Avrchive Ouverte - Open Repository

Science Arts & Métiers (SAM)

is an open access repository that collects the work of Arts et Métiers Institute of
Technology researchers and makes it freely available over the web where possible.

This is an author-deposited version published in: https://sam.ensam.eu
Handle ID: .http://hdl.handle.net/10985/12057

To cite this version :

Rachel HORTA ARDUIN, Carole CHARBUILLET, Francoise BERTHOUD, Nicolas PERRY - What
are the environmental benefits of increasing the WEEE treatment in France? - What are the
environmental benefits of increasing the WEEE treatment in France? p.1-4 - 2016

Any correspondence concerning this service should be sent to the repository \ Arts
Administrator : scienceouverte@ensam.eu et Métiers



https://sam.ensam.eu
https://sam.ensam.eu
http://hdl.handle.net/10985/12057
mailto:scienceouverte@ensam.eu
https://artsetmetiers.fr/

What are the environmental benefits of increasing the WEEE

treatment in France?

Rachel Horta Arduin**, Carole Charbuillet?, Francoise Berthoud?, Nicolas Perry*

! Instituto de Pesquisas Tecnoldgicas do Estado de S&o Paulo, S&o Paulo, Brazil
2 Institut Arts et Métiers de Chambéry, Le Bourget du Lac, France
® Université Grenoble Alpes, CNRS, Ecolnfo, Grenoble, France

* Arts et Métiers ParisTech, Talence, France

* Corresponding Author, rachel@ipt.br, +55 11 3767 4251

Abstract

In France is estimated a generation of about 17 and 23 kg per year of Waste Electrical and Electronic Equipment
(WEEE) per inhabitant, however, in 2014, the return rate for household WEEE hardly reaches 38% of the total
market input. The French regulation targets a higher collection rate for the next years: 45% between 2016 and
2019, and 65% after 2019. Besides complying with the regulations, improving WEEE treatment represents an
environmental and economic opportunity. The aim of this work was to quantify the benefits of improving the
treatment of WEEE in France by the life cycle assessment methodology. A mobile phone charger was selected as
a case study, and three scenarios were assessed based on the actual collection rate and the future recycling targets.
The optimization of the reverse logistic and the transition to renewable energies are crucial points to reduce the

environmental impacts of the recycling channel.

1 Introduction

Waste Electrical and Electronic Equipment (WEEE) is
one of the fastest growing waste streams in the world. In
2014, 42 million tons of WEEE were globally discarded
[1]. In France is estimated a generation of about 17 and
23 kg per year of WEEE per inhabitant [2].

To address the e-waste problem, the European Union
published in 2002 the WEEE directive. As a first priori-
ty, the Directive aims to prevent the generation of
WEEE. Additionally, it aims to promote reuse, recycling
and other forms of recovery of WEEE so as to reduce
the disposal of waste [3]. Considering the continuous
increase of e-waste flow, the directive was revised (Di-
rective 2012/19/EU) and new targets and strategies
were defined.

The French implementation of the WEEE directive was
combined with the process of the RoHS directive (Di-
rective 2002/95/EC), after an extensive process of con-
sultation with all stakeholders involved. The collection
system in France was set up around several types of ac-
tors. Producers, distributors, and local authorities had
their roles included in the French legislation.

The e-waste system management in France is organized
in two flows: household and professional. For the
household WEEE, the producers are responsible for the
removal and treatment of the e-waste. The producers
must fulfil these obligations either by joining one of the
producer compliance schemes (also known as producer

responsibility organizations or take back schemes) al-
ready approved by the authorities, or by putting in place
an individual system that must be approved by the au-
thorities (no individual scheme has been approved to
date).

Even though France has a recycling channel implement-
ed since 2005, the return rate of household hardly
reaches 38% of the total market input [2]. Factors such
as sorting errors, plundering, alternative systems of col-
lection and treatment are some of the reasons for house-
hold WEEE to be diverted from WEEE Compliance
Schemes.

The French regulation (decree 2014-928) presents chal-
lenging collection rate for the next years: 45% between
2016 and 2019, and 65% after 2019.

Besides complying with the regulations, improving
WEEE treatment represents an environmental and eco-
nomic opportunity. WEEE encompasses a particularly
complex waste flow that can cause environmental and
health problems. Moreover, the production of electrical
and electronic equipment (EEE) requires the use of ma-
terials with limited availability and high value added.
Recycling can therefore avoid the extraction of new re-
sources.

2 Life cycle assessment of WEEE

Aiming to assess the environmental impacts related to
the life cycle of electrical and electronic equipment, in
the past ten years, some life cycle assessment were pub-



lished mainly in Europe, North America and Asia (e.g.
[71;[8L;[91;[10];[11]).

In some studies, the disposal of electronic waste is pre-
sented in terms of recycling, rather than disposal
through other methods such as reuse, energy recovery or
landfill. However, once the recycling processes have
inherent losses, even a recycling scenario is associated
with a landfill or incineration scenario. The transport
during the end of life stage is many times not considered
or the distances are estimated and not necessarily in ac-
cordance with the reality [12].

