


INTRODUCTION

The growing market demand for electrical and electronic products has generated a rapid WEEE
increase in recent years.

Figure 1: worldwide e-waste production (https://atlas.qz.com/i/atlas_4kErOieY @2x.png)

Waste Electric and Electronic Equipments (WEEE) also are a valuable “mine” of industrial materials
that can be re-introduced into the production chains, allowing to minimize related environmental
burdens.

Waste has the potential to become a valuable resource, thus allowing to save virgin materials and
fossil energy sources, by means of reusing and recycling of existing products.



Production of computer and other similar devices (tablets, smart phones) is increasing worldwide,
changing lifestyles, industrial processes, consumption patterns, cultural and communication
opportunities.

Fast replacement driven by markets makes life span of computers very short (planned
obsolescence?)

End-of-life management of computers and other WEEE (Waste Electric and Electronic Equipments)
is very complex, due to large number and typology of components and materials.

European Union (EU) has released a large number of directives , to promote:
- Restriction of hazardous substances in production
- Collection of dismissed PCs

- Recycling and disposal



PCs use places China in 2" and Italy 10" position
all over the world.

Top Ten countries with highest number of PCs



PC production in China grows
exponentially...

Computer production in China from 1990 to 2012



Electronic waste also increase...

Guiyu (China) Guiyu (China)

what are the environmental

consequences of this
Agbogbloshie uncontr_olled electr(_)n_lc wa_LSte Agbogbloshie
(Ghana) production and how is it possible (Ghana)

to prevent it?



A problem and a challenge

The growing market demand for electrical and electronic equipments (EEE) has
generated a rapid increase in recent years, although a decrease is expected in the next

years.
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WEEE also are a valuable “mine” of industrial materials that can be re-introduced
into the production chains, allowing to minimize related environmental burdens.


http://www.idc.com/







LCA of a personal computer

Life Cycle Assessment of a Personal
Computer and its Effective Recycling Rate

Byung-Chul Choi, Hang-Sik Shin, Su-Yol Lee
and Tak Hur, Int J LCA 11 (2) 122 -128 (2006)

LCA of an Ecolabeled Notebook — Consideration of Social and Environmental
Impacts Along the Entire Life Cycle.

Ciroth, A./Franze, J., ISBN 978-1-4466-0087-0. Berlin 2011



PC production
and use process










Kim, J., Hwang, Y., Park, K., 2009. An assessment of the recycling potential of materials based on environmental
and economic factors; case study in South Korea. Journal of Cleaner Production 17: 1264-1271.















Energy, emergy and emission performance
Indicators per FU

This table is a huge source of information, showing the investment referred to the computer production and
use phase.

Performance parameters of production and use processes, for both laptop and desktop PCs over
BAU and RAR assumptions

Embodied Energy (MJ) CO7 emissions (kgco?«) Emergy (sej)
Investigated EE. per phase UnitEE. COy per phase Unit CO; release Emergy per phase UEV Data Power
-:ompater E Tbo tzl. J Total CO; Total -
mbodie . A s . X o0 Y on o . ) ] ) .
Energy | Production | Use kg{‘iﬁ h:i MIFLOPS | SMissions | Proguction | Use f:ciml kghﬁ:‘ kgfg;g SMETEY | Production | Use sejkg | sejhrse | sej/FLOPS
ié,: Deskiop 67705 24426 | 43278 1809 | 0.74| S.03E-07 5158 186.1 3207 | 133 006 | 383E-08 | 140E+15 | 446E+14 | 956E+14 | 330E+13 | 154E+11 | 0.18E+04
iﬁ,ﬁ Destiop 7209 3749 145.9 426 | 0.08| 1.18E-07 3.9 438 111 32 001 | 901E09 | 2.72E+14 | 141E+14 | 130E+14 | LO4E+13 | 2.97E+10 | 2.90E+04
i/é,: SR amasy 1798.2 1936.8 | 6096 |041| 4.71E-07 2846 137.0 1475 | 464 003 | 339E-08 | 6.17E+14 | L1.89E+14 | 428E+14 | 641E+13 | 6.76E+10 | 4.93E+04
i‘é_ﬁ SPOP| 5337 468.2 63.5 1387 (006 1.23E-07 40.7 35.7 3.0 121 | 0.004 | 934E-09 | 1.03E+14 | 465E+13 | 5.83E+13 | L38E+13 | LISE+10 | 1.22E+04

The added value of calculating emergy performance indicators is that emergy captures the process of
resource generation, and the environmental support to generating minerals, water, and ecosystem
services.

