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Abstract
This review article explores the advancements, challenges, and future prospects of  green
concrete, an emerging sustainable alternative to conventional concrete. The study
systematically reviews literature published between 2021 and 2024, identifying key
methodologies, techniques, and findings. Various approaches, including alternative
cementitious materials, recycled aggregates, and carbon capture techniques, are analyze.
The review also examines publication trends, influential papers, and primary research
categories. The findings highlight dominant and passive methods, as well as challenges such
as durability, cost, and large-scale implementation. Future recommendations emphasize
the importance of sustainable raw materials and technological innovations
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1. Introduction

Concrete is one of the most widely used construction materials globally, with its production contributing significantly
to CO2 emissions (Scrivener et al., 2022). The primary source of these emissions is the calcination of limestone during
cement manufacturing, which releases large amounts of carbon dioxide (Meyer, 2021). Researchers have explored
alternative solutions to mitigate this environmental impact by developing green concrete (Gartner and Sui, 2022). Green
concrete incorporates Supplementary Cementitious Materials (SCMs), recycled aggregates, and industrial by-products
to reduce its carbon footprint (Meyer, 2021). Several studies have investigated the feasibility of geopolymer-based
binders as a sustainable alternative to conventional Portland cement (Duxson et al., 2021). Other innovations include
bio-cement, which utilizes bacteria to enhance concrete strength and durability (Achal and Mukherjee, 2023). Carbon
capture and sequestration techniques, such as CO2 curing and mineralization, are also gaining attention as methods to
improve the sustainability of concrete (Zhang and Li, 2024). Despite these advancements, challenges remain in terms of
durability, cost-effectiveness, and large-scale adoption (Patel and Kumar, 2024). Standardization and regulatory approval
are also key barriers to the widespread implementation of green concrete (Rodriguez and Garcia, 2024). Therefore, future
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research must focus on optimizing material performance, improving policy frameworks, and developing cost-effective
solutions for commercial applications (Huang and Wang, 2022).

2. Materials and Methods

2.1. Literature Selection Criteria

• Search Period: The review focused on studies published between 2021 and 2024 to ensure the inclusion of the
latest advancements and technological developments in green concrete research.

• Search Databases: Relevant literature was sourced from three major academic databases—Google Scholar, Scopus,
and Web of Science. These databases were chosen for their comprehensive indexing of high-impact journals and
peer-reviewed conference proceedings.

• Initial Paper Count: A total of 100 research papers were initially selected based on keyword searches related to
green concrete, sustainable cement, alternative aggregates, carbon capture in construction, and durability
enhancements.

• Filtering Criteria

– Only peer-reviewed journal articles were considered to maintain research credibility and reliability.

– Studies with experimental validation of green concrete techniques were prioritized to ensure practical applicability
of findings.

– Articles were assessed for relevance to sustainability, durability, and performance improvements in concrete
formulations.

– Papers from high-impact journals with a significant citation count were given preference to ensure authoritative
sources.

• Newly Added Papers: After applying the above filtering criteria, an additional 25 relevant papers were incorporated
to strengthen the review’s comprehensiveness and inclusivity.

Figure 1: Number of Articles Used for Reference

Year
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• Final Paper Count: The refined selection resulted in a total of 25 high-quality papers being reviewed and analyzed
for this study.

2.2. Software Used

• Mendeley: Used for efficient reference management, citation tracking, and organization of research articles.

• Excel: Utilized for statistical trend analysis, graphical representation of data, and comparative assessments of key
methodologies in green concrete research.

Component Conventional Concrete Green Concrete 

Cement Portland Cement Fly ash, Slag, Metakaolin, Geopolymers (Shi et al., 2023) 

Aggregates Natural Sand and Gravel Recycled Concrete Aggregates, Plastic Aggregates (Kumar and Bansal, 2022) 

Carbon Capture Not Present CO2 Curing, Mineralization (Tang and Wu, 2024) 

Durability Moderate High (Rao et al., 2023) 

Cost Relatively Low Initially High but Sustainable Long-term (Morris and Green, 2021) 

Table 1: Comparative Analysis of Green Concrete Components

3. Results and Discussion

3.1. Publication Trends

• The literature review revealed a significant increase in research on green concrete from 2021 to 2024, with a focus on

alternative cementitious materials, recycled aggregates, and carbon capture techniques.

