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The system is still dependent on fossil fuel energy

Global primary energy consumption by source Our World

Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
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fossil fuels.
:LL Other "
renewables
160,000 TWh T Modern biofuels
—||— Solar
— Wind
140,000 TWh / Hydropower
— Nuclear
! Gas
120,000 TWh
100,000 TWh
82.3% Fossil Fuels |
80,000 TWh : —oil
in 2021 (oil, gas & coal)
60,000 TWh
40,000 TWh
—— Coal
20,000 TWh
~ Traditional
0 TWh biomass
1800 1850 1900 1950 2019
Source: Vaclav Smil (2017) & BP Statistical Review of World Energy OurWorldInData.org/energy « CC BY

13th EGRM Annual Meeting | ENABLING SUSTAINABILITY PRINCIPLES IN RESOURCE MANAGEMENT | 25 October 2022

Non-fossil fuel systems have a
lower ERoEI than oil, gas & coal

Non-fossil fuel mining will be
more expensive and less effective

What is considered a viable
mineral reserve could then be
unviable, thus shrink in size
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Quanity of metals need to manufacture one generation of renewable
technology units to comepletey phase out fossil fuels
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M Total metal required produce one generation of EV's, batteries, wind turbines & solar panels (using 4 weeks
buffer wind & solar)

W Total metal required produce one generation of EV's, batteries, wind turbines & solar panels (using 48 hours
buffer wind & solar)

O Reported Global Reserves 2022 (Source: USGS)

M Global Metal Production 2019 (Source: USGS)

What is considered a CRM may need to be
revisited

* 0.7% of passenger cars were EV in
2020

* |n 2018, renewables accounted for
4.05% of the global energy
generation.

* What is not constructed yet, cannot
be recycled

* The 1%t generation at least must
come from mining

Remember, this is for just the first

& generation of units. They will wear

out in 10 to 25 years, after which
they will need to be replaced
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Metal grade in
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mining has been decreasing

1,300

975

40 f
il T Copper (%Cu)
q Ag, 1884 - 3,506 g/t
1 (Ag, 506 g/t) = = «Gold (g/t)
35 +
| » Lead (%Pb)
% 4 ¢ Zinc (%Zn)
2 ]
g 30 - ﬁ 5] E  Uranium (kg/t U;Og)
© ]
[a) . |: e Nickel (%Ni)
- 4 a
D 55 | :' 1N m - Diamonds (carats/t)
— 2 l| \
= l‘ (] ] )
3 | : \ +  Silver (g#h)
= ] |
< 20 i X | =
'S i ! o \ ]
u . + \ General Trend
o |
g B
o ] >2< X P |
5 15 X L
o 58
7
- o &
-1
B 10 % '3 “o‘o“v "M««o
+ Q> @ s,
U] 7 +H L
i X ° \'l - 3{0 & . SR
g | >< + () \ . ‘ : - - O—
g ‘». = \
5 - & ++H—t|'<i e " g’ N ?% X
- W T -4-. el [TEEN i £ o,
o+———FF—T7 77— L T T LI S R B B B B
1840 1855 1870 1885 1900 1915 1930 1945 1960 1975 1990 2005

2,600
2,275
1,950

1,625

Ore Grade (Ag)

650

325

Source: Mudd, G. (2007, Revised April 2009) The
Sustainability of Mining in Australia - Key Production
Trends and Their Environmental Implications for the

Future, Department of Civil Engineering, Monash

University and the Mineral Policy Institute
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Thank you!

Simon P. Michaux
Associate Professor GTK Finland
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