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Abstract 

 

Concrete is the most widely used building material globally, made from cement, water, and aggregates. However, 

cement production causes serious environmental issues such as air pollution, greenhouse gas emissions, and water 

contamination. To reduce these impacts, eco-concrete has been developed as a more sustainable alternative. An 

effective approach is to substitute part of the Ordinary Portland Cement (OPC) with Supplementary Cementitious 

Materials (SCMs). Silica fume, due to its high pozzolanic activity, is a useful SCM. Though silica fume is locally 

available, but it is mainly produced in India. Hence, for its actual life cycle assessment, transport distance is measured 

from there, which increases both cost and environmental pollution due to longer transport distances compared to other 

SCMs. Other SCMs like fly ash and slag are locally available and can also be used. While eco-concrete helps the 

environment, it may have drawbacks like higher initial cost, longer mixing time, and possible durability issues. To 

evaluate its performance, Life Cycle Assessment (LCA) tools such as Life-365™ and the EcoConcrete Calculation 

Tool V2.01 were used. By replacing 40% of OPC with 34% fly ash and 6% silica fume, the environmental impact was 

reduced by 19.4%, and the concrete’s service life improved to 47.5 years. This approach shows great potential for 

making concrete more sustainable while meeting construction needs and reducing the overall environmental footprint 

of the industry. 
 

Keywords: Eco concrete; Supplementary Cementitious Materials (SCMs); Service life; Life Cycle Assessment (LCA); 

Environmental impact. 

 

1 Introduction 

Concrete is the most extensively used man-made material globally, second only to water in consumption. It is essential 

for infrastructure like bridges, roads, housing, and water supply systems. However, its production has significant 

environmental consequences. Cement, the key ingredient in concrete, accounts for almost 8% of global CO₂ emissions 

(Wu et al., 2024). Producing one ton of ordinary Portland cement (OPC) releases 0.85 to 0.92 tons of CO₂, consumes 

3 tons of raw materials, and requires 4,000 to 5,000 MJ of energy (Jalal, 2025). Additionally, concrete production 

depletes natural resources, using 10 to 12 billion tons of aggregates annually and large amounts of freshwater. Many 

concrete structures, designed for a 50-year service life, deteriorate in 20 to 30 years, especially in urban and coastal 

environments, leading to increased maintenance costs and resource use (Knight et al., 2023). Sustainable development 

seeks to fulfill current needs without compromising future generations. For the concrete industry, this means reducing 

energy use, minimizing emissions, and conserving resources. One solution is the use of Supplementary Cementitious 

Materials (SCMs) like Fly ash, Ground granulated blast-furnace slag (GGBS) (Swaroop & Venkateswararao, 2020), 

and silica fume (Ho & Huynh, 2023). These industrial byproducts can replace part of the OPC in concrete, reducing 

both the carbon footprint and waste (Bhikshma et al., 2009). Concrete with SCMs often has enhanced durability, 

making it suitable for structures designed to last 100 to 120 years (Sandeford et al., 2012). Material and mix design are 

critical for balancing environmental impact and durability. Optimizing SCM proportions can reduce emissions while 

maintaining or improving strength. For example, concrete with GGBS or fly ash is more durable in harsh environments. 

However, achieving this balance requires precise mix design to meet performance and sustainability goals. This study 

aims to develop an innovative concrete mixture using local SCMs to improve durability and reduce environmental 

impact. By focusing on sustainable material design, the research seeks to create concrete that minimizes resource use 

and emissions, Contributing towards a more sustainable future for the construction sector. 
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2 Methodology 

The main goal of this study is to create an environmentally friendly concrete mix by using alternative materials and 

reducing harmful impacts. The process starts with selecting suitable materials and checking how they are collected and 

transported. A basic mix is prepared using only Ordinary Portland Cement (OPC), while another mix replaces part of 

the cement with materials like fly ash and silica fume. To measure how these mixes affect the environment, a software 

tool called EcoConcrete Calculation Tool V2.01 is used. This tool checks the environmental impact from the beginning 

of raw material collection to the point where the concrete is ready to use. It considers factors like carbon emissions, 

toxic effects on nature, and health risks. The tool also helps compare different transportation methods and mix designs 

to find the most sustainable option. The flowchart shows each step of the work from collecting data and designing 

mixes to analyzing performance and selecting the best result. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Systematic Experimental Roadmap 

 

2.1 Material Sourcing 

 

Materials were selected based on performance, sustainability, environmental impact, and local availability. Ordinary 