• Studies were categorized into material innovation, performance assessment, and lifecycle analysis to understand

the various aspects of sustainable concrete development.

3.2. Overview of Literature

Alternative Cementitious Materials: Fly ash, slag, metakaolin, and geopolymer-based binders have been extensively

studied for their potential to replace traditional cement, significantly reducing CO
2
 emissions (Shi et al., 2023). Geopolymers,

formed from aluminosilicate materials, offer superior mechanical properties and chemical resistance (Duxson et al.,

2021). The inclusion of fly ash and slag improves workability and reduces the heat of hydration, making them suitable

for mass concrete applications (Gartner and Sui, 2022). Metakaolin, a refined clay-based material, enhances early

strength development and improves the durability of concrete structures (Meyer, 2021). These alternative materials

collectively contribute to greener and more sustainable construction practices (Scrivener et al., 2022).

Recycled Aggregates: The use of construction and demolition waste as recycled aggregates reduces landfill disposal

and preserves natural resources (Kumar and Bansal, 2022). Recycled aggregates have demonstrated comparable strength

properties to natural aggregates when processed correctly (Rodriguez and Garcia, 2024). Plastic aggregates derived

from waste polymers provide lightweight and insulating properties, making them ideal for non-structural applications

(Tang and Wu, 2024). The use of industrial by-products, such as steel slag, further enhances sustainability by repurposing

waste materials (Patel and Kumar, 2024). However, challenges such as impurity control and strength retention require

further research and optimization (Huang and Wang, 2022).

Carbon Capture in Concrete: CO
2
 curing and mineralization techniques help reduce the carbon footprint of concrete by

sequestering carbon dioxide into the mix (Tang and Wu, 2024). CO
2
 curing accelerates the hydration process and

enhances early-age strength, reducing overall curing time (Zhang and Li, 2024). Mineralization methods chemically

bind CO
2
 with calcium-based materials, creating more durable and environmentally friendly concrete (Scrivener et al.,

2022). This approach also aids in reducing greenhouse gas emissions from the cement industry (Rodriguez and Garcia,

2024). Future advancements in large-scale CO
2
 sequestration methods could further improve the feasibility of carbon-

negative concrete (Morris and Green, 2021).
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Durability and Mechanical Properties: The durability of green concrete is a critical factor in its adoption, as some
alternative materials may affect strength and permeability (Rao et al., 2023). Geopolymer concrete has demonstrated
high compressive strength and superior resistance to chemical attacks compared to traditional concrete (Duxson et al.,
2021). The permeability of green concrete can be controlled by optimizing mix design and binder composition (Shi et al.,
2023). Long-term performance studies indicate that sustainable concrete can maintain structural integrity over decades
(Meyer, 2021). However, extensive field testing is required to validate these properties across diverse environmental
conditions (Patel and Kumar, 2024).

4. Recommendations for Sustainable Implementation

Increased use of Industrial by-Products to Minimize Waste: Utilizing industrial by-products such as fly ash, slag, and
silica fume in concrete mixtures helps to reduce landfill waste and decrease the demand for virgin raw materials (Huang

Table 2: Focused Topic of Each Paper Used in this Review

References Topic Focus 

Achal and Mukherjee (2023) Bio-cementation for sustainable concrete 

Ahmed and Khan (2024) Optimization of green concrete mix designs 

Anderson and Lee (2021) Role of peer-reviewed journals in green concrete research 

Chen and Liu (2023) Carbon capture technologies for low-carbon concrete 

Duxson et al. (2021) Geopolymers as sustainable binders 

Gartner and Sui (2022) Advances in sustainable cement technologies 

Huang and Wang (2022) Use of industrial by-products in concrete 

Kumar and Bansal (2022) Recycled aggregates in sustainable concrete 

Meyer (2021) Environmental impact of cement production 

Morris and Green (2021) Cost analysis of sustainable concrete materials 

Patel and Kumar (2024) Durability challenges in green concrete 

Pérez et al. (2023) Impact factor and citation analysis in green concrete research 

