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RENEWABLE TECH

The clean energy
transition will be mineral
intensive, requiring a
variety of specific metals.

Here are the metals that <« RS o
(o &
make up clean energy s /I £ -
technology. N " o B & o
2 § & . e
< L 4 * & s
@"# — @ - S 2
e deg o =@t
&
<& ‘ Py . &
[ J N S
e o ® & e
g%é;:‘ - ™ . & e @ = -
5S @ @ ¥* s>
PR ¥ @ o
<5 S & &
Tl - - - o &
PG @ . S
é:,‘,\ ® [ _J P ﬁﬁ &" &
oY g o P L T 4 -
< @ - ® B T
@ ® L] o : S
S
™ & = ® .
o &
L - P @
@ L J
- ® = ® - e LN
-
- e . - o >
o - = <
o
P >
>
o -~
‘°
>
Source: World Bank Group, S

The Growing Role of Minerals
and Metals for a Low Carbon Future
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Lithium, cobalt, and
graphite are key ingredients
of lithium-ion batteries for
electric vehicles and energy
storage technologies.

S

Vanadium |0

Nickel ||

0H®
sitver |i

{;_3
Lead |
e

Molybdenqm
0D @

Aluminum |

oy Vanadium redox flow batteries are
|— an emerging solution for energy
storage from renewable sources.

\ 11% Wind turbines can use between 116-136 kg
of molybdenum per megawatt.

Solar PV is expected to account
for 97% of indium demand through
2050P due to its key role in copper

indium gallium selenide (CIGS)
solar panels.

ENERGY TECHNOLOGIES

Lithium-ion batteries

o
g

(2]
&
@

Solar PV

Aluminum and copper are the two most-produced
base metals in the world. Therefore, while they
are used in a range of technologies, their 2050P
demand is only a fraction of 2020 production.

0B 0@

Nuclear

Vanadium redox
flow batteries

Geothermal

Chromium Chromium is critical in the manufacturing
0.92% |7 of stainless steel, found in the support

. 0 @ ’ @ . structures of several energy technologies.
e"a 0.51%

Titanium Steel alloys with large quantities of titanium
0.04% l— are used to withstand the high heat and

. @ @ . pressure in geothermal power generation.

*2050 demand projections are based on the |IEA 2D5S scenario
The World Bank excluded steel from the analysis to aveid
double counting since many of the above minerals are
ingredients in steel production.

Sources: World Bank, USGS Mineral Commodity Summaries 2021
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Raw material demand for wind and solar energy, https://ec.europa.eu/jrc/sites/default/files/jrc120228 -
_raw_material_demand_two-pager_pubsy_final.pdf

Raw materials and energy sources , https://www.rwe.com/en/our-portfolio/raw-materials-energy-sources

Visualizing All The Metals for Renewable Tech , https://elements.visualcapitalist.com/all-the-metals-for-

renewable-tech/
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e/item/10610-2016-05-23-05-43-19
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