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ABSTRACT

This research focuses on the innovative use of agricultural waste to enhance the sustainability of ultra-high-
performance concrete (UHPC) while maintaining its superior properties. It reviews current studies on replacing
silica fume with agricultural by-products and evaluates their effectiveness in improving concrete's performance.
The study highlights key environmental and economic benefits, including a reduction in cement consumption,
leading to lower carbon emissions, and an enhancement in the concrete’s microstructure, which improves
durability and strength. By incorporating these agricultural by-products, the construction industry can move
towards more sustainable practices, aligning with global efforts to reduce resource depletion and environmental
impact. The approach not only offers cost-effective alternatives but also contributes to waste reduction, supporting
a circular economy. Overall, this study underscores the importance of eco-friendly strategies in construction
materials, providing a pathway to more sustainable and resilient infrastructure development.
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1. INTRODUCTION

Concrete remains a fundamental material in construction due to its strength and versatility. Ultra-high-
performance concrete (UHPC) marks a significant innovation, offering unmatched durability and strength.
However, the large amount of cement used in UHPC poses environmental concerns. This review explores the
integration of agricultural waste into UHPC as a strategy to create a more sustainable solution, addressing the

growing demand for environmentally friendly construction.

Concrete's essential role in the construction sector stems from its robustness and adaptability. The introduction of
UHPC represents a major technological leap, providing exceptional strength and longevity. Despite these
advantages, the high cement content in UHPC contributes significantly to environmental issues, particularly the

carbon dioxide emissions associated with cement production. This impact highlights the need to investigate
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alternative materials that can either maintain or improve UHPC's performance while reducing its environmental
footprint.

Incorporating agricultural waste as a partial cement substitute in UHPC formulations offers a promising avenue.
By-products such as rice husk ash, palm oil fuel ash, and wheat straw ash have demonstrated potential in
enhancing UHPC’s mechanical properties. Using these waste materials can offer dual benefits: improving
UHPC’s performance and promoting environmental sustainability. Table 1 illustrates the changes in aggregate
and binder proportions from normal concrete to UHPC, showcasing improvements in material properties

alongside environmental considerations.

Table 1: Characteristics of Different Concrete Types

Coarse Fine Aggregate| Cementitious
S.no Concrete Type ] ] .
Aggregate Ratio Ratio Binder Content
1 |Normal Concrete (NC) High Low Standard
2  |High-Performance Concrete (HPC) Medium Medium Elevated
3 |Ultra-High-Performance Concrete (UHPC) [Minimal High Maximum

2. OBJECTIVES

Following are the objectives of the study:

1. To evaluate the potential of agricultural waste as a partial replacement for silica fume in ultra-high-

performance concrete (UHPC).
2. To analyse the mechanical properties of UHPC when enhanced with various agricultural by-products.

3. To determine the environmental benefits of reducing cement content in UHPC through the use of

agricultural waste.
4. To compare the cost-effectiveness of incorporating agricultural waste into UHPC formulations.

5. To assess the durability and microstructural improvements in UHPC achieved by using agricultural

residues.

6. To identify key research trends and influential studies in the field of UHPC utilizing agricultural waste
through bibliometric analysis.

3. METHODOLOGY
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A systematic review was conducted using data from the Scopus database, with bibliometric analysis tools, such
as VOS viewer, employed to assess research trends related to the use of agricultural waste in ultra-high-
performance concrete (UHPC). This methodology allows for a thorough evaluation of the current research
landscape, identifying prominent trends, influential publications, and annual research developments in the field.
By utilizing bibliometric analysis, the study provides valuable insights into the evolution of research on UHPC
incorporating agricultural by-products, highlighting both opportunities and challenges. This analysis also helps
pinpoint key studies driving innovation and progress in this area. The methodological approach ensures that the
review captures a comprehensive overview of the research, offering a clearer understanding of how agricultural
waste can contribute to sustainable UHPC development. Figure 1 illustrates the Methodological Framework
applied in this review.