Portland Cement (OPC) was used as the main binder despite its high CO₂ emissions, due to its wide availability(Shah 

et al., 2022) (Sutar et al., 2021). Supplementary cementitious materials (SCMs), including fly ash and silica fume, were 

incorporated to minimize environmental impact and improve durability. Fly ash, a by-product of coal combustion, 

enhances workability and long-term strength, whereas silica fume, a by-product of silicon production, boosts 

compressive strength and durability by refining the concrete’s microstructure. River sand was selected as fine 

aggregate for its consistent grading, and crushed stone from Sylhet was used as coarse aggregate for its strength. Two 

mix designs were developed: a Base-Case Scenario (BCS) using 100% OPC and an Alternative-Case Scenario (ACS) 

with 34% fly ash and 6% silica fume replacing cement. The ACS mix was optimized for better environmental 

performance and service life. To minimize emissions from transportation, materials were sourced as locally as possible 

and waterway transport was prioritized for its low environmental impact. Cement was brought from Kumira (43 km 

by road) (Jalal, 2025), sand from Kalurghat (19 km by waterway and 6.6 km by road) (Rahman & Rahman, 2020), and 

coarse aggregates from Sylhet (via 44.2 km by road, 357 km by railway, and 27.5 km by road) (Rahman et al., 2020). 

(43.3 km by road, 1,281 km by waterway, 6.6 km by road), and fly ash was sourced from Matarbari (107 km by 

waterway, 6.6 km by road) showed in figure 2. This approach ensured a more sustainable material supply chain for 

eco-concrete production. supply chain for eco-concrete production. 
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Figure 2. Distances of SCM sources from CUET 

 

2.2 Mix Design 

The materials were designed considering two cases: the Base Case Scenario (BCS) and the Alternate Case Scenario 

(ACS). The shared parameters of both mixtures are presented in Table 1. 

 

Table 1. Common design for BCS & ACS 

Parameters Quantity 
Water to Binder ratio (w/c) 0.40 

Weight of Water (Ww ) 156 kg/m3 

Weight of Binder (Wb) 390 kg/m3 

Weight of Fine aggregate (WFA ) 900 kg/m3 

Weight of Coarse aggregate (WCA) 1050 kg/m3 

Total Volume 1m3 

 

2.3 Material Selection 

Using Eco-Concrete and Life365™ software, the Environmental Impact Rating (EIR) and service life are calculated 

by varying a single Supplementary Cementitious Material (SCM) at a time, while keeping all other SCMs set to zero 

under default conditions (Gedam et al., 2019). Based on these results, graphs are generated to assess each SCM's 

impact on durability and environmental performance. 

 

Figure 3. Comparative Analysis Chart for SCM Selection 

 

The first graph from Figure 3 indicates that fly ash significantly improves the Environmental Impact Reduction (EIR) 

while having a moderate effect on service life. While, the second graph shows that GGBS has comparatively minimal 

impact on both EIR and service life from fly ash suggesting that replacing GGBS with fly ash could offer greater 

overall benefits. 
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The third graph highlights silica fume’s strong positive influence on service life (~110 years) making it valuable for 

long-term durability. However, it negatively affects EIR. To balance performance and sustainability, a moderate use 

of silica fume (5–10%) is recommended to maximize service life with minimal environmental trade-offs.  

 

Figure 4. Performance-Based Graphical Analysis for Determining the Ideal SCM Combination 

 

From Figure 4, the EIR and service life curves intersect at approximately 6% Silica Fume and 34% Fly Ash, indicating 

an optimal mix ratio that meets both durability and environmental performance goals. 

 

2.4 Life Cycle Assessment 

Life Cycle Assessment (LCA) is a method used to evaluate the environmental impacts of a product throughout its 

entire life from collecting raw materials to the final stage of production. In concrete production, LCA helps to 

understand how much environmental damage is caused by each material, especially when replacing traditional cement 

with supplementary cementitious materials (SCMs) like fly ash and silica fume. While these materials are more eco-

friendly than Ordinary Portland Cement (OPC), it is still important to consider the pollution caused during their 

production and transportation. In this study, fly ash was collected from the Matarbari coal power plant and transported 

107 kilometers by waterway, followed by 6.6 kilometers by road to reach the batching plant at CUET. Silica fume was 

imported from India and traveled 1,281 kilometers by waterway and 6.6 kilometers by road to CUET. Although these 

distances contribute to some emissions, they are still lower compared to the impact caused by cement, making SCMs 

a more sustainable option. A simplified cradle-to-gate LCA was done, which included three main stages: collecting 

and transporting raw materials to the plant, processing them at the plant, and transporting the processed materials to 

the CUET batching site, processing them at the plant, and transporting the processed materials to the CUET batching 

site. The boundaries for life cycle assessment and environmental impact reduction are illustrated in Figures 5 and 6, 

respectively.   

 

Figure 5. System boundaries for life cycle assessment  

 

The equation (1) was used to calculate the reduction of environmental impact using SCMs, 

Environmental Impact Reduction (%) =  ( 1 - 
EIRACS

EIRBCS
 )  × 100%    (1) 
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2.5 Service Life Optimization 

Service life optimization was performed using Life365™ software, which estimates the durability of concrete mixtures. 

The optimization process was carried out in two trial phases showed in Table 3. First, the service life of BCS was 

determined. Then, multiple ACS combinations were tested by varying the SCM proportions up to 40%. The service 

life score was determined using Equation (2) : 

 

Service Life Score= 
Service Life of ACS

Service Life of BCS
   (2) 

 

The Base-Case Scenario (BCS) represented conventional concrete with 100% Ordinary Portland Cement (OPC), while 

the Alternative-Case Scenario (ACS) included a 40% replacement of cement with supplementary cementitious 

materials (SCMs), specifically fly ash and silica fume. 

