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CO BALT A hype in price

LME 3M SELLER USS/TONNE * High future demand because

of LiCoO2 batteries in cars
70K Supply Risks of mines in
Congo
Prices after 2017
10 ]
end 2018: 55k per tonne
end 2019: 30k per tonne
Sk
2020: ??k per tonne
(oversupply)
40K Conclusion:
such a price peak may
hit your business
30K
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Critical Raw Materials (CRM) in the EU
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Critical Raw Materials
combine:

* High risk of supply chain
disruptions
* Economic importance

3 influential systems:

»European Commission EU list
‘Critical Raw Materials' CRM

» British Geological Survey
‘Risk List’

»US Geological Survey (USGS)
NSTC subcommittee

OINNDIMAT,



Supply Chain Risks and CRM | Depletion in classical LCA | Supply chain Risk in modern LCA | Exercise

Criticality of Raw Materials: the calculation for the EU

main root causes of scarcity: calculation of criticality: resulting EU strategy:

The CRM formula
country concentration cannot be used
of mines in LCA, since:

country political stability

It is non-linear

development tlme * It contains thresholds
of (mothballed) mines
‘companion metal’ \\ Formula for predicting * It contains subjective ‘value
(by-product of other metal) |G supply chain risks choices’ that are not

threshold

in EU countries ‘evidence based’

1

depletion time of stocks

-y . . |
company concentration — _L_I\lc_)ll'_lg_rl_s_k_f?_r[n_u_lé_: CRM
yes [ No

sudden demand growth
(by technical innovations)

Calculation of threshold
recyclability economic importance

in EU countries
A
substitutability © I N N '
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The classical LCA approach: absolute depletion in the long term

~

based on: The calculation of

ALREADY PRODUCED ‘total availability’ / ‘yearly deaccumulation’ depletion is rather
problematic (*highly

T ,r A Inaccurate’), since:
m :
ECONOMICALLY RECOVERABLE X *  The amount of a metal in the
O 8 Vv earth crust is not known
§ ¢ within a factor 1000
o)
POTENTIALLY RECOVERABLE N 5 o _ _ _ o
= - Characteristics of this calculation ¢ The minable fraction is not
S ? approach: known (new discoveries?,
o) : -
LIKELY TO BE DISCOVERED - new technologies?)
UIROILEI JIZAHHORAITIOIN - Long term (1200 - 1000 years . .
i 9 ( 4 ) * The deaccumulation rate is

- The calculation is not related to not known (recycling?
shortages in the current supply substitution by other
chains, short term (10 - 30 years) materials?)

- “fixed stock” paradigm

NOT RECOVERABLE

<€— metals in the upper part of the earth crust =>»

RB = the known Resource Base 1’

P
EGR = Extractable Global Resource © I N N MAT5
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The classical LCA indicator for materials depletion that is widely applied,

is the so-called 'Abiotic Depletion Potential’ (ADP)

The ADP is proportional to:

Global consumption of a metal (kg/year)

2

( Extractable Global Resource (kg) )

The ADP is a long term
indicator for depletion

The ADP is proportional to the
inverse of:

the estimated material depletion
time multiplied by the estimated
EGR

Estimations of the EGR are rather
inaccurate (uncertain), and this
high uncertainty is squared in the
formula (1)

Calculations of the University of
Utrecht (Henckens, 2016) show
that less than 5o% of the metals
may deplete within 1000 years

©|NN MATs
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The cause-effect pathway of the socio-economic effects and corresponding price peaks
leads to a new approach in LCA The prediction of

(geo) political 5% risk to surpass this line PI’iCGS iS impOSSib|e,
lnstabllity PPR = eco-costs / 10-year MA (i.e o?lerage 1x in 20 years) orice peak above bUt, the statistical

| — 95% VAR criterion Chance Of a peak IS
|

sgpply chain called ‘Value at Risk’:
isruption
10-year moving average period 95% VAR = * Achance of 5% that the
eco-costs rice peak is more than VAR
p p
shortages /\

* Soon average every 20 years

I <
)\/ N a price peak above VAR
pricejump actual price line 10-year MA o ThiSVAR, on tOp of the

deteriorati I I O O L average price, is called
eterioratin

. .g -13-12-11-10 9 8 -7 6 5 4 3 -2 1 0 1 2 3 45 6 7 8 9 10 11 12 ‘eco-costs of

pl’OfIt margins years in the past «—— NOW —— yearsin the future materials scarcity’

criticality for *  Price Peak Ratio (PPR) is
companies companies extremely important for

o companies
unemployment society (countries) © |N N '
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Examples of critical (e.g. Tantalum) and not-critical (e.g. Aluminium): a matter of the Price Peak Ratio

Tantalum, PPR = 4.24 The ratio between the
—ToyeanVA ‘eco-costs of materials
o —— A+ ecpcosts scarcity’ and the
—e—price (5/t) \ . , -
average price’is
Tantalum: important for business

600,000 \ o) and SOCIety
95% VAR~ _ bop — 390

’ MA(10) * The ‘eco-costs of materials
200,000 scarcity’ is directly related to
the financial business risk

1,200,000

800,000

2015US S per ton

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

* These eco-costs, multiplied
Aluminium, PPR =0.32

8000 by the import volume,
—— 10-years MA . .

7,000 T R describes also the socio-

6,000 —e—price ($/1) economic risk at country

level

5,000

4,000

Aluminium:

T B .
| © INN D MAT:
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2,000
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Examples of reduction of Critical Raw Materials.

Recently developed magnets: replacement of Neonybium, combined with a better performance

4 A [ H| C o E E 5 H | J K

1 Process Total eco-costs of |eco-costs of |eco-costs of |eco-costs of

2 | eco-costs human health (exo-tocicity ([resource carbon

3 unit euro euro euro | scarcity euro|footprint euro
456 market intrioduction A.100.21 Materials, metals, others, magnets
457|1352 by Philips A100.21.101 kg  ldematapp2020 Barium Ferrte magnet, ceramic 4 MGOe 123 0.09 0.20 0.26 0.69
458|1966 by aircraft industry A.100.21.105 kg  ldematapp2020 SmCo (1:5) magnet, 20 MGOe 74.00 1.14 3.65 63.83 5.38
459/1383 by General Electric A 10021102 kg  ldematapp2020 Meonybium magnet (WdFeB, NEO) 50 MGOe 61.30 0.30 0.86 5869 145
460|1383 by General Electric A100.21.103 kg  ldematapp2020 Meonybium magnet (WdFeB, NEO) corrosion resistant, 50 MGOe 7023 0.32 0.92 67 42 1.56
461/2019 by Miron (univ. Minnesota) A100.21.104 kg  ldematapp2020 Mitride magnet (Fe16M2), 130 MGOe 1.42 0.1 0.22 0.29 0.80

Drastic reduction of Cobalt in Lithium-ion Car batteries:

The Cobalt in LiCoO2 (as applied in smartphones and laptops) has gradually be replaced
by Nickel and Manganese or Aluminium:
- Tesla would have had 0.9 kg Cobalt/kWh if it would have had laptop batteries
- Teslain 2012 had 0.18 kg Cobalt/kWh
- Tesla in 2018 had 0.09 kg Cobalt/kWh
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Assignment 5: Check resource scarcity scores
in eco-costs, ReciPe, and the EF (CML),

for Cobalt and Nickel.

Which of these scores are aligned with the
trend to minimize Cobalt in car batteries? And
which are not aligned?
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