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s1a| University Global surface temperature increased since
FASEEull 1850 as a function of cumulative CO, emission

T 2° increase in UK?
25 The near linear relationship SSP3-7.0 Eibmeodiitive 7X more extreme heat
between the cumulative Sk 4 .
CO, emissions and global COaenbsons Miier (i.e once every 3 years
warming for five illustrative across scenarios, an .
scenarios until year 2050 SSP1-2.6 determine how much Instead Of 20 yearS)
2 - 2 warming we will
S5P1-1.9 experience
- 80% more heavy rains
osd
SSPx-y
SSP = Shared Socio-economic Pathway 3x more drought
1 X = Pathway number
g Y= Approximate level of radiative forcing
Historical global
warming ‘ (W/m2) resulting from the scenario in 2100
0.f
= b) Change in global surface temperature (annual average) as observed and
simulated using human & natural and only natural factors (both 1850-2020)
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[OihCniaa GWP - Global Warming Potential + the Semicon

) of Glasgow iIndustry

The major contributors to increases in radiative forcing in the it

last decade are COCH , N,O and CFCs
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g = instantaneous radiative forcing due to a unit increase in the 1o

trace gasi, concentration
C = concentration of trace gag,remaining at time t, after its

release
n = number of years over which the calculation of trace Qas,

performed

¢) Contributions to 2010-2019
warming relative to 1850-1900,
assessed from radiative

forcing studies
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Mainly contribute to Mainly contribute to
changes in changes in

non-CO, greenhouse gases anthropogenic aerosols
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2 OfGldng\NT The World’'s Worst Electronic Waste Offenders

E-waste generated per inhabitant in selected countries in 2016 (kg)
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Global e-waste generated by year in million metric tons (Mt)
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1. EWaste/WEEE: 6

- 53.6m tonnes globally in 2020, <20% collected and possibly recycledo
-ccir 6cT O2dzyiNRASav 2F Grwaste 2 NI RQal LI i [ ¥ 2] (0] S :
legislation in 2021 .

2. CRMs Critical Raw Materials :

- are required inegbatteries, power electronics, photonics, and the !

UK is almost 100% reliable on imports (national security!)
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- Materials such as Au, Ag, Pt, Pd, Ga, Sb e o e

3. Emissions
- The wider electronics sector is one of the top 8 sectors that account

for more than 50% of global carbon emissions, mostly attributed to
the supply chain (77%) including production, manufacture, assembly,
and transportationt+ circular economy, reuse, repair, redesign




s1a| University 1. E-waste = Waste Electrical and Electronic
& of Glasgow Equipment = WEEE - Global

He 2.000e+5
5 6 _,fq % EI’: ﬁe 1.8006+5 Others bV WeiCIht
1 +
. mEEmE o
Ferrous metals; 40%
20 21 1.400e+5 .
N - EEEEEEE: B E Alminm 5%
37 39 49 52 53 54 1.2006+5 0
3 3 3N oy Copper 5
55 71 [72 74 75 78 81 85 86 1.000e+5 PIaStIC_ZO /0
Cs . Lu Hf W Re Os Ir .. Hg TI .. At Rn Glasx 10%
87 88 103 104 105 106 107 108 109 110 111 112 113 114 15 116 117 118 8.000e+4
Fr Ra Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Mc Lv Ts Og OtherSC 5%
6.000e+4
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La Ce Pr Nd Pm Sm Eu Gd Tbh Dy Ho Er Tm Yb
2.000e+4
89 9 91 92 93 94 95 96 97 98 99 100 101 102 ' ' .
Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No IEEE Journal on Flexible Electronics, 1(1), 4-23, 2022
- cooling and
equipment- {nlom_to_rs lamps, high machines, microwaves, printer,
refrigerators, Ie etVISIOI’]S, intensity dryers, large toasters, electrical laptop, tablets
air apt oL!jos, ) discharge copy machines, and electrqnlc
conditioners, ?aobizt:o S lamps, LED photovoltaic 500|§, medical
heat pumps, lamps panels evices

