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ABSTRACT 

The construction industry is a major consumer of natural resources and contributor to 

global carbon emissions. Sustainable Construction Materials (SCMs) offer promising 

alternatives to traditional building components by emphasizing environmental friendliness, 

economic viability, and social acceptability. This paper presents a systematic review of 15 

mainstream SCMs, evaluating them across engineering performance and Environmental, 

Social, and Governance (ESG) indicators. Through an integrative methodology combining 

data from peer-reviewed literature and institutional guidelines, this study examines the 

technical, environmental, and economic attributes of materials such as bamboo, precast 

concrete, recycled plastics, and hempcrete. Findings suggest that while many SCMs exhibit 

commendable strength and energy efficiency, key challenges remain in economic analysis, 

lifecycle cost data, and social adaptability. The review also highlights critical research gaps, 

especially regarding human toxicity, housing affordability, and compliance with policy 

frameworks. This work provides guidance for researchers, engineers, and policymakers aiming 

to embed sustainability into construction practices. 

Keywords: Sustainable construction materials, ESG performance, green building, engineering 

analysis, lifecycle cost, human toxicity, carbon footprint 

1. INTRODUCTION 

The construction industry is a critical sector that significantly impacts global 

environmental, social, and economic systems. Currently, buildings account for approximately 

40% of global energy-related carbon dioxide (CO₂) emissions and are among the highest 

consumers of raw natural resources and energy. As the world confronts the challenges of 

climate change, urbanization, and resource scarcity, the role of the built environment in 

promoting sustainable development has never been more vital. This situation has led to an 

increased demand for alternative materials and construction strategies that reduce 
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environmental harm while meeting functional, economic, and social performance criteria. In 

this context, Sustainable Construction Materials (SCMs) have emerged as a viable solution to 

enhance resource efficiency, reduce emissions, and support healthier and more resilient 

communities. SCMs broadly encompass a wide array of materials—ranging from rapidly 

renewable natural resources like bamboo and cork to industrial by-products such as recycled 

plastic, precast concrete, and ferrock. These materials are designed not only to lower 

environmental impact but also to offer potential improvements in thermal insulation, durability, 

indoor air quality, and even socioeconomic outcomes, such as job creation in local industries. 

Despite their potential, many SCMs remain confined to experimental or pilot phases, 

lacking robust real-world performance data and comprehensive sustainability assessments. 

Existing studies often focus heavily on isolated technical or environmental properties, leaving 

economic and social implications underexplored. Moreover, inconsistencies in definitions, 

performance benchmarks, and regulatory acceptance contribute to a fragmented understanding 

of their applicability and scalability. To address this gap, this study presents a comprehensive 

review of 15 SCMs, categorized by their origin—natural, recycled, or hybrid. It evaluates each 

material through two critical lenses: (1) engineering performance and (2) sustainability, based 

on the ESG (Environmental, Social, and Governance) framework. This dual approach not only 

captures the functional performance of SCMs in real construction scenarios but also provides 

an in-depth look at their lifecycle impacts, cost implications, and societal benefits. 

From an environmental perspective, this paper examines factors such as embodied 

carbon, energy usage, biodegradability, and pollution reduction. Materials that sequester 

carbon, minimize waste, and use less energy in production are highlighted as key contributors 

to achieving climate goals and reducing ecological footprints. From a social standpoint, the 

review focuses on attributes like housing affordability, thermal comfort, indoor air quality, and 

employment generation. SCMs that use local resources and labor, or those that contribute to 

better living standards through improved housing design, are considered socially beneficial. 

In terms of governance, this paper explores how regulatory frameworks such as LEED 

(Leadership in Energy and Environmental Design), ACI (American Concrete Institute) 

standards, and national building codes influence the implementation and monitoring of SCMs. 

The governance dimension also assesses the transparency, scalability, and institutional support 

available for the adoption of SCMs at various scales. By synthesizing research across 

disciplines and geographies, this review provides a clear understanding of the current 

performance, research gaps, and future potential of SCMs. It also identifies materials that 

exhibit balanced performance across the ESG spectrum, as well as those requiring further 

exploration—particularly in areas like human toxicity, lifecycle economics, and community 

adaptability. 

