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Article 2

1. This Agreement, in enhancing the implementation of the Convention,
including its objective, aims to strengthen the global response to the threat of
climate change, in the context of sustainable development and efforts to eradicate
poverty, including by:

(a) Holding the increase in the global average temperature to well below

2°C above pre-industrial levels and pursuing efforts to limit the temperature
increase to 1.5°C above pre-industrial levels, recognizing that this would

UNITED NATIONS Sl A : )
significantly reduce the risks and impacts of climate change;

PARIS CLIMATE
AGREEMENT

SIGNING CEREMONY
— 22 APRIL2016 —

(b) Increasing the ability to adapt to the adverse impacts of climate
change and foster climate resilience and low greenhouse gas emissions
development, in a manner that does not threaten food production; and

(c) Making finance flows consistent with a pathway towards low

greenhouse gas emissions and climate-resilient development.

23 This Agreement will be implemented to reflect equity and the principle of
common but differentiated responsibilities and respective capabilities, in the light
of different national circumstances.



Low carbon technologies are more intensive in RM than conventional ones

A new infrastructure has to be built, which has a lower lifetime than
conventional ones

« A transition to a low carbon society will require vast amounts of metals
and minerals... The world cannot tackle climate change without adequate

supply of raw materials to manufacture clean technologies™ (Ali et al.
2017 - Nature) »



What are the needs for RM in a context of energy
transition?

Will we be able to extract enough resources ?
How do we value RM?

What are the geophysical and economic constraints to
prosperity?
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Numerical approach to understand complex systems
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What are the needs for RM in a context of energy
transition?

Will we be able to extract enough resources ?
How do we value RM?

What are the geophysical and economic constraints to
prosperity?
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It depends on the scenario chosen for the energy transition

Knowing the material intensity of the different technologies
available

It is a matter of stocks, flows and delays
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Démantelement centrales nucléaires
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Blue Map IEA (2010)
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Kennecott Copper Mine (Utah) 3.2 x 1.2 x 1.2 km?3

Since 1906 : 18 Mt
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What are the needs for RM in a context of energy
transition?

Will we be able to extract enough resources ?

How do we value RM?

What are the geophysical and economic constraints to
prosperity?
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World Copper Mine Production, 1900-2014
(thousand metric tonnes copper)
Source: ICSG
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Mind-sized
Dynamic description of stocks
and flows

Geological consistency:
Resources VS Reserves

Role of the economic
variables in the extraction

Constrained by historical data

Prices-costs

Demand

Y= Resqrves stock
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Our economic system is
thSlcaHy limited Prices-costs

But the time scale strongly
depends on social
parameters

Reserves are a function of ction
prices and innovation Demand

Extraction is shaped by
demand

™N— Resdrves stock

What do we understand of the
social system?



Energy, price, cost and
technological improvement
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Top 40 gearing ratio (%)

» Capital in a theoretical point of

40

view : the Cambridge .
Controversy -/

L]
» What are the behaviors of the :
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
—=+— Gearing ratio (net borrowings/equity) —=+— Average (10 years)

mining companies? Going back oot
to the Balance Accounts

Exploration expenditure

$14
T ) I I I T T T D I D
714 494 783 958 1481 962

Aggregate market capitalisation 1234 1202|1605 1259 563

Aggregated income statement ; $12
Revenue 353 354 500 512 525 539 45 325 349 312 249 §
Operating expenses 251 -390  -359 -850  -340 311  -246 217 -208 176 -141 2 $10
EBITDA 102 36 141 162 185 228 189 108 141 136 108 s
:r"“d°i’“""::'iir‘r’r"‘;:f°"’°""“°" 63| -101 3| o7 86 42| -3 31 7 9 12 ® $8
PBIT 39 -187 78 65 9 186 155 7 84 17 9% %‘_

Net finance cost -9 -18 -14 -15 -6 -6 -7 -6 -6 -5 -3 § $6
PBT 0 155 64 50 93 180 148 7 78 12 93 5

Income tax expense -15 5 22 -30 -25 -48 -38 22 21 a2 27 :._3 $4
Net profit 15 -160 42 20 68 132 110 49 57 80 66 5

Adjusted net profit excl. impairment 30 Rl 74 43 11 147 112 60 88 82 66 z $2 -
:‘G;‘:r“z:“’ increase/ (decrease) 0%) | (29%) (%) (@%) (3% 24%| 34%| (7% 12% = 25%  12%

Year on year increase/ (decrease)

in EBITDA (383%) | (126%) | (13%) ~ (12%)  (19%) 21% 75% | (23%) 4% 26% 33%

$0
Year on year increase (decrease) 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10

109% | (481%)| 110%  (71%) (48%)  20% | 124% | (14%) (29%) 1%  47%

in net profit
EBITD: margin 2% (10%)  28%  32%  35%  42% | 43% 33%  40% 4%  43% = Nonferrous exploration total
Aggregated cash flow statement Uranium exploration total
Operating activities 89 % 118 124 137 174 137 83 104 o e == Annual indexed metals price
Investing activities 40 83 &7 125 160 -142| 79 74 102 126 -67

Source: Metals Economics Group: World Exploration Trends 2011.

Financing activities -44 -18 -27 -3 21 -28 -35 10 14 36 4

€66 1) 9oud s[ejaw paxapul [enuuy
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Supply Risk
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EOL-RR for sixty metals: The periodic table of global average end-of-life [post-consumer]
functional recycling [EOL-RR] for sixty metals. Functional recycling is recycling in which
the physical and chemical properties that made the material desirable in the first place are
retained for subsequent use. Unfilled boxes indicate that no data or estimates are available,
or that the element was not addressed as part of this study. These evaluations do not
consider metal emissions from coal power plants.

UNEP, 2011