photovoltaics



University 2. Critical raw materials (CRMS) in EEE
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Critical raw material Application in electrical and electronic End of life recycling
equipment input rate
Antimony (Stibium) Flame retardants. D
' Beryllium Electric/ electronic connectors. 19%
_;'-'_ :i_f Borates Glass of LDCs and to a small extent in 0%
$ u . : 0 'L A‘.Nf flame retardants.
o Son WOy & Chromium __Stainless steel. 13 %
Na . s d
= I i i = < Cobalt (Cobaltum) Li-ion and NiMH batteries. 8% >
_-5_ _.‘f._' f’f_ _-_‘3-'_ _'f-_' Coking coal No application in electrical and electronic 0%
® ™ L % i s
o O Fluorspar (Fluorite) ______Not considered in Chancerel et al. (2015).
cs Ba ¥ Po Al Rn
— - = 2 M LEDs and integrated circuits. \D'%\
b 1501 0 [VIP] 17 | Vpei Ve Germanium LEDs and electronic components 0% \
g jum LCD panels, to a minor extent in LEDs, 0%
Yo Lu solders and semi-conductors
ol G Magnesite Not considered in Chancerel et al. (2015). 0%
—————— Magnesium Casings 14 %
Natural graphite Li-lon batteries. 0%
Niobium Some magnets. 1%
Phosphate rock Not considered in Chancerel et al. (2015). 0%
Platinum group metals Palladium in electronic components and 35%
PCB, platinum and ruthenium in hard disk
drives ifrum in LEDS
rare earth elements Magnets in motors, drivers and loudspeak- 0%
Chancerel, P. et al. ‘Estimating the quantities of critical metals ers, NiIMH batteries, phosphors of CCFL and
embedded in ICT and consumer equipment’, Resources, ight rare earth elements LED backlighti . y
Conservation and Recycling. Elsevier B.V., 98, pp. 9-18. doi: cxlighting systems
10.1016/).resconrec.2015.03.003 and European Commission, Silicon metal (Silicium) Silicon semiconductors in chips 0%
2014 :

Tungsten (Wolframium) Not considered in Chancerel et al. (2015). 37%
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Raw material Base material Component Device

extraction production manufacturing integration Disposalftrash

w X B%ering increasing consumption and new applications e.g
0T, short life spans and inappropriate waste treatment
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iIssues and even less to be eeficient, repaired, reused,
remanufactured or refurbished
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Restriction of hazardous substances (RoHS) 2011/65/EU
Waste of electric and electronic equipment (WEEE) 2012/19/EU
Ecodesigr2009/125/EC

Registration, Evaluation, Authorisation and restrictiorfCéfemical$REACH) Regulation
(EC) No 1907/2006

EU Conflict minerals regulation and EU CRM act

UK has implemented these (mostly) into UK law



UK and EU RoHS - History
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Thefirst ROHS directiveras given in 2002 (2002/95/EC) c e ggﬂaﬁ @

w !X ASR 02 ySg StSOIGNROIE FYyR - »

w {O02LISY OSNIFAY OFGSTI2NASE 2F 9Ys uvunwrtw -3 RANBOU
electric light bulbs and luminaires in households

RoHS Recast in 2011 (20A11/65/EUV)

w hLISYy a02LS YR | yS¢ RSTFAYAGAZ2Y 2F | LINRPRdJzOGUY&a RSLI

electricity
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w DN} Rdzr f SEGSyarzy (G2 yS¢ OFiGSI2NASaAT FTNBY HH Wdz &
covered unless exempted from the scope

w 9ESYLIWiA2yayY SAGKSNI OSNIIFAY 999 6SdId YAEAGENEB LIdzNLE
panels) or other exemptions

w 9FAYAYlFIGAZ2Y 2NJ ddzoadAlddziAzy @GAlF RSaiadaldy OKFy3IS 2N dz
components not requiring restricted substances is scientifically or

technically impracticable
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UK RoH&§ different label¢ must comply, but tolerates EU until 1.1.24



