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Editorial on the Research Topic
Sustainable building materials from recycled cement/concrete and
recycled industrial wastes

Introduction

Carbon-negative cement and concrete technologies, particularly using recycled
cement, recycled aggregates, and carbon curing methods for producing fully
recycled concrete (Figure 1), offer a promising solution to reduce the environmental
footprint of construction. This Research Topic was proposed in the context of reducing
carbon emission and carbon sequestration from the Paris Agreement.

The Research Topic contains a total of four papers and all are original contributions.
Duan investigated compressive strength of fiber-reinforced recycled aggregate concrete
based on optimization algorithms. Nseke et al. reported the inhibitory effect of rice husk
ash on the alkali leaching and efflorescence of alkali activated granulated blast furnace
slag. Samrani etal. adopted industrial wastes like fly ash and ground waste glass as
cement replacement in concrete 3D-Printing as sustainable construction materials. Cardoso
etal. used Sururu shell waste (Mytella falcata) as recycled aggregates in green mortar
production.

Carbon-negative cement and concrete offer a promising pathway to mitigate the
environmental impact of the built environment. By using recycled cement, recycled
aggregates, and carbon curing techniques for fully recycled concrete, we could achieve
significant reductions in both emissions and the consumption of raw materials, while also
contributing to carbon sequestration.

Recycled cement and carbon sequestration

Recycled cement, primarily obtained through the processing of demolished concrete or
construction and demolition (C&D) waste, holds substantial promise in reducing the carbon
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FRC: Fully Recycled Concrete
RC: Recycled Cement
RA: Recycled Aggregates

RIW: Recycled Industrial Wastes

FIGURE 1
Fully Recycled Concrete (FRC) prepared from Recycled Cement (RC),
Recycled Aggregates (RA) and Recycled Industrial Wastes (RIW).

footprint of concrete production. Unlike traditional cement
production, which involves the calcination of limestone at high
temperatures (a process that releases large amounts of CO),
recycled cement can be produced with considerably lower energy
consumption (He et al., 2019; Wang et al., 2018).

The carbon sequestration potential of recycled cement stems
from the chemical interactions between recycled cementitious
materials and atmospheric CO,. Recycled cement, especially
when used in conjunction with other supplementary cementitious
materials (SCMs) like fly ash, slag, or silica fume, can trap and store
CO, within the matrix. Carbonation of the calcium-silicate-hydrate
(C-S-H) gel in recycled concrete leads to carbon sequestration,
where CO, is absorbed from the atmosphere, contributing to
a reduction in overall carbon emissions (Xu et al., 2023). In
some cases, carbon reduction rates can be as high as 90% of
CO, per ton of recycled cement used compared to ordinary
portlandite cement.

A study by Xu etal. found that incorporating recycled
cement in concrete not only reduces the demand for virgin
materials but also enhances the concrete’s ability to absorb CO,
over time, a crucial element in reducing net greenhouse gas
emissions.

Recycled aggregates

Recycled aggregates are another key component of carbon-
negative concrete. These materials, typically sourced from
demolition sites or construction waste, are a direct alternative to
traditional quarried aggregates after carbonation enhancement or
physical enhancement (Huang et al., 2025). The use of recycled
aggregates in concrete significantly reduces the energy consumption
and emissions associated with the extraction, transportation, and
processing of virgin aggregates.

The use of recycled aggregates also addresses the resource
depletion issue. Global demand for raw materials such as sand and
gravel has skyrocketed in recent decades, resulting in unsustainable
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mining practices and habitat destruction. By utilizing waste concrete
and recycled aggregates, the construction industry can reduce its
reliance on virgin materials, helping to conserve natural resources
and mitigate the environmental impact of extraction activities
(Wang Y. et al.,, 2023; Wang et al., 2022).

Moreover, when recycled aggregates are combined with recycled
cement, the carbon footprint of concrete can be significantly
reduced. The reduced need for cement production results in lower
emissions, while the use of recycled aggregates avoids the emissions
associated with traditional aggregate production.

Carbonation curing

A transformative approach to reducing the environmental
footprint of concrete is carbon curing, a method that uses carbon
dioxide (CO,) to cure concrete instead of the traditional water-based
curing methods. By injecting CO, into freshly mixed concrete, the
chemical reaction between CO, and the calcium compounds in the
cement matrix leads to the formation of calcium carbonates, which
trap CO, within the concrete.

For fully recycled concrete, the addition of recycled aggregates
and recycled cement further enhances the potential for carbon
sequestration through carbon curing. Not only does carbon
curing make the concrete stronger and more durable, but it
also provides an opportunity to sequester CO, at a significant
scale. Researchers have shown that carbon curing can lead to a
reduction in CO, emissions of up to 30% for every cubic meter of
concrete produced.

A study by Wang J. etal (2023) demonstrated that using
carbon dioxide curing with fully recycled concrete not only
improves its compressive strength but also results in carbon
sequestration, offering a carbon-negative construction material.
The ability to sequester CO, during the curing phase of concrete
production can play a pivotal role in achieving global sustainability
targets.

Reduced carbon emissions from using
recycled cement, recycled aggregates
and recycled industrial wastes

The environmental benefits of using recycled materials in
concrete go beyond carbon sequestration. The use of recycled
cement and aggregates reduces the need for energy-intensive
processes, such as quarrying and cement calcination, which are
responsible for a significant proportion of emissions in the
construction sector.

By substituting virgin cement with recycled cement and
using recycled aggregates, the overall carbon footprint of
concrete can be reduced by as much as 50%-60% (Xu et al,
2024). Furthermore, using these materials can contribute to
reducing waste and decreasing landfill use, which is essential for
sustainable construction practices. However, the durability of the
materials (Xie et al., 2022) produced from these recycled materials
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should be a key factor for investigation before application in actual
engineering projects.
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