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The negative impacts of cement-based material (CBM) production are way bigger than ever expected. To
illustrate the scale of this phenomenon, all the forests in the world, regardless of the fact that they are
disappearing at an alarming rate, are not enough to offset even half the environmental impact (EI) of
global aggregates and cement production. Thus, it is necessary to promote scientific research and guide
more researchers and professionals in the construction industry to investigate the undiscovered sus-
tainability paths, namely for concrete before and after end-of-life. For that purpose, a global and
extensive review is made here to provide an overall view of concrete sustainability in all possible paths.
Then, each path is organized as follows: (i) brief introduction, (ii) presentation of non-traditional ma-
terials and techniques that can be used for the selected strategy, (iii) their limitations and (iv) future
trends. The study also identifies what is already known to avoid putting valuable research resources into
redundant scientific studies. The following paths of concrete production sustainability were identified:
mix composition (e.g. reduce the EI and resources use of binders, aggregates, water and reinforcement),
materials manufacturing (e.g. new production techniques of cement, aggregates and steel bars), concrete
mixing (e.g. mixer type and mixing method), on-site application (e.g. regular casting and digital concrete/
3D printing), and in-service performance (e.g. increase the durability of reinforced concrete and carbon
capture and thermal conductivity). On most of these paths, many studies have been made on the same
non-traditional materials and techniques and similar outputs were obtained. Yet, many other non-
traditional materials and techniques have not been explored before, or are incomplete in terms of the
characteristics analysed. More than providing definite solutions, this contribution intends to open the
minds of the readers to the vastly unexplored world of “green concrete”.
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1. Introduction

Many studies have alerted us to the negative impacts of cement-
based materials (CBM) production within the construction in-
dustry. These impacts may be way bigger than ever anticipated.
Illustrating the concept, the total world production of aggregates
and cement can be around 48.3 billion tonnes (IEA, 2019; USGS,
2019) and 4.1 billion tonnes (average - (PMR, 2017; Freedonia,
2016)) in 2018, respectively. Additionally, the average global
warming potential (GWP) of 1 kg aggregate and cement is 0.0123 kg
COy eq (Marinkovic et al., 2010; Korre and Durucan, 2009; Tosi¢

et al, 2015; Braga, 2015) and 981 kg COy ¢q (Marinkovic et al.,
2010; Braga, 2015; Teixeira et al.,, 2016; Blengini, 2006; ECRA,
2015; de Schepper et al,, 2014a; Chen et al., 2010), respectively.
Thus, the total GWP of aggregates and cement will be around
5.9409E+11 kg COy ¢q and 4.0221E+15 kg COy g, respectively.
Contrary to a common statement, instead of concrete, aggregates
are the most consumed material after water. Previous values shown
in the previous sentences indicate that, although aggregates con-
sumption is almost 12 times bigger than that of cement, their
environmental impact (EI) is insignificant relatively to cement. If
one considers only half of the produced aggregates and cement



