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* Three pillars of the multifaceted
sustainability concept

The triple bottom line for the circular
economy: planet, people, profit

1. Decoupling of production of chemicals, materials and
fuels from fossil feedstock taking building block from
renewable resources

2. Consumables are returned to the blosphere W|thout -

Biobased
products
from food
sector waste



https://link.springer.com/book/10.1007/978-3-030-63436-0

' CLIMATE

The EU will be climate neutral in 2050.
The Commission will propose a European Climate Law turning the political

European commitment into a legal obligation and a trigger for investment.
Commission
——— gt Reaching this target will require action by all sectors of our economy:

What is the

ENERGY
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The European Green Deal is about improving the well-being of people. Making

Europe climate-neutral and protecting our natural habitat will be good for people, ' BUILDINGS
planet and economy. No one will be left behind.
) e Renovate buildings, to help 40% of our
The EU will: o i people cut their energy energy consumption
(f% 88| {[0\ bills and energy use is by buildings
ﬂ& @ |:||:| N
Become Protect human life, Help companies Help ensure a
climate-neutral animals and plants, become world leaders just and inclusive .
by 2050 by cutting pollution in clean products and transition INDUSTRY

0 Support industry to - S ” European industry

innovate and to becoma ¥ «? . only uses

global leaders in the & Wﬁ ‘g S)M 12%

green economy M Yk - é 4 recycled materials

 MOBILITY

e Roll out cleaner, cheaper
and healthier forms of
private and public transport

Transport represents

25%

of our emissions



https://ec.europa.eu/info/sites/info/files/european-green-deal-communication_en.pdf

Reuse

WK

Recycling/Upcycling

— s

Energy recovery

Disposal

Economia Lineare: depredo produco e getto con energia fossile
Economia Circolare: riciclo, riuso, restituisco con energie rinnovabili




Electrical & Electronic Equipment
(EEE)

The consumption of EEE is strongly linked to widespread global economic
development and enhanced living standards and increases annually by 2.5 Mt
Electronics require gold.

Attractive technologies to address climate change, such as solar cells and electric
car batteries, curb CO2 emissions but further increase the “e-waste’” stream
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Some of the highest and lowest e-waste generating nations
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“ EEE usage results in a huge amer it of E-waste
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* E-waste is an 'urban mine’, containing precious and base metals
* The value of raw materials in the global e-waste generated in

2019 is ca. 57 billion USD
* A net saving of |5 Mt of CO, is due to the recycling of

secondary raw materials substituted to virgin materials.




=
)fD
)
=
D
T
D
7
0
2C
wa
n
D
un

>~ AA

* E-waste comprise up to 60 different metals, plastics and refractory oxides
(typically, 40%, 30% and 30%).
 Base metals are Cu, Ni, Pb, Zn, Fe, Sn, Al
* Precious metals are Au, Ag, Pd, Pt, Rh, Ir, Os, Ru




* Gold recycl

ng
Why? Where?
e Auin e-waste > 20 times thanin “PCBs, RAM boards
natural gold ores * core of most electronics
* Goldis the “paying metal” * 6% in weight of e-waste

* Gold is an“unsecure” * concentrated source of
[ ~ precious and base metals (Au,

U ]




Dismantling
Metal separation

Gold recovery
;
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12 Principles - Green Chemistry'
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https://royalsocietypublishing.org/doi/pdf/10.1098/rsos.191378

Gold recycling: how?

from alchemy to a sustainable solution

Dismantling

\

Metal separation

J

Gold recovery

No gold downcycling
No toxic reagents

Not energy-demanding (RT, no

stirring)

Possible upcycling of the process

byproducts

~

[ Hydrometallurgy ]

l

The sustainable solution
1) Safe H,0,+organic acids from food
waste byproducts oxidize base metals

but not gold

2) gold flakes are recovered by simple
filtration




. *SDG1. Profit: 78.0% of 53.6 Mt of e-waste in 2020 is uncollected with a

WYWR wasted metal value of $57 billion: gold recovery could implement
Tyt »
policies to end poverty (1.1, 1.2, 1.4, 13, 1b)

T *SDG3. Safe gold recovery prevents marginalized populations exposition

: /\ to health risks from (i) illegal and hazardous e-waste processing (ii) gold
mining (3.9-3c)

QUALITY

T < SDGA. Education, research-oriented didactic path, scientific edutainment
l!ﬂ| online games and theater STE(A)M performances to improve awareness
in children and adults and boost engagement via the aesthetics
(gold/preciousness/classical masterpieces) in humanistic environments,

impenetrable to science

e *Women make up just 14.9% of gold miners but e-waste treatment in
g‘ developing countries burdens them disproportionately (flexible hours
permit them to care for children), with dangerous tasks without safety
equipment and health insurance

* e-waste hazardous chemicals specifically affect women’s
morbidity/mortality, fertility.

