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Abstract: In the face of rapid urbanization, environmental sustainability poses a severe challenge to the construction industry. The consumption of
concrete by the construction industry requires a large number of nature reserves around the world, so it is necessary to develop alternative materials
and sources [1,2]. For the global construction industry, a sustainable solution can be to partially replace ordinary Portland cement (OPC) by using
supplementary cementitious materials (SCM) (see Figure 1) sourced from industrial end-of-life (EOL) materials that contain siliceous, calcareous and
aluminous materials [1].

Figure 1. Most common industrial 
by-products used as substitutes [2].

Although traditional SCM has attracted attention due to its outstanding
long-term durability, sustainable SCM can also be developed to reduce
the amount of cement required for concrete production while reducing
ecological impact [3,4]. Candidate EOL materials include silica fume (SF),
fly ash (FA), natural pozzolanic materials like sugarcane palm oil fuel ash
(POFA), bagasse ash (SBA), rice husk ash (RHA), construction and
demolition debris (CDD), marble dust, mine tailings [5].

Conclusion: At present, the use of industrial EOL materials in concrete
has been proven. However, it is clear that in addition to the quality
assessment of these materials, more research is needed to evaluate the
feasibility of long-term performance and develop more environmentally
friendly products [6, 7]. If high-quality ashes can be obtained regularly
with lower financial costs (and most importantly, reducing environmental
costs), their use in the engineering field will become more widespread.
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Figure 2. Cradle-to-gate life cycle assessment (LCA): studied system boundaries of the 
concretes (plain line—included processes; dashed line—non-included processes) [8].

Sustainability through re-use of accessible economic and social resources is
a way to attain equilibrium with the environment, while ensuring long-term
development and endurance. A beneficial difference for the environment
could result from substituting cement and sand with by-products or EOL
products from intersectoral industrial activities. By this way, we may be able
to reduce the adverse environmental impacts stemming from cement
(74%–93%) and sand (0.3%–2%) consumption in the total LCA of EOL
material-based concretes.

With regard to the LCA of concrete, 4 aspects should be considered:
(1) design, (2) production/execution, (3) usage and (4) end-of-life disposal.
Structural concrete has life expectancy differentiated by application, such as
in pillars, beams and walls. While the durability over time for foundation or
load-bearing structural elements is 50–300 years, the corresponding lifetime
for cover walls is only 20–50 years .

With regards to economic impact, regenerating alternative EOL materials for
binder components in concrete would decrease the cost of construction without
sacrificing performance. Other costs can also be considered, such as those
concerning the source and transport of the alternative SCM materials, controlled
combustion process and also savings as a result of diversion, such as disposal
management. Consequently, the environmental advantages will reduce the
enormous demand for Portland cement per unit volume of concrete, in addition
to a concurrent and meaningful reduction in Greenhouse Gas (GHG) emissions .


