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Global surface temperature increased since 
1850 as a function of cumulative CO2 emission

2° increase in UK?
7x more extreme heat 
(i.e once every 3 years 
instead of 20 years)

80% more heavy rains

3x more drought



GWP - Global Warming Potential + the Semicon
industry

The major contributors to increases in radiative forcing in the 
last decade are CO2, CH4 , N2O and CFCs 

ai = instantaneous radiative forcing due to a unit increase in the 
trace gas, i, concentration 
ci = concentration of trace gas, i, remaining at time t, after its 
release 
n = number of years over which the calculation of trace gas, i, is 
performed



Alternative electronics is needed because é.. E-waste

In the UK, we collect 
around 20% of e-waste

60-80% of e-waste is sent 
abroad (2019)



Why sustainable electronics? 

1. E-Waste/WEEE; 
- 53.6m tonnes globally in 2020, <20% collected and possibly recycled 
- сс҈ όст ŎƻǳƴǘǊƛŜǎύ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǇƻǇǳƭŀǘƛƻƴ ŎƻǾŜǊŜŘ ōȅ e-waste 
legislation in 2021

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 transportation+ circular economy, reuse, repair, redesign

2. CRMs Critical Raw Materials

- are required in egbatteries, power electronics, photonics, and the 

UK is almost 100% reliable on imports (national security!)

- Materials such as Au, Ag, Pt, Pd, Ga, Sb



1. E-waste = Waste Electrical and Electronic 
Equipment = WEEE - Global

- vacuum cleaners, 
microwaves, 
toasters, electrical 
and electronic 
tools, medical 
devices

- cooling and 
freezing 
equipment -
refrigerators, 
air 
conditioners, 
heat pumps, 
photovoltaics

- fluorescent 
lamps, high 
intensity 
discharge 
lamps, LED 
lamps 

- washing 
machines, 
dryers, large 
copy machines, 
photovoltaic 
panels

- Screens, 
monitors 
televisions, 
laptops, 
notebooks, 
tablets 

- Phones, 
printer,  
laptop, tablets 
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Others by weight

Ferrous metals ς40%
Aluminium ς5%
Copper ς5%
Plastic -20%
Glass ς10%
Others ς5%

Automation?



2. Critical raw materials (CRMS) in EEE



Next steps - Linear vs circular economy

ω /ǳǊǊŜƴǘ ǎȅǎǘŜƳǎ ƻŦ ǇǊƻŘǳŎǘƛƻƴ ƻǊƎŀƴƛȊŜŘ ƻƴ ŀ ƭƛƴŜŀǊ ōŀǎƛǎ 

ω 999 ςseeing increasing consumption and new applications e.g. 
IoT, short life spans and inappropriate waste treatment 

ω aƻǎǘ ²999 ǘƻŘŀȅ ǿŜǊŜ ŘŜǎƛƎƴŜŘ ǿƛǘƘƻǳǘ ŎƻƴǎƛŘŜǊƛƴƎ ǊŜŎȅŎƭƛƴƎ 
issues and even less to be eco-efficient, repaired, reused, 
remanufactured or refurbished 

ω ²999 ǾƻƭǳƳŜǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ŎŀƭŎǳƭŀǘŜ

ω !ŘƻǇǘ 9¦Ωǎ ǿŀǎǘŜ ƘƛŜǊŀǊŎƘȅ  ǘƻ ǊŜŘǳŎŜ ƳŀǘŜǊƛŀƭ Ŧƭƻǿǎ ςmeans  
ŜƴƘŀƴŎƛƴƎ ǊŜǇŀƛǊΣ ǊŜǳǎŜΣ ŘǳǊŀōƛƭƛǘȅΧΦ ǘƘŜƴ ǊŜŎȅŎƭƛƴƎ



Directives and regulations

Restriction of hazardous substances (RoHS) 2011/65/EU 

Waste of electric and electronic equipment (WEEE) 2012/19/EU 

Ecodesign2009/125/EC 

Registration, Evaluation, Authorisation and restriction of CHemicals(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

The first RoHS directive was given in 2002 (2002/95/EC) 
ω !ǇǇƭƛŜŘ ǘƻ ƴŜǿ ŜƭŜŎǘǊƛŎŀƭ ŀƴŘ ŜƭŜŎǘǊƻƴƛŎ ŜǉǳƛǇƳŜƴǘ ό999ύ ŦǊƻƳ м Wǳƭȅ нллс 
ω {ŎƻǇŜΥ ŎŜǊǘŀƛƴ ŎŀǘŜƎƻǊƛŜǎ ƻŦ 999 όǊŜŦΦ ²999 ŘƛǊŜŎǘƛǾŜ нллнκфсκ9/ύ ŀǎ ǿŜƭƭ ŀǎ 
electric light bulbs and luminaires in  households

RoHS Recast in 2011 (2011/65/EU) 
ω hǇŜƴ ǎŎƻǇŜ ŀƴŘ ŀ ƴŜǿ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀ ǇǊƻŘǳŎǘϥǎ ŘŜǇŜƴŘŜƴŎȅ ƻƴ 
electricity 
ω /ŀōƭŜǎ ŀƴŘ ǎǇŀǊŜ ǇŀǊǘǎ ƛƴŎƭǳŘŜŘ 
ω DǊŀŘǳŀƭ ŜȄǘŜƴǎƛƻƴ ǘƻ ƴŜǿ ŎŀǘŜƎƻǊƛŜǎΣ ŦǊƻƳ нн Wǳƭȅ нлмф ŀƭƭ 999 
covered unless exempted from the scope 
ω 9ȄŜƳǇǘƛƻƴǎΥ ŜƛǘƘŜǊ ŎŜǊǘŀƛƴ 999 όŜΦƎΦ ƳƛƭƛǘŀǊȅ ǇǳǊǇƻǎŜǎΣ ǇƘƻǘƻǾƻƭǘŀƛŎ 
panels) or other exemptions
ω 9ƭƛƳƛƴŀǘƛƻƴ ƻǊ ǎǳōǎǘƛǘǳǘƛƻƴ Ǿƛŀ ŘŜǎƛƎƴ ŎƘŀƴƎŜ ƻǊ ǳǎŜ ƻŦ ƳŀǘŜǊƛŀƭǎ ϧ 
components not requiring restricted substances is scientifically or 
technically impracticable
ω 5ŜŎƛǎƛƻƴ ŎƻƴŎŜǊƴƛƴƎ ŘǳǊŀǘƛƻƴ ǘƻ ŎƻƴǎƛŘŜǊ ƛƳǇŀŎǘǎ ƻƴ ƛƴƴƻǾŀǘƛƻƴ
ω /ŀǎŜ ōȅ ŎŀǎŜ ōŀǎƛǎ
UK RoHS ςdifferent label ςmust comply, but tolerates EU until 1.1.24


