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Abstract: This paper reviews the studies on using biochar in concrete. An introduction to the environmental impact of 
cement production and the need for sustainable alternatives was first discussed, highlighting biochar's potential as a partial 
cement replacement. Then, the effect of biochar on cement hydration, workability, mechanical properties, durability, 
and microstructure was examined, with emphasis on its role in carbon sequestration. Notably, this review interrogates 
biochar's contributions to compressive strength enhancement, permeability reduction, and volumetric stability via 
shrinkage mitigation-performance dimensions, in addition to elucidating the synergistic mechanisms between biochar and 
supplementary cementitious materials (e.g., fly ash, GGBS). Despite the promising results, challenges related to biochar's 
long-term performance and optimisation for concrete applications remain. The paper concludes by emphasising the need for 
further research into the durability, structural behaviour, and environmental impact of biochar-concrete composites. 
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1. Introduction

Concrete is the most used construction material,
with cement being one of its key components [l, 2]. 
The cement clinker manufacturing process involves 
a series of complicated operations in which raw 
materials, primarily limestone and clay, such as 
kaolin, shale, or marl, along with other additives, 
are subjected to approximately 1400°C calcination. 
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This process results in considerable CO2 emissions 
[3]. The cement industry is a significant source 
of global carbon emissions, contributing 5-8% of 
total emissions and representing the second-largest 
industrial sector for CO2 emissions, accounting for 
approximately 27% of all direct emissions worldwide 
[1]. The adverse environmental effects of cement 
manufacturing are anticipated to rise. According to 
the International Energy Agency (IEA), up to 4.4 
billion tonnes of cement will be produced annually by 
2050, with an increase of 12% to 23% expected in the 
coming decades. Thus, reducing CO2 emissions from 
cement usage and concrete production is essential for 
mitigating and addressing climate change [4]. 

The application of green concrete materials is an 
important part of this transition. Green concrete can 
be defined as concrete that has less embodied energy 
and carbon compared to conventional concrete, 
as it ultimately incorporates waste, recycled, and 
environmentally friendly materials as either binders 
or aggregates [5-7]. Incorporating supplementary 
cementitious materials (SCMs), e.g., ground granulated 
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