The broader objective of this study is not just to showcase the technical benefits of 

SCMs, but to advocate for their integration into mainstream construction through policy 

innovation, stakeholder collaboration, and multidisciplinary research. This holistic 

understanding is essential for aligning construction practices with the United Nations 

Sustainable Development Goals (SDGs), particularly SDG 11 (Sustainable Cities and 

Communities), SDG 12 (Responsible Consumption and Production), and SDG 13 (Climate 

Action). 
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In conclusion, SCMs have the potential to redefine how we design and build in a resource-

constrained and climate-conscious world. However, realizing this potential demands a shift 

from siloed, laboratory-based studies to comprehensive, real-world evaluations that consider 

the engineering robustness, environmental impacts, economic feasibility, and social 

implications of sustainable materials. This paper aims to contribute to this transition by offering 

a structured, comparative analysis of 15 promising SCMs, thereby laying a foundation for 

future innovation and implementation in sustainable construction. 

2. METHODOLOGY 

This study employs a structured and systematic methodology to assess and synthesize 

current research on Sustainable Construction Materials (SCMs) with respect to their 

engineering, environmental, economic, and social dimensions. The aim is to present an 

integrated overview that can guide future academic inquiry, policymaking, and practical 

implementation in the construction industry. The research design combines a qualitative 

systematic literature review, comparative analysis, and integrated evaluation using ESG 

(Environmental, Social, and Governance) criteria. The methodology is structured into four 

stages: (i) literature identification and selection, (ii) data extraction and classification, (iii) 

performance evaluation of SCMs, and (iv) gap analysis and synthesis. 

2.1 Literature Identification and Selection 

The initial step involved a comprehensive literature search to identify relevant peer-

reviewed publications, conference proceedings, and academic reports. Databases such as 

Scopus, Web of Science, ScienceDirect, SpringerLink, and Google Scholar were used. The 

keywords applied included combinations of: “Sustainable Construction Materials,” “Green 

Building Materials,” “Low-carbon materials,” “Recycled Construction Materials,” “Eco-

friendly Building Materials,” and “ESG in Construction.” 

The search was restricted to English-language articles published between 2010 and 2024 to 

ensure recency and relevance. Only studies that addressed at least one of the following 

dimensions were considered: (a) engineering performance, (b) environmental impact, (c) 

economic analysis, or (d) social sustainability. After removing duplicates and non-relevant 

records through title and abstract screening, a total of 176 papers were shortlisted. After full-

text screening, 92 high-quality studies were selected for final review and analysis. 

2.2 Data Extraction and Classification 

For each of the selected studies, relevant data were extracted using a standardized form 

to ensure consistency. The information extracted included: 

• Type and classification of SCM (natural or industrial/waste-based) 

• Application in construction (e.g., structural, insulation, flooring) 

• Engineering properties (e.g., compressive strength, durability, thermal resistance) 

• Environmental indicators (carbon footprint, human toxicity, waste reduction) 

• Economic indicators (initial cost, maintenance, lifecycle cost, ROI) 

• Social aspects (job creation, adaptability, housing affordability) 

The extracted materials were then classified into two broad categories: 

(1) Natural materials (e.g., bamboo, cork, straw bale, sheep’s wool, rammed earth) 

(2) Industrial and waste-derived materials (e.g., recycled steel, precast concrete, 

hempcrete, ferrock, timber Crete, terrazzo) 

Table 1 in the paper presents the classification of SCMs reviewed in this study. 

2.3 Evaluation Criteria and Comparative Framework 
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To evaluate the sustainability performance of each SCM, this study adopted a multi-

criteria assessment framework based on ESG principles. Each material was examined against 

three sets of criteria: 

• Environmental indicators: Climate change mitigation (carbon footprint), human toxicity, 

and waste management. 

• Economic indicators: Initial cost, maintenance cost, long-term savings, and cost-

effectiveness. 

• Social indicators: Thermal comfort, local resource availability, adaptability in diverse 

socio-economic settings, and contribution to housing affordability. 

These criteria were selected based on their recurring use in high-impact studies and 

were cross-referenced with standards such as LEED, BREEAM, and UN SDGs. 

