: Invest in research and development to

improve the recycling efficiency and reduce the embodied energy of materials like Construction and

Demolition Waste and Rice Husk Ash.

3. Regulatory and Policy Support: Strengthen regulatory frameworks and provide incentives for

the use of sustainable building materials with high community acceptance and economic impact.

4. Industry Collaboration: Foster collaboration between academia, industry, and government to

develop and implement innovative solutions that enhance the sustainability of all building materials.

5. Public Awareness and Education: Increase public awareness about the benefits of using

sustainable materials and encourage community acceptance through education and outreach

programs.

By addressing these recommendations, the construction industry can move towards more
sustainable practices, minimizing environmental impact and maximizing economic and social benefits.
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