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Abstract

Nowadays, transition toward production models grounded in a circular economy places a fundamental
emphasis on transforming the construction sector, as it remains the world’s largest extractor of natural
resources and one of the leading generators of waste. Within this context, construction and demolition waste
(CDW) has increasingly shifted from a disposal-oriented flow to a value-oriented strategy centered on its
recovery and reintegration into production cycles. Through strategic processing, CDW can be converted
into recycled aggregates (RA), which serve as secondary raw materials for civil engineering and
construction applications. The strategy of using recycled materials in the AEC sector contributes to (1)
reducing dependence on virgin materials, (2) minimizing energy consumption, (3) minimizing the impact
on landfills and (4) helps to close material cycles within the civil environment, thus boosting the objectives
of the circular economy in line with recent policy frameworks. The present work aims to evaluate the
environmental quality of RAs derived from two distinct sources: a CDW treatment facility and a precast
concrete manufacturing plant. The analysis focuses on assessing how differences in the recycled material
production systems influence their environmental performance and suitability for potential applications
within the AEC sector.

Introduction

Previous research has demonstrated the technical feasibility of producing Ras with performance
characteristics suitable for applications in embankments, as well as in base and sub-base layers of road
pavements (Ayuso et al., 2016). However, the widespread adoption of these materials remains constrained
by the need to ensure their environmental compatibility. Significant progress has been made in the
characterization and environmental behavior assessment of CDW, particularly regarding its potential
interaction with the aqueous environment and the short- and long-term release of potentially mobile
constituents. Similarly, the assessment of leaching continues to be based on procedures developed for waste
classification under landfill disposal scenarios, as outlined in Council Decision 2003/33/EC. Studies have
shown that compliance test results are highly sensitive to experimental variables, such as particle size
distribution and liquid/solid ratio, which can lead to different interpretations under dynamic hydraulic
conditions (Dijkstra et al., 2013). The discrepancy between specific test conditions and analogous use
conditions constitutes a significant source of uncertainty in the environmental valuation of recycled
materials. An emerging factor in the predictability of environmental behavior is the configuration of
recycling process, conditioned by the material composition, traceability, and degree of heterogeneity.

This study focuses on a comparative assessment of RAs derived from two distinct production contexts:
a precast concrete manufacturing company (closed-loop recycling) and a CDW treatment plant (open-loop
recycling). The production of precast concrete elements is conducted under highly controlled and
standardized factory conditions, where raw materials, mix designs, and processing parameters are strictly
regulated. This promotes greater homogeneity, traceability, and quality consistency in the resulting RAs.
In contrast, RAs obtained from a CDW treatment plant originate from heterogeneous waste streams with
variable composition and uncertain provenance. Their properties are strongly influenced by factors such as
the type and variability of incoming waste, the efficiency of sorting and processing operations, and the
technological level of the treatment equipment. Consequently, RAs from CDW facilities typically exhibit
greater variability in their physical, mechanical, and environmental characteristics.

The comparison allows to evaluate how differences in production systems and input material control
between precast concrete facilities and CDW treatment plants influence the quality, consistency, and
potential environmental performance of tested RA.
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Materials and experimental methodology

Figure 1 illustrates the experimental design for two types of RA (CDT-RA and PC-RA) with
equivalent granular size distribution but derived from distinct production processes (open-loop and closed-
loop recycling respectively). The first RA represents an open-loop recycling model from an authorized
CDW treatment plant, producing CE-marked aggregates referred to as mixed concrete aggregates (coded
as GE-MRA), which combine concrete and ceramic fractions from heterogeneous input streams and are
intended for granular applications in road infrastructure. The second type (coded as VI-RCA) comes from
a closed-loop industrial system at a precast concrete facility, where production rejects are crushed and
transformed into recycled concrete aggregates that are reincorporated into the controlled production of
precast elements.

+ Classification test for RA
EN-933-11

Unbound granular layers in
transport infrastructure

]
|
|
|
| input r

CDW Treatment Plant

OPEN-LOOP RECYCLING

Recycled Aggregate
CDT-RA (0-32mm)

+ Particle size distribution

EN-933-1

E

o
=5
82
w
23
oo
@
£
Q

+ Particle density and
water absorption
EN 1097-6

Heterogeneous &
input
| concrete +

! Precast Concrete Plant
|
|

input

+ Compliance Leaching
(<4 mm y <10mm)
EN 12457-2 and EN-12457-4

CLOSE-LOOP ECYCLING Recycled Concrete

Aggregate
PC-RA (0-20mm)

S

Controlled
industrial
| Concrete only

Enviromental
Behavior

| NEW PREFABRICATED ELEMENTS

Figure 1. Experimental procedure developed.

Environmental behavior was evaluated through batch leaching tests following EN 12457-4 to quantify
the release of heavy metals and anions under near-equilibrium solid-liquid conditions. Additionally,
dynamic upward percolation tests according to UNE-EN 14405 is conducted to assess the evolution of
constituent release under more progressive and representative hydraulic conditions.

Results and discussion

The comparative analysis of chromium and sulphate showed that the leaching behavior of both types
of RA is influenced by origin and production process, reflected in differences in compositional uniformity:
while sulfate levels were higher in the CDT-RA samples due to the presence of components such as mortars
or ceramics, chromium levels were higher in the PC-RA samples.

Table 1. Compliance Leaching data according to UNE EN - 12457-4

Element PC-RA1 PC-RA2 CDT-RA1 CDT-RA2 CDT-RA3
Cr 0,31067 0,27999 0,19119 0,28887 0,28249
SO (mg/kg) 148 158 419 538 754

PC-RA samples showed more consistent behavior, while CDT-RA samples, despite variability, remained
environmentally compatible. The results support the development of application-specific evaluation criteria
and the safe integration of recycled aggregates into end-of-waste schemes.
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