Tables 2 to 5 summarize the engineering, environmental, economic, and ESG-based 

performance of the reviewed SCMs. Each indicator was scored qualitatively using a binary 

mark (✓ = present, × = absent) to map research density and data availability. This approach 

helped identify not just the strengths of each material but also the current research gaps. 

2.4 Gap Analysis and Validation 

The final step was a gap analysis to identify under-researched areas within the scope of 

SCMs. This involved a cross-tabulation of the selected materials against the four dimensions—

engineering, environmental, economic, and social—to reveal which materials were fully 

studied and which were not. For instance, it was observed that while materials like bamboo and 

hempcrete were well-documented in terms of engineering and environmental benefits, their 

economic and social analyses were limited. 

A percentage breakdown was also conducted to show the relative strength of research focus 

across the 15 key SCMs. Only 5 out of 15 materials had comprehensive studies covering all 

dimensions. This highlighted the urgent need for holistic, multidisciplinary investigations in 

future SCM studies. 

The data collection, classification, and evaluation processes were independently verified by 

two researchers to minimize bias and ensure methodological reliability. Discrepancies were 

resolved through consensus and expert consultation. 

3. CLASSIFICATIONS OF SUSTAINABLE CONSTRUCTION MATERIALS  

SCMs can be broadly classified into: 

• Natural materials: bamboo, straw bales, rammed earth 

• Recycled materials: recycled plastic, wood, steel 

• Bio-based composites: mycelium, sheep's wool, plant-based polyurethane foam 

• Innovative engineered products: precast concrete, ferrock, terrazzo 

Table No:1 

Types of SCMs Categorized by Origin and Application 

S.No. Material Origin Primary Application in 

Construction 

1 Bamboo Natural Structural elements, flooring, wall 

panels 

2 Cork Natural Insulation, flooring, acoustic panels 

3 Straw Bales Natural Wall insulation, building envelopes 

4 Sheep’s Wool Natural Thermal and acoustic insulation 
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5 Rammed Earth Natural Walls, foundations, load-bearing 

structures 

6 Mycelium Natural Insulation panels, lightweight 

partitioning 

7 Precast Concrete Industrial Load-bearing structural components, 

wall panels 

8 Recycled Plastic Industrial/Waste-

based 

Composite panels, pavers, insulation 

boards 

9 Recycled Steel Industrial/Waste-

based 

Structural framework, reinforcements 

10 Recycled Wood Industrial/Waste-

based 

Flooring, cladding, furniture 

11 Plant-Based Rigid 

Polyurethane 

Foam 

Industrial/Natural 

Hybrid 

Thermal insulation, lightweight 

construction 

12 Hempcrete Industrial/Natural 

Hybrid 

Wall infill, insulation, non-load-

bearing walls 

13 Ferrock Industrial/Waste-

based 

Concrete alternative for pavements, 

masonry units 

14 Timbercrete Industrial/Waste-

based 

Blocks, bricks, wall systems 

15 Terrazzo Industrial/Waste-

based 

Flooring, decorative finishes 

4. CHARACTERISTICS OF SUSTAINABLE CONSTRUCTION MATERIALS (SCMS) 

Sustainable construction materials (SCMs) are gaining prominence in the built 

environment due to their distinctive characteristics that align with environmental, economic, 

and social sustainability goals. These materials are specifically selected or engineered to reduce 

negative environmental impacts throughout their lifecycle—from extraction and production to 

use and eventual disposal. One of the key attributes of SCMs is low embodied carbon. This 

means that the energy consumed and emissions generated during the production of these 

materials are significantly lower than those of conventional materials. For example, materials 

like bamboo or rammed earth require less energy to process and contribute less to greenhouse 

gas emissions. 

Another important characteristic is high recyclability and renewability. Many SCMs originate 

from rapidly renewable resources, such as straw, cork, or mycelium, or are derived from 

industrial by-products like fly ash or recycled plastics. Their ability to be reused or reprocessed 

at the end of their useful life helps in creating a circular economy in construction. 

Biodegradability further enhances their appeal, particularly for natural materials. This property 

ensures that the material can break down naturally without releasing toxins into the 

environment, thus reducing long-term waste and pollution. 