Table 3. Diffusion Properties and Service Lives 

Alt name   D28   m   Ct  Init.   Prop.   Service life  

Base case  7.54e-12 m2/sec  0.2   0.05% wt. conc.   5.9 yrs   6 yrs   11.9 yrs  

Alternate Case  2.95e-12 m2/sec  0.47   0.05% wt. conc.   41.5 yrs   6 yrs   47.5 yrs  

 

 

3 Result and Discussion 

3.1 Environmental Impact Reduction 

The EcoConcrete Tool V2.01 identified an optimal mix with 34% fly ash and 6% silica fume. This mix reduced 

environmental impact by 19.4% compared to the 100% OPC base mix. 

 

3.2 Global Warming 

Among all the materials analyzed, cement had the greatest impact on global warming in both the BCS and ACS 

concrete mixes, with emissions of 212.985 kg CO₂ eq. The cement industry alone accounts for about 8% of global CO₂ 

emissions. The addition of alternative materials led to a significant 33% reduction in the overall global warming impact.  

 

3.3 Carcinogenic 

Coarse aggregate was the largest contributor to carcinogenic impact, followed by cement due to its fine particles, with 

a value of 2.53E-06 CTUh. These substances are linked to potential cancer risks. The use of alternative materials led 

to an 8.2% reduction in overall carcinogenic effects. 

  

3.4 Ozone Depletion 

In both BCS and ACS mixes, cement showed a significant contribution to ozone depletion. However, the overall ozone 

depletion in ACS is reduced by 21.8% compared to BCS.  

 

3.5 Ecotoxicity 

Ecotoxicity refers to the harmful effects on plants, animals, and entire ecosystems. In the ACS mix, by replacing 

cement with supplementary cementitious materials (SCMs), ecotoxicity decreased by 11.8%.  

 

Table 2. Details of the environmental impact scores and variation 

Impacts categories Units 
Base-Case Scenario 

Alternative-Case 

Scenario 

Environmental impact 

reduction 

Global warming kg CO2 eq 391.264 262.622 32.9% 

Carcinogenic CTUh 7.14E-06 6.54E-06 8.4% 

Ozone depletion kg CFC-11 eq 2.24E-05 1.76E-05 21.3% 

Ecotoxicity CTUe 795.953 705.572 11.4% 

Fossil fuel depletion MJ 203.965 157.334 22.9% 

 

   Average: 19.4% 



M. M. R. Mahin, H. Hossain, A. M. Khan, M. M. I. Alvi and M. M. Banu 

ICCEI 2025 

2493 

 

 

3.6 Fossil Fuel Depletion 

Cement, silica fume, sand, and stone chips were found to be the main contributors to fossil fuel depletion, of which 

cement had the highest contribution. Substitution with alternative materials achieved a total 23.4% decrease in the 

environmental load associated with fossil fuels. 

 

3.7 Durability Performance 

The optimized ACS mix, reduced environmental impact by 19.4% and extended concrete service life to 47.5 years. 

This combination improved strength, reduced permeability, and enhanced sulfate resistance. It also performed better 

than mixes with higher fly ash content alone, offering a balanced and durable solution. Figures 6 and 7 illustrate the 

reduced environmental impact and enhanced service life. 

 

 

3.8 Transportation Mode and Environmental Effect 

Transportation played a major role in environmental impact with waterway transport proving the most efficient. It had 

over 1000% lower impact than road and 250% lower than rail. Prioritizing waterways and reducing road distances 

helped cut emissions significantly. This approach further lowered the environmental footprint of the ACS mix. 

 

 

4 Conclusion 

This study aimed to develop an optimal concrete mix design that reduced environmental impact and increased concrete 

durability. By incorporating Supplementary Cementitious Materials (SCMs) such as coal fly ash and silica fume, the 

research demonstrated that it is possible to reduce the carbon footprint of concrete production and improve its 

durability. The findings revealed that replacing 40% of Ordinary Portland Cement (OPC) with a combination of 34% 

coal fly ash and 6% silica fume resulted in a significant increase in concrete service life, extending it to 47.5 years, 

with an environmental impact reduction of 19.4%. The transportation mode also significantly influenced 

environmental impact, with roadway transportation leading to a more substantial environmental burden than railway 

or waterway transport. Based on these findings, waterway transportation was preferred to minimize the environmental 

footprint. The study concluded that the most feasible and environmentally friendly concrete mix design involves a 

combination of 34% coal fly ash and 6% silica fume as a partial replacement for OPC. This mix design effectively 

balances durability and environmental sustainability, making it an optimal choice for future concrete applications. 
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Figure 6. Environmental Impact Reduction: A Comparative 

Overview of ACS and BCS  

Figure 7. Comparison of service life between 

BCS and ACS 
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