It was noticed that few studies have discussed the envi-
ronmental gains of recycling channels based in their real
performance and targets. In this context the aim of this
work is to quantify the benefits of improving the treat-
ment of WEEE in France applying the life cycle as-
sessment methodology.

3 Methods

A mobile phone charger treated in France was selected
as a case study considering that it is a numerous product
that contains different materials that are also part of oth-
er electronic equipment. The functional unit considered
was: treat 1 kg of mobile phone charger. A mobile
phone charger was dismantled and weighted by the au-
thors and its composition is presented in Table 1:

Table 1: Composition of the mobile phone charger

Components Materials Mass

Pl Plastic (100% polycarbonate) 42.3

g Printed wiring board 25.8

Copper 21.1

Cable Plastic (50% polyethylene and 108
50% PVC) )

After an analysis of the e-waste management in France
four current practices were identified: (1) maximum re-
cycling of materials (including plastics); (2) recycling of
materials with the best referenced recycling channels
(e.g. printed wiring board); (3) recycling of materials
that don’t need high technology development; (4) dis-
posal in landfills.

In this context and considering the current recycling rate
and the future recycling targets, three scenarios were
assessed. The current scenario was developed consider-
ing data published by the French environment and ener-
gy management agency (ADEME), as presented in Fig-
ure 1. As previously mentioned, the return rate for
household WEEE is 38% of the total market input. Of
the remaining residues, about 33% are treated in docu-
mented flows (14.8% are shredded with mixed scrap
metal; 8.6% are exported as a part of the mixed scrap
metal; 4.8% are treated with residual household waste

and 4.8% are mixed with scrap metal and bulky waste
containers) and 29% in flows not yet documented [2].

Figure 1: Distribution of households WEEE flows in
France
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The future scenarios are projections of this baseline
scenario seeing the growth of plastic and precious metal
recycling.

Life cycle inventory for each scenario was developed
based in the inventories available in Ecoinvent database
(version 3.1, recycled content dataset) and adapted with
literature and primary data obtained in discussions with
specialists and recyclers. The mainly adaptations were:

o Efficiency rate of separation and recycling of
WEEE ([13];[14];[15]);

e Energy consumption for sorting the plastics con-
sidering the near infrared and optical sorting tech-
niques [16];

o Localization of treatment sites considering sec-
ondary data [17] and primary calculation of
transport distances (road and maritime);

o Landfill scenarios assessed according to the meth-
odology developed by Doka [18].

Life cycle impact assessment results were calculated at
midpoint level by using the Recipe method (version
1.12 - Hierarchist) adapted with the IPCC method (ver-
sion 1.01). The ReCiPe was selected considering that it
is often used in LCA of EEE (e.g. [11];[19];[20]) and
that the method allows fulfillment of the requirement of
ISO standards which prescribes a selection of impact
categories that reflects a comprehensive set of environ-
mental issues related to the product system [21].

The life cycle impact assessment (LCIA) was performed
in two steps: firstly, the impacts of the end of life sce-
narios were assessed; than the impacts of the end of life
scenarios were compared to the virgin materials produc-
tion in order to evaluate the benefits of recycling as a



potential reducer of new resources extraction. This ap-
proach was selected once the recycled materials have
the same or closely resembles the inherent properties of
the primary materials (closed loop recycling) [22]. In
the following section the results are reported and dis-
cussed.

4 Results and discussion

Figures 2 and 3 presents the results of the LCA of the
current and future scenario with 65% of collection rate.
The impact related to global warming potential, are
mostly related to incineration and transport. In the other
impact categories, excluding metal depletion, the im-
pacts are mostly related to incineration and landfill pro-
cesses. For the metal depletion impact category, the im-
pacts are mainly due to the increase in energy consump-
tion for recycling the plastics (the French energy mix
considered in Ecoinvent database is 77% nuclear pow-
er).

Figure 2: LCIA of the current scenario
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As it can be noticed, with the increase of the collection
rate, the impact related to the compliance schemes in-
creases. The growth of the collection rate entails the in-
tensification of some impact categories (global warming
potential, metal depletion and freshwater eutrophica-
tion) mainly due to energy consumption and transport
necessary to recycling. Otherwise, the impacts related to
human toxicity and ecotoxicity reduces, once a smaller
quantity of e-waste will be incinerated and landfilled.

Figure 3: LCIA of the future scenario with 65% of
collection rate
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The growth of the collection rate consequently results
on the increase of recycled materials. Figure 4 presents
the quantity of recycled material recovered in each sce-
nario considering the processes losses.

Figure 4: Material recovery considering the increase
of the recycling rates
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5 Conclusion

The optimization of the reverse logistic and the transi-
tion to renewable energies are also crucial points to re-
duce the environmental impacts of the recycling chan-
nel.

All the efforts to improve the environmental perfor-
mance of waste management of WEEE are not enough
if no ecodesign practices are applied in the development
of new EEE. A design that facilitates the dismantling
and that prioritize recyclables materials and/or materials
that can be recycled, together with the appropriate dis-
posal of e-waste by the consumers are essential to de-
crease the impact of this channel.
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