SCMs like hempcrete and bamboo also offer carbon sequestration potential, actively absorbing 

and storing carbon dioxide during their growth or service life, contributing positively to climate 

mitigation. 



 

RESEARCH EXPLORER                                             36                        Volume XIV, Issue 48 

 

JULY - SEPTEMBER 2025                                        ISSN: 2250-1940 (P), 2349-1647(O) 

Lastly, minimal environmental toxicity is critical. Many sustainable materials are free from 

volatile organic compounds (VOCs) and other harmful chemicals, leading to healthier indoor 

environments and improving occupant well-being. 

Together, these characteristics contribute not only to environmental protection but also to 

enhanced energy efficiency, reduced resource consumption, and improved building 

performance. 

5. Engineering Performances of Sustainable Construction Materials   

Engineering performance metrics are crucial for adoption in structural design. Key parameters 

include: 

• Compressive and tensile strength 

• Workability and setting time 

• Thermal insulation 

• Acoustic performance 

Table No:2 

Engineering performances of selected SCMs 

Material Compressi

ve Strength 

Tensile 

Strength 

Thermal 

Insulatio

n 

Durability Workabili

ty 

Remarks 

Bamboo Moderate to 

High 

Excellen

t 

Moderat

e 

High Good High tensile 

strength; 

suitable for 

structural 

framing and 

reinforcement. 

Hempcr

ete 

Low to 

Moderate 

Low Excellen

t 

Moderate Easy to 

work with 

Superior 

insulation and 

breathability; 

not suitable for 

load-bearing. 

Recycle

d Plastic 

Moderate Moderat

e 

Good High (Non-

biodegradab

le) 

Moldable, 

but varies 

by type 

Limited 

structural use; 

best for non-load 

applications like 

panels or tiles. 

Timberc

rete 

Moderate Low to 

Moderat

e 

Good Moderate Moderate Lightweight and 

insulating; ideal 

for blocks and 

wall 

construction. 

Ramme

d Earth 

Moderate to 

High 

Low Moderat

e 

High (with 

treatment) 

Labor-

intensive 

Strong 

compression; 

low tension 

resistance; eco-
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friendly 

alternative. 

Recycle

d Steel 

Very High High Poor Excellent Fabricatio

n required 

Best for 

structural 

frameworks; 

energy-intensive 

production 

offset by reuse. 

 

Results show that bamboo and hempcrete exhibit excellent tensile and insulation properties, 

respectively, while recycled plastic has limitations in structural load-bearing capacity. 

6. SUSTAINABILITY PERFORMANCE OF SUSTAINABLE CONSTRUCTION 

MATERIALS 

The sustainability of Sustainable Construction Materials (SCMs) can be effectively 

evaluated using the ESG (Environmental, Social, and Governance) framework. This holistic 

approach enables researchers and decision-makers to assess the multi-dimensional impacts of 

these materials in real-world construction. The evaluation consists of three key dimensions: 

• Environmental: Focused on reducing carbon emissions, lowering energy consumption, and 

minimizing solid waste generation throughout the life cycle of materials. 

• Economic: Concerned with affordability, including initial installation costs, long-term 

maintenance, and potential savings across the material’s life cycle. 

• Social: Assesses how materials improve human well-being, such as enhancing indoor air 

quality, thermal comfort, and contributing to affordable housing. 

The following tables summarize the environmental and economic performances of selected 

SCMs based on current research trends. 

Table No: 3 

Environmental Performance of Selected SCMs 

Material CO₂ 

Emission 

Reduction 

Energy 

Efficiency 

Waste 

Minimization 

Environmental 

Toxicity 

Remarks 

Bamboo High High Moderate Low Carbon-

sequestering 

and fast-

growing; 

minimal 

environmental 

impact. 

Hempcrete High Very High High Very Low Excellent 

insulation; 

absorbs CO₂ 

during curing. 

Recycled 

Plastic 

Moderate Moderate High Variable 

(depends on 

type) 

Reduces 

landfill 

plastic; some 
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forms may 

leach toxins. 

Cork High High High Very Low Renewable; 

supports 

carbon 

sequestration 

and low 

impact. 

Recycled 

Steel 

Very High Low Very High Low Energy-

intensive to 

recycle, but 

prevents ore 

extraction. 