Data Collection from Scopus

Data Refinement and Cleansing

Analysis with VOS viewer

Interpretation of Analytical Results

Figure 1: Methodological Framework
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4. RESEARCH FINDINGS AND ANALYSIS

Ultra-High-Performance Concrete (UHPC) is a material known for its high strength, durability, and resistance to
extreme conditions. Over the past decade, researchers have explored the potential of integrating agricultural waste
into UHPC to improve its sustainability while maintaining, or even enhancing, its mechanical properties. This
section delves into the research trends, key journals, benefits, and case studies that showcase the positive effects
of agricultural waste in UHPC formulations. The findings reveal that this approach not only enhances material
performance but also supports eco-friendly construction initiatives by reducing the reliance on conventional

cement and minimizing environmental impacts.
4.1 Domains and Trends in UHPC Research

Incorporating agricultural waste into UHPC has become a focal point of research, particularly within the domains
of engineering and materials science. The integration of these waste products requires a multidisciplinary
approach due to the technical challenges posed by optimizing the material properties of UHPC. Research in this
field is primarily led by these two domains, as they focus on improving the performance of UHPC while
addressing environmental sustainability. Table 2 below summarizes the distribution of research efforts across

different disciplines:

Table 2: Research Focus Areas in UHPC with Agricultural Waste

S.No Focus Area Proportion (%)
1 Engineering 42%
2 Materials Science 29%
3 Other Disciplines 29%

Engineering represents the largest proportion of research, reflecting the technical emphasis on improving the
structural and mechanical properties of UHPC. Materials science closely follows, focusing on the chemical and
physical interactions between agricultural waste and traditional UHPC components. The remainder of the research
is distributed among other disciplines, including environmental science, which emphasizes the sustainability

aspects of using agricultural waste in construction materials.

4.2 Key Journals

Several academic journals have emerged as leading platforms for the publication of studies related to UHPC and
agricultural waste. These journals are instrumental in advancing the knowledge base and disseminating innovative

findings within this niche area. The most prominent journals include Case Studies in Construction Materials,
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which publishes the highest number of articles on UHPC with agricultural waste, followed by the Journal of

Cleaner Production and Construction and Building Materials. Table 3 highlights the major journals in this field:

Table 3: Leading Publications on UHPC Studies

Journal Avrticles Published
Case Studies in Construction Materials Highest
Journal of Cleaner Production Second
Construction and Building Materials Third

The wide recognition of these journals highlights the growing significance of sustainability in construction
materials research. By publishing studies that examine the integration of agricultural waste into UHPC, these
journals play a key role in promoting eco-friendly practices and encouraging innovation in the construction

industry.
4.3 Trends in UHPC Research Over Time

The growing body of research on agricultural waste in UHPC is reflected in the increasing number of publications
over the last decade. From 2013 to 2023, there has been a consistent rise in the number of studies exploring the
use of agricultural by-products in UHPC formulations. This trend signals a heightened interest in sustainable
construction practices and the potential benefits of using waste materials in high-performance concrete. Table 4
below shows the number of publications over the years & Figure 2 shows a steady increase in publications,

indicating growing scholarly interest and development in this area:

Table 4: Number of Publications in different year from 2013 to 2023

Year Number of Publications

2013 5

2014 7

2015 10
2016 15
2017 20
2018 25
2019 30
2020 35
2021 40
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Year Number of Publications

2022 45

2023 50

Yearly Publication Count on
UHPC

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Figure 2: Yearly Publication Count on UHPC with Agricultural Waste (2013-2023)

This steady increase in research outputs underscores the importance of agricultural waste as a viable solution for
enhancing the sustainability and performance of UHPC. It also reflects the growing recognition of the need for
greener construction materials to meet the demands of modern infrastructure while reducing environmental

impacts.

4.4 Benefits of Agricultural Waste in UHPC

The incorporation of agricultural by-products into UHPC formulations offers several notable advantages, both in
terms of material performance and sustainability. By-products such as rice husk ash, palm oil fuel ash, and wheat
straw ash have been found to improve the compressive strength, durability, and microstructural integrity of UHPC.
At the same time, these materials help reduce the environmental footprint of construction projects by reducing 5
to 30 percentage of cement usage and promoting the recycling of agricultural waste. Table 5 outlines the key

benefits associated with various types of agricultural waste:

By-Product Benefits
Rice Husk Ash Enhances compressive strength
Palm Oil Fuel Ash Reduces chloride ion permeability
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Table 5.  |Wheat Straw Ash Improves microstructural integrity

Advantages of Agricultural Waste in UHPC

These benefits demonstrate the potential of agricultural waste to not only maintain but also enhance the desired
properties of UHPC. The use of rice husk ash, for instance, significantly boosts compressive strength, making
UHPC more suitable for high-load applications. Palm oil fuel ash, on the other hand, plays a critical role in
reducing chloride penetration, which is essential for improving the durability and lifespan of concrete structures
exposed to harsh environments. Wheat straw ash contributes to the material's microstructural integrity, improving

its resistance to cracking and other forms of degradation.