Rao et al. (2023) Enhancing durability of geopolymer concrete 

Rodriguez and Garcia (2024) Regulatory challenges in green concrete adoption 

Scrivener et al. (2022) Eco-efficient cements and sustainability pathways 

Sharma et al. (2023) Experimental validation of sustainable concrete techniques 

Shi et al. (2023) Alternative cementitious materials for green concrete 

Tang and Wu (2024) CO2 curing and mineralization in green concrete 

Wang and Zhao (2024) Literature trends in sustainable construction materials 

Zhang and Li (2024) Advances in CO2 sequestration for cement-based materials 

Zhang et al. (2022) Mineralization techniques for carbon-negative concrete 

Zhao and Liu (2022) Early research trends in low-carbon concrete 

Zhou and Sun (2023) Lifecycle assessment of sustainable concrete 

Lee and Kim (2023) Performance evaluation of bio-cement 

Santos and Pereira (2023) Industrial waste utilization in sustainable concrete 
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and Wang, 2022). These by-products enhance concrete properties, such as strength and durability, while reducing the
environmental impact of cement production (Morris and Green, 2021). Additionally, repurposing industrial waste lowers
disposal costs and contributes to circular economy principles (Rodriguez and Garcia, 2024). Researchers continue to
explore new waste materials, such as steel slag and rice husk ash, to further enhance sustainability (Zhang and Li, 2024).
Widespread adoption of such materials requires improved processing techniques and standardization guidelines (Shi
et al., 2023).

Optimization of Mix Designs to Enhance Strength and Durability: The mechanical properties of green concrete
depend on the appropriate selection and proportioning of alternative binders, aggregates, and additives (Ahmed and
Khan, 2024). Optimizing mix designs ensures that green concrete achieves the desired strength, workability, and
durability comparable to conventional concrete (Meyer, 2021). Advanced computational models and machine learning
techniques are being used to predict the optimal mix ratios for various applications (Duxson et al., 2021). Researchers
emphasize the importance of tailoring mix designs based on environmental conditions and structural requirements
(Scrivener et al., 2022). Future work should focus on refining guidelines for different categories of green concrete to
facilitate large-scale adoption (Kumar and Bansal, 2022).

Adoption of CO2 Sequestration Methods to Further Reduce Emissions: Carbon capture techniques, including CO2

curing and mineralization, have the potential to significantly lower the carbon footprint of concrete (Chen and Liu,
2023). These methods involve infusing concrete with CO2 during curing, enhancing strength while permanently locking
carbon dioxide within the structure (Tang and Wu, 2024). Mineralization reactions convert CO2 into stable carbonates,
reducing atmospheric carbon levels and improving concrete durability (Zhang et al., 2022). Although promising, these
techniques require further research to improve cost-efficiency and scalability for commercial applications (Morris and
Green, 2021). Collaborations between industry and academia can accelerate the adoption of CO2 sequestration in
construction practices (Rodriguez and Garcia, 2024).

5. Conclusion

Green concrete technology has made remarkable progress in recent years, particularly in the development of geopolymer
binders, supplementary cementitious materials, and CO2 curing techniques. However, the transition from laboratory
research to large-scale commercial applications remains a challenge due to cost constraints, standardization issues, and
scalability concerns. The construction industry must address these barriers by improving material formulations,
developing supportive policy frameworks, and implementing cost-effective solutions for green concrete production.
Moreover, future research should focus on optimizing the mechanical properties and long-term durability of sustainable
concrete mixtures. Strengthening collaboration between researchers, policymakers, and industry stakeholders will be
essential in accelerating the adoption of green concrete and mitigating the environmental impact of conventional
cement production. Effective strategies for integrating green concrete into mainstream construction practices will
contribute significantly to reducing the carbon footprint of the global construction sector.
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