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Abstract

The waste management is a pregnant problematieeirEtropean continent and in France
too. The new paradigm called circular economy aimke driver for the waste valorization.
This objective is particularly applied in the ciwhgineering, the first generator of CDW
(Construction and Demolition Waste) in France.

In this context, except the eco-construction, #wycling or reusing is currently necessary for
the CDW valorization. But, the economic criteriecisisell price or manufacturing cost are
brakes to facilitate the waste valorization. In iddd, using the waste is confronted to
standards and NIMBY (Not In My BackYard).

To lift these brakes, the waste upcycling allowsdoicing high quality materials from CDW.
This choice seems to be a relevant orientatioreims¢ of economic and technology. For
further details, the recycling plant can producghhguality materials with a sell price more
competitive than the high quality raw materialsisTéconomic advantage can guarantee the
investment necessary to set up this kind of plant.

For example, the Esterel group has chosen thisitatien since several years. The obtained
results of the materials valorization are compdeethe results from a study realized by the
French energy agency.

Finally, this comparison allows concluding abowd thlevancy of the CDW upcycling, which
can be economically sustainable.
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Introduction

The waste management is a pregnant problematiceirEtiropean continent and in France
too. In 2012, 246.7 million tons of CDW were offiliy produced in France [1]. The circular
economy is driver for the waste valorization, amsdparticularly relevant for the civil
engineering, the first generator of CDW in Frandée. this context, except the eco-
construction, the CDW valorization based on reeyglbr reusing can reduce environmental
pressure [2].

However, brakes such as not a priority for thenttiglack of treatment facilities induce a
down-cycling option such as roadfill [3]. To bod@bW recycling such as, new recycling
techniques and plants are necessary to improvatyjaattification of recycled aggregates,
and public perception [4].

But the reuse of materials in the industrial fiekh be divided into three categories [5]: i)
Cascading converts consumed material to a lowetitgué) Recirculation reuses non-
consumed material in a process; iii) Upgrading metuthe consumed material to a higher
quality, which is called upcycling.

After have defined upcycling, an industrial praetis illustrated with the plant of the French
Esterel group. A perspective of the plant of Edtgreup through a study driven by the
French energy agency shows how the valorizatioimopor CDW can be enlarged.
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Definition of upcycling

Upcycling process aims to convert waste materigts mew materials with higher quality or
higher environmental value in order to reduce thesamption of raw materials [6].

Two dominant viewpoints are identified: 1) Mateniatovery in order to maintain value and
quality of materials safely in their second life eren the improved recycling; 2) Product
(re)creation for higher values and qualities by¢farming waste or used materials either by
companies or by individuals.

According to Sung [7], although drawbacks and keasrof up-cycling are depending on types
of industry, and contextual situations, benefit$ d@ environmental (e.g. solid waste
reduction, landfill space saving,), economic (egst savings and new profit opportunities)
and social (e.g. psychological well-being and saeittural benefits).

Upcycling in practice
1. Presentation of Esterel group

After a quarrying activity, Esterel group is todapecialized in
demolition/earthworks and recycling of inert madgion its site (figure 1). The activity of
CDW valorization has modified the economic stratetgmanding an investment for the
procurement of the necessary equipment.

Figure 1. View of Esterel group site in the Esterel massédmieréju

s (France).

About 100 kt/y of inert waste are treated by a psscwith a recovery ratio equal to 98% and
with high quality. Indeed, the sand produced by fflant has the CE2+ European certificate

[8].
2. Description of the recycling plant

Process of CDW in waste management plants is basethe following objectives: i)
Separation of mixed waste fractions; ii) Crushiggnding and sorting to achieve defined
grain sizes and thus marketable products.

The choice of best techniques and their configonatis challenging. This depends on
technical, legal and economic aspects [9]. Theaije of doing upcycling needs to apply an
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optimization of every step constituting the procetvalorization. These design guidelines
are noticeable through the process of the Esteoelpgplant (figure 2).
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Figure 2. Synoptic of the waste valorization process caraetby the Esterel group. The six are
located in the process. The inputs of the procesfoar: CDW, B class wood, CDW containing
bitumen and drilling sludge. The outputs (in badd® marketable or can be useful for the process.

The valorization process is composed of six st€ps. major unit (1) is the step of crushing,
grinding and sorting. This produces recycled agatesy with several sizes, high quality
recycled sand, and sludge generated by the sqntougss.

In order to ensure the complete valorization ofycéed aggregates, a manufacturing step (2)
produces concrete components for the water wasteories and used for roadside. This step
is carried out by a Demler DL 200 press. Then, titeatment of sludge (3) is another
manufacturing step. Compressed Earth Blocks (CER) r@adfill earth are obtained by a
press filter and multi-blocks press.

To facilitate the treatment of CDW along the pra;esstep of fines extraction (4) is set up in
the beginning of the valorization process. A peatment of CDW upstream makes possible
to have an optimized process sizing. The extraafdines contained in CDW in the input of
the process induces a downsizing of the equipmedicdted for the sludge treatment. And
Refuse Derived Fuel (RDF) is obtained as the outpiutthis step. Thus, an energy
valorization with this RDF and B class wood canréalized by a pyrogazification step (5).
Finally, the heat generated is used for the regowsfr bitumen (6) constituting the
components of building waterproofing.

Thus, one can identify three steps classified eupcycling process: 1) Production of high
quality sand [8]; 2) Production of CEB because teasaste and sludge become earth
construction materials; 3) Recovery of RDF [10]oirder to obtain a useful energy for the
process.
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3. Esterel group plant among French recycling plant

A study driven by the French energy agency [11hhdgpts two observations: 1) The French
current valorization rate equal to about 50% il to the objectives of the Waste
Framework Directive 2008/98/EC (WFD); 2) the comxile of the waste valorization
process fosters the received amount of waste {eegplants having an elaborate process
receive in mean 177ktly, while the plant having arensimple process receive in mean 35
ktly).

These observations mentioned in this report ardéirooed by the example of Esterel group.
CDW has therefore gained increasing interest fromh la waste management and a resource
efficiency perspective. Consequently, the Esterebug plant demonstrates that a
sophistication level of waste treatment procegsaomically sustainable.

Conclusion and Perspectives

Upcycling is the choice in order to develop theseeof CDW and to avoid the environmental
pressure (decrease of landfilling, saving of nattesources or raw materials).

However, this choice is taken still too little. betl, the report of the French energy agency
observes that the valorization rate of CDW is wigaleak the WFD objectives. The drivers
such as legal objectives are a way to have anaseref technological level of recycling
plant. A key parameter is a more complex processaycling plant. The valorization rates of
CDW may be increased undoubtedly. The example tér&lsgroup demonstrates that the
R&D investment can boost the CDW recycling. Andhié industrial aim is to produce high
guality materials, so an economic success can biewad. Thus, it enables to demonstrate
that it is possible to economically upcycle recycggregates and CDW.
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