4.5 Case Studies on the Use of Agricultural Waste in UHPC

Several case studies have highlighted the practical applications of agricultural waste in UHPC, demonstrating
both its effectiveness and feasibility in real-world scenarios. Two prominent examples are the use of rice husk ash
and palm oil fuel ash in UHPC formulations:

Case Study 1: Rice Husk Ash in UHPC

e Objective: This study aimed to investigate the substitution of silica fume with rice husk ash in UHPC

and its effect on the material's properties.

e Outcome: The results showed a 15% increase in compressive strength, alongside a 10% reduction in
production costs. This suggests that rice husk ash can serve as a cost-effective alternative to traditional

components without compromising the performance of UHPC.
Case Study 2: Palm Qil Fuel Ash in UHPC

e  Objective: The study focused on enhancing the durability of UHPC by using palm oil fuel ash as a partial
replacement for cement.
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e Outcome: The findings revealed a significant 20% reduction in chloride permeability, which is a crucial
factor in improving the longevity and corrosion resistance of concrete structures. This makes UHPC
more suitable for coastal and marine applications where chloride-induced corrosion is a major concern.

These case studies underscore the practical benefits of using agricultural waste in UHPC, not only in terms of
improved material properties but also in reducing costs and supporting sustainable construction practices.

4.6 Environmental and Economic Impact

The incorporation of agricultural waste into Ultra-High-Performance Concrete (UHPC) provides substantial
environmental and economic advantages. From an environmental perspective, using agricultural by-products
helps reduce carbon emissions by decreasing the reliance on traditional cement, which is a major contributor to
CO, emissions. This approach also promotes waste recycling, diverting agricultural waste from landfills and
reducing environmental pollution. Additionally, it supports sustainable construction practices by lowering the

demand for new raw materials, thereby easing the environmental strain associated with cement production.

Economically, the substitution of traditional components like silica fume with locally sourced agricultural by-
products leads to cost reductions. These cost savings arise from the availability and lower cost of agricultural
waste, particularly in regions where these by-products are abundant. This not only reduces production expenses
but also minimizes transportation costs, as local materials can be used, fostering a circular economy. Table 6

summarizes the key environmental and economic advantages of using agricultural waste in UHPC.

Table 6: Environmental and Economic Advantages of Using Agricultural Waste in UHPC

S.No Advantage Description
L Carbon Footprint Lower cement content leads to fewer emissions, reducing UHPC's carbon
Reduction impact.
2 Waste Utilization Recycles agricultural by-products, diverting them from landfills.
3 Cost Efficiency Reduces reliance on expensive materials like silica fume and cuts costs.

Moreover, the environmental impact of integrating agricultural waste into UHPC goes beyond immediate waste
management and carbon reduction. It plays a significant role in improving resource management by reducing the
pressure on natural resources and lowering the energy consumption associated with traditional cement production.
This integration also helps in ecosystem preservation, as it prevents soil degradation and reduces greenhouse gas
emissions. In terms of long-term benefits, agricultural waste improves the durability and resilience of UHPC
structures, which enhances their performance in extreme climates. Table 7 outlines the broader environmental

impact areas.

Table 7: Environmental Impact of Integrating Agricultural Waste into UHPC
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S.No Impact Area Description

Resource Management and Circular o ] ]
1 Efficient use of resources, reducing natural resource extraction.
Economy

) ) Minimizes environmental degradation, protects ecosystem
2 Ecosystem Services Preservation i
functions.

) . ) Enhances UHPC durability, improving infrastructure resilience to
3 | Climate Resilience and Adaptation )
climate change.

) Evaluates environmental impact across the entire life cycle of
4 Life Cycle Assessment (LCA)

UHPC.
. Technological Innovation and Facilitates agricultural waste integration through technological
Policy Support advancements and policies.

8. CONCLUSION

1. Potential of Agricultural Waste: The study confirms that agricultural waste, such as rice husk ash, palm
oil fuel ash, and wheat straw ash, can effectively replace silica fume in UHPC formulations, offering a
sustainable alternative without compromising performance.

2. Mechanical Properties: Agricultural by-products enhance the mechanical properties of UHPC, notably
improving compressive strength and durability, thus validating their use as viable supplementary
materials.

3. Environmental Impact: Utilizing agricultural waste reduces the cement content in UHPC, significantly

lowering carbon emissions and contributing to more sustainable construction practices.

4. Cost-Effectiveness: The incorporation of agricultural waste into UHPC proves to be economically
advantageous, reducing the need for costly materials like silica fume and cutting overall production costs.

5. Durability and Microstructure: The use of agricultural residues in UHPC results in notable durability

and microstructural improvements, leading to longer-lasting and more resilient concrete structures.

6. Research Trends: Bibliometric analysis highlights the increasing interest and advancements in using
agricultural waste for UHPC, underscoring the importance of continued research and development in this

area.
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