Timbercrete Moderate High High Low Combines 

waste with 

cement; better 

than 

traditional 

bricks. 

 

Table No: 4 

Economic Performance of Selected SCMs 

Material Initial 

Cost 

Maintenance 

Cost 

Lifecycle 

Savings 

Affordability 

Index 

Remarks 

Bamboo Low Low High High Cost-effective 

and locally 

available in 

many regions. 

Hempcrete Moderate Low High Moderate Higher upfront 

cost, but savings 

in insulation. 

Recycled 

Plastic 

Moderate Low Moderate High Affordable in 

mass production; 

some types 

costly to process. 

Cork High Low High Low Durable and low 

maintenance but 

expensive raw 

material. 

Recycled 

Steel 

High Moderate High Moderate High cost, but 

valuable in 

structural use and 

reuse potential. 
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Timbercrete Moderate Low Moderate Moderate Good for 

affordable 

housing; lighter 

than concrete. 

7. ENVIRONMENTAL, SOCIAL, AND GOVERNANCE (ESG) EVALUATION 

The growing emphasis on sustainability in the construction industry necessitates a 

multidimensional approach to evaluating materials. The ESG framework—comprising 

Environmental, Social, and Governance dimensions—provides a holistic lens to assess the 

performance of Sustainable Construction Materials (SCMs). While prior research has often 

emphasized environmental and technical aspects, this section expands the scope by integrating 

governance and social sustainability to identify SCMs that are not only eco-efficient but also 

ethically managed and socially responsible. 

7.1 Environmental Impact 

The environmental dimension evaluates SCMs based on their life-cycle carbon 

footprint, potential for waste minimization, and environmental toxicity. Materials like 

hempcrete, cork, and recycled wood demonstrate excellent environmental performance due to 

their biodegradability, carbon sequestration capabilities, and minimal pollution footprint. 

Hempcrete, in particular, actively absorbs CO₂ during the curing process, contributing 

positively to net-zero goals. Conversely, materials like precast concrete, although beneficial in 

reducing site waste, still demand significant energy during production and often lack clear data 

on human toxicity. 

7.2 Social Impact 

Social sustainability considers how materials affect human well-being and contribute to local 

economies. Key indicators include thermal comfort, adaptability, employment generation, and 

housing affordability. Straw bales, sheep’s wool, and bamboo score well due to their local 

availability, ease of handling, and positive impact on indoor air quality. These materials also 

support rural employment, thereby fostering inclusive development. However, several 

industrial by-product-based materials—such as ferrock and recycled steel—require additional 

research into their effects on indoor health and occupant safety. 

7.3 Governance and Compliance 

Governance refers to the existence of robust institutional frameworks and compliance 

with international standards such as LEED (Leadership in Energy and Environmental Design), 

ACI (American Concrete Institute), and ISO 14001. Materials with established standardization 

protocols, such as precast concrete, recycled steel, and plant-based polyurethane foams, benefit 

from widespread regulatory adoption. In contrast, mycelium and timbercrete remain under-

regulated, hindering their scalability despite promising environmental and economic 

characteristics. 

The following table presents a comprehensive ESG mapping of 15 commonly studied SCMs. 

A ✓ indicates substantial evidence of performance under the specified category, while an × 

signifies limited or insufficient data. 

Table No: 5 

ESG Mapping for 15 Sustainable Construction Materials (SCMs) 

SCM Environmental Social Governance Remarks 
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Bamboo ✓✓ ✓✓✓ ✓ High renewability and local 

job creation; limited global 

standardization. 

Straw Bales ✓✓ ✓✓✓ × Excellent thermal comfort; 

lacking formal compliance 

codes. 

Sheep’s Wool ✓✓✓ ✓✓✓ ✓ Great insulation; governed 

under green building standards 

in EU. 

Cork ✓✓✓ ✓✓ ✓✓ Carbon sequestration and 

LEED-compliant. 

Recycled Plastic ✓✓ ✓ ✓✓ Good for landfill reduction; 

toxicity concerns. 

Recycled Wood ✓✓✓ ✓✓ ✓ Low-impact; widespread 

availability. 

