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Abstract: The manufacture of Ordinary Portland cement is widely recognised as a significant
source of global greenhouse gas emissions, underscoring need for alternative binder systems that
reduce environmental burdens without compromising structural performance. This study
extends prior sustainability assessments of blended concretes through a detailed experimental
and life-cycle-based evaluation of “Ground Granulated Blast Furnace Slag” as a substitute to
cement. The research aims to develop and optimise GGBS-based concrete mixes with different
replacement levels of OPC to determine the mix proportion that achieves enhanced mechanical
and environmental performance. Experimental investigations include mix design formulation,
specimen preparation, and compressive strength testing across curing periods. The mechanical
results will be integrated with a ‘cradle-to-gate’ Life Cycle Assessment (LCA) to determine
embodied carbon (kg CO,/m3) and embodied energy (MJ/m3) using Microsoft Excel and open-
access LCA databases. Through this framework, the study seeks to establish correlations between
material composition, mechanical performance, and life-cycle impacts. The findings are expected
to provide evidence demonstrating that GGBS substitution mitigates the embodied carbon and
energy intensity of concrete production. This work contributes to research related to ‘low-
carbon’ construction materials and supports global sustainability goals.

Keywords: Ground Granulated Blast Furnace Slag; Compressive strength; Embodied carbon; Embodied
energy.
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Introduction

The production of Ordinary Portland Cement (OPC) contributes significantly to global CO, emissions,
accounting for nearly 7-8% of total emissions. This highlights the need for sustainable alternatives that
reduce environmental impact without compromising structural performance. Ground Granulated Blast
Furnace Slag (GGBS), an industrial by-product, offers a promising solution due to its latent hydraulic
properties and lower embodied emissions. This study investigates the feasibility of using GGBS as a partial
replacement for OPC in M30 concrete, integrating experimental testing with life cycle assessment (LCA)
to evaluate both mechanical and environmental performance.

Related work

Previous studies have shown that supplementary cementitious materials (SCMs) such as GGBS and fly ash
can significantly reduce the environmental footprint of concrete while maintaining adequate strength [1]—
[3]. LCA-based research indicates up to 30% reduction in CO, emissions with partial OPC replacement.
Experimental studies also confirm that GGBS improves durability and long-term strength, though early-
age strength may be slightly reduced. However, limited work combines both mechanical testing and LCA
to identify an optimal replacement level, which this study addresses.

Table 1. Comparison with previous studies

LCA Strength Analysis Key Focus
[1] Yes No Environmental impact
[2] Yes Yes SCM-based concrete
[3] Yes Yes GGBS performance
This work Yes Yes Strength+ LCA
optimisation

Key Contribution
This study provides an integrated experimental and environmental assessment of GGBS-based concrete.
It identifies the optimal replacement level by correlating compressive strength with embodied carbon and

energy. The work contributes practical insights for sustainable mix design in structural concrete.

Method, Experiments and Results

Concrete mixes were prepared with 0%, 20%, 30%, and 40% GGBS replacement of OPC. Standard mix
design (M30) was followed, and cube specimens were tested for compressive strength at 28 days.
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Results showed that all mixes achieved strengths above 30 MPa. The control mix recorded 45.29 MPa,
while 20%, 30%, and 40% GGBS mixes achieved 42.8 MPa, 44.49 MPa, and 41.82 MPa respectively. The
30% replacement level showed strength comparable to conventional concrete.

LCA (cradle-to-gate) was performed to evaluate embodied carbon and energy. Results indicated
significant environmental benefits, with up to 36% reduction in CO, emissions and 27% reduction in

embodied energy at higher GGBS levels. The 30% mix achieved ~27% CO, reduction with minimal strength
loss.
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Figure 1. Compressive Strength vs GGBS%
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Figure 2. Embodied Carbon vs GGBS%
Figure 3. Embodied Energy vs GGBS%

Discussions

The results demonstrate that GGBS improves sustainability without significantly compromising strength.
While higher replacement levels reduce strength slightly, they offer greater environmental benefits. The
30% replacement level provides the best balance between performance and sustainability. Cement clinker
was identified as the major contributor to emissions, confirming that binder substitution is key to reducing
concrete’s carbon footprint.

Conclusions
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> Problem Statement: High CO, emissions from OPC-based concrete
» Method Used: Experimental testing + cradle-to-gate LCA
> Key Findings:

o All mixes satisfied M30 strength requirements
o 30% GGBS is the optimum replacement level
o Upto 36% reduction in embodied carbon achieved
» Limitations & Future Work:
o Limited to 28-day strength and cradle-to-gate LCA
o Future work should include durability and full life-cycle analysis
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