Note: FLOPS (floating point operations per second) indicates the computational
ability of a computer (https://en.wikipedia.org/wiki/FLOPS)




LCA performance indicators per FU (kg, hour of use,
FLOPS)

Performance parameters of production and use processes, for both
laptop and desktop PCs over BAU and RAR assumptions

Freshwater eutrophication Human toxicity Terrestrial acidification Metal depletion
Investigated
computer
.| Operation| Impact’ | Impact/ | Impact . Operation | Impact’ | Impact’ | Impact . Operation| Impact’ | Impact’ | Impact | Operation | Impact/ | Impact/ | Impact
Production Production Production Production
use Kg:um;cu Tiruss FLOPS e Kg:nmp;‘.n iruss FLOPS BEe Kg:m;cm hruse FLOPS use Kg:m]:t:u Tiruss FLOPS

BAU Desktop PC*| 1.97E-07 | 3.18E-08|1.46E-08 | 2.31E-11 | 4.05E-17| 1.01E-07 | 1.34E-08|7.48E-09| 1.23E-11( 2.08E-17| 3.T0E-09 | 3.24E-09| 4.22E-10| 1.20E-12| 1.17E-18 | 4.61E-08 | 2.38E-0% | 3.41E-09| 3.33E-12 | 9.49E-18

RAR Desktop PC | 322E-08 | 1.30E-09|2.39E-09| 3.67E-12| 6.63E-18| 6.70E-08 | 1.23E-09|4.96E-09| T48E-12( 1.38E-17| 2.15E-09 | 2.30E-10| 1.39E-10| 2.63E-13| 442E-19| 1.59E-08 | 2.78E-10 | 1.18E-09| 1.77E-12| 3.27E-18

BAU Laptop PC* | 2.13E-07 | 1.43E-08 | 7.29E-08| 2.51E-11 | 5.63E-17| 4.54E-08 | 6.05E-09| 1.34E-08| 5.64E-12( 1.19E-17| 6.20E-09 | 2.36E-09| 2.10E-09 | 9.38E-13| 1.62E-18 | 3.67E-08 | 1.16E-0% | 1.24E-08| 4.15E-12 | 9.61E-18

RAR Laptop PC 1.79E-0% | 3.86E-10(6.07E-09|2.03E-12 | 4.69E-18| 144E-0% | 3.33E-10|4.88E-09| 1.64E-12|3.77E-18 | 490E-10 | 1.12E-10| 1.66E-10| 6.60E-14| 1.28E-19| 593E-09 | 1.24E-10 | 2.02E-09| 6.66E-13 | 1.36E-18

Note: FLOPS (floating point operations per second) indicates the computational
ability of a computer (https://en.wikipedia.org/wiki/FLOPS)











































WEEE recovery in
the Metropolitan
City of Naples






It is evident from the year
2008 a high jump of the
amount collected as the
WEEE lItalian system started
to operate at legislative
level in November 2007
whereas the year 2009

is the first full operative
year for the system (Favot
et al., 2016)
























Social and Environmental Benefits

The REBIT project at Parthenope University

A reuse project has been implemented since 2014 up to 2018 in Campania region named REBIT. This
project originated from a collaborative effort of Parthenope University, the City administration, the
firm A&C Ecotech and the environmental association Legambiente.

REBIT project aims to reuse and recycling (circular economy):
- Select and repair still usable computers;
- Decrease waste generation and increase resource saving;

- Minimize the existing digital divide.

REBIT 2015 at the junior School G.Pascoli of Naples (https://www.scienzeetecnologie.uniparthenope.it/REBIT-
2015.html)
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attention !