Recycled Steel ✓✓✓ ✓ ✓✓✓ Highly governed; reduces 

mining footprint. 

Precast 

Concrete 

✓✓ × ✓✓✓ Efficient for site work; needs 

health impact studies. 

Hempcrete ✓✓✓ ✓✓ × Strong environmental 

potential; lacks standard code 

compliance. 

Timbercrete ✓✓ ✓✓ × Innovative composite; not yet 

standardized. 

Mycelium ✓✓ ✓ × Biodegradable but lacks 

structural certification. 

Ferrock ✓✓✓ ✓ × Industrial waste reuse; more 

governance protocols needed. 

Plant-Based 

Polyurethane 

✓✓ ✓ ✓ Renewable alternative to 

plastic foams. 

Rammed Earth ✓✓ ✓✓ × Strong thermal mass; 

governance weak in modern 

building codes. 

Cork-Concrete 

Composite 

✓✓ ✓ × Hybrid material; promising, 

but limited standardization 

exists. 

✓ = Present; ✓✓ = Strong performance; ✓✓✓ = Very strong; × = Absent/limited data 

7.4 Summary and Implications 

This ESG evaluation underscores the critical need for integrated, multi-criteria research 

on SCMs. While many materials display strengths in individual categories, only a few—such 

as cork, sheep’s wool, and straw bales—achieve balanced performance across all ESG 

dimensions. On the other hand, widely adopted materials like precast concrete and recycled 

plastic require deeper investigation into health and social dimensions. 

To accelerate the mainstream adoption of SCMs, future research should focus on: 
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• Establishing standard regulatory benchmarks for emerging materials. 

• Quantifying health and well-being metrics in real-life construction. 

• Bridging knowledge gaps in lifecycle governance and public policy integration. 

Such a direction ensures SCMs evolve beyond environmentally friendly labels to become 

robust, socially just, and institutionally grounded choices in the construction industry. 

8. Challenges and Future Outlook   

Despite the promising potential of Sustainable Construction Materials (SCMs) to reduce 

environmental burden and promote socio-economic development, several challenges continue 

to hinder their mainstream adoption. As sustainability frameworks evolve, it is essential for 

researchers, industry stakeholders, and policymakers to address the systemic gaps that exist in 

the current body of knowledge and implementation practices. 

8.1 Current Challenges 

Limited Real-World Performance Data 

A significant number of SCMs remain confined to laboratory settings or pilot-scale 

experiments. As a result, real-world performance data—particularly under diverse climatic, 

structural, and usage conditions—are scarce. This lack of field validation restricts industry 

confidence in adopting SCMs at scale and creates uncertainty in structural reliability, thermal 

performance, and long-term durability. 

High Initial Costs 

Although many SCMs exhibit long-term economic and environmental benefits, their 

upfront costs are often higher compared to conventional materials. The lack of large-scale 

production, supply chain limitations, and absence of economies of scale drive up material 

prices. This presents a financial barrier, especially in developing countries where cost-sensitive 

construction dominates. 

Absence of Robust Policy and Incentive Mechanisms 

The absence of strong policy frameworks and governmental incentives for SCM 

integration hampers market uptake. While certification systems such as LEED or BREEAM 

exist, most countries lack mandatory regulations or financial support mechanisms (like 

subsidies or tax rebates) to promote the use of SCMs. Moreover, regulatory ambiguity for 

newer materials further delays standardization and certification. 

8.2 Future Research Directions 

To ensure SCMs contribute effectively to global sustainability goals, future studies must 

broaden their scope beyond material innovation to address multi-dimensional performance 

issues: 

1. Human Toxicity Metrics 

There is a critical need to assess how construction materials affect human health, 

particularly regarding off-gassing, indoor air pollutants, and chemical leachates. Materials like 

recycled plastics and plant-based foams should undergo comprehensive toxicity profiling, 

including long-term exposure studies. 

2. Lifecycle Economic Analysis 

Current economic evaluations of SCMs mostly focus on initial costs, overlooking 

maintenance, operation, and disposal phases. A full lifecycle cost-benefit analysis, including 

considerations of maintenance savings, end-of-life recyclability, and operational energy 

reduction, will provide a clearer understanding of long-term economic viability. 