*The proposed green gold recovery resolves barriers to fair labour
independently of stereotypical gender roles, age, culture



DECENT WORK AND

L] *SDG 8. Decent job creation (8.3) without environmental degradation

/\/‘ (8.4), avoiding modern slavery and child-labour in illegal e-waste
L treatment

it * SDGY. The scale-up promotes sustainable industrialization (9.1) with

resource-use efficiency and green technologies (9.4) enhancing
scientific research(9.b) in developing countries

*SDG 11. Safe and sustainable urban waste management (11.6)

ESPONSE *SDG12. Prevents depredation of gold via its efficient use (12.2), with

Wil environmentally sound management of e-waste (12.4), especially in
developing countries (12.1-12.a-12.c). The project inspires companies,
policy-makers and people to adopt sustainable lifestyles (12.6-12.7-
12.8) via recycling (12.5)

13 *SGD13. For every ton of e-waste recycled, 1.44 tons of CO2 are

@ avoided (considering transporting and pretreatment): no virgin

materials are produced, energy can be recovered from non-
recyclables, and illegal flows are eradicated. The present strategy does
not need recovery corrections because the regained gold is not downcycled




15 i * SDG15. Avoiding dumping sites in developing countries reduces the
degradation of natural habitats (15.5)

16 Mo s *SDG16. Avoiding dumping sites in developing countries is a just
&qulsrlﬁ?gﬁs transiton

¥,

TS * SDG16. Avoiding dumping sites in developing countries needs strong

@ partnership for the goal




Gold peeling:
systematic experiments with organic acids from food waste

* volume of the
reagents: 20 ml

* RAM golden edges
5% of the reagent
solution (w/v)

complete peeling, 12 h R EHRTERAES

Waste RAM boards: ELIXIR 512MB DDR-400MHz-CL3 PC3200U-30330 and S3+ PC3200/ DDR400 512MB



Gold peeling: heat is not necessary

At 60° Fenton chemistry triggered RT: energy saving and safe process
H,0,+e > OH+OH- H,O,+2H*+2e- 2H,0
Cu—>Cu**+2e
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lon Coupled Plasma- | N N NN NS N

Optical Emission S RS EEG N 213.949 230.908 236.457 0.316
Spectroscopy of VIR0 GRS 16.405  17.268 17.112 1.251

filtrates Al W RS 0.294  0.340 8 0.321 0.115
| Ao\ EC S 0.050  0.063 0.072  0.003
DOV G EEH S 0.002  0.002 8 0.002 0.001

Cu RSD (%) 0.9 1.6 1.4 1.2

Ni RSD (%) 1.5 1.2 1.1 0.9

Zn RSD (%) 1.3 1.5 1 0.9

Pb RSD (%) 1.2 1.6 1.7 0.9

Au RSD (%) 1.1 1.3 1.7 1.5

* Be, Cd, Li, Mn, Mo, Sn, Tl <LOQs
« Ag, Al, As, B, Ba, Co, Cr, Fe, Sb, Se, Ti < 0.05 mg/g RAM edges
* Gold has not been leached (these results and negative spot tests with SnCl,)



A UV-Vis Spectrophotometric o———————T——
characterization of the filtrate N R e e
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equilibrium constants Chen T et al. 2019 doi:10.1149/2.1231914jes

The presence of species in the filtrate g
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From e-waste, using food waste.....

N

...and Cu Lactate

useful to obtain
Cu,0 for the eco-
U design of circular
electronics




A paradigm shift to circular electronics needs research outreach
STE(A)M
https://www.youtube.com/watch?v=arU8aXsJBvs

https://www.youtube.com/embed/HtDVhNiVpik Saturno

https://www.youtube.com/embed/SIZtjTigd2Y Giove

https://www.youtube.com/embed/bG-xAh40COY Marte

https://www.youtube.com/embed/AC-tC9H ORk Venere

https://www.youtube.com/embed/IGum50H 1gU Mercurio

https://www.youtube.com/embed/r9Y062gi2V0 Luna

https://www.youtube.com/embed/kfIRyfyPx60  Sole

https://yvoutu.be/yz3 AveKLiW8 https://youtu.be/pScf2RfP51M
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https://youtu.be/pScf2RfP51M

https://iopscience.iop.org/article/10.1088/1361-6528/ac%ecb
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