3. Community-Level Adaptability and Social Value 
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SCMs must be evaluated in context-specific settings that factor in cultural, economic, 

and geographic variables. Understanding how local communities perceive and benefit from 

SCMs—such as through job creation, housing affordability, and thermal comfort—will allow 

for more inclusive and socially sustainable construction strategies. 

4. Integration of Adaptive Policy and Market Frameworks 

To scale SCM adoption, governments and institutions must develop adaptive policy 

mechanisms that evolve with market maturity and scientific advancement. Standardized 

certification, streamlined regulatory procedures, and investment incentives are crucial for 

reducing uncertainty and encouraging innovation. 

Table No: 6 

Comprehensive Performance Matrix of Select SCMs 

Material Engineering Environmental Economic Social Notes 

Bamboo ✓✓✓ ✓✓ ✓✓ ✓✓✓ Strong tensile 

strength; high local 

employment 

potential. 

Straw Bales ✓✓ ✓✓✓ ✓✓✓ ✓✓✓ Affordable and low-

energy material with 

excellent thermal 

comfort. 

Sheep’s 

Wool 

✓✓ ✓✓✓ ✓ ✓✓✓ Biodegradable and 

highly effective 

insulator. 

Cork ✓✓ ✓✓✓ ✓✓ ✓✓ Renewable and 

lightweight; good 

market availability. 

Hempcrete ✓✓✓ ✓✓✓ ✓ ✓✓ High carbon 

sequestration; limited 

standardization. 

Timbercrete ✓✓ ✓✓ ✓ ✓✓ Environmentally 

sound; structural data 

still limited. 

Recycled 

Steel 

✓✓✓ ✓✓ ✓✓✓ ✓ High load-bearing 

capacity; limited 

social adaptability. 

Recycled 

Plastic 

✓ ✓✓ ✓✓ ✓ Reduces landfill use; 

health impact studies 

needed. 

Precast 

Concrete 

✓✓✓ ✓✓ ✓✓ × Strong industrial 

compliance; lacks 

human health studies. 

Mycelium ✓ ✓✓ ✓ ✓ Innovative; lacks 

regulatory 

frameworks and 

durability data. 



 

RESEARCH EXPLORER                                             43                        Volume XIV, Issue 48 

 

JULY - SEPTEMBER 2025                                        ISSN: 2250-1940 (P), 2349-1647(O) 

✓ = Satisfactory ✓✓ = Strong✓✓✓ = Very Strong × = Weak or lacking data 

 9. CONCLUSION  

Sustainable Construction Materials (SCMs) represent a transformative opportunity to 

decarbonize the construction industry while fostering long-term ecological, economic, and 

social resilience. As this review demonstrates, SCMs offer a broad spectrum of engineering 

capabilities—such as strength, durability, and thermal insulation—alongside significant 

environmental benefits, including reduced CO₂ emissions, low embodied energy, and 

biodegradability. However, despite their proven laboratory performance, widespread adoption 

remains limited due to gaps in field data, standardization, and policy integration. 

A notable shortcoming in current research lies in the inadequate exploration of economic and 

social dimensions. While some materials are cost-effective and leverage local resources, most 

lack comprehensive lifecycle cost assessments, maintenance evaluations, or indicators of social 

well-being such as housing affordability and employment generation. This imbalance hinders 

a full appreciation of SCMs’ potential across the triple bottom line: environmental soundness, 

economic viability, and social equity. 

To enable the mainstreaming of SCMs, future research must be both interdisciplinary and 

application-driven. Emphasis should be placed on real-world pilot projects, adaptive policy 

frameworks, and stakeholder-inclusive decision-making models. A collaborative approach 

between academia, industry, and government can facilitate the development of standards, 

subsidies, and certification systems that encourage innovation while ensuring safety and 

scalability. 

Ultimately, the evolution of SCMs from experimental materials to industry-ready solutions will 

hinge on our ability to integrate sustainability into every stage of the construction lifecycle. 

Bridging the divide between innovation and implementation is not only a scientific imperative 

but a societal necessity. By doing so, SCMs can effectively contribute to climate resilience, 

resource efficiency, and inclusive urban development in the